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# # 6270004737 : MAJOR PHYSICAL THERAPY

KEYWORD: curved path, fall occurrence, receiver operating characteristic curve, walking
Tidarat Nualyong : COMPARISON OF THE ACCURACY TO PREDICT FALLS OF THE FIGURE
OF 8 WALK TEST WITH AND WITHOUT DUAL-TASK IN OLDER ADULTS. Advisor: Assoc. Prof.
AKKRADATE SIRIPHORN, Ph.D.

Background: The figure of eight walk test (FBW) is a measurement tool that examines the ability
to walk on a curved path. Adding secondary tasks to the F8W test may increase its ability to predict falls
in older adults. This research aimed 1.) to examine the accuracy of the F8W test and the F8W test with
dual-tasking for predicting future falls in older adults; 2.) to investigate the reliability and the concurrent
validity of the F8W test with and without dual-task in older adults. Methods: Eighty older adults between
the ages of 60 and 80 were recruited. At the beginning of the study, participants completed the standard
F8W test, F8BW+cog (walking while doing serial subtractions by threes) and F8W-+motor (walking while
carrying a glass of water on the tray with one hand). The number of falls was documented during a six-
month follow-up. The area under the receiver operating characteristic curve (AUC) was used to compare
the accuracy for predicting falls. The cut-off points and the psychometric properties of the tests were
computed. Sixteen older adults were recruited for reliability and the concurrent validity of the F8W test
with and without dual-task in older adults. Results: The F8W+motor time was the most accurate for
predicting falls in older adults, with an AUC of 0.74, whereas the standard F8W and the F8W+cog time
both had AUCs of 0.69. The F8W+motor's optimal cut-off score was > 12 s, with a sensitivity of 76.5% and
a specificity of 65.1%. The time and step counts of F8W, F8W+cog, and F8W+motor demonstrated
excellent intra-rater and inter-rater reliability (ICC,; = 0.95-0.99 and ICC,, = 0.92-0.99, respectively). The
F8W, F8W+cog, and F8W+motor time were all considerably well correlated to excellently correlated with
TUG (r = 0.89, 0.80, and 0.88, respectively). The F8W, F8BW+cog, and F8BW+motor steps were moderately
correlated with TUG (r = 0.62, r, = 0.63, and r = 0.52, respectively). Conclusion: The F8W with a motor
task time was a more potent tool for detecting fall risk than the standard F8W or the F8BW+cog. Clinicians
may utilize the F8W+motor time as preliminary guidelines when making clinical judgments concerning
older adults who are at risk of falling.
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CHAPTER |
INTRODUCTION

1.1 Background and rationale

The world’s older population is rapidly growing (1). Falls in older adults are
one of the main problems associated with advancing age (2). Several factors,
including decreased eyesight, decreased muscular strength, and decreased joint
awareness, are related to a higher risk of falling (3). Many older adults fall while
walking (4, 5), causing a decline of movement or activity in their daily lives (6). Daily
walking also often involves curved paths, for example, walking in a shopping mall or
between fumiture at home (7). In the past year, poor performance on straight-path
walking and curved-path walking tests has been linked to higher fall rates (8). Thus,
an assessment of curved path walking performance, for example, through the timed
up and go test (TUG) or the figure of eight walk test (F8W), is necessary to evaluate
the risk of falling in older adults (9).

The figure of eight walk test (F8W) is a measurement tool that assesses the
ability to walk on a curved path (10). It was developed to evaluate curved walking
skills in everyday life, which cannot be evaluated by straight-line walking tests. The
F8W test included both straight and curved portions in which participants steer
themselves both clockwise and counter-clockwise. Unlike a conventional dual-task
paradigm, the cognitive demand in the F8W is embedded in the task (10). To
navigate complicated settings, it is necessary to combine different sensory inputs to
plan a goal-directed action (11). Balance control is more demanding in curved-route
walking than straight-route walking, especially in the mediolateral direction. Walking
on a curved path requires rotation of the center of mass and reorientation of the
body around the curve; healthy adults employ a trunk roll motion as well as
adjustments to the stance width and stride length of both the inner and outer legs

(12, 13). Straight-path walking and curved-path walking have distinct motor patterns:



straight-path walking needs symmetric foot placement, whereas curved-path walking
needs asymmetric foot placement (7). The cognitive processes of flexibility and set-
shifting are required to switch between motor patterns, such as moving from straight
to curved sections, when completing the F8W test (7, 8, 11, 12). The link between
straight-path walking and executive function has been well-recognized (14). Switching
between motor strategies, including changes to biomechanical and movement
control, is necessary to alternate between straight and curved pathways (10). While
walking on a curved path, the center of gravity has been shown to shift medially to
the lower limbs, extending the stance duration on that side and increasing step
length on the lateral side of the lower limbs (11). However, adaption to curving
routes proves challenging for people with mobility issues (10). A previous study by
Hess et al. (2010) showed that, in older adults with mobility disabilities, the FBW has
excellent inter-rater reliability (intraclass correlation coefficient [ICC] = 0.90) and good
test-retest reliability (ICC = 0.84) (10). F8W time has been validated with gait (gait
speed and modified Gait Abnormality Rating Scale), physical function (Late-Life
Function and Disabilities Instrument and Survey of Activities and Fear of Falling in
older adults), confidence in walking (Gait Efficacy Scale), and movement control (step
length and step width). The F8W step count has been validated with step width
variability and fear of falling (10). The F8W test also has excellent reliability and
validity when used in clinical or home environments about one year after knee
replacement surgery in older adults (15). Associations with physical functions in daily
life, activity limitations, and performance of daily living activities were shown to build
the validity of the F8W (10). F8W is associated with tests of cognitive function (16).
Physiologic attributes and cognitive abilities related to F8W include reaction time,
self-efficacy, heel-to-floor time, and cognitive processing speeds (16). Previous studies

have demonstrated that the complex walking configuration of F8W produces a



greater degree of change in the gait than straight-path walking tests in people with
Alzheimer’s disease (AD) (17, 18).

Many activities in everyday life, such as walking while talking, require multiple
perceptions at the same time (19). In these situations, performance is reduced for
either the primary task, secondary task, or both, due to limited information
perception ability (18). Gait efficiency might not correlate with the capacity to walk in
complicated home surroundings and community settings, which requires not only
mobility but also cognitive function. Research on the association between cognitive
function and complicated walking tasks in older adults is limited (7).

To the best of our knowledge, no study had investigated the accuracy of the
F8W test in predicting future falls in older adults. Further, a systematic review by
Muir-Hunter and Wittwer (2016) revealed that dual-task gait assessments are more
strongly associated with eventual falls than single-task gait assessments (20). Thus,
modifying the F8W test by adding secondary tasks might improve its accuracy in
predicting future falls in older adults. Therefore, this research aimed 1.) to examine
the accuracy of the F8W test and the F8W test with dual-tasking (both cognitive and
motor) for predicting future falls in older adults; 2.) to investigate the reliability and
the concurrent validity of the F8W test with and without dual-task in older adults.

1.2 Objectives of the study

- The primary aim is to compare the accuracy of the F8W test and the F8W test
with dual-task in their ability to predict future falls in older adults.
- The secondary aim is to investigate the reliability and the concurrent validity

of the F8W test with and without dual-task in older adults.



1.3 Research question

- Is the F8W with dual-task accuracy better than the original F8W test for
predicting future falls in older adults?
- Is the F8W with dual-task has acceptable reliability and validity in older
adults?
1.4 Hypothesis of the study
- The F8W with dual-task is more accurate in predicting future falls in older
adults than the F8W test.
- The F8W test with dual-task has acceptable reliability and validity in older
adults.
1.5 Keywords
- Curved path, fall occurrence, receiver operating characteristic curve, walking
1.6 Scope of the study
- Setting: the urban communities in Thailand ( Bangkok, Nonthaburi, and
Lopburi).
- Population: Older adults age 60 — 80 years old.
- Design of study:
- Study I: A prospective cohort study compared the accuracy of the F8W test
and the F8W test with dual-task in their ability to predict future falls in older
adults. The number of falls (occurrence of falls) was recorded during the six
months follow-up period. The area under the receiver operating characteristic
(ROC) curve was used to compare their accuracy.
- Study II: A cross-sectional study investigated the inter-rater and intra-rater

reliabilities and concurrent validity of the F8W test with dual-task and timed
up and go test (TUG) in older adults.



1.7 Brief method

To compare the accuracy of the F8W test and the F8W test with dual-task
(cognitive and motor) in their ability to identify future falls in older adults.
The researcher explained the testing procedures to the participants and put
on the waist belt of the participant, then randomly order the tests with the
computer. The participants were asked to perform the F8W in usual walking,
walking with the cognitive dual-task, and walking with the motor dual-task.
The test was performed three times, and the average in usual walking,
walking with the cognitive dual-task, and walking with the motor dual-task.
The researcher recorded time, the number of steps, and the occurrence of

falls every month for six months by telephone.



1.8 Conceptual framework
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CHAPTER Il

LITERATURE REVIEW
2.1 Older adults

The proportion of the older population is overgrowing, owing to changes in

healthcare, medical technology, and living standards worldwide (1).

2.1.1 Definition of older adults

“Older adults” means those aged 65 years and older, with people between
the ages of 65 and 74 being referred to as “early older adults” and all of those older
are called “late older adults” when they are over 75 years old (21). At present, the
United Nations (UN) still does not have a set age limit to designate an individual as
“older adults.” However, as a realistic measure, the United Nations (UN) uses 60
years as a starting point for the analysis of statistical data for older adults. Most
developed world countries use 65 years as the cut-off point for older adults.
Thailand describes the older adults as a person over 60 completed years of age and

who has Thai nationality (22).

2.1.2 Epidemiology and prevalence of older adults

Between 2000 and 2050, according to estimates made by the WHO, the
percentage of the world’s population of age over 60 years is anticipated to double
from around 11% to 22% (2 3). Today, growing numbers of people are becoming
aware of the demographic transition of Thailand to an aging society. Nevertheless,
most people, particularly planners and politicians, are unlikely to realize how rapidly
this change to an aging society is taking place. Thailand met the demographic
criterion for an “aging society in 2005, when the proportion of the population aged
60 years or older exceeded 10%. Thailand is expected to become a complete aged

society in 2021 when the ratio of the older adults hits 20%. Thailand is also expected



to reach a “super-aged society” status (The population of older adults is 28%) in the

next 20 years (22).

2.1.3 Age-related changes in physical functions

- Impaired aerobic capacity/endurance

Older adults are at the risk of losing their aerobic exercise ability, mainly due
to physical and physiological changes occurring as they age, sedentary habits, and
the risk of system-restricting disease processes. However, the aerobic capacity is
directly influenced by individual patterns of behavior that can differ from person to
person, from complete inactivity to regular and intense activities. Aerobic function
deficits may be associated with many problems in older adults, including adjustment
to age-related physiological changes and clinical pathology. Reducing or decreasing
physical activity is common in older adult people and is often associated with illness,
work limitations, restricted activity, and cognitive limitations (24). Endurance capacity
had been decreased dramatically in the 60 — 80 years due to the deterioration of
neuromuscular functions, which affect muscle strength and power. Muscle atrophy
had been considered as one of the primary reasons for dynapenia. However, The
previous research demonstrated that the reduced structure and function of the
nervous system and impairments in intrinsic muscle quality could result in the

development of dynapenia (25).



- Impaired joint mobility

Joint mobility was a direct factor of posture and movement that was affected
behavior and activity for all individuals. Changes occur in joint mobility as a person
age that had been affected health and work. The ability of the joint was moved
passively, taking the joint surfaces and surrounding tissue into account. The particular
features of joint movement were created by interactions between muscle, tendon,
ligament, synovium, capsule, cartilage, and bone at a joint. Due to the direct
relationship between the structure and function, the movement of the joints was
directly affected by any changes in the associated tissues. The changes in the
connective tissue were occurred at a person's age, depending on the pathology.
However, the connective tissue was also influenced by specific factors such as the
level of exercise, pathology, the characteristics of the structure, and injuries that
were previously occurred. Changes in joints were reflected by age-related changes
found in kinetics at both body segments and between the joint surfaces, such as the
range of movement of the joints had been decreased with age (24). The previous
research showed that increasing age was associated with the reduced joint range of
motion, depending on the pattern of daily use of each of the main joints in the
body. Especially the shoulder and back flexibility were reduced in the older adults

(26).

- Impaired muscle performance
Changes in muscle structure and function were related to sarcopenia
contribute to the risk of falling, weakness, and impaired movement in older adults.
Because muscles were essential for movement and metabolism, the development of
musculoskeletal conditions was associated with muscle loss (24). The aging process
was related to the loss of muscle mass, and sarcopenia was a type of muscle loss

(muscle atrophy) that occurred with aging (27).
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- Impaired motor control

Age-related changes in neural control. Thus, previous research showed the
effect of motor control in older adults, age-related changes in neuromuscular and
sensory systems. Differences in the age of brain structure, function, and biochemistry
were contributed to the efficiency of the motor control. Motor control was changed
on extensive involvement of the prefrontal cortex and basal ganglia networks in
older adults. Conversely, these systems were the most adversely affected by the
aging process. Age-related changes in brain structure and production of
neurotransmitters were led to increased demand for compensatory cognitive

processes (28).

- Impaired postural

Posture is the result of static and dynamic elements. Static posture means
the ability to position the body in a support area, such as while sitting or standing.
Dynamic posture implies the ability to control or reposition the body while there is a
moving part of the body or the body into the support area. Posture defects with
changing body functions and limited activities are part of the older adults, such as
having a thoracic curvature (thoracic kyphosis), forward head, and decrease of the
curve at the lumbar spine. These things are more apparent in older adults and result
from behavior or habits in various postures until accumulation and change occur. In
addition, changes in posture and balance are associated with aging and health
problems such as osteoarthritis, spinal stenosis, and osteoporosis affecting the

biomechanics of postural alignment of the older adults (24).
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2.2 Balance and postural control
2.2.1 Definition of balance and postural control

Balance is an ability to maintain the center of mass of a body within the base
of support with minimal postural sway. Postural control is defined as the perform of
achieving, restoring, or maintaining a balance during any posture or activity. It is the
coordination of multiple systems in the body, such as the nervous system and the
sensory system. Postural control requires information from many systems, such as
vision, perception in the inner ear, and awareness of joints. The data received was
responded to the circumstances of the situation. Each system worked together to
help the posture. When the environmental conditions were changed, the central
nervous system was modified commands to use various sensory systems to help
control position. In situations on standard surfaces, the body has been used 7 0
percent of the sensory system, 10 percent from the visual system, and 20 percent
from the inner ear system (29).

Postural control is not just a static response. It also includes the use of
complex skills to coordinate while moving, and the primary goal of balance is
postural orientation and postural equilibrium. Postural orientation involves the
alignment of the head and trunk with respect to gravity, the visual surround, support
surfaces, and internal references. The postural orientation also uses data from the
sensory system (somatosensory), the balance control system in the inner ear
(vestibular), and the visual system. Postural orientation involves the synergy of these
systems and data receiving in each order to maintain postural stability, and there will
be a selection of appropriate sensory systems. It depends on the goals of the
movement and the related environment. Postural equilibrium involves the
coordination of strategies to stabilize the center of body mass (COM) during both
self-initiated and external disturbances of stability. The specific response strategy

selected depends on the individual’s expectations, prior experience and goals,
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including the characteristics of the external postural displacement. Anticipatory
postural adjustments are adjustments before the voluntary limb movement to
maintain stability in the posture by compensating for destabilizing forces associated
with a limb movement. Also, the amount of cognitive processing plays an essential
role in balancing, which will depend on the complexity of the task, affecting the
balance and individual ability (30). The decrease in attention and concentration
causes that is allocated for additional cognitive task affects balance in a negative way

(31).

2.2.2 Balance in older adults

Balance disorders and the risk of falls in older adults is a major public health
problem. There are ongoing efforts to reduce falls and fall injuries in older adults.
The previous study demonstrated functional constraints of upright stability from the
center of pressure (COP) in older adults. The results were revealed the preservation
of functional limits in older adults accompanied by shakier, faster, and larger body
sway in both mediolateral and anterior-posterior directions. In addition, it was
showed increased irregularity of body sway pattern in both directions, increased
mediolateral sway frequency, and increased variability, area, and the velocity of the
center of pressure (COP) displacement in the anterior-posterior direction. These
changes could be interpreted as compensatory adjustments to the age-related
deterioration in sensory neural and motor functions (32).

The older adults with and without balance problems showed changes in the
motor systems and the impaired postural control that might significantly contribute
to the failure to maintain balance. Some of these changes in the motor system,
including muscular weakness and coordination among synergistic muscles activated
in response to instability. The deficiencies in the ability had been led to substantial

changes in dynamic movements of tasks and environmental demands (33). Besides,
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The deterioration of sensory systems in older adults had been associated with the
decreased ability of older adults to respond to changes in their environment and
keep the balance; the visual system is especially essential for maintaining balance
(34). Balance impairment was a major risk factor of falls and fear of falling. Major risk
factors were related to various functional, physical, and psychological changes that
occurred in older adults. The previous study suggested that advanced age, female,
gait, balance, and history of falls. Fear of falling was associated with a history of falls

(35).

2.2.3 Gait in older adults

Walking involves the activity of many systems, such as the nervous system,
cardiorespiratory, and musculoskeletal system. The individual gait patterns of each
person is influenced by age, mood, personality, and sociocultural factors. For those
older adults, their walking speed could be an indicator of their general health and
the status of their living. Walking safety requires cognition and executive control. Gait
disorders can lead to loss of personal freedom, injuries, falls and can result in
decreased quality of life. Acute gait disorders indicate a cerebrovascular or other
neurological injuries, including systemic diseases or drug side effects. The prevalence
was shown an increase in gait disorders from 10% in people aged 60 - 69 years and
more than 60% in older adults of more than 80 years (36). Walking performance
decreases with advancing age. According to a previous study in 848 healthy elderly
adults (73 - 91 years), gait speed and stride length were significantly reduced from
age 85 years in women and 90 years in men. In one year’s study, 41 (4.8%)
participants experienced recurrent falls, and 142 (16.7%) of them fell at least once.
Walking speed had a significant relationship with the history of falls and with life-
space restriction, including weakness. By the growing of age, people’s stride length

and gait speed were decreased. Therefore, the slower walking speed had been
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affected the functional decline in older adults (37). The reduced gait speed while

walking had been identified as a strong predictor of future falls in older adults (38).

2.3 Falls
2.3.1 Definition of falls

A fall is defined as “inadvertently coming to rest on the ground, floor or other
lower level, excluding intentional change in position to rest in furniture, wall or other

objects” (33, 39).

2.3.2 Prevalence of falls in older adults

Increased sensitivity of falling is one of the major problems associated with
aging (2). Fallen from a height is one of the essential causes for older adults who get
hospitalized or even died. This cause of injury is often compared to a fall on the
ground. The rate of death from brain injuries in older adults high rises (40). In a study
of older adults who were 70 years old and over, one of the causes of falls was the
gradual loss of balancing ability and other health problems. In 28 weeks, there was
36 percent of older adult participants reported falling at least once, 16 percent of
older adult participants fell at least twice, and 7 percent of older adult participants
fell at least three times (41). The previous study demonstrated that 7.8% of the
participants had experienced falls during the six-month follow-up period. The older
adults group age 60-69 years old had the highest fall incidence and the largest
frequency of participants. Moreover, 11.5% of older women had a problem with
balance (42). The previous study in 406 community-dwelling Thai older adults
reported the participants had fallen with physical consequences 97.2% and reported
fall-related health problems. One in ten participants had fallen within six months in

the fall history and even fewer had fallen in the fall history of three months (43). The
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periods of fall collection were ranged from six months to two years. Most of the

articles had been regarded walking performance as potential predictors of falls (44).

2.3.3 Risk factors of falling

Risk factors for falls in older adults. For example, in older adults, males had
different activities decline, stroke, inflammation of the knee and gait deficiencies.
There was an increased body sway in balance, which was related to falling in older
adults. The females had an amount of drug received, which was caused blood
pressure to drop while changing posture and reduced muscle strength, which was
related to the risk of falling (45).

The previous studies reported men and women separately and the evidence
of differences between the sexes in certain falls risk factors. However, the limitations
of these researches were cross-sectional, so these were not always possible to be
certain about the direction of effect (46).

The previous studies showed that older adults lost balance caused by many
factors such as dizziness, vision problem, reduction in sensation, pain / joint problem,
postural hypotension, environmental hazards, polypharmacy, musculoskeletal
system, and psychological factors (47, 48). The accumulation of multiple impairments
usually causes falls in the aging population. Falls risk factors have been future
categorized into intrinsic and extrinsic. Extrinsic risk factors or external falls were
those in which a major external contribution was considered sufficient to cause a fit,
active person to fall, such as a fall off a ladder. Intrinsic risk factors or internal falls
were those where there was no or minimal external contribution to the fall, and that
individual mainly fell from a stability or balance disorder. A trip on a hazard, such as
a step while walking, was considered to be a minor external contribution to the fall,
and the fall was identified as internal. The fall was marked as internal, although the

circumstances were unclear (45).
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2.3.4 Biomechanics of falls

Advanced age, low visual depth perception, muscle weakness, vestibular, and
proprioceptive deterioration are key associated risk factors in falls (3). Changes in
physical conditions resulted in a decrease in muscle mass. These changes affected
the quality of life (49). Also, the fear of falling was another factor that caused older
adults to avoid doing certain activities that might cause falling or used support
devices to walk. As a result, older adults had been reduced physical activity (50). A
variety of physiological and psycholosgical factors had been adversely affected the
mobility of older people. For instance, factors that were changed in joint problems,
bones, neurological diseases, and muscle weakness were led to mobility
impairments (9). As a result, many older people fell while they were walking (4, 5).
An aging process was well documented for cognitive impairment or impairment

recognized as a risk factor for decreased physical function and daily living activity (6).

2.4 Cognitive function and dual-task in older adults
2.4.1 Definition of cognitive function and dual-task in older adults

The dual-task is cognitive processes involving two (or more) tasks that overlap

in time (i.e., when two task sets need to be managed simultaneously) (51).

2.4.2 The theory related task in older adults

The ability to divide the focus between cognitive and motor behavior were
investigated in the quantification of the volume of cognitive capacity retained for
motor functioning (28). In particular, most dual-task intervention research focused on
more structural issues, such as finding the functional processing stage in the dual-task
or bottleneck of attention (52). Importantly, research on the effect of the method on
multitasking costs showed that both these costs were decreased for dual-task

performance (53).
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The key point was that processing at this stage was considered to be severely
limited in capacity and might therefore cause a “central” bottleneck. (52)

Classifications of secondary task types

In each article, the secondary tasks were grouped according to their domains
of the task. Based on the classification system of secondary tasks in systematic
review and meta-analysis by Al-Yahya et al. (54), the following first four categories
have been defined; each at the behavioral and/or cognitive levels was plausibly
distinct from the other categories. An additional form of the manual task had been

introduced, which was previously used in clinical settings.

® Reaction time tasks: these were related to tasks involving calculating
the time elapsed between sensory input and a behavioral response.
Typically, these tasks were used to measure the processing speed
when slow processing could underlie a general attention deficit.

® Discrimination and decision-making tasks: these were applied to
tasks that were involved selective attention and a response to a
particular stimulus or function. These tasks were typically used to
investigate the inhibition of attention and response.

® Mental tracking tasks: These were referred to tasks involved that
information be held in mind while performing a mental process.
Usually, these tasks were used to evaluate sustained attention,
sustained focus, speed of information processing, and working
memory, such as counting backward by ones.

® Verbal fluency tasks: These were referred to tasks requiring
spontaneous production of words under defined search conditions.

® Manual tasks: These were applied to the functions of balancing one

or both arms, such as cup- or tray-taking tasks (44, 54).
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The previous study had been revealed in a Meta - analysis by Yu-Hsiu Chu
et al (2013). Eight studies of mental tracking tasks were significantly correlated with
the incidence of falls with dual-task-related results. The previous study used mental
tracking tasks, such as a simple task, counting backward by ones. The other studied
with community-dwelling participants used more difficult tasks, counting backward
by threes. Five studies used manual tasks and in four studies, the incidence of falls
was significantly positively linked to dual-task-related performance. The previous
study used manual tasks, such as cup = or tray - taking tasks or carrying a glass of
water. Of the three verbal fluency task studies, the incidence of falls in two studies
was significantly associated with dual-task-related performance (44).

The current analysis indicated that the population of interest was unique to
an acceptable level of complexity and that a successful result was possible with a
properly chosen complexity. A more challenging level of the secondary task might
be more suitable for the community-dwelling population, such as counting backward
by threes, reciting the alphabet, or carrying a full cup of water (18, 44, 55, 56).

Developing guidelines for using dual-task gait testing to measure risk in clinical
settings would ensure the clinically feasible recommendations were made. Dual-task
testing was a helpful tool for evaluating cognition's role in maintaining postural
stability. Dual-task gait research in mong healthy community-dwelling older adults
indicated a slowing in gait velocity and an increase in stride time gait variability (20).

For dual-task TUG tests, it was common to perform manual tasks such as
carrying a cup of water (TUGmanual) or a cognitive task such as a serial subtraction

task (TUGcognitive) (55).
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2.4.3 Cognitive and motor tasks in older adults

In everyday life, we often have to perform multiple cognitive and motor tasks
at the same time. For example, we walk on a sidewalk while avoiding barriers,
obeying traffic lights, and chatting with someone else (19).

The motor tasks skill had been used gross motor skill, fine motor skill,
bilateral body coordination, and type of material (i.e., carrying a ball and carrying a
cup of water). Carrying a cup of water was the upper limb function, which was
twofold: They function as part of the postural system and control objects, thereby
allowing the upper limb to be free of the postural system was interacted with the
purpose.

A manual task was required a postural adjustment, which was started before
movement begins. It was thought that the attention was demanded of the maneuver
should be increased further, and it was a common task so that no learning was taken
place (18, 56, 57).

The cognitive task skill was used attention, memory, visual sensory to
cognitive processing, concentration, rote learning (i.e., digit-forward subtest and
recalling digits) (18, 58). The performance of either the main assignment, the
secondary task, or both were decreased if the cognitive load of concurrent
assignments were exceeded the cognitive ability (18).

Just as a single test could not evaluate all cognitive function components,
gait efficiency might not correlate with the capacity to walk in the complicated home
surrounding and community settings under straight-path conditions. Research on the
association between cognitive function and complicated walking tasks in older adults
had been limited. While cognitive flexibility and set-shift interventions were linked
with walking velocity during the obstacle course, these measures were not
connected with the usual walking speed. Daily walking also frequently involves
curved paths. Such as, walk between furniture at home or walk into a shopping mall
(7). Poor performance on the straight and curved path walking performance were

linked to a history of higher fall rates in the past year (8).
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Cognition has an important factor in the maintenance of postural stability. For
older adults, cognitive impairment is associated with an increased risk of falling. In
clinical practice, the dual-task assessment might be used to determine the role of
cognition in postural stability and the preservation of function during combined tasks
(20).

In certain activities, such as two activities, it interferes with posture. Especially
in older adults. Because control of the balance involves cortex and high-level
cognitive function (31).

Older people's cognitive functions, balance, and mobility were decreased
with aging. It was observed that when dual-task or a complex task was given, they
had an extremely high difficulty performing the tasks. Because of declining stability
and age-related posture control, older people needed more attention to protecting
their balance. When two tasks were performed concurrently, the ability of attention
was used effectively. The attention was shared according to the levels of complexity
of the tasks. The reduction in focus and attention was contributed to a negative
effect on the balance of attention provided to additional cognitive tasks (31).

The most commonly used screening tools were divided into physical function
tools and psychological function tools in older adults (59). The cognitive and
sensorimotor processing functions of the brain had been contributed to declining in
navigation skills for walking in some environments in older adults. For example, older
adults were slower initiating and performing a movement (10).

Some recent studies suggested a balanced assessment in dual-task conditions
in which the participant performs a primary (usually postural) and a secondary
(typically cognitive or motor) task simultaneously, such as walking associated with
subtracting threes (starting at 100) (60).

The age-related deterioration of the visual, somatosensory, and vestibular

systems had been resulted in a higher level of attention to maintaining balance in
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older adults. Besides, there was an age-related loss of brain mass, particularly in the
frontal lobe, which was contributed to impaired cognitive processing. These were
changed to limit the possible compensation of neural plasticity for locomotive
alterations and age-related postural control, explaining the worst performance of
dual tasks and falls in aging (60).

In their daily lives, individuals rarely carried out activities with all their
attention focused on what they did. People tended to perform their everyday motor
tasks in combination with cognitive tasks. This dual-task was reduced the amount of
attention focused on the main motor task, potentially was increasing the risk of
falling. The importance of approximating physical tests, such as TUG, to real-life
conditions was therefore recognized by complementing the motor task with cognitive
tasks, thus enabling the focus not only on the final score but also on the process
(i.e., the performance of the qualitative aspects) (59).

Some previous studies assessed the performance of older adults in TUG by
adding a dual-task, such as responding to continuous simple subtraction or counting
backward in threes. These studies focused only on the main motor task (59, 61, 62).
Gait speed and change in gait speed under dual-task examination were found to be
appropriate methods for assessing fall risk in older adults without a diagnosis of
cognitive impairment (18).

In addition, some research evaluated the performance not only in the motor
task (number of seconds needed to execute the TUG), but also the performance of
the secondary task, assessing the number of hits and cognitive task errors (59, 63).

Besides, it had been revealed in a systematic review by Muir-Hunter and
Wittwer (2016) that the protocol for assessing the effects of the combined primary
and secondary tasks varied across studies. Nine studies assessed the primary task as a
single-task activity, and two studies assessed the performance of both primary and

secondary tasks as a single task before evaluating the simultaneous performance of
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both tasks. The dual-task cost was the test result used for the assessment of future
fall risk in three studies. Gait velocity in the dual-task condition was used as a

predictor in two studies (20).

2.5 Balance assessment tools in older adults

The figure of eight walk test (F8W) (10) (9)

The F8W is a measurement tool that assesses the ability to walk in the
curved path (10). It was developed to evaluate curved walking skills in everyday life,
which could not be evaluated by straight-line walking tests. A previous study by Hess
et al. (2010) revealed that the F8W in older adults with mobility disability had
excellent interrater reliability (Intraclass correlation coefficients (ICC) =0.90) and good
test-retest reliability (ICC = 0.84) (10). The F8W time had been proven to be a valid
measure when compared with gait (Gait speed and modified Gait Abnormality Rating
Scale), physical function (Late-Life Function and Disabilities Index, Survey of Activities
and Fear of Falling in the Elderly), confidence in walking (Gait Efficacy Scale), and
movement control (step length and step width). The F8W step had been proven to

be a valid measure when compared with step width variability and fear of falling (10).

Figure 1. The fieure of eight walk test (F8W)
(10).
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The F8W test had been shown excellent reliability and validity when used in
a clinical or home environment for patients around one year following knee
replacement (15).

The figure of eight walk test had been demonstrated excellent inter-rater
reliability (intra-class correlation coefficient (ICC) range 0.944-0.999) in stroke-specific
impairments. An 8.2s F8W test time was found to be the most representative of
discriminating between healthy older adults people and subjects with stroke (64).

The figure of eight walk test was negatively associated with both step length
and step width in older adults. Using the 8 seconds F8W cut-off score was described
the walking motor skill, 50 percent (n=17) completed the F8W in 8 seconds,
suggesting the good walking motor ability (65).

The figure of eight walk test (FBW) and the habitual gait speed (HGS) were
useful tests of walking performance in 414 participants who were among mobility-
limited older adults. The previous study showed that tests for the contribution of
different models of cognition between HGS and F8W (Trails A test;, assessed
visuoperceptual and psychomotor speed, Trails B test; assessed switching of
attention, cognitive flexibility such as all executive functions and walking memory, as
well as psychomotor speed and visuoperceptual abilities, Trails B-A; determined
executive function by diminishing the influence of psychomotor speed). These
results demonstrated that F8W and HGS had been shown strongly correlated with
each other (r=-0.67, p<0.0001). Physiologic and health attributes had been shown
greater than 10% of the adjusted variance in F8W and HGS were peak leg press
velocity, trunk muscle extension endurance, leg press strength, ankle range of
motion, self-efficacy, and executive function. The contribution of different models of
cognition showed that Trails A had been demonstrated 6% variance in HGS and 12%
variance in F8W, Trails B had 14% of the variation in both tests, Trails B-A had 9%

variance in F8W and 12% variance in HGS. F8BW and HGS had been associated with
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tests of cognitive function. Physiologic attributes and cognitive function uniquely had
been associated with F8W, reaction time, self-efficacy, heel-to-floor time, and
cognitive processing speed, which had been linked to falls. HGS had been associated
with pain severity (16).

A previous study by Hunter et al. (2019) had been revealed that the figure of
eight walk test (F8W) and a straight path (SP) had been used to measure the effect of
learning to use a cane on cognitive demands and gait in people with Alzheimer's
disease (AD) who aged 50 years and older. Seventeen participants with AD and
twenty-five healthy control walked in SP (6 meters) and F8W under three conditions:
single-task (walking without gait aid), dual-task (walking with gait aid), and multitasking
(walking with gait aid and counting backward by ones). Stride time variability and
velocity were recorded with accelerometers. This study demonstrated that the more
complex walking configuration of F8W formed a greater degree of change in the gait
than the straight path. Participants with AD had significantly slower gait speed than
the older adults for all F8W conditions (p=0.001). The group of participants with AD
showed significantly greater stride time variability for all of the F8W conditions:
single-task (p=0.003), dual-task (p=0.004), and multitasking (p<0.001) and for straight
path multitasking (p=0.03). The between-group comparison demonstrated significant
between people with AD and older adults only in the multitasking conditions of F8W
(p<0.001). Including the cognitive-task cost showed significant for interaction between
task and group (p=0.003) (17).

The figure of eight walk test (F8W) and a straight path (SP) had been used to
measure the effect of learning to use a 4-wheeled walker on cognitive demands and
gait in people with Alzheimer's disease (AD) who aged at least 50 years. Twenty
participants with AD and twenty-two healthy control walked in SP (6 meters) and
FBW under three task conditions: single-task (walking without gait aid), dual-task

(walking with a 4-wheeled walker), and multitasking (walking with a 4-wheeled walker
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and counting backward by ones). This study had been demonstrated that gait
velocity had been shown significantly slower in participants with AD than healthy
controls across all conditions (p<0.025). Stride time variability had been shown
significantly between groups in straight path single task (p=0.045) and multitasking
(p=0.031), and F8W multitasking (p=0.036). Only the gait velocity task cost had been
shown a significant effect on the group (p=0.022). The performance on gait and
cognitive of the multitasking condition had been deteriorated in both groups (66).
The figure of eight walk test was used to measure walking abilities in older
adults with impairment of mobility. It was developed to evaluate curved walking
skills in everyday life, which could not have assessed using straight-line walking tests

(10).

2.6 Balance Assessment tools with dual-task in older adults when walking

Assessment tools for measure balance under multiple conditions at the same
time might be more sensitive to balancing and falling problems than evaluating
balance in one operation (67). There were many models of clinical assessment
involving balance. The clinical evaluation model had been developed by walking
abilities related to different environmental characteristics. Such as changing direction

while walking, talking, and holding together while walking (33).

2.6.1 Assessment tools with dual-task for balance in older adults

- Timed Up and Go Test with dual-task (56)

Timed Up and Go Test with dual-task is a test of body balance while walking
together with two functions. It has been developed from the Timed Up and Go Test
to be more relevant to the balance elements. Beginning with sitting in a chair, then
rise up from the chair after that walked forward for 3 meters and turned back then

walked to sit in a chair as before with the addition of thought processing, it is called
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Timed Up and Go Test with dual-task. The ability of the Timed Up and Go Test under
the dual-task conditions helps to distinguish the risk of falls in older adults. The
previous study was used the Timed Up and Go Test with dual-task (motor) in older
adults with a history of falls and without a history of falls. It had been shown 27.2
seconds and 9.7 seconds, respectively. The Timed Up and Go Test with dual Task
(cognitive) in the older adults with a history of falls and without a history of falls was
found that 27.7 seconds and 9.7 seconds, respectively. The cut-off score in the
Timed Up and Go Test with dual Task (motor) had been shown 14.5 seconds, and
the Timed Up and Go Test with dual Task (cognitive) had been shown 15 seconds for
predict falls (56). The sensitivity was 0.57 and the specificity was 0.70 (61).

A previous study by Lundin-Olsson et al. revealed that it investigated the
effect of performing multiple tasks on balance, falls, and mobility in frail older
adults. Physical frailty was defined by severely impaired mobility, strength,
endurance, and balance. They changed the TUG to add a manual task (i.e., carrying a
glass of water) and found that frail older adults had a time difference of more than
4.5 seconds between the TUGmanual and the TUG were more likely to fall during
the following six months. They concluded that the time gap between the TUG and
TUGmanual was differentiated for older adults who were likely to fall (56, 57).

In TUG dual-task test, either a cognitive task such as a serial subtraction task
(TUGcognitive) or a manual task such as carrying a cup of water (TUGmanual) was
commonly performed while the TUG test was being performed. Previous research
had been shown that the time difference in output on dual and single-task TUG tests

was a strong predictor of frailty and fell (55).
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- Dynamic Gait Index (DGI) (33, 68)

Dynamic Gait Index (DGI) is a test of body balance by walking. It uses different
reactions to control the balance of the body, which are graded according to the
ability to perform various activities, with scores from 0 — 3. The cut-off score has
been shown a score less than 19 in a total of 24 points at risk of falling (68), and the
interrater reliability (ICC = 0.77), sensitivity was 0.71, and specificity was 0.53 in fall
prediction (69). A modified version of the DGl (the mDGI) was developed by
Shumway-cook and colleagues (2013). The mDGlI retains the original eight tasks but
uses a new scoring system, for example, change in gait speed, gait with horizontal
head turns, gait with vertical head turns, gait and pivot turn, step over obstacle, step
around obstacles, and upstairs (33).

- Functional Gait Assessment (FGA) (33, 70)

Functional Gait Assessment (FGA) is a test of body balance while walking. Ten
topics need to be evaluated, for example, change in gait speed, gait with horizontal
head turns, gait with vertical head turns, gait and pivot turn, step over obstacle, gait
with narrow base of support, gait with eyes closed, ambulating backward and steps.
It will work together while walking, based on testing with the Dynamic Gait Index
(DGI). Which has a cut score of 22 points in 30 points to be used to separate the risk
of falling in older adults and can be used as a tool to measure body balance while
walking, including those who have vestibular disorders. The inter-rater reliability (ICC
= 0.86) was considered good, and the intra-rater reliability (ICC = 0.74) (70). The

sensitivity was 0.85, and the specificity was 0.86 (71).

Complex walking tasks are intended to improve both the anticipatory and
reactive components of postural control during ambulation. Furthermore, tasks are
utilized to increase the capacity to walk in altered sensory situations or perform

other tasks (e.g., varying the cognitive load) (33).
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Mobility tests are also important in gerontology as they recognize possible
impairments and reduce morbidity. Researchers and specialists refer to mobility
measures to recognize improvements in mobility, detect early signs of deterioration,
and help direct therapeutic strategies. Gait speed can be used as a predictor of
adverse effects as it represents the health and functional status of older adults.
Many testing instruments are used to measure older adult's mobility and balance,
such as the Dynamic Gait Index (DGI) Timed Up and Go (TUG) test. These tools were
varied from each other in terms of their functional level, content, and characteristics.
At the same time, there was a lack of agreement about which evaluation tool was
used. The choice was depended on the goals of the user, as well as the tool's
properties. Several considerations had been taken into account to determine the
best evaluation measure in the research field and practice. In a systematic analysis
by Soubra et al (2019), most assessments were reported that most assessments were
permitted the use of assistive devices and did not require much administration
equipment. However, the major differences between tests were depended on the
main objective of assessment, the time and space needed for performance, and
interpretation outcomes. Most of the experiments were intended to interpret
quantitative results; however, few studies had been investigated both quantitative
and qualitative results. Quantitative findings were based mainly on the time taken to
complete a task, and the overall distance walked. On the other hand, qualitative
findings were based on test performance and the observer’s evaluation (9).

Therefore, any selected measurement was appropriate to the target
population. Several factors could have impacted the way a person walks.
For example, height, weight, personality, race or weather, social standing,
and psychological factors could have influenced gait. In addition, including various
cultures, subsequent aging experiences occurred on different  scales.

Such as older people growing up in certain countries had a walking pattern that
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might not be identical or similar to that of other older people in different
communities or nations (9).

Moreover, previous studies had been identified various control strategies for
adjusting to changing circumstances in different age groups and genders. Therefore,
those were some limitations that should be considered (31).

To the best of our knowledge, no study had investigated the accuracy of the
F8W test in predicting future falls in older adults. Further, a systematic review by
Muir-Hunter and Wittwer (2016) revealed that dual-task gait assessments are more
strongly associated with eventual falls than single-task gait assessments (20). Thus,
modifying the F8W test by adding secondary tasks might improve its accuracy in
predicting future falls in older adults. Therefore, this research aimed 1.) to examine
the accuracy of the F8W test and the F8W test with dual-tasking (both cognitive and
motor) for predicting future falls in older adults; 2.) to investigate the reliability and

the concurrent validity of the F8W test with and without dual-task in older adults.
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CHAPTER IlI
MATERIAL AND METHODS

3.1 Research design

This study was a prospective cohort research design to compare the accuracy
of the F8W test and the F8W test with dual-task ability to identify future falls in older
adults. Each participant was asked to perform the following tests: 1.) the figure of
eight walk test in self-selected speed (F8W), 2.) the figure of eight walk test with the
cognitive dual-task (F8W+Cog), and 3.) the figure of eight walk test with the motor
dual-task (F8W+Motor). The number of falls in six months follow-up was recorded.
Additionally, a cross-sectional study was investicated the inter-rater and intra-rater
reliability and concurrent validity of the F8W test with dual-task and timed up and go

test (TUG) in older adults.
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3.2 Sample size
3.2.1 Study I: Accuracy of F8W, F8W+cog, and F8BW+motor to predict falls
in older adults

The sample size was calculated by the MedCalc version 19.1.5 software
(Copyright © 1993-2020 MedCalc Software bv). The type | (Alpha, Significance) and
type Il (Beta, 1-Power) error were set at 0.05 and 0.20, respectively. An expected area
under the ROC curve and a null hypothesis value were set at 0.7 and 0.5,
respectively. The previous study reported that the incidence of falls in older adults
in Thailand was 26% (43). Thus, the ratio of sample sizes in negative/positive groups
was set at 0.74.

The number of positive cases (From the history of fall within six months)
required 36 and negative cases required 27. The calculated total sample size was 63
(Figure 2). With the dropout rate at 25% and provided balance to the research

participants, the total sample size was 80 participants.

Sample size: area under ROC curve ? 4

Type land Il error

Type I error {Alpha, Significance): 0.05 w
Type II error (Beta, 1-Power): 0,20 e
Input

Area under ROC curve: 0.7

Mull Hypothesis value: 0.5

Ratio of sample sizes in negative [ positive groups: 0.74
Results

Mumber of positive cases required: 36

Mumber of negative cases required: 27

Total sample size (both groups together): &3

Type | Error - Alpha
020 010 0.05 0.01
020 21+16 2821 36+27 54+40
TypellEmor  p4p 29422 38-28 47+35 G5+
Bt 005 37+28 47T+35 57+43  80+60
001 S5+41 E7T-50 T8+59 105473

(2] Caloulate Exit

Figure 2. Sample size calculation. The total sample size was 80 participants.
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3.2.2 Study II: Reliability and validity study
The sample size was calculated by Wan Nor Arifin ( © Wan Nor Arifin 2017-

2020). The minimum acceptable reliability (ICC) (Do) was set 0.60, Expected reliability
(1CQO) (P,) was set 0.9, Significance level (Q) and power (1 - B) were set 0.05 and 80%
(72). The calculated total sample size was 14 (Figure 3). With the dropout rate at

10%, the total sample size was 16 participants.
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Sample sirg (with
10 drapoith, ng.,

Figure 3. Sample size calculation. The total sample size was 16 participants.
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3.3 Participants
Older adults (female and male) aged 60 to 80 years were recruited from the

urban communities in Thailand. The settings for data collection were as follows:

- Bangkok: Faculty of Allied Health Sciences (Chulalongkorn University), The
senior citizen club of Bang Khan District and Pathum Wan District

- Nonthaburi Province (Mueng Nonthaburi, Bang Bua Thong, and Pak Kret
District): Senior citizen center of Nonthaburi Municipality, Talat Khwan Sub-
district, Watlannaboon, Sanambinnam, Rattanathibet, Bang Rak Phatthana,
Pakkred Ruamjai, Tha-It, and Pranangklao Hospital.

- Lopburi Province (Mueng Lopburi District): The senior citizen club of Pho Kao

Ton Sub-district and Thanon Yai Sub-district

Older adults were recruited because of the distribution of the area and
representative sample of the target population for a research study. The participants
received information from either print or personal media. Research information

leaflets were placed at the information board at each place for data collection.
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The inclusion criteria were as follows:
1.) age of 60-80 years (male and female)
2.) ability to walk independently without a gait aid for at least 6 meters
3.) ability to be reached by phone (either the participant’s or a relative’s)

The following were the exclusion criteria:
1.) a history of visual disorders or impaired eyesight
2.) a history of orthopedic or neurological diseases that might impair walking or
balance, such as severe osteoarthritis, stroke, heart disease, vertigo (vestibular
condition), or Parkinson’s disease
3.) a history of lower limb surgery that could have an impact on walking, such as
knee or hip replacement surgery
4.) the inability to follow simple instruction
5.) dizziness that makes one unable to maintain standing balance
6.) pain or fatigue of the legs that might affect walking or balance ability

7.) consumption of alcohol within 24 hours before the tests

In the preparation process, the researcher explained the objectives, study
process, and benefits of this research. The participants were then requested to
provide written informed consent to participate in this study. The gender ratio and
ratio of ages (60-70 years and 71-80 years) were established by stratified sampling.
Because several factors could have impacted the way a person walks. So changing

circumstances in different age groups and genders should be considered.



3.4 Instrumentations

The following instrumentations were used in this study:
3.4.1. Two cones (Figure 4.)

3.4.2 A stopwatch (Figure 4.)

Figure 4. The cones and a stopwatch

3.4.3. A glass of water with a volume of 350 ml. (Figure 5.)

3.4.4 A plastic tray (size 20 x 28 cm?) (Figure 5.)

Figure 5. A glass of water and the tray

35
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3.4.5. The tape measure (Figure 6.)

3.4.6 The masking tape (Figure 6.)

Figure 6. The tape measure and the masking tape

3.4.7. An adjustable chair (Figure 7.)

Figure 7. An adjustable chair
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3.5 Research protocol

All participants were screened by the research assistant with a questionnaire
to collect participant characteristics such as age, gender, weight, height, the number
of falls in the previous six months, and the eligibility checklist related to inclusion
and exclusion criteria. All participants were then assessed with the F8W by the

principal investigator, blinded to the participant's information.

The F8W consisted of 3 conditions:

1) the figure of eight walk test in usual walking (F8W) (Figure 8.).

2) the figure of eight walk test with cognitive dual-task (F8W+cog; walking
while doing serial subtractions by threes) (Figure 9.).

3) the figure of eight walk test with motor dual-task (F8W+motor; walking

while carrying a glass of water on the tray with one hand) (Figure 10.).

Figure 8. The figure of eight walk test in usual walking (F8W)
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/ ) .
Figure 10. The figure of eight walk test with motor dual-task (F8W+motor)

The F8W+cog task required participants to complete the figure of eight walk
test while doing serial subtractions by threes from a randomly selected number
between 80 and 99 (73).

For the F8W+motor, the participants were asked to perform the figure of eight
walk test while carrying a glass of water on the tray. A glass of water was filled to 1
cm from the top of the glass (60). The participant was instructed to walk steadily in
order to prevent spilling water.

In the F8W tests with dual-task, participants were instructed to perform the

best of both tasks to use their natural strategy in the context of divided attention.
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Therefore, even though the water spilled or wrong answered serial subtractions, the
participants continued to walk until they finished the pathway.

The participant was asked to walk with the usual speed in an eight-round
shape between two cones, which both cones are at 5 feet apart, and walk back to
the starting point. During the F8W test with dual-task, the participants were asked to
perform F8W and dual-task simultaneously with the instruction to “perform both
tasks as well as possible without prioritizing either gait or dual tasks (cognitive and
motor).” The participants were asked to continue walking until they back to the
starting point even though the water spilled or wrong answered serial subtractions.
The time and step were recorded by the principal investigator as following the
methods (primary task) of previous studies (10, 20, 44, 56, 57, 59, 61, 62).

Each test was performed three times, and the average score was used for
further analysis. Each participant was allowed 1 or 2 practice trials before data
collection. There was a one-minute rest during each trial. The order of the test was
chosen randomly using computer randomization to counteract the order effects.

The principal investigator recorded the occurrence of falls every month for six
months follow-up period by telephone calls (the participant’s telephone or
relative’s telephone) (44).

In the six-months follow-up to the baseline examination, participants were
interviewed by monthly telephone calls with a standardized questionnaire on any
falls they had been experienced, including the causes and circumstances of any falls
that had been occurred. The questionnaire was used at the baseline and performed
for the follow-up questionnaire to assess the occurrence of falls.

For intra-rater reliability (ICCs5), the participants were tested a total of 3 times
over two separate visits by the principal investigator on the first day and one more
time seven days later.

For inter-rater reliability (ICC,3), the participants were tested using the F8W,
F8W-+cog, and F8W-+motor by two separate assessors (the principal investigator and

research assistant) on the same day, and the participants were allowed to rest for
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ten minutes in between the tests. The principal investigator and research assistant
had been blinded to each other's results.

For criterion validity, the participants were examined using the timed up and
go test (TUG) (Figure 11.) by the principal investigator. The participant was asked to
stand up from the chair, walk 3 meters at the usual speed, turn around a cone, and
then return to sit down on the chair. The time was recorded using a stopwatch. All
the assessors (the principal investigator and research assistant) were physical

therapists with more than five years of experience.

Figure 11. The timed up and go test (TUG)

3.6 Statistical analysis
Data were analyzed using the MedCalc version 19.1.5 software (Copyright ©

1993-2020 MedCalc Software bv) for reliability, validity, and accurate analysis.
Descriptive statistics were used to describe participant characteristics. The Shapiro-
Wilk test was used to confirm the normal distribution of the data.

Moreover, the independent variables for statistical analysis were single-task

(FBW test), dual-task (FBW test with dual-task) and TUG. The dependent variables
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were time, the number of steps, the occurrence of falls in six months later, and the
validity of the F8W test with dual-task and timed up and go test (TUG) in older
adults.

The Intraclass Correlation Coefficient (ICC) for comparison between assessors
and 95% confidence intervals (Cl) was calculated (74). For inter-rater reliability (ICC,3),
the researcher calculated using the scores from F8W, F8W+cog, and F8W+motor by
two separate assessors (the principal investigator and research assistant) on the same
day. For intra-rater reliability (ICCs3), the scores from F8W, F8W+cog, and F8W+motor
were calculated by the principal investigator on the first day and one more time

seven days later. The score was calculated from time and the number of steps.

The interpretation of the reliability value was as follows:

ICC > 0.90 suggested for clinical measure measurements
(excellent reliability)

ICC > 0.75 good to excellent reliability

ICC = 0.50 - 0.75 moderate to good reliability

ICC =0.25-0.49 fair reliability

ICC = 0.00 - 0.24 little or no relationship (poor reliability) (75).

To identify the relationships between the F8W test with dual-task and timed
up and go test (TUG) in older adults. The Pearson product-moment correlation
coefficient or Spearman's rank correlation coefficient was used for values from both

sessions to reveal the concurrent validity between the tests.
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The interpretation of validity analysis was as follows:
r>0.90 suggested for clinical measure measurements

(excellent correlation)

r>0.75 good to excellent correlation

r=0.50-0.75 moderate to good correlation

r=0.25-0.49 fair correlation

r=0.00-0.24 little or no relationship (poor correlation) (75).

The Receiver Operating Characteristic (ROC) was generated on the basis of the
results of the within- and between-group comparisons. The ROC was analyzed by
plotting the graph between the true positive rate (sensitivity) and the false positive
rate (1-specificity) for the various cut-off points.

The area under the ROC curve (AUC) was used to compare the accuracy for
predicting falls in older adults between the F8W and F8W with dual-task. The AUC
was calculated and used to measure how well a parameter could create

discrimination between two (fallers or non-fallers) diagnosis classes.

The interpretation of AUC was as follows:

AUC > 0.9 high accuracy

AUC = 0.7-0.9 moderate accuracy

AUC = 0.5-0.69 low accuracy

AUC < 0.5 predicting values due to chance (76).

The optimal cut-off score of each test was selected using the high Youden's
Index to obtain cut-off scores for FBW and F8W with dual-task between two (fallers or

non-fallers) diagnosis classes. The Youden's Index = sensitivity + specificity -1 (77).
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The likelihood ratios (LR) were used to interpret diagnostic tests on the
probability of falls. The positive likelihood ratio (LR+) was calculated by
sensitivity/1-specificity, and the effect of a positive test was provided the probability
of falls. The negative likelihood ratio (LR-) was calculated by 1-sensitivity/specificity,
and the effect of the negative test was provided the probability of falls. The positive
likelihood ratios (LR+) and negative likelihood ratios (LR-) were used to represent the
probability of correctly discriminating between fallers and non-fallers in older adults.

The likelihood ratio more than 1 (>1) was shown an association with falls,
whereas the likelihood ratio less than 1 (<1) was shown an association with lack of

falls.

The interpretations of the LR+ and the LR- were as follows:
LR+ >10 and LR- < 0.1 the potential for clinical decisions

LR+ 5-10 and LR- 0.1-0.2 the required additional information for clinical

decisions
LR+ 2-5 and LR- 0.2-0.5 the difficulty for clinical decisions
LR+ 1-2 and LR- 0.5-1 did not suggest clinical decisions (75).

The accuracy of the test at the selected cut-off point was also used to
determine its ability to identify fallers and non-faller correctly. The accuracy was
determined as an accurate test to predict falls in older adults and discriminate fallers

and non-fallers in older adults (78, 79).
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3.7 Ethical consideration

Participants had been explained objectives, process benefits, and the dangers
that might have occurred, including unwanted side effects that might have
happened. Suppose adverse events might have occurred from this research. The
participant had been helped. If there was an event at risk of fractures, the researcher
prepared to send the participant to a nearby hospital and coordinate with the
agency to see a doctor and perform service procedures quickly. The researcher was
responsible for all medical expenses. The participant's personal information had
been kept confidential. This research was registered with the Thai Clinical Trials
Registry (TCTR20201012001). The ethical agreement was obtained from the

Chulalongkorn University Human Ethics Committee (COA No. 204/2020).

3.8 Risk and the investigator's responsibility

Falling while doing a test was a potential risk. No previous studies have
occurred. However, the researcher was careful while testing and increased safety by
wearing a belt in the lumbar area of the participant. The researcher stayed on the
left side of the participant. The participant was under the supervision of the

researchers throughout the study.
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Description

Total (THB)

Senior personnel

Participants

300 THB * 1 time * 80 persons = 24,000
100 THB * 2 times * 16 persons = 3,200

Research assistant

Equipment and Supplies

The stopwatch
The cone

A glass of water
Bottled water
The tray

The masking tape
The tape measure
Safety belt
External hard disk

1000 * 4 = 4,000
250 * 4 = 1,000
50 * 4 =200
15 %96 = 1,440
100 * 4 = 400
25* 16 = 400
500 * 5 = 2,500
1200 * 5 = 6,000
2000 * 1 = 2,000

- Printing ink 3,000
- Ad paper 1,000
- Copy fee 2,000

Total 51,140
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CHAPTER IV
RESULTS

4.1 The comparison of the assessment performance between F8W, F8W+cog,
and F8W+motor for predicting falls in older adults.
Eighty participants were recruited. The demographic data of the participants

are shown in Table 1. The participants were 60 to 80 years old. The mean ages of
non-fallers and fallers were 69.87 + 6.02 and 71.00 + 5.49 years, respectively. Of the
participants, 40 (50.0%) were women, and 40 (50.0%) were men. The mean body
mass indexes (BMI) of non-faller and faller older adults were 24.80 + 3.91 and
24.38 + 3.71 kg/m?, respectively. Twenty-two participants (27.5%) had fallen in the

previous six months.

During the six months following the test, 17 (21%) fallers older adults, as
follows: 12 participants had fallen once, 3 participants had fallen twice, and 2
participants had fallen more than three times. Of the 17 fallers older adults for which
location was reported, 9 (52.94%) occurred in the home, 6 (35.29%) outside the
home (around the participant’s own home), and 2 (11.77%) outdoors in the
community. Causes of falls were reported, 7 (41.18%) occurred tripping on objects,
7 (41.18%) appeared slipping, and 3 (17.64%) occurred loss of balance. However,
16 (94.12%) fallers older adults, walking was the most common fall-related activity,
and 1 (5.88%) occurred during stair descent. All faller participants reported that they

didn’t have a fractured, but they had mild injuries.



Table 1. Demographic characteristics of participants in the accuracy study

(n=80).
Characteristics Non-fallers (n=63) Fallers (n=17) P-value
Mean (SD) Mean (SD)
Age (years), mean (SD) 69.87 (6.02) 71.00 (5.49) 0.488
Age (years); n (%)
- 60-70 32 (40%) 8 (10%)
- 71-80 31 (38.75%) 9 (11.25%)
Sex; n (%) 0.419
- Male 33 (41.25%) 7 (8.75%)
- Female 30 (37.50%) 10 (12.50%)
Body mass index (kg/m?); 24.80 (3.91) 24.38 (3.71) 0.692
mean (SD)
Occurrence of falls at
six months; n (%)
No fall 63 (78.75%) -
Once - 12 (15%)
Twice - 3 (3.75%)
> 3 times - 2 (2.5%)

*Statistical significance at P< 0.05
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Table 2 shows the median and interquartile ranges of F8W, F8W+cog, and
F8W-+motor tests in non-falling and falling older participants. The Mann-Whitney tests
revealed that fallers took significantly longer to complete all tests than non-fallers.

However, the number of steps taken in the tests was not statistically significant.

Table 2. The scores of F8W, F8W+cog, and F8BW+motor in non-faller and faller

older adults.

Assessment Non-faller Faller P-value
(n = 63) (n=17)
Median (IQR) Median (IQR)

F8W

- Time (s) 9.5 (8.6-10.9) 10.7 (9.6-13.0) 0.017*

- Step (number of steps) 15.7 (14.7-17.3) 17.0 (15.8-18.7) 0.144
F8W+cog

- Time (s) 11.3 (9.9-14.0) 12.9 (12.0-14.9) 0.019*

- Step (number of steps) 18.0 (16.3-19.9) 19.0 (17.8-21.0) 0.142

F8W+motor
- Time (s) 11.3(10.3-13.5) 14.3 (11.9-17.1) 0.003*
- Step (number of steps) 18.3 (17.3-20.0) 19.7 (17.8-22.7) 0.118

Note: Mann-Whitney test. IQR: interquartile range; F8W: the figure of eight walk test;
F8W+cog: the figure of eight walk test with cognitive task; F8W+motor: the figure of
eight walk test with motor task.

*Statistical significance at p < 0.05.
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For predicting the occurrence of falls in older adults, the time it took to
execute the F8W+motor test was a more accurate predictor of falling than the time
taken for the F8W and F8W+cog tests. This study found that the AUC of F8W+motor
test time was moderately accurate in differentiating between fallers and non-fallers,
but the AUCs of F8W time and F8W+cog time had low accuracy. The cut-off score of
the F8BW+motor time between faller and non-faller older adults was > 12 s, with AUC
= 0.74, sensitivity = 76.5%, and specificity = 65.1%. The cut-off scores of the F8W
time was >9.8s with AUC = 0.69, sensitivity = 76.5%, and specificity = 57.1%.
The cut-off scores of the F8W+cog time was > 10.9 s with AUC = 0.69, sensitivity =
100%, and specificity = 42.9%. Additionally, the LR+ and LR- suggested that the
F8W+motor time was a better predictor than the F8W time and F8W+cog time for

differentiating fallers from non-fallers (Table 3 and Figure 12).

The F8W, F8W+cog, and F8W+motor step counts exhibited a comparable
AUC of 0.62 and low accuracy when predicting the occurrence of falls in older adults.
Furthermore, the F8W, F8W+cog, and F8W+motor step counts lacked sufficient

classification power (Table 3 and Figure 13).
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Table 3. AUC, cut-off score, sensitivity, specificity, LR+, and LR- of F8W,
F8W+cog, and F8W+motor for predicting falls in older adults.

Test AUC SE 95%ClI Cut-  Sensitivity Specificity LR+ LR-
off
score
F8W
- Time (s) 0.69* 0.07 0.6-0.8 > 9.8 76.5 57.1 1.8 04
- Step 0.62 0.08 0.5-0.7 > 157 76.5 50.8 1.6 05
(Number
of steps)
F8W+cog
Time (s) 0.69* 0.06 0.6-0.8 > 10.9 100 42.9 1.8 0.0
- Step 0.62 0.07 0.5-0.7 >16.7 88.2 34.9 1.4 03
(Number
of steps)
F8W+motor
- Time (s) 0.74* 0.07 0.6-0.8 >120 76.5 65.1 22 04
- Step 0.62 0.08 0.5-0.7 >193 58.8 65.1 1.7 06
(Number
of steps)

Note: F8W: the figure of eight walk test; F8W+cog: the figure of eight walk test with
cognitive dual-task; F8W+motor: the figure of eight walk test with motor dual-task;
AUC: area under the ROC curve; SE: standard error; LR+: positive likelihood ratio; LR-:
negative likelihood ratio.

*Statistical significance at P < 0.05.
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Figure 12. The area under the ROC curve (AUC) of the F8W, F8W+cog, and
F8W+motor (time).

Note: F8W time: the figure of eight walk test (time); F8W+cog time: the figure of eight
walk test with cognitive dual-task (time); FBW+motor time: the figure of eight walk
test with motor dual-task (time); ROC: the receiver operating characteristic curve,

AUC: the area under the ROC curve.
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ROC curve (step count)
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Figure 13. The area under the ROC curve (AUC) of the F8W, F8W+cog, and
F8W+motor (steps).

Note: F8W step: the figure of eight walk test (steps), FBW+cog step: the figure of eight
walk test with cognitive dual-task (steps); F8W+motor step: the figure of eight walk
test with motor dual-task (steps); ROC: the receiver operating characteristic curve;

AUC: the area under the ROC curve.
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4.2 Reliability and validity study

Sixteen persons were tested at the baseline and participated in the follow-up.
Of the participants, 9 (56.25%) were women, and 7 (43.75%) were men. The
participants were 60 to 80 years old, and the mean age was 66.19 years (SD = 4.75
years), the mean Body mass index (BMI) was 24.09 kg/m? (SD = 2.77 kg/m?), one
participant (6.25%) had two falls in the previous six months, and 15 participants
(93.75%) did not fall in the previous six months. Descriptive statistics for all of the

participants were presented in Table 4.

Table 4. Demographic characteristics of participants in the reliability and

validity study (n=16).

Characteristics Mean (SD)
Age (year); mean (SD) 66.19 (4.75)
Sex; n (%)
Female 9 (56.25)
Male 7 (43.75)
Body mass index (kg/m?); mean (SD) 24.09 (2.77)

History of falls in the previous six months; n (%)
No fall 15 (93.75)
Once 0 (0)
Twice 1(6.25)




55

The means and standard deviations of assessment in each group of the

assessor were reported in Table 5.

Table 5. Mean *+ Standard deviations of assessments (n = 16).

Assessment Assessor A Assessor B
First assessment  Second assessment First assessment

Mean + SD Mean + SD Mean + SD

F8W (Time) 10.26 + 1.38 10.20 + 1.56 10.45 + 1.36

F8W-+cog (Time) 12.16 + 2.80 12.10 £+ 2.74 12.18 + 2.68

F8W+motor (Time) 11.58 £ 1.79 11.66 £ 1.74 12.02 £ 1.60

F8W (Step) 16.14+ 1.49 15.55 + 1.55 16.22 + 1.36

F8W-+cog (Step) 1773+ 2.14 17.62 + 2.00 17.65 + 2.21

F8W-+motor (Step) 17.37 £ 1.64 17.67 £ 1.62 1756 £ 2.02
TUG 12.76 + 1.94

Note F8W: the figure of eight walk test; FBW+cog: the figure of eight walk test with

cognitive dual-task; FBW+motor: the figure of eight walk test with motor dual-task.

The results indicated the time and number of steps of F8W, F8W+cog and

F8W+motor provided excellent reliability of both intra-rater reliability and inter-rater

reliability, ICC55 = 0.95-0.99 and ICC, 5 = 0.92-0.99, respectively (Tables 6 and 7).

The SEMs were reported in Tables 6 and 7. The SEMs of the time in F8W,

F8W+cog and F8W+motor were 0.22 — 0.75 seconds and 0.26 — 0.51 seconds. The

SEMs of the number of steps in F8W, F8W+cog, and F8W+motor were 0.69 - 1.20

steps and 0.31 - 0.59 steps, respectively. The MDC g5 of time and the number of

steps were 0.71 — 1.41 seconds and 0.86 — 1.62 steps.
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Table 6. The Intra-rater reliability (ICC;3) of assessments and standard error of

measurement (SEM).

Assessment Intra-rater Reliability

ICCs3 95% Cl P-value SEM
F8W (Time) 0.98 0.93 -0.99 <0.001* 0.24
F8W+cog (Time) 0.99 0.98 - 0.99 <0.001* 0.22
F8W+motor (Time) 0.98 0.93 - 0.99 <0.001* 0.75
F8W (Step) 0.95 0.85-0.98 <0.001* 0.99
F8W+cog (Step) 0.96 0.88 - 0.99 <0.001* 1.20
F8W+motor (Step) 0.98 0.93 - 0.99 <0.001* 0.69

*Statistical significance P< 0.05

Table 7. The Inter-rater reliability (ICC,3) of assessments, standard error of

measurement (SEM), and minimal detectable change at 95%CI (MDCy5).

Assessment Inter-rater Reliability MDCys
ICCy5 95% ClI P-value SEM
F8W (Time) 0.95 0.90 - 0.99 <0.001* 0.26 0.71
F8W-+cog (Time) 0.99 0.96 - 0.99 <0.001* 0.33 0.92
F8W+motor (Time) 0.92 0.75 - 0.97 <0.001* 0.51 1.41
F8W (Step) 0.96 0.88 - 0.98 <0.001* 0.31 0.86
F8W-+cog (Step) 0.97 0.92 -0.99 <0.001* 0.36 0.99
F8W+motor (Step) 0.92 0.76 - 0.97 <0.001* 0.59 1.62

*Statistical significance P< 0.05
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The F8W, F8W+cog and F8W+motor times showed significantly correlation
(good to excellence) with the TUG (r = 0.89, 0.80 and 0.88). The number of steps of
F8W, F8W+cog and F8W+motor showed significantly correlation (moderate to good)

with TUG (r = 0.62, r, = 0.63 and r = 0.52) (Table 8).

Table 8. Concurrent validity of assessments with timed up and go test (TUG).

Assessment Timed up and go test (TUG)

r P-value

F8W (Time) 0.89° <0.001*
F8W-+cog (Time) 0.80° <0.001*
F8W+motor (Time) 0.88° <0.001*
F8W (Step) 0.62° 0.010*
F8W-cog (Step) 0.63° 0.009*
F8W-+motor (Step) 0.52° 0.038*

*Statistical significance at P< 0.05
% = Pearson product-moment correlation coefficient (r)

® = Spearman's rank correlation coefficient (r,)
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CHAPTER V
DISCUSSION

This study showed that the F8W+motor time was shown to be more accurate
for identifying fall risks than F8W and F8W+cog time between fallers and non-fallers
in older adults. In addition, this study demonstrated that the time and number of
steps of F8W, F8W+cog, and F8W+motor provided excellent reliability of both intra-
rater reliability and inter-rater reliability. Furthermore, the time and number of steps
of F8W, F8W+cog, and F8W+motor were significantly correlated with TUG in older
adults. Moreover, The cut-off point for the F8W+motor >12 s with sensitivity (76.5%)
and specificity (65.1%) was helpful to discriminate between fallers and non-fallers

older adults.

5.1 The comparison of the assessment performance between F8W, F8W+cog,
and F8W+motor for predicting falls in older adults.

F8W+motor time was shown to be more accurate than F8W and F8W+cog
times in distinguishing between fallers and non-fallers for the older adults in this
study. The results showed that the time taken for the F8W+motor test had moderate
accuracy for discriminative performance (AUC = 0.74) with sensitivity (76.5%) and
specificity (65.1%). Furthermore, the cut-off point of > 12 s for F8W+motor time was
useful in distinguishing between fallers and non-fallers. The F8W+motor time showed
a positive likelihood ratio (LR+) of 2.2 and a negative likelihood ratio (LR -) of 0.4,
indicating that the F8W+motor test was better than the F8W and F8W+cog tests for
distinguishing fallers from non-fallers. In contrast, because of the lack of adequate
classification power, the step parameters of the three tests could not be utilized to

predict falls.

Depending on the extent of walking independence, the relationship between
straight and curved walking ability varies. In autonomous walking groups, F8W findings

had been associated with walking velocity and cadence, whereas in supervised
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walking groups, F8W results were associated with walking velocity and stride length
(80). Older people who have difficulty turning while walking have reported being
staggered, not rotating throughout the turn, needing five or more steps or weight
adjustments to complete the turn, and requiring three seconds or more to complete
the turn. The turning performance of young adults differs from that of older
individuals because young people use a pivot turn, while older adults use alternative
tactics to complete a turn. This might reflect the switch from feedforward to
feedback processes in older adults. The pivot turn is a quick, open-looped motion
that requires feedforward mechanisms, while a multiple-step turn is a slower, more
closed-looped motion that seems to need more feedback (81). F8BW efficiency has
been shown to be substantially related to both response time and heel-to-floor time
(@ measure of swift leg coordination). Reaction time, movement speed,
and self-efficacy have all been linked to falls. The capacity to rapidly catch oneself
after a disturbance, for example, is viewed as a key skill in preventing a fall or
fall-related injury (14). Furthermore, it has been demonstrated that reaction time is

closely associated with falls and fall-related injuries (16, 82).

In the current study, the F8W times were accurate for discriminative
performance (AUC = 0.69) with a sensitivity of 76.5% and a specificity of 57.1% when
differentiating between fallers and non-fallers. Furthermore, Coyle et al. (2020)
showed in a prior study that older persons who did well on the F8W had a
significantly lower risk of falls, emergency department visits, and hospitalizations at
any point during the year after the performance evaluation (83). Our study
investigated the impact of dual-tasking on F8W’s ability to distinguish between fallers
and non-fallers in older people. The F8W+motor time was shown to be more
accurate than standard F8W time and F8W+cog time in distinguishing between fallers
and non-fallers in older adults. This study is consistent with previous research by Oh-
Park et al. (2013), which found that, both younger and older adults showed a drop in
gait velocity and an increase in stride-to-stride variability when walking was combined
with holding a tray and maintaining it as stable as possible. Furthermore, because

attention was focused on holding the tray while walking, tray stability and gait
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performance decreased during dual-tasking as compared to single-tasking (84). These
findings confirmed the “posture first strategy” concept, as well as the decreased
ability of older people to prioritize upper limb duties over walking despite specific
guidance to do so. Our findings were also similar to prior research, which found that
walking while doing a secondary motor task (carrying sticks) reduced gait velocity and
increased stride-to-stride variability (85). Walking while simultaneously executing
upper limb tasks such as buttoning (fine motor activity) or carrying an object had

been shown to cause gait deterioration in older adults (84-86).

Motivation might also influence the ability to walk while carrying a tray and
keeping it as stable as possible. Placing a glass of water on the tray might stimulate
more stability attempts, but this approach might cause performance anxiety and
introduce additional task priorities (84). Our findings were consistent with previous
research by Tang et al. (2015), which found that a dual-task TUG that allowed
participants to hold a cup of water (weighted approximately 135 ¢) while conducting
the test was more sensitive than a single-task TUG in recognizing prefrail individuals,

but a dual-task TUG that required a concurrent mathematical task was not (73).

Several factors might explain the differences in ability between motor and
cognitive dual-tasking. Carrying a cup of water without spilling it requires prolonged
attention, the endurance to apply a continuous grip beyond a certain force
threshold, and the capacity to maintain a stable arm and trunk position while the
body’s center of mass is moving in both the horizontal and vertical planes (73). In
dual-task testing, the secondary task should be sufficiently difficult that participants
are working at or near the limit of their ability. Furthermore, the previous study
demonstrated that TUG manual was required a high dynamic balance control
capacity, which might explain the reduced postural control ability associated with
frailty (73). This might also explain why the F8W+motor time was more accurate than

F8W time and F8W+cog time in distinguishing between fallers and non-fallers.

In this study, the F8W, F8W+cog, and F8W+motor step counts all exhibited

poor accuracy and a similar AUC of 0.62, which were not significant for recognizing
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the occurrence of falls in older adults. In a recent study, Fuijii et al. (2018) discovered
that the F8W times of an independent group were connected to walking velocity and
cadence based on walking independence level. A supervised group, on the other
hand, was less able to modify motor techniques and decelerated walking velocity
when the walking path changed from straight to curved. The supervised group might
have taken longer strides to accomplish the F8BW more quickly. As a consequence, in

the supervised group, F8W time was linked to stride length but not cadence (80).
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5.2 Reliability and validity study

This study demonstrated the time and number of steps of F8W, F8W+cog and
F8W-+motor provided excellent reliability of intra-rater reliability and inter-rater
reliability. Consistency with the findings by Hess et al. (2010), the time and number of
steps of F8W had been shown excellent inter-rater reliability (ICC = 0.90 and 0.92)
and good test-retest reliability (ICC = 0.84 and 0.82) in older adults with mobility
impairment (10). These results were also consistent with the findings of Wong et al.
(2013), the F8W test showed excellent intra-rater and test-retest correlation
coefficient (ICC = 0.94-0.99 and 0.97-0.98, respectively), and the inter-rater

correlation coefficient (ICC = 0.97-0.99) for stroke-specific impairments (64).

A new finding from this study was that the time and number of steps of
F8W+cog provided excellent intra-rater reliability and excellent inter-rater reliability.
The time and number of steps of the F8W+motor provided excellent intra-rater
reliability and excellent inter-rater reliability. Therefore, this study's findings were
excellent and reliable, indicating that these assessments could be used for
professional assessment purposes (75). Intra-rater reliability is used as an expression
of the repeatability of the measurements within the rater. Inter-rater reliability is the
extent to which two or more raters agree. It is used to address the issue of
consistency in the implementation of a rating system. High inter-rater reliability
values referred to a high degree of agreement between two examiners. Therefore,
psychometric properties of outcome measures, such as reliability and validity to
change, are widely used parameters and clearly important for clinical measurement

selection (87).

The standard error of measurement (SEM) demonstrated the accuracy of each
measure. It offered a simple indicator of absolute reliability. When the test is
perfectly reliable, the standard error of measurement equals zero. When the test is
entirely unreliable, the standard error of measurement is at its maximum, equal to
the standard deviation of the observed scores. The SEM was shown to be small in
this study. The MDCgs time and number of steps were 0.71 — 1.41 seconds and 0.86 —

1.62 steps. These values showed that the calculation error did not affect the
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smallest value of the shift. In clinical applications, the measured value should be

greater than the MDCys value (88).

The F8W, F8W+cog, and F8W+motor time were good to excellent correlated
with the TUG. The timed up and go test (TUG) is one of the most well-known tests. It
is widely regarded as the gold standard in fall risk assessment and offered various
benefits (89). It is easy to perform and to describe and, therefore, widely used (90).
The timed up and go test (TUG), which incorporates essential mobility components,
is widely used for measuring the risk for falls among older adults (91). The number of
steps of F8W, F8W+cog, and F8W+motor also were moderate to good correlated
with TUG. These findings were consistent with Barker et al. 2019, which showed that
the F8W test was found to be excellent reliability (r = 0.921). It was also shown to be
valid (r = 0.834) with TUG and timed walking test when used in the home or clinic for
about one year after joint replacement surgery in older adults (15). This study was
consistent with previous study that the F8W time was validated with gait (gait speed,
r = - 0.570 and modified Gait Abnormality Rating Scale, r = 0.281), confidence in
walking (Gait Efficacy Scale, r = - 0.468), physical function (Late-Life Function and
Disability Index, r = - 0.469 and Survey of Activities and Fear of Falling in the older
adults r = 0.370), and motion control (step length, r = 0.279 and step width,
r =-0.277). In addition, the number of steps of F8W also had validity with step width
variability (r = - 0.339) and fear of falling (r = - 2.50) (10). In this study, the values
F8W, F8W + cog, and F8W + motor calculated with time were found to have a higher
correlation coefficient than that obtained from the number of steps. The potential
reason might be attributed, in part, to the same unit of measurement as the TUG

measurement.

This study was the first study of the intra-rater reliability, inter-rater reliability,
SEM, MDCgs, and concurrent validity of the F8W with dual-task and TUG in older
adults. As a result, the dual-task F8W could be used to direct clinicians in their
choice of methods to progressively increase cognitive difficulties to ensure that
people perform close to their capacity to identify deficits. Moreover, the figsure of

eight walk test (FBW) is a measurement tool that measures the ability to walk along
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the straight and curved line in both clockwise and counter-clockwise directions. F8W
was developed to evaluate curved walking skills in everyday life that could not be
assessed by straight-line walking tests (10). Adding dual-task with cognitive or motor
tasks might improve the accuracy of predicting falls in older adults. The dual-task
walking might necessarily require a greater proportion of physical and mental
capacity, resulting in gait performance decrements not seen in simple walking tasks.
On the other hand, TUG is a single turn or a single task embedded in a composite
measure (10, 15, 64). In a previous study, Schoene et al. (2013) found that the TUG
was not useful for distinguishing fallers from non-fallers in healthy, high-functioning
populations of older adults. However, it was more useful in less-healthy or lower-

functioning populations (92).

Strengths and Limitations

The key strengths of this study include that it was a prospective study and
that it was the first study to examine the cut-off point for F8W with dual-tasking for
identifying fall risks. In older individuals, the F8W+motor time was a more potent
measure for assessing fall risks than the F8W and F8W+cog time. The time and step
counts of F8W, F8W+cog, and F8W+motor demonstrated high intra-rater and inter-
rater reliability (ICC35=0.95-0.99 and ICC, 5= 0.92-0.99, respectively). The length of
time for F8W, F8W+cog, and F8W+motor were all considerably well correlated to
excellently correlated with TUG (r = 0.89, 0.80, and 0.88, respectively). The numbers
of steps for F8W, F8W+cog, and F8W+motor were moderately correlated with TUG
(r=10.62, ry = 0.63, and r = 0.52, respectively). Furthermore, no participant dropped
out in the six-months follow-up period in which we tracked the occurrence of falls. A
monthly phone call was utilized to ensure that participants remembered their falls
properly. There were, however, certain limitations to this study that should be
mentioned. First, the participants were limited to urban-dwelling older adults.
Second, only people who could follow simple directions were tested in this study.

Because the various cognitive activities in dual-task testing showed distinct effects in
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adults with mild cognitive impairment (18), the standard diagnostic strategy for
cognitive testing should be addressed. Finally, with a cut-off of > 12 s, the
F8W+motor time would detect 76.5% of falling older adults while excluding 65.1% of
non-falling older adults, indicating that the F8W+motor time is a sensitive screening
test. The percentage of fallers accurately recognized as high-risk was referred to as
sensitivity. Specificity, on the other hand, was defined as the fraction of non-fallers
who were accurately classified as low-risk (93). Other procedures with a high-
sensitivity cut-point for screening and a high-specificity cut-point for ruling individuals

in or out may be more feasible.
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CHAPTER VI
CONCLUSION

In older adults, F8W+motor time was more accurate than F8W and F8W-+cog
time in predicting fall risks. A cut-off point of > 12 s for F8W+motor time was useful
in distinguishing between fallers and non-fallers among older adults. As a result,
clinicians can use these cut-points as early suidelines for making clinical judgments
concerning older adults who have mobility difficulties that increase their risk of
falling. Moreover, the time and step counts of F8W, F8W+cog, and F8W+motor
demonstrated high intra-rater and inter-rater reliability. The length of time for F8W,
F8W+cog, and F8W+motor were all considerably well correlated to excellently
correlated with TUG. The numbers of steps for F8W, F8W+cog, and F8W+motor were
moderately correlated with TUG. Future research is needed to ascertain the criterion-
specific cut-off points in the multicenter community utilizing population-
representative samples. Furthermore, including multitasking may increase the
accuracy of predicting falls in older persons. As a result, a combination of suitably
rigorous concurrent cognitive and motor activities may be utilized to detect early

indicators of posture function regression in older persons.
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Background: The Figure of eight walk test (F8W) is a measurement tool that
measures the ability to walk along the straight and curved line. Adding dual-task
with cognitive or motor tasks may improve the accuracy of predicting falls in older
adults. Objective: This study investigated the inter-rater, intra-rater reliabilities, and
concurrent validity of the F8W with dual-task and timed up and go test (TUG) in
older adults. Methods: This research was a cross-section study. Sixteen
participants were recruited (male: female = 7:9; age = 66.19+4.75 years).
Participants completed the F8W test, the F8W with cognitive dual-task (F8W+cog),
the F8W with motor dual-task (F8W+motor), and TUG. The time and number of

steps taken were recorded. Results: The times and number of steps of F8W,
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F8W+cog and F8W+motor provided excellent reliability of both intra-rater
reliability and inter-rater reliability (ICC;5 = 0.95 - 0.99 and ICC,5 = 0.92 - 0.99,
respectively). The time of F8W, F8W+cog, and F8W+motor were significantly
correlated (good to excellent correlation) with the TUG (r = 0.89, 0.80 and 0.88,
respectively). The number of steps of F8W, F8W+cog, and F8W+motor were
significantly correlated (moderate to good correlation) with the TUG (r = 0.62,
r, = 0.63, and r = 0.52, respectively). The minimum detectable change of the time
and the number of F8W, F8W+cog and F8W+motor were 0.71 — 1.41 seconds and
0.86 — 1.62 steps in older adults. Conclusion: The F8W, F8W+cog, and F8W+motor
tests have excellent reliability and good validity in older adults.

Keywords: older adults; dual-task; Figure of eight walk test

Introduction

The older adult population is increasing rapidly (1). Falling is one of the major
issues of aging (2). Age-related changes, such as decreased vision, decreased muscle
strength, decreased joint awareness, are associated with older adult's fall risk (3).
Most older adults fell while walking (4), leading the older adults to limit their

everyday movements or activities (5).

Normal walking more commonly involves curved paths, e.g., walking between
home furniture or shopping malls (6). Poor performance on curved-path walking and
straight-path walking has been associated with a trend of higher fall rates over the
past year (7). Therefore, the curved walking route measurement, e.g., the timed up
and go test (TUG) and the Figure 8 walking test (F8BW), is essential to determine the
risk of fall in older adults. Among these tests, TUG is the most common (8). The
timed up and go test (TUG) is one of the most well-known tests. It is widely regarded
as the gold standard in fall risk assessment and offers various benefits (9). It is easy to
perform and to describe and, therefore, widely used (10). The timed up and go test
(TUG), which incorporates essential mobility components, is widely used for
measuring the risk for falls among older adults (11). Besides, TUG is recommended in

the fall prevention guidelines from the British Geriatric Society, American Academy of
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Orthopedic Surgeons, and American Geriatric Society to use as a regular screening
test among community-dwelling older adults (12). However, the previous research
found that TUG had an area under the receiver operating curve (AUC) of 0.62,
suggesting a low accuracy in identifying older adults who were fallers and non-fallers

(13).

The F8W is a clinical measurement which evaluates the ability to walk along
a curved path (14). It was developed to assess curved walking capabilities in
everyday life that cannot be assessed by straight-line walking tests. A previous study
by Hess et al. (2010) found that the F8W exhibited excellent inter-rater reliability (ICC
= 0.90) and good intra-rater reliability (ICC = 0.84) in older adults with mobility
impairment (14). There are two parameters in F8W, i.e., time and number of steps.
The F8W time was validated with gait (gait speed and modified Gait Abnormality
Rating Scale), confidence in walking (Gait Efficacy Scale), physical function (Late-Life
Function and Disability Index and Survey of Activities and Fear of Falling in the Older
adults), and motion control (step length and step width). The F8W step was
validated with the variability of step width and fear of falling (14).

The F8W test had excellent validity and reliability when used in a home
environment or clinic for approximately one year after joint replacement surgery in
older adults (15). Construction validity of the F8W has been shown by the association
with the physical function in real life, the limitation of tasks, and the performance of
daily life activities. The F8W test was also studied in cognitive function research. The
response rate, self-efficacy, heel-to-floor time, and cognitive rate associated with falls
were physiological and cognitive characteristics associated explicitly with the F8W
(16). The previous studies have shown that in people with Alzheimer's disease (AD), a
more complicated walking configuration of F8W has provided a higher degree of

change in the gait than a straight path (17, 18).

Walking in everyday life, such as walking while talking and avoiding obstacles
on the road, require multiple perceptions concurrently (19). In such situations, either

the primary task, the secondary task, or the performance of both the primary and
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secondary tasks will be diminished due to the limited capacity of perception of the
information (20). The straight-line gait performance can not be consistent with
walking in a complicated home setting and community settings that use agility and
cognitive function. However, the research on the relationship between cognitive
performance and challenging walking activity in older adults is currently limited (6).
Also, adding dual-task with cognitive or motor tasks might increase predicting falls in
older adults. This study aimed to assess the inter-rater and intra-rater reliability and
concurrent validity of the dual-task F8W test in older adults. Our hypotheses were:
(1) the F8W with dual-task would be good reliability and (2) the F8W with dual-task
would be moderate to good validity to detect balance abilities as assessed with TUG.
The results of this study may help clinicians to use a balance evaluation to improve

the quality of older adult’s health.

Materials and methods

Participants

Sixteen community-dwelling older adults living in urban areas in Thailand
were recruited. The sample size was calculated by Wan Nor Arifin ( © Wan Nor Arifin
2017-2020). The minimum acceptable reliability (ICC) (P0) was set 0.60, Expected
reliability (ICC) (P1) was set 0.9, Significance level (@) and power (1 - B) were set 0.05
and 80% (21). The calculated total sample size was 14. With the dropout rate at
10%, the total sample size was 16 participants. Outcome measures have been
implemented in compliance with standardized protocols. History information was
obtained on the individual's relevance, such as age, sex, weight, height, number of
falls in the previous six months, and the qualifying checklist for inclusion and
exclusion requirements. The inclusion and exclusion criteria were listed below.
Inclusion criteria were as follows: 1) age 60-80 years (male and female), 2)
independent walking at least 6 meters without gait aid. Exclusion criteria were as
follows: 1) history of the visual disorder or reduced vision, 2) history of orthopedic or

neurological diseases that may affect walking or balance ability, such as severe
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osteoarthritis, stroke, heart disease, vestibular disorder, and Parkinson's disease, 3)
history of lower limb surgery that may affect walking, such as knee or hip
replacement surgery, 4) unable to follow simple instructions, 5) had dizziness that
unable to maintain a standing balance, 6) had pain/fatigue of the legs that may affect
walking or balance ability, and 7) had consumed alcohol within 24 hours before the
tests. The Ethics Review Committee for Research Involving Human Subject,
Chulalongkorn University, approved the study protocol. All participants were
informed of the aim and procedures of the analysis. Their informed permission was

granted before the start of the study.

The Figure of eight walk test (FSW)

Participants were instructed to stand between two cones (1.52 m or 5 feet
apart). Participants were instructed to walk at the normal pace or self-selected speed
and direction, following a figure of eight walking paths and around the cones,
stopping as they went back to the starting point. The time and number of steps
taken have been recorded. The F8W consists of three conditions as follows: (1)
Traditional F8W test; (2) F8BW test with cognitive dual-task (F8W+cog), walking while
doing serial subtractions by threes; and (3) F8W test with motor dual-task

(F8BW+motor), walking while carrying a tray with a glass of water on one hand.

For the F8W+motor, the participant was asked to complete the F8W test
while carrying a glass of water on the tray. A glass of water was filled up to 1 cm
from the top of the glass (22). The participant was asked to maintain dynamic
stability in order to prevent spilling water while walking. For the F8W+cog, the
participant was asked to complete a figure of eight walk test while conducting serial
subtractions by three of a randomly chosen number between 80 and 99. During the
dual-task F8W test, the participant was asked to execute both F8W and dual-task
simultaneously. The instruction was as follows: "to perform both tasks as well as
possible without giving priority to either gait or dual tasks (cognitive and motor)."

Each test was carried out three times, and the average score was used for analysis.
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Each participant was allowed 1 or 2 practice trials before data collection in each
condition. During each trial, there was a one-minute rest time. Software

randomization was used to randomize the order of the tests.

Figure 1. The figure of eight walk test (FBW) consists of 3 conditions: A) traditional

F8W, B) F8W with cognitive dual-task (F8W+cog): walking while doing serial
subtractions by threes, and C) F8W with motor dual-task (F8W+motor): walking while

carrying a tray with a glass of water on one hand.

Timed Up and Go

Participants were told to start the test while sitting on a chair. They were
asked to stand up, walk 3 meters at the normal pace or self-chosen speed, turn
around a cone, then go back to a chair and sit down. Timing began when the
assessor said "Go" and stopped at the chair seat's first touch. The time to complete

the test was measured using a stopwatch.

Procedure

For intra-rater reliability, the participants were assessed on two separate visits
by one assessor (assessor A) on the first day and another seven days later. For inter-
rater reliability, two assessors (assessor A and B) assessed the participants using the
F8W, F8W+cog, and F8W+ motor on the same day. Participants were permitted to

rest for 10 minutes between the tests. Assessor A and B have been blinded to each
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other's results. For concurrent validity, the participants were assessed by the assessor
using the TUG and F8W tests. Software randomization was used to randomize the
order of the tests. All the assessors were physical therapists with more than five

years of experience.

Statistical analysis

Data were analyzed using MedCalc version 19.1.5 (Copyright © 1993-2020
MedCalc Software). Descriptive statistics were used to describe the characteristics of
the participants. The Shapiro-Wilk test was used to validate normal data distribution.
The Intraclass Correlation Coefficient (ICC) and 95% confidence intervals (Cl) were
calculated (23, 24). For inter-rater reliability (ICC,3), the researcher calculated using
the scores from F8W, F8W+cog, and F8W+motor by two separate assessors (Assessor
A and B) on the same day. For intra-rater reliability (ICCs3), the F8W, F8W+cog, and

F8W+motor were calculated on the first day and one more time seven days later.

To identify the concurrent validity of the F8W tests with dual-task and TUG in
older adults. The Pearson product-moment correlation coefficient or Spearman's

rank correlation coefficient were used.

The standard error of measurement (SEM) was calculated, which shows the
accuracy of each measurement and provides a definite indication of absolute
reliability and minimal change in value (Minimal detectable change: MDC) (25). The
standard error of measurement (SEM) was calculated as SEM = SD x v(1-ICC), and the
minimal detectable change at 95% Cls (MDCys) was calculated as MDC95 = 1.96 xv2
x SEM.
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Results

Sixteen persons were tested at the baseline and participated in the follow-up.
Of the participants, 9 (56.25%) were women, and 7 (43.75%) were men. The
participants were 60 to 80 years old, and the mean age was 66.19 years (SD = 4.75
years), the mean Body mass index (BMI) was 24.09 kg/m*SD = 2.77 kg/m?), one
participant (6.25%) had two falls in the previous six months, and 15 participants
(93.75%) did not fall in the previous six months. Descriptive statistics for all of the

participants were presented in Table 1.

Table 1. Demographic characteristics of participants in the study (n=16).

Characteristics Mean (SD)
Age (year); mean (SD) 66.19 (4.75)
Sex; n (%)
Female 9 (56.25)
Male 7 (43.75)
Body mass index (kg/m?); mean (SD) 24.09 (2.77)

History of falls in the previous six months; n (%)

No fall 15 (93.75)
Once 0 (0)
Twice 1 (6.25)

The means and standard deviations of assessment in each group of the

assessor were reported in Table 2.
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Table 2. Mean + Standard deviations of assessments (n = 16).

Assessment Assessor A Assessor B

First assessment Second assessment  First assessment

Mean + SD Mean + SD Mean + SD
F8W (Time) 10.26 + 1.38 10.20 + 1.56 10.45 + 1.36
F8W+cog (Time) 12.16 + 2.80 12.10 + 2.74 12.18 + 2.68
F8W+motor (Time) 11.58 £ 1.79 11.66 £ 1.74 12.02 + 1.60
F8W (Step) 16.14+ 1.49 15.55 + 1.55 16.22 + 1.36
F8W+cog (Step) 17.73 £ 2.14 17.62 + 2.00 17.65 + 2.21
F8W+motor (Step) 1737 £ 1.64 17.67 + 1.62 17.56 + 2.02
TUG 12.76 + 1.94

The results indicated the time and number of steps of F8W, F8W+cog and
F8W+motor provided excellent reliability of both intra-rater reliability and inter-rater

reliability ICC53 = 0.95-0.99 and ICC,5 = 0.92-0.99 respectively (Tables 3 and 4).

The SEMs were reported in Tables 3 and 4. The SEMs of the time in F8W,
F8W+cog and F8W+motor were 0.22 — 0.75 seconds and 0.26 — 0.51 seconds. The
SEMs of the number of steps in F8W, F8W+cog, and F8W+motor were 0.69 — 1.20
steps and 0.31 — 0.59 steps, respectively. The MDCgs of time and the number of
steps were 0.71 — 1.41 seconds and 0.86 — 1.62 steps.
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Table 3. Intra-rater reliability (ICC53) of assessments and standard error of

measurement (SEM).

Assessment Intra-rater Reliability

ICCs5 95% (I P-value SEM
F8W (Time) 0.98 0.93 -0.99 <0.001* 0.24
F8W+cog (Time) 0.99 0.98 - 0.99 <0.001* 0.22
F8W+motor (Time) 0.98 0.93 -0.99 <0.001* 0.75
F8W (Step) 0.95 0.85 - 0.98 <0.001* 0.99
F8W+cog (Step) 0.96 0.88 - 0.99 <0.001* 1.20
F8W+motor (Step) 0.98 0.93 - 0.99 <0.001* 0.69

*Statistical significance P< 0.05

Table 4. The Inter-rater reliability (ICC,3) of assessments, standard error of

measurement (SEM), and minimal detectable change at 95%CI (MDCgg).

Assessment Inter-rater Reliability MDCys
ICCy5 95% Cl P-value SEM
F8W (Time) 0.95 0.90 - 0.99 <0.001* 0.26 0.71
F8W+cog (Time) 0.99 0.96 - 0.99 <0.001* 0.33 0.92
F8W+motor (Time) 0.92 0.75 - 0.97 <0.001* 0.51 1.41
F8W (Step) 0.96 0.88 - 0.98 <0.001* 0.31 0.86
F8W+cog (Step) 0.97 0.92 -0.99 <0.001* 0.36 0.99
F8W+motor (Step) 0.92 0.76 — 0.97 <0.001* 0.59 1.62

*Statistical significance P< 0.05
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The F8W, F8W+cog and F8W+motor times showed significantly correlation
(good to excellence) with the TUG (r = 0.89, 0.80 and 0.88). The number of steps of
F8W, F8W+cog and F8W+motor of the number of steps showed significantly
correlation (moderate to good) with TUG (r = 0.62, r, = 0.63 and r = 0.52) (Table 5).

Table 5. Concurrent validity of assessments with timed up and go test (TUG).

Assessment Timed up and go test (TUG)

r P-value

F8W (Time) 0.89° <0.001*
F8W+cog (Time) 0.80° <0.001*
F8W+motor (Time) 0.88° <0.001*
F8W (Step) 0.62° 0.010%
F8W+cog (Step) 0.63° 0.009*%
F8W+motor (Step) 0.52° 0.038*

*Statistical significance at P< 0.05
= Pearson product-moment correlation coefficient (r)

® = Spearman's rank correlation coefficient (r,)
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Discussion

This study demonstrated the times and number of steps of F8W, F8W+cog
and F8W+motor provided excellent reliability of intra-rater reliability and inter-rater
reliability. Consistency with the findings by Hess et al. (2010), the times and number
of steps of F8W had been shown excellent inter-rater reliability (ICC = 0.90 and 0.92)
and good intra-rater reliability (ICC = 0.84 and 0.82) in older adults with mobility
impairment (14). These results are also consistent with the findings of Wong et al.
(2013), the F8W test showed excellent intra-rater and test-retest correlation
coefficient ICC = 0.94-0.99 and 0.97-0.98, respectively, and the inter-rater correlation
coefficient ICC = 0.97-0.99 for stroke-specific impairments (26).

A new finding from this study was that the time and number of steps of
F8W+cog provided excellent intra-rater reliability and excellent inter-rater reliability.
The time and number of steps of the F8W+motor provided excellent intra-rater
reliability and excellent inter-rater reliability. Therefore, this study's findings were
excellent and reliable, indicating that these assessments could be used for
professional assessment purposes (23). Intra-rater reliability was used as an
expression of the repeatability of the measurements within the rater. Inter-rater
reliability was the extent to which two or more raters agree. It was used to address
the issue of consistency in the implementation of a rating system. High inter-rater
reliability values referred to a high degree of agreement between two examiners.
Therefore, psychometric properties of outcome measures, such as reliability and
validity to change, are widely used parameters and clearly important for clinical

measurement selection (12).

The standard error of measurement (SEM) demonstrated the accuracy of each
measure. It offered a simple indicator of absolute reliability, which had the difference
seen to be small, the SEM value was small. It was shown to be small in this study.
The MDCgs time and number of steps were 0.71 - 1.41 seconds and 0.86 - 1.62

steps. These values showed that the calculation error did not affect the smallest
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value of the shift. In clinical applications, the measured value should be greater than

the MDCgs value (25).

The F8W, F8W+cog, and F8W+motor times were good to excellent correlated
with the TUG. The timed up and go test (TUG) is one of the most well-known tests. It
is widely regarded as the gold standard in fall risk assessment and offered various
benefits (9). It is easy to perform and to describe and, therefore, widely used (10).
The timed up and go test (TUG), which incorporates essential mobility components,
is widely used for measuring the risk for falls among older adults (11). The number of
steps of F8W, F8W+cog, and F8W+motor also were moderate to good correlated
with TUG. These findings are consistent with the study results of Barker et al. 2019,
which showed that the F8W test was found to be excellent reliability (r = 0.921). It
was also shown to be valid (r = 0.834) with TUG and timed walking test when used in
the home or clinic for about one year after joint replacement surgery in older adults
(15). This study was consistent with previous study that the F8W time was validated
with gait (gait speed, r = - 0.570 and modified Gait Abnormality Rating Scale, r =
0.281), confidence in walking (Gait Efficacy Scale, r = - 0.468), physical function (Late-
Life Function and Disability Index, r = - 0.469 and Survey of Activities and Fear of
Falling in the Elderly r = 0.370), and motion control (step length, r = 0.279 and step
width, r = - 0.277). In addition, the number of steps of F8W also had validity with
step width variability (r = - 0.339) and fear of falling (r = - 2.50) (14). In this study, the
values F8W, F8W + cog, and F8W + motor calculated with time were found to have a
higher correlation coefficient than that obtained from the number of steps. The
potential reason may be attributed, in part, to the same unit of measurement as the

TUG measurements.

This study has been the first study of the intra-rater reliability, inter-rater
reliability, SEM and MDCys, and concurrent validity of the F8W with dual-task and
TUG in older adults. As a result, the dual-task F8W could be used to direct clinicians
in their choice of methods to progressively increase cognitive difficulties to ensure
that people perform close to their capacity to identify deficits. Moreover, The Figure

of eight walk test (FBW) was a measurement tool that measures the ability to walk
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along the straight and curved line in both clockwise and counter-clockwise
directions. F8BW was developed to evaluate curved walking skills in everyday life that
cannot be assessed by straight-line walking tests (14). Adding dual-task with cognitive
or motor tasks may improve the accuracy of predicting falls in older adults. The dual-
task walking may necessarily require a greater proportion of physical and mental
capacity, resulting in gait performance decrements not seen in simple walking tasks.
On the other hand, TUG was a single turn or a single task embedded in a composite
measure (14, 15, 26). In a previous study, Schoene et al. (2013) found that the TUG
was not useful for distinguishing fallers from non-fallers in healthy, high-functioning
populations of older adults. However, it was more useful in less-healthy or lower-

functioning populations (27).

However, there were some limitations to this research that should be noted.
Because the participants were older adults in urban areas and most of them had no
history of falls. Only one participant had a falling history (6.25%), and others did not
have a history of falling in the previous 6 months (93.75%). Therefore, the results of
this study cannot be applied as a prognostic test in older adults with other
conditions, such as older adults with movement problems or older adults with

balance problems that often had a history of falling.

This study was cross-sectional. Thus, a prospective study still needs to
determine which test offers the best predictive validity for the occurrence of
potential adverse outcomes, such as the decline in mobility or fall. For the best
predictive validity of the occurrence of falls in older adults, future studies are
required to evaluate the implications of dual-task in the F8W test. It may be used

successfully to assess the balance to enhance the quality of life of older adults.
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Conclusion

This study demonstrated the times and number of steps of F8W, F8W+cog
and F8W+motor provided excellent reliability of both intra-rater reliability and inter-
rater reliability. The times and number of steps of F8W, F8W+cog, and F8W-+motor
were significantly correlated with TUG in older adults. The MDCys of F8W, F8W-+cog,
and F8W+motor in times and the number of steps were 0.71 — 1.41 seconds and
0.86 — 1.62 steps in older adults. Besides, the F8W, F8W+cog, and F8W+motor times
are a useful and easy-to-use diagnostic tool for testing advanced walking

performance in older adults.
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