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Abstract

Falls among the elderly represent a major problem because of the high incident,
the involvement of many different risk factors, and the consequential post-fall morbidity
and mortality. Many balance scales have been created to help identify the causes and
outcomes of elderly falls, and in turn, help health care providers better assess fall risk.
The Berg Balance Scale (BBS)," Fullerton Advanced Balance (FAB) Scale,’ Timed Up-
and-Go (TUG),*’ and the Activity- specific Balance Confidence (ABC) Scale® have been
developed to measure balance and functional mobility among older people, as well as
quantify confidence and fear of falling in different balance conditions. It is important to
identify which tests can discriminate fallers from non-fallers, retrospectively,™’~* and
certainly there is more data to be discovered on the prospective abilities of the same tests
to predict future falls. Few have considered age as a covariate when evaluating the
predictive validity of these tests. Therefore, the purpose of this study was to identify
which test(s) best discriminate fallers from non-fallers among 60-79 years and 80-100
years of age.

Forty-six community-dwelling heathy older adults (mean age 79.1+ 10.2, range
60-100 years, 14 male, 32 female) were recruited from three senior centers and two

independent living facilities. Participants filled out an information log which included

1



history of falls within the previous six months, prescription medication number, arthritis
and joint replacements in either leg, exercise regularity, and assistive device use.
Participants completed the ABC scale, and then in random order the TUG, BBS and FAB
scale. Logistic regression was used to determine the discriminative power of the ABC,
TUG, BBS, and FAB on falls within the six previous months. The models had a binary
outcome of self-report history of >1 falls vs. no falls. Receiver operating characteristics
(ROC) curves and subsequently the area under the curve (AUC) were calculated.
Specificity and Sensitivity were calculated for each of the tests for all subjects and by age
group (60-79 years and 80-100 years). Significance was set a priori at alpha= .05.

Results showed the discriminative abilities for at least one fall versus no falls to
be poor. Corresponding area under the curve values were as follows: ABC (0.366), TUG
(0.554), BBS (0.426), and FAB (0.437). Although the discriminative abilities were poor,
we did see a correlation between all tests and age. As age increased, an appropriate
directional change was observed for the ABC (-0.49), TUG (0.41), BBS (-0.58), and FAB
(-0.70). Additionally, most models had a greater specificity than sensitivity; they were
better at identifying non-fallers than fallers. The present results suggest that the ABC,
TUG, BBS, and FAB may be used to assess functional capacity but not necessarily fall
risk. They should be used with other fall risk assessment tools such as home safety,

polypharmacy risk, vision and hearing, and assistive device evaluations.
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Chapter 1: Introduction

Falls among the elderly represent a major problem because of the high incident,
the involvement of many different risk factors, and the consequential post-fall morbidity
and mortality. Many balance scales have been created to help identify the causes and
outcomes of elderly falls, and in turn, help health care providers better assess fall risk.
The Berg Balance Scale (BBS),' Fullerton Advanced Balance (FAB) Scale,’ Timed Up-
and-Go (TUG),*’ and the Activity- specific Balance Confidence (ABC) Scale® have been
tested for validity and reliability. These tests were developed to measure balance and
functional mobility among older people, as well as, quantify confidence and fear of
falling in difference balance task situations.

These tests are used among a variety of older adults with different ages and
functional abilities, but it is unclear which test is most appropriate to identify fall risk. It
is important to identify which tests can discriminate fallers from non-fallers,
retrospectively, and certainly there is more data to be discovered on the prospective
abilities to predict future falls. There is also little data that divides these tests by age
range. Therefore, the purpose of this study was to identify which test(s) best discriminate

fallers from non-fallers among 60-79 years and 80-100 years of age.



Chapter 2: Literature Review

The Aging of America

Although there is little consensus on when “old age” begins, the elderly
population has been divided into three categories: young-old, old, and oldest-old'°. The
young-old, ranging from 65- 74 years, includes a numerous amount of Baby Boomers
(those born during the post- World War II baby boom between the years 1946-1964). The
first wave of Baby Boomers reached full retirement age in 2011. In the next 20 years, 74
million Boomers will retire, adding 10,000 new retirees to Social Security and Medicare
each day.!! The next subpopulation of “old” adults ranges from 74 to 84 years of age.
Total numbers within this population will continue to grow due to increased life
expectancy.!®!! Disease prevention, water purification, improved nutrition and health
care, and advanced treatment of age-related diseases contribute to the increasing
lifespan.'® Future breakthroughs in gene therapy and stem cell research could also greatly
extend elders’ lives and possibly eliminate some diseases.'® Lastly, the oldest-old
contribute to the fastest growing segment of the population- age 85+ years.!%!! Currently,
13% of the country’s population, or 38 million Americans, exceed age 65, and by the
year 2030, 20%, or 70 million, will exceed age 85.!° It is not surprising that 2 in 10,000
Americans now live to be 100 years. Estimates show that by the middle of this century

there will be 835,000 worldwide centenarians or more.'°



With an increase in lifespan, gerontologists see an increase in research of
“healthspan,” total number of years a person remains in excellent health.!® Gerontology
now recognizes that successful aging must include maintenance of physical function and
physical activity in addition to spiritual, emotional, and social health.!® Physical inactivity
increases with age, and in turn, is followed by an increase in all cause morbidity and
mortality.!? In order to understand physical activity changes with older adults, exercise
physiologists must understand the physiological changes the body goes through as a
result of aging. Older adults face inevitable changes to the cardiovascular, muscular, and
nervous systems.

Cardiovascular System Changes

The cardiovascular system does not escape the diminishments brought on by
aging. Cardiovascular structural changes include an increase in left ventricular wall
thickness, size of cardiac myocytes, and focal collagen.!? With large arteries, dilation and
a thickened intima, as well as, frayed elastin are viewed.'? Changes in cardiac myosin,
elasticity of arteries, and ventricular function contribute to a decreased max heart rate,
stroke volume, cardiac output and oxygen consumption.'®!? Increase in cardiovascular
disease is also viewed with aging. Over 80 percent of all cardiovascular deaths occur in
those aged 65 years and older.'? It is important to note that lifestyle factors- physical
activity or nutrition habits- substantially impact the process of aging and disease

incidence.'?



Muscular System Changes

During the ages of 20-40, women and men have their highest muscle cross
sectional area and muscle strength.'? Between 40 and 80 years, a loss of 30-50% of
skeletal muscle leads to a loss of strength, power, and body mass. Sarcopenia is a
progressive loss of muscle mass and strength due to a number of influences including
genetic contributions, nutritional changes, lack of physical activity and more.'*> Motor
unit remodeling deterioration in old age leads to an irreversible loss of Type II fibers
associated with chronic inflammation and reduction in circulating growth hormone,
insulin like growth factor-1, mitochondria number, and endplate structures.'®!* Older
adults have more than twice the non-contractile content in locomotor muscle as young
adults, which can lead to physical disabilities and a lower quality of life.!%!
Nervous System Changes

Older adults also face a diminished movement capacity due to neurological
declines associated with aging.'* Movement and reaction time changes in older adults are
a result of a 40% decline in the number of spinal cord axons and a 10% decline in nerve
conduction velocity.'? This decline in neuromuscular function can have harmful effects
on a senior’s daily life. Studies have shown elderly adults change movement patterns to
complete activities of daily living (ADLs) including decreased gait velocity, step length,
time of single leg support, hip flexion, and ankle plantar-flexion during walking.'*!>
Fall Etiology

Physiological decrements of the aging body greatly contribute to the risk of

elderly falls and a loss of independence. Falls are multifactorial making it difficult to



assign a specific cause. A compilation of 12 studies showed the “most likely” causes of
elderly falls.'® Environmental hazards, such as wet floors, poor lighting, loose rugs, and
improperly fitted wheelchairs, contribute to up to 27% of falls.!” Environmental hazards
are often paired with physical insufficiencies.'® The loss of independence, including
difficulty in at least one activity of daily living (ADL) or instrumental activity of daily
living (IADL), is a major risk factor for falls.'® In order to complete most daily activities,
physical strength is needed. Leg weakness and gait problems are one of the most potent
internal risk factors for falls.!® Dizziness and vertigo can also increase the risk of
falling.'® This could also be a sign of other problems including cardiovascular disease,
hyperventilation, drug side effect, anxiety, or depression.'® Drop attacks are being
reported more frequently by older adults. They are defined as a fall not due to a loss of
consciousness or dizziness thought to be cause by a lack of blood flow to certain areas of
the brain.!® Other causes of falls include postural hypotension, visual disorders, arthritis,
acute illness, alcohol, epilepsy, or falling from a bed.'® Physiological insufficiencies
compounded with neurological disorders and environmental hazards'’ create a
detrimental situation for older adults.
Fall Statistics

One in three adults, age 65 years and older, and one in two, aged 80 years and
older, fall each year.!>?* Of these falls, 20-30% sustain a moderate to serious injury-
contusions, lacerations, hip fractures, head injuries, etc.'” Hip fractures are among the
worst of the injuries causing many to never recover to full functional capacity. One out of

five hip fracture patients will die within a year of the injury.?! In addition to the physical



injury, falls can lead to a loss of confidence in ability to perform every day activities,
leading to social withdrawal, depression, decreased mobility, and increased
dependence.?’ Falls not only affect the individual, but the society as a whole. Falls create
a major burden for the health care system. According to the CDC in 2012, falls among
older adults cost $30 billion in direct medical costs.!” The direct costs include fees for
hospital and nursing home care, doctors, rehabilitation, medical equipment, prescription
drugs, and insurance processing costs.!” They expect by 2020 the annual cost of fall
injuries will reach $67.7 billion.! There are other costs, beside medical, that are extended
to society. These could include: disability, work loss, emotional distress of family
members or co-workers, property damage, and community fear.!® The multi-dimensional
aspects of falls create a dire need for measures to assist in the detection and prevention of
falls.
Fall Outcome Measures

Many fall risk assessment tools have been developed to aid in physician care of
elderly patients. Current and future research focuses on the ability of these tools to
accurately discriminate fallers from non-fallers and to predict fall risk. Reliable, accurate,
and predictive tools can then be used to refer patients to fall risk programs.
Berg Balance Scale

The Berg Balance Scale (BBS) was validated by Berg et.al as a tool to measure
functional balance.?? The 14-item objective measure assesses static and dynamic balance
through activities such as: sitting to standing, standing unsupported, transfers, reaching

forward, tandem stance, etc.?® Item-level scores range from 0-4 with 4 as full ability to



perform the activity. Items are summed to a maximum score of 56.% In elderly
individuals a cut-off score of less than 45 indicates the individual may be at greater risk
of falling.?? Various studies of elderly population have shown high intra (0.99)- and inter
(0.98)- rater reliability.?**

Studies have revealed mixed reviews about the predictive ability of the BBS.
Chandler at al. used a fall questionnaire pertaining to 6 months before and after the Berg
Balance assessment. The sensitivity of the BBS to the initial fall frequency was 53%,
whereas the specificity was 96%.” Specificity and sensitivity remained approximately the
same in the 6 month follow-up data. Using a chi-square test, the two groups (scored less
than 45 and scored 45 or above on test) showed a difference that would not occur by
chance. Chandler claimed that for clinicians, the findings show a person who scores 45
and above will have a high probability of not falling.’

A prospective study using the BBS by Muir et al. looked at the predictive validity
of this measure for 3 types of outcomes- any fall, multiple falls, and injurious falls. The
results showed the BBS had good discriminative ability to predict multiple falls when
receiver operating characteristic (ROC) curve analysis was used. However, as a
dichotomous scale, with a threshold of less than 45, it proved to be inadequate for
identifying the majority of people at risk for falling in the future, with sensitivities of
25% and 45% for any fall and multiple falls, respectively. 58% of people with BBS

scores at or below 45 fell, and 39% of people with scores above 45 fell.?®



Fullerton Advanced Balance Scale

The Fullerton Advanced Balance (FAB) Scale is another test of static and
dynamic balance under varying sensory conditions.’ It has been validated for use in
higher-functioning active older adults.?%,”” Rose et al. found high test-retest reliability for
the total balance scale score (p=.96), as well as, high interrater reliability (.94-.97) and
intrarater reliability (.97-1.00).2” Similar to the BBS, the FAB scale uses a five point
ordinal scale (0-4) with a maximum score of 40 points.?® The 10-item test includes the
participant standing with feet together and eye closed, reaching forward to retrieve and
object, turning in a circle, stepping up and over a bench, tandem walking, standing on one
leg, standing on foam with eyes closed, jumping for distance, walking with head turns,
and recovering from an unexpected loss of balance.?

A retrospective fall study by Hernandez et al. found the FAB scale score could be
used to predict faller status (history of two or more falls in previous 12 months).?® The
probability of falling increased by 8% with each 1-point decrease in total score. A cut off
score of 25 out of 40 produced the highest sensitivity (74.6%) and specificity (52.6%) in
predicting faller status.?® To our knowledge, No prospective studies of community
dwelling older adults have been found using the FAB.

Timed Up-and-Go

The Timed Up-and-Go (TUG) measures the time is takes a subject to stand up

from a chair, walk three meters, turn and walk back toward the chair to sit down.? It is a

mobility test for frail community-dwelling elderly individuals.?® The test-retest reliability



for TUG vary from moderate (ICC=.56)® to high(ICC=.97).% It is suggested that elders
with longer TUG times are more likely to fall than those with shorter times.?’ Shumway-
Cook et al. found a cutoff score of greater than 13.5 seconds was indicative of fall risk in
community dwelling adults.*°

Mixed reviews have been published about the predictive ability of the TUG for
elderly falls. Shumway-Cook et al. found the TUG to be sensitive (87%) and specific
(87%) to elderly individuals prone to falling.*° Although a small study (N=30), their
retrospective study showed positive results, suggesting the TUG is a simple, effective
tool to screen for falls among older adults.*® Viccaro et al.>! and Sai et al.,*? using

prospective studies, also found the TUG to be predictive of falls. On the contrary,

1'33 1.34

Boulgarides et al.”” and Schoene et al.”* found its predictive ability and diagnostic
accuracy to be “poor to moderate.” With conflicting conclusions of predictive abilities,
the TUG is recommended to be used in collaboration with other fall risk assessments.>’
Activities-Specific Balance Confidence Scale

A fear of falling can have deleterious effects on the physical function of an older
adult, due to the decline in daily activities.*® The Activities-Specific Balance Confidence
(ABC) Scale is a questionnaire used to measure fear of falling.’” The subject is asked to
rate his/her confidence level when performing 16 different activities, on a scale ranging
from 0%-100%.%” Questions are phrased as “How confident are you that you will not lose

balance or become unsteady when...”*® The highest score (100%) indicates full

confidence and the lowest score (0%) represents no confidence.*®



A study of 125 elderly fallers and non-fallers showed a cut-off score of 67% and
below indicated an increased risk of falling.*® The scale showed a 84.4% sensitivity to
fallers and correct classification of non-fallers with a specificity of 86.7%.%¢ The ABC
scale has shown to have significant correlation with the Berg Balance Scale (1=0.752) and
Timed Up-and-Go(r=0.698)* in community living elderly. The ABC scale has also been
found to be more responsive to higher functioning older adults than the Falls Efficacy

Scale by Tinetti et al.*°

Fall Prevention

Falls among older adults have grabbed the attention of many physical therapists,
occupational therapists, exercise physiologists and researchers. The amount of fall related
injuries and deaths has increased the need for fall prevention programs and activities.
Systematic reviews of exercise interventions have shown a reduction in both the risk of
falling and rate of falling and a decreased incidence of fall related injuries.*'** Exercise
could prove to be advantageous but only less than 20% of older adults are excising,** thus
most do not reap these benefits. As the population of older adults continues to grow, an
increase in the number of falls will also been seen, reiterating the need for exercise
interventions. Although there is a tremendous amount of research on fall interventions,
there is no clear understanding of the optimal program.*>*
A key issue is how to replicate a highly controlled research study to a community

program. Studies have shown promising programs to include a multidimensional fall risk

assessment with an exercise intervention.** Exercise programs included two to three
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sessions per week with a mixture of strength, aerobic, flexibility, and balance exercises.**

Robitaille et al. followed this model when he introduced Stand Up!, a multifaceted fall-
prevention program to community organizations in Montreal, Canada.*® The intervention
included biweekly group exercise classes, home-based exercises, and group discussions.
Results showed improvement in static balance and mobility.** Other group based studies
have shown similar results in reducing fall rates and improving mobility.*>***” Important

factors of a successful program included: involving various systems of balance.*>**’

43,45-47 and

including progression of training, obtaining high attendance/completion rates,
adapting to the limitations of the community.** For widespread use, these programs must

be feasible, sustainable, and cost-effective.**
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Chapter 3: Sensitivity of Fall Risk Outcome Measure by Age

Introduction

Falls among the elderly represent a major problem because of the high incident,
the involvement of many different risk factors, and the consequential post-fall morbidity
and mortality. Many balance assessments have been created to help identify the causes
and outcomes of elderly falls, and in turn, help health care providers better assess fall
risk.

The BBS,"? FAB Scale,’ TUG,** and the ABC Scale® have been tested for
validity and reliability. These tests were developed to measure balance and functional
mobility among older people, as well as, quantify confidence and fear of falling in
different balance task situations. Regarding their abilities to successfully discriminate
fallers from non-fallers, studies have shown contradictory findings.

The ABC scale is a questionnaire used to measure fear of falling. This fear has
been linked to reductions in daily activity and then a loss of independence.*® Both high
(>80.0)*® and lower (<61.1)*® sensitivities have been reported in community dwelling
older adults focusing on retrospective falls. It was shown to have a higher correlation to
the BBS (r=0.752) in community dwelling older adults, but a lower correlation in stroke

).49

patients (r=0.36)." Fear of falling has been observed in both fallers and non-fallers,

leading to confounding results when using the ABC an independent measure of fall risk.¢
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The TUG is a short, simple clinical test with high reliability due to its agreement
in stop-watch durations versus rating scale. The TUG has been studied in several

50,51

different populations including healthy older adults,>** Parkinson’s Disease, frail

elderly,’? stroke patients,>*->*

and more. Studies have reported different cut-off times to
identify risk of falling within certain populations. For example, a cutoff time of >13.5 in
community dwelling older adults®® results in increased fall risk, where a cutoff time of
>32.6 seconds™ in frail elderly is also an indication. The TUG shows that a slower time
equates to a lower functional ability,® but studies have shown poor predictive abilities
when it comes to falls.*”*® The TUG may be more beneficial when examining changes in
locomotion function over time.

The BBS is a highly used functional assessment of balance, consisting of 14 static
and dynamic tests.?? Studies of elderly population have shown high intra (0.99)- and inter
(0.98)- rater reliability?*-** but report mixed reviews about the predictive ability of the
BBS. Sensitivity ranges from 38.9*% to above 80.0 in community dwelling older adults.>®
The ability of the BBS to identify non-fallers is as been as high as 96.0.” In elderly
individuals a cut-off score of less than 45 indicates the individual may be at greater risk
of falling.?? One study of independent living older adults showed a ceiling effect.’
Seventy-three percent of the subjects scored above the cutoff score of 45, and 11% of the
subjects achieved a perfect score of 56. This test may not be appropriate among persons
with very high levels of balance ability.’

When compared to the BBS with 14 test items, the FAB is more time efficient due

to the 10 test items.?’ It requires more equipment, but challenges the individual in

13



multiple dimensions of balance.?” Few studies have reported on the predictive abilities of
the FAB. One retrospective fall study by Hernandez et al. found the FAB scale score
could be used to predict faller status (history of two or more falls in previous 12
months).?® The probability of falling increased by 8% with each 1-point decrease in total
score. A cut off score of 25 out of 40 produced the highest sensitivity (74.6%) and
specificity (52.6%) in predicting faller status.?® This study claimed that in 7 out of 10
cases an individual who scores 25 or lower is at a high risk for falls.?

These tests are used among a variety of older adults with different ages and
functional abilities, but it is unclear which test is most appropriate to identify fall risk. It
is important to identify which tests can discriminate fallers from non-fallers,
retrospectively, and certainly there is more data to be discovered on the prospective
abilities of these tests to predict future falls. Few have considered age as a covariate when
evaluating the predictive validity of these tests. Therefore, the purpose of this study was
to identify which test(s) best discriminate fallers from non-fallers among 60-79 years and
80-100 years of age. We hypothesized that compared to the ABC, TUG, and the BBS, the
FAB would best retrospectively discriminate fallers from non-fallers. Additionally, we

predicted that discriminative abilities would increase with age.
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Methods
Subjects

Forty-six community-dwelling heathy older adults (mean age 79.1+ 10.2, range
60-100 years, 14 male, 32 female) were recruited from three senior centers and two
independent living facilities. Participants were included if they were 60 years of age or
older and independently living. Participants were excluded if they had any diagnosed
balance disorder or neurological conditions that would negatively impact balance such as
a cerebrovascular accident, Parkinson's disease, multiple sclerosis, neuropathy, or
vestibular disorders.
Outcome Measures

Four outcome measures were utilized in this study including one cognitive
assessment and three physical function assessments. The cognitive task included the
Activities-Specific Balance Confidence (ABC) Scale, which is a questionnaire used to
measure fear of falling.’” The subject is asked to rate his/her confidence level, on a scale
ranging from 0%-100%, when performing 16 different activities.’” Questions are phrased
as “How confident are you that you will not lose balance or become unsteady when...”8
The highest score (100%) indicates full confidence and the lowest score (0%) represents
no confidence.*® The functional tests included the Timed Up-and-Go (TUG), Berg
Balance Scale (BBS), and the Fullerton Advanced Balance Scale (FAB). The TUG
measures the time is takes a subject to stand up from a chair, walk three meters, turn and

walk back toward the chair to sit down.? It has been used as a mobility test for many

populations of elderly.?® The Berg Balance Scale (BBS) is a 14-item objective measure
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that assesses static and dynamic balance through activities such as: sitting to standing,
standing unsupported, transfers, reaching forward, tandem stance, etc.?® Item-level scores
range from 0-4 with 4 as full ability to perform the activity. Items are summed to a
maximum score of 56.%* In elderly individuals, a cut-off score of less than 45 indicates
the individual may be at greater risk of falling.?? The Fullerton Advanced Balance (FAB)
Scale is another test of static and dynamic balance under varying sensory conditions.> It
has been validated for use in higher-functioning active older adults.?*?’ Similar to the
BBS, the FAB scale uses a five point ordinal scale (0-4) with a maximum score of 40
points.?® The 10-item test includes the participant standing with feet together and eye
closed, reaching forward to retrieve and object, turning in a circle, stepping up and over a
bench, tandem walking, standing on one leg, standing on foam with eyes closed, jumping
for distance, walking with head turns, and recovering from an unexpected loss of

balance.?®

Study Design

Ethical approval was obtained from the Ohio State University Biomedical
Sciences Institutional Review Board and written consent was obtained from all
participants. Following the informed consent process, the participant filled out an
information log which included history of falls within the previous six months,
prescription medication number, arthritis or joint replacements in either leg, exercise
regularity, and assistive device use. A fall was defined as a sudden unintentional change

in position causing one to land on a lower level.**> The first test administered to subjects
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was the ABC scale. Mastery experiences have shown to effect self-efficacy, positively
and negatively, depending on the experience outcome.’® In order to reduce this effect, and
for consistency, cognitive tasks were performed before the functional tests. Participants
then completed in random order the TUG, BBS and FAB scale. Rest periods were given
between tasks if needed. Researchers were present throughout all testing to ensure safety.
Lastly, participants were give a fall diary to record any prospective falls and
corresponding dates. Participants will be called once a month for 6 months after initial
assessment to record any falls. The prospective aspect of this study will be analyzed for
future research.
Statistical Analyses

Statistical Analyses were performed using the Statistical Package for Social
Sciences (SPSS) version 22.0. Logistic regression was used to determine the
discriminative power of the ABC, TUG, BBS, and FAB on falls within the six previous
months. The models had a binary outcome of self-reported history of >1 falls vs. no falls.
Receiver operating characteristics (ROC) curves and subsequently the area under the
curve (AUC) were calculated. Specificity and Sensitivity were calculated for each of the
tests for all subjects and by age group (60-79 years and 80-100 years). Significance was
set a priori at alpha=.05.
Results
Subject Characteristics

Of the 46 participants, 32 were women and 14 men. 22 participants were 60-79

years of age and 24 participants were 80-100 years of age. Twenty (43.5%) of the
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participants reported a fall in the previous six months. Thirteen of the women (40.6%)
and seven (50%) of the men fell. Table 1 shows subject demographics and average scores
for the ABC, TUG, BBS, and FAB between fallers and non-fallers and by age range.
Fallers were defined as a self-reported history of at least one fall in the previous six
months. Non-fallers were defined as a self-reported history of no falls in the previous six
months. The fallers group had slightly lower ABC, BBS, and FAB scores, and slightly
slower TUG times, though comparisons were not statistically significant. It is also worthy

to note that the mean age for fallers was greater than non-fallers in both age ranges.

Table 1: Descriptive Statistics of Fallers and Non-fallers

Non-fallers Fallers
60-79 years 80-100 years 60-79 years 80-100 years
N=10 N=16 N=12 N=8
Characteristic Mean + SD Mean + SD Mean + SD Mean + SD
Age (years) 68.20 £ 6.14 85.25+4.89 72.42 + 6.45 90.38 £5.18
Height (in) 65.00 = 4.00 64.44 + 3.63 66.08 + 4.64 62.38 +2.39
Weight (Ibs) 161.00 £30.75 159.94 £36.60 178.00+29.55 127.25+28.11

ABC (outof 100) 9291 + 8.38 72.80+£27.66  79.17+16.08  66.41 +£23.14
TUG (sec) 6.72+£2.14 11.50 £ 5.86 10.53 £9.15 12.79 +£5.31

BBS (out 0f 56) 54.70 £ 1.77 4731 +5.84 49.92 + 6.53 46.38 +8.18

FAB (out 0f40) 34.40 + 4.88 20.81 + 9.83 26.42 £9.33 19.00 + 10.77
Note : No significant difference between age groups and outcome measure scores of fallers and
non-fallers

18



Table 2 shows differences between fallers (n=20) and non-fallers (n=26) with
respect to self-reported characteristics. Again, there were no significant differences
between groups in regards to prescription medications, presence of arthritis, lower limb
replacement, and exercise. It is interesting to note the use of assistive devices is greater
among fallers (30.0%) than non-fallers (19.2%). But whether these devices were used

prior to a fall or prescribed due to a fall is unknown.

Table 2: Differences in characteristics among fallers and non-fallers

Incidence among non-fallers Incidence among fallers
Characteristic N=26 N=20
Prescription Medication Use 46.2% 55.0%
Arthritis in Lower Body 42.3% 45.0%
Lower Body Joint Replaced 15.4% 20.0%
Assistive Device Use 19.2% 30.0%
Exercise > 4 days/week 46.2% 50.0%

Note : Prescription medication use included > 4 self-reported medications
No significant difference among fallers and non-fallers at a < 0.05

Discriminative Ability

Logistic regression was used to determine the discriminative ability of each
outcome measure. Table 3 shows the area under the curve (AUC) for each fall risk tool.
None of the models were able to significantly discriminate fallers from non-fallers. AUC

values were as follows: ABC=0.366, TUG= 0.554, BBS= 0.426, and FAB=0.437
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Table 3: Area under the curve

> One Fall vs. No Falls
Model AUC Std. Error P-value
ABC 0.366 0.083 0.124
TUG 0.554 0.087 0.535
BBS 0.426 0.086 0.394
FAB 0.437 0.087 0.465

Note : No values were significant at a< 0.05

Sensitivity and Specificity

Table 4 shows the sensitivity and specificity of each fall risk tool as a whole
group and divided into two age categories (60-79 years and 80-100 years). Sensitivity is
the proportion of individuals who were correctly identified as fallers. Specificity is the
proportion of individuals who were correctly identified as non-fallers. For all participants
with at least one fall vs. no falls, the sensitivity was 30.0% for the ABC, TUG, and BBS
and 55.0% for the FAB. The specificity for all participants was between 69.2% and
80.8%. The sensitivity for 60-79 years was 25.0% and for 80-100 years was 37.7% for all
outcome measures. The specificity was 100.0% for all outcome measures in the 60-79
years category, but was <68.8 for the 80-100 years category. In general, most models

were better at identifying non-fallers versus fallers.
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Table 4. Sensitivity and Specificity
> One Fall vs. No Falls

Age 60-79 years Age 80-100 years All Participants
10 non-fallers 16 non-fallers 26 non-fallers
12 fallers 8 fallers 20 fallers
ﬁi‘fsurrrele Cutoff  Sensitivity Specificity Sensitivity Specificity | Sensitivity Specificity
ABC Score<67 25.0 100.0 37.5 68.8 30.0 80.8
TUG Time>13.5s  25.0 100.0 37.5 68.8 30.0 80.8
BBS Score<45 25.0 100.0 37.5 62.5 30.0 76.9
FAB Score<25 25.0 100.0 37.5 50.0 55.0 69.2

Concurrent Validity

Fall risk outcome measures were evaluated against each other for concurrent
validity. Additionally, the outcome measures were tested for association with age. All
correlations between outcome measures were significant at the 0.05 level, and there was a
significant association between age and the tests. As age increased, an appropriate
directional change was viewed for the ABC (-0.49), TUG (0.41), BBS (-0.58), and FAB

(-0.70). Table 5 shows the correlation between age and clinical tests.
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Table 5: Correlation table for the association
between age and clinical tests
Age ABC TUG BBS

ABC -0.49

TUG 0.41 -0.64

BBS -0.58 0.79 -0.79

FAB -0.70 0.80 -0.76 0.92

Note: All Pearson correlation coefficients were
significant at alpha =.05

Discussion

In summary, results showed no statistical difference among fallers and non-
fallers. The discriminative abilities of the four outcome measures for at least one fall
versus no falls were poor. Corresponding area under the curve values showed no
predictive abilities; ABC (0.366), TUG (0.554), BBS (0.426), and FAB (0.437).
Although the discriminative abilities were poor, we did see a correlation between all tests
and age. As age increased, an appropriate directional change was observed for the ABC (-
0.49), TUG (0.41), BBS (-0.58), and FAB (-0.70). Additionally, most models had a
greater specificity than sensitivity; they were better at identifying non-fallers than fallers.

Briefly comparing fallers and non-fallers, there were no significant differences
between groups in regards to age, gender, scores on the ABC, TUG, BBS, and FAB,
prescription medications, lower body joint replacements, presence of arthritis, and
assistive device use. None were predictors of falls. Arthritis,>” use of four or more
prescription medications,’® and the use of improper assistive devices> has been shown to

increase the risk of falls. While assistive devices have been shown to be a source of
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confidence in functional abilities,** improper fitting can be a hazard for older adults.*
Sainsbury reported 18 of 24 elderly patients who had fallen were using incorrect lengths
of canes,>® but they did not report the length of canes for non-fallers. It has also been
reported that compared to female non-fallers, female fallers were significantly more
likely to use an assistive device and take more than four medications.*> These studies
may have shown different results due to their inclusion of institutionalized older adults.
In our study, 50% of the fallers and 46.2% of the non-fallers exercised at least four days
per week. Exercise has been shown to reduce falls,?>* through improved balance,
flexibility, reflexes, strength, and coordination.?’ Physical activity has also shown
paradoxical indications of increased fall risk.?’ Increased engagement in physical
activities increased the opportunity to fall.>° The role of physical activity is complex,
which leads us to believe some of the falls could have been attributed to increased
physical activity and in turn more exposure to falls. It could also suggest external factors
such as poor lighting, loose rugs, improper footwear and clothing, and inappropriate
assistive devices were at play.

The fallers group had slightly lower ABC, BBS, and FAB scores, and slightly
slower TUG times, though comparisons were not statistically significant. It is also worthy
to note that the mean age for fallers was greater than non-fallers in both age ranges, but
also not significant. Given a larger sample size or a different elderly population, age may
have played a more prominent role in predicting fall status.

The discriminative abilities of the ABC, TUG, BBS, and FAB were poor

(AUC=0.366, 0.554, 0.426, and 0.437) for at least one fall vs. no falls. This did not
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support our hypothesis that the FAB would have the highest predictive ability. None of
the outcome measures were able to predict falls. Area under the curve values were
similar to the findings of Saunders et al. for the ABC (0.548), TUG (0.553), and BBS
(0.594) for at least one fall in the previous six month.*® Their population was a larger
sample size (n=95) of healthy, independent older adults.*® A different prospective study,
found a higher AUC for the TUG (0.71).3? They studied a larger sample of community
dwelling individuals (N=137) but included elderly in assisted living and the AUC was
based on recurrent falls. Our study only included independent living older adults and did
not analyze multiple falls. Another study of community-dwelling older adults found the
of the BBS to be 0.59 for any fall.>> Their cutoff score was 54 while ours was 45.
Although another study has reported retrospective discriminative abilities of the FAB,
they did not report an AUC value,?® leading us to believe we are the first to report an
AUC value for the FAB. It is prudent to conduct additional studies including prospective
discriminative abilities of single and multiple fallers to add to the predictive abilities of
this test.

Although the discriminative abilities were poor, we did see an apposite correlation
between each of the fall risk tests and age, significant at the 0.05 level. As age increased,
an appropriate directional change was viewed for the ABC (-0.49), TUG (0.41), BBS (-
0.58), and FAB (-0.70). We know that balance is an issue faced by aging individuals'¢ so
we would assume as age increases we see a drop in balance scores and slower times. This
is confirmed with our significant findings, but due to the fair to moderate correlations, we

cannot assume that age is the only factor affecting balance scores.
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We also viewed appropriate positive and negative correlations between the four
outcome measures. As ABC scores increased we also saw an increase in BBS(r = 0.79)
and FAB (r = 0.80) scores, as well as a decrease in TUG (r = -0.64). A study of
community dwelling older adults, with a slighter higher mean age (81.7+6.7 years) found
similar values.>* ABC was correlated with BBS(0.75) and TUG (-0.698) and the BBS
was associated with the TUG (-0.81).3° This was similar to our findings between BBS
and TUG with a correlation of (-0.79). The positive correlation between the FAB and
BBS for our study was 0.92. Lower but significant results of FAB correlation with BBS
(0.75) were seen in a different study of community dwelling older adults.?” This study
represented a Spearman rank correlation versus a Pearson correlation in our study. The
variance in the correlations between studies suggests the scales may be testing different
aspects of balance, or the population used in our study was higher functioning producing
higher scores on the FAB and BBS. To our knowledge, we are the first to report an
association between the FAB and the TUG and ABC. These results suggest that a person
who is less confidence in their balance may actually have a functional issue, instead of
having low confidence due to past experiences or other health concerns. It also suggests
that if an individual is having difficulty in one test they may want to have their functional
abilities assessed with another. For example, if a participant scores poorly on the TUG,
which assesses balance during locomotion, they may also want to perform the FAB for
further assessment of functional movements during sitting, standing, and stepping.

Although the ABC, TUG, BBS, and FAB were significantly associated with each

other, their abilities to discriminate fallers from non-fallers were poor. The AUC values

25



were as follows: ABC (0.366), TUG (0.554), BBS (0.426), and FAB (0.437). Poor results
should not rule out these assessment tools for clinical settings. Rather, they should be
looked at in a different light. In addition to fall risk, it is important to assess the
functional capacity of older adults, specifically those movements involved in everyday
activities. Clinical assessments should move toward physical tests that incorporate these
movements, as well as different physiological systems and components. The BBS was
designed to test functional abilities, but lacks effectiveness when used with active, highly
functional older adults.?’” The FAB includes actions that test the sensory systems (vision,
vestibular, proprioception) - standing on foam, eyes closed or open, standing on one leg,
etc.?” The adaptive and anticipatory mechanisms are challenged by the reactive postural
control and the walking with head turns test items.?’ Lastly, the FAB incorporates the
musculoskeletal system through almost all test items, but specifically the two-footed
jump, tandem walk, and the step up and over.?” Although not predictive of falls, the
multidimensional aspects of the FAB have an advantage over the BBS or TUG. The FAB
could be used for further assessment of specific balance impairments including muscle
weakness, slowed reaction time, or visual impairments.

As for sensitivity and specificity, most models were better at identifying non-
fallers versus fallers. Looking at each measure individually, studies have mixed results on
the sensitivity and specificity of these fall risk tools. In our study, the ABC sensitivity for
at least one fall versus no falls was 30.0, but the specificity was 80.8 for all participants.
Contradictory to our results, Lajoie et al. found the ABC scale to have 84.4% sensitivity

to fallers and correct classification of non-fallers with a specificity of 86.7%.2° These
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results were similar in specificity in our findings, but much higher with sensitivity. Lajoie
included residents from nursing homes and defined a fall similar to ours but did not
include falls "as a consequence of a violent blow, loss of consciousness, or sudden onset
of paralysis.””*¢

Mixed reviews have been published about the predictive ability of the TUG for
elderly falls. Our results showed a sensitivity of 30.0% and a specificity of 80.8%.
Saunders found a higher sensitivity (44.4%) and lower specificity (68.4) in his study with
a great sample size (N=95) of community dwelling older adults.*® In a recent study, Bhatt
found the TUG to be sensitive (56.0%) and specific (60.0%) to falls.®! The sensitivity
may have been higher because the predictive ability was based on the reproduction of an
actual fall. Older adults experienced a forward slip of the right foot through an
unannounced release of a floor plate. They received no warning or prior practice.
Although this study simulated a slip, it does not take into account the predictive abilities
of the TUG with a trip or a backward fall.®!

In our study the BBS had a sensitivity of 30.0% and a specificity of 76.9% for at
least one fall. Similar in findings and a community-dwelling population, Muir et al. found
a low sensitivity of 25.0% with the BBS for any fall.!> Although Muir's study was
prospective, unlike ours, he found 58% of people with BBS scores at or below 45 fell,
and 39% of people with scores above 45 fell.!> Lajoie also investigated the BBS and
found a higher sensitivity (82.5%) and specificity (93.0%), but had a cutoff score of 46
instead of 45 in our study.*® Again Lajoie included nursing home residents, which may

account for the higher sensitivities and specificities. Saunders showed the ABC, TUG,
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and BBS scales combined the sensitivity was low (22.2%) and specificity was high
(91.2%). His results also showed no significance when the tests were evaluated
individually.*® Shumway-Cook et al. found the BBS to be sensitive (77%) and specific
(86%) to community-dwelling elderly individuals prone to falling.*° Their findings were
higher than ours because their cut-off value was 49 while ours was 45. Increasing the cut-
off value could label more individuals at risk and would therefore increase the sensitivity.

Lastly, few studies have been done on the FAB, but Hernandez et al. found with a
cutoff score of 25 the sensitivity to be 74.6% and specificity to be 52.6%.2° Our study
found a lower sensitivity for the FAB to be 55.0% and a higher specificity to be 69.2%
They had a much larger sample size (N=192) but a similar mean age (77 + 6.5 years).?
Hernandez may have found higher sensitivity because they only included older adults
with two or more falls within the past year. This eliminates older adults with a single fall
that may not necessarily represent the true status of a “faller.”

Our results showed an increased sensitivity (from 25.0% to 37.5%) between 60-
70 years and 80-100 years. Specificity decreased from 100.0% to a range from 50.0% to
68.8% between the two age groups. This supports our hypothesis that sensitivity would
increase with age, although the sensitivities are low for both groups. The increased ability
to identify fallers with age is crucial. Take for example the 25.0% sensitivity for the
younger group (60-79 years) with 12 fallers. All outcome measures were only able to
identify three of the fallers in this group. In a clinical setting, 9 of those patients would
not have been identified and would not be referred to a falls prevention program. The

consequence of not treating someone could result in another fall which could lead to an
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injury, lack of independence, and even death. Looking at the ability to identify non-
fallers, with age the tests were more likely to misidentify non-fallers as fallers. For
example, the FAB had a specificity of 50.0% for the older group (80-100 years) with 16
non-fallers. It correctly identified 8 as non-fallers, but identified the other 8 as fallers
when they were not. It would not be harmful to send these 8 patients to a falls prevention
program. These older adults would participate in strength, flexibility, and balance training
that they should already be doing anyways.
Study Limitations

The study was limited by several factors. First, the population consisted of
healthy, independent living older adults. The findings and conclusions may have been
different in a population with greater frailty, comorbidities, or balance disorders.
Secondly, although the sample size was small, another study with a similar population
and larger sample size**, showed congruent results. It would have been beneficial to have
a larger sample size to divide into four age categories instead of two: 60-69, 70- 79, 80-
89, 90-100 years old. Lastly, the discriminative abilities of the tests were based on
previous six month history of falls. Results may have been different had it been a

prospective study or took into account falls from the previous 12 months instead of six.
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Chapter 4: Conclusion

In this study, there were no significant differences between fallers and non-fallers
in regards to age, gender, scores on the ABC, TUG, BBS, and FAB, prescription
medications, lower body joint replacements, presence of arthritis, and assistive device
use. None were significant predictors of falls. Although the ABC, TUG, BBS, and FAB
were significantly associated with each other, their abilities to discriminate fallers from
non-fallers were poor. In general the tests were better able to classify non-fallers than
fallers, indicated by a larger specificity than sensitivity. Sensitivity increased and
specificity decreased with age (60-79 years to 80-100 years), but values were low. We
suggest these tools be used to assess functional capabilities and paired with other
measures for a total fall risk assessment. Evaluations of home modifications, prescription
medications, assistive device use, and vision and hearing would harmonize well with

these physical function tests.
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