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Abstract: The present study aimed to investigate the associations between fall risk and previous fall
events, physical fitness, and gait speeds on flat ground and during obstacle avoidance in older adult
women in Korea. Data were analyzed for 148 women over 65 years of age, divided into low (n = 52)
and high Berg Balance Scale (BBS) score groups (n = 96). Physical fitness was assessed using arm
curl, chair stand, 2 min step, chair sit-and-reach, timed up-and-go, and single-leg stance tests. Gait
speed was measured on flat ground and during obstacle avoidance (5 cm, 10% of height, 30 cm). The
incidence of falls was 18.2% lower among participants with BBS scores above the mean than in those
with scores below the mean (p < 0.05). Furthermore, the two groups exhibited significant differences
in the chair stand, chair sit-and-reach, timed up-and-go, and single-leg stance test results. The upper
BBS group appeared faster at all four gait speeds, and participants in the upper BBS group were less
likely to exhibit lower physical fitness in each test, with odds ratios (ORs) ranging from 0.227 to 0.447.
The upper BBS group was also less likely to exhibit lower gait speed in most conditions, with ORs
ranging from 0.327 to 0.516. Further studies should consider exercise programs that promote balance,
muscular strength, and proprioception to lower the risk of falling in older adults.

Keywords: agility; aging; Berg Balance Scale; falls; flat ground; gait speed; mobility; older adults;
physical fitness

1. Introduction

As of 2020, the average life expectancy at birth in South Korea was 83.5 years, which is
the second highest among all Organization for Economic Co-operation and Development
countries [1]. Continued increases in life expectancy are likely, given the improvements in
living environments and advancements in medical technology. However, the disability-free
life expectancy, which excludes periods of inactivity owing to disease or injury, is only
66.3 years among South Korean citizens [1]. The rapid aging of the population and this gap
of approximately 17 years may contribute to exponential increases in medical expenses,
resulting in a substantial economic burden [2].

Age-related musculoskeletal physical changes can increase the risk of physical im-
pairment and may lead to poor posture in older adults. Among these changes, decreased
range of motion in the knee and hip joints can lead to stiffened movements and altered
gait patterns, thereby contributing to balance impairments. Such impairments in balance
increase the risk of falling, which is associated with various adverse outcomes, including
increased mortality [3]. In addition to limitations on physical activity, falls contribute to the
maintenance of a vicious cycle of progressive instability, further increasing the risk of fall
recurrence [3]. As such, the risk of falling is an important consideration in the management
of older adult patients.
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Physical fitness parameters such as balance, mobility, and gait pattern are known
predictors of fall risk. The Berg Balance Scale (BBS) is an efficient, low-cost, and easily
interpreted tool for the functional assessment of fall risk and daily living activities impair-
ment [4]. As such, numerous studies have utilized the BBS to examine the relationships
between fall risk and patient outcomes [5–7].

Many instruments have been developed to assess balance and predict falls in older
adults. One of the most reliable and valid outcome measures developed today that has
been tested in a variety of settings with different populations and diagnoses is BBS [8]. The
BBS has been well established as a valid measure for predicting falls in a variety of patient
populations. It has been validated as a predictor of length of hospital stay and discharge
destination in stroke rehabilitation [9,10] and as a predictor of length of hospital stay and
outcomes in acute inpatient rehabilitation when used in conjunction with the functional
independence measure [11]. According to the Park SH study that assessed which tools
best predict the risk of falls in the older adults, the BBS showed both pooled sensitivity
and a pooled specificity of >0.7. Thus, the BBS was found to be the most useful tool for
identifying the older adults with low fall risk [12]. Given that physical fitness facilitates
regular physical activity, adequate functioning in activities of daily living, and healthy
aging, such assessments are particularly relevant for older adults.

Age-related changes in cardiorespiratory fitness lead to the structural and functional
deterioration of the cardiovascular and respiratory systems, negatively affecting the inter-
actions among various organs and tissues while contributing to physical disability and
cognitive impairment [13,14]. Progressive decreases in skeletal muscle mass, strength,
and physical function caused by aging may lead to sarcopenia, loss of independence, and
balance and mobility issues. Furthermore, age-related changes in the collagen structure of
connective tissue, increased stiffness in the joints, loss of tissue elasticity, and thickening
of the joint tissues significantly reduce the range of motion, thereby leading to decreased
flexibility [15]. These physical fitness deficits also increase the risk of falls, highlighting the
need for a thorough investigation of the precise physical fitness parameters associated with
fall risk.

In addition to physical fitness parameters, gait patterns, including gait speed under
various environmental conditions, may also act as fall risk predictors. Yu et al. [16] re-
ported that dorsiflexion of the foot when crossing an obstacle could reduce fall risk. An
8-year prospective cohort study investigating whether changes in cognitive performance
can predict falls noted that cognitive performance was associated with falling in adults
aged >65 years; thus, cognitive performance should be assessed in clinical practice when
evaluating fall risk [17]. In previous studies, various predictors were suggested as potential
indicators of fall risk, such as female sex, past falling event, balance impairment, muscle
weakness, visual impairment, gait disturbance, depression, and dizziness [18]. Despite an
increased focus on factors that may predict fall risk and aid fall prevention, the evidence to
date is insufficient. Therefore, to provide further evidence-based data for the development
of safe and effective exercise programs for reducing fall risk, the present study aimed to
investigate the associations between fall risk and previous fall events, physical fitness, and
gait speeds on flat ground and during obstacle avoidance in older adult women in Korea.
In addition, we aimed to analyze the odds ratios for upper and lower physical fitness
associated with fall risk in different gait speed groups.

2. Materials and Methods
2.1. Study Design and Procedure

This study was conducted in accordance with the Declaration of Helsinki and was ap-
proved by the Ethics Committee of Soonchunhyang University (No. 1040875-202103-SB-022).

2.2. Participants

Women aged 65 years or older with the ability to engage in independent physical
activities were recruited via notices posted at the Asan Senior Welfare Center in Asan-si,
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Korea. Patients with a history of heart surgery, myocardial infarction, stroke diagnosis and
treatment within the last 6 months, serious orthopedic problems such as current fractures
or deformities, severe osteoarthritis, severe visual impairment, visual field loss, and un-
controlled hypertension were excluded. After a sufficient explanation of the purpose and
necessity of the study, 148 participants who voluntarily provided consent were included.
The participants were divided into two groups on the basis of the average BBS score. The
lower BBS group comprised participants with a score below 52 out of 56 points, and the
upper BBS group comprised participants with a score above 53 out of 56 points. This result
was very similar to the cutoff score of previous studies [19–21].

In an assessment of which cutoff scores on the BBS best predicted the risk of falling,
Muir et al. [19] reported an area under the receiver operating characteristic (ROC) curve of
0.68 for multiple falls with a cutoff score of ≤53. As determined from the ROC analysis,
the optimal single cutoff value for multiple falls was 53. The authors recommended
a higher cutoff score of 53 to identify participants with a history of multiple falls and
54 to identify any older adult at risk of falls for optimal fall prediction sensitivity [19].
Wang et al. [20] performed an item analysis of the BBS with 268 community-dwelling older
adults Taiwanese residents (age 73.84 ± 5.2). The mean (standard deviation) score was
53.3 (4.1). The item response profile showed that more than 90% of the participants attained
the highest score on all [20]. According to Ersoy et al. [21], women aged ≥50 years who had
a BBS score of ≤52 points (OR = 4.77, per additional point, 95% CI = 1.15–19.82, p = 0.031)
performed best in the prediction of future falls.

2.3. BBS and Fall Event Test

The participants completed the 14-item Korean version of the Berg Balance Scale
(K-BBS-14) [22] as part of the fall risk model developed by Lajoie and Gallagher [23]. This
scale consists of the following 14 items related to balance-specific activities, ranging from
sit-to-stand to standing on one leg: (1) sitting unsupported, (2) standing unsupported,
(3) standing with eyes closed, (4) standing with feet together, (5) standing on one foot,
(6) turning to look behind, (7) retrieving an object from the floor, (8) tandem standing,
(9) reaching forward with an outstretched arm, (10) sitting to standing, (11) standing to
sitting, (12) transfer, (13) turning 360◦, and (14) stool stepping. All these items must be
completed safely. Each item on the BBS-14 is rated from 0 (unable to try or need assistance
to prevent falling) to 4 (able to lift the leg independently and hold for >10 s), resulting in
a maximum possible score of 56. The BBS has been well established as a valid measure for
predicting falls in a variety of patient populations. Moreover, moderate-to-high reliability
has been established for BBS within a variety of settings and diagnoses. Relative intrarater
reliability for the BBS was high (Interclass Correlation Coefficient [ICC] = 0.97) when used
with participants in residential care facilities [24], and good interrater reliability (ICC = 0.87)
was seen for the community-dwelling older adult Taiwanese residents [20]. Interrater and
intrarater reliability were deemed excellent in acute stroke and older adult populations in
a study by Berg et al. [25]. One of the most reliable and valid outcome measures tested
in a variety of settings with different populations and diagnoses developed today is the
BBS [8]. A fall-related questionnaire was used to investigate the fall, and the range of falls
was defined as slip, tripping, and a bump.

2.4. Body Composition

Bioelectrical impedance analysis using the InBody 270 multifrequency system (Biospace,
Seoul, Korea) was conducted to measure body composition on the basis of body fat, muscle
mass, and body mass index.

2.5. Physical Fitness Test

Participants underwent a senior physical fitness test [26] and an assessment of physical
ability (i.e., functional outcomes). The physical fitness test protocol consisted of six phases.
Before the test, the physical conditions necessary for the application of the physical fitness
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test protocol were established. The test was completed within 30–40 min. Each participant
performed the test after a warm-up exercise. Phase 1 consisted of an arm curl test for
the assessment of upper body strength; a participant was instructed to perform as many
forearm curls as possible with 2-kg dumbbells in 30 s. Phase 2 consisted of a chair stand test,
which was used to evaluate lower body strength. In this test, participants were instructed
to stand from a chair and sit back down repeatedly for 30 s, and the total number of stands
was recorded. Phase 3 consisted of a 2 min step test to evaluate cardiorespiratory fitness.
Participants were instructed to walk along a straight line, and the number of full steps
completed within 2 min was recorded. Phase 4 consisted of the timed up-and-go test to
evaluate agility and dynamic balance. For this test, participants were instructed to rise from
a chair of usual height and with a backrest, walk over 3 m at their usual gait speed, return
to the chair, and sit back on it. Phase 5 consisted of a chair sit-and-reach test, which was
used to assess lower-body flexibility. While seated on the edge of a chair, participants were
instructed to keep one foot flat on the floor while extending the other leg forward with the
knee straight. One hand was placed on top of the other with the tips of the middle fingers
aligned. During exhalation, participants reached forward toward the toes, hinging at the
hip. The distance between the fingertips and toes was then measured. Phase 6 consisted of
a single-leg stance test conducted with the eyes open. The time spent in a stable standing
position on the dominant foot while maintaining a vertical thigh position parallel to the
standing leg was measured for each participant. There was no time limit, and it measured
the ability to do it to the maximum. The period of single-leg stance was 44.4 ± 2.4 s, and it
lasted up to 115 s. The better of two measurements was taken as the value for analysis in
each participant.

2.6. Gait Parameter Measurements

A quantitative gait speed assessment was performed using a 9 × 1 m walkway embed-
ded with pressure sensors (IB-GAIT, Inbody, Seoul, Korea). Participants were instructed
to walk along the walkway at their usual pace. They were asked to take some strides
before striking the ground and continue walking after reaching the end of the walkway
to avoid the influence of deceleration. Before the actual measurement, all participants
were allowed to participate in a practice trial. Obstacle gait was measured while crossing
obstacles of 5 cm, 10% of the participant’s height (10% HT), and 30 cm. Obstacle gait speed
was calculated from the time when the heel of the stepping foot touched the ground before
crossing the obstacle (heel strike) to the point when the raised foot crossed the obstacle.

2.7. Statistical Analysis

SPSS version 23.0 for Windows (IBM Corp., Armonk, NY, USA) was used for statistical
analyses, with a statistical significance level of α = 0.05. Chi-square analyses were used to
examine the differences in fall events between the upper and lower BBS groups. Indepen-
dent t-tests were used to compare physical fitness, flat ground gait speed, and obstacle gait
speed in the upper and lower BBS groups. Logistic regression analysis was performed to
compare the relative risk based on physical fitness and obstacle gait speed between the
lower and upper BBS groups.

3. Results
3.1. Physical Characteristics of the Study Participants

The physical characteristics of the participants are presented in Table 1. The upper
and lower BBS groups showed significant differences only in age (p < 0.001).
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Table 1. Physical characteristics of the study participants.

Group Age (Years) Weight (kg) Height (cm) Body Mass Index
(kg/m2)

Lower BBS (n = 52) 74.2 ± 5.8 59.0 ± 8.0 153.7 ± 5.1 24.9 ± 3.0
Upper BBS (n = 96) 71.2 ± 4.9 57.4 ± 7.8 154.3 ± 4.6 24.1 ± 3.0

Total (n = 148) 72.2 ± 5.2 58.0 ± 7.9 154.1 ± 4.8 24.3 ± 3.0

t 3.484 1.174 0.676 1.590

p 0.001 *** 0.243 0.500 0.114
BBS—Berg Balance Scale; Lower BBS shows values below mean values (52.3 points), Upper BBS shows values
above mean values (52.3 pinots), BMI—body mass index, and *** is p < 0.001, tested via independent t-test.

3.2. Comparison of Fall Events According to Fall Risk Level (BBS)

The percentages of participants experiencing falls in the lower and upper BBS groups
were 59.1% and 18.2%, respectively (total: 40.9%). Fall events were not reported in 31.0%
and 69.0% of the lower and upper BBS groups, respectively. Chi-square analysis revealed
a significant difference in fall events between the upper and lower BBS groups (p = 0.015)
(Table 2).

Table 2. Comparison of fall events according to fall risk level (BBS).

Fall Event Variables
Fall Risk Level

TotalLower BBS (n = 52) Upper BBS (n = 96)

Non-fallers

Frequency 39 87 126
No fall event % 31.0% 69.0% 100.0%

BBS group % 75.0% 90.6% 85.1%
Total % 26.4% 58.8% 85.1%

Fallers

Frequency 13 9 22
Fall event e % 59.1% 40.9% 100.0%
BBS group % 25.0% 9.4% 14.9%

Total % 8.8% 6.1% 14.9%

Total

Frequency 52 96 148
Fall and non-fall event % 35.1% 64.9% 100.0%

BBS group % 100.0% 100.0% 100.0%
Total % 35.1% 64.9% 100.0%

BBS—Berg Balance Scale; Lower BBS shows values below mean (52.3 points), Upper BBS shows values above
mean (52.3 points), χ2 = 6.500, and p = 0.015, tested via Pearson’s chi-square analysis.

3.3. Comparison of Physical Fitness and Gait Speed in Upper and Lower Fall Risk Groups

Significant differences between the upper and lower BBS groups were observed in
the chair stand (p = 0.001), chair sit-and-reach (p = 0.013), timed up-and-go (p < 0.001),
and single-leg stance with eyes open tests (p < 0.001). These results indicate that patients
with high and low fall risk exhibited significant differences in lower extremity strength,
flexibility, and balance (Table 3). However, no significant differences in the arm curl test
(an index of muscular strength in the upper extremities) or the 2 min step test (an index of
cardiorespiratory endurance) were observed between the groups.

The upper and lower BBS groups exhibited significant differences in flat ground
gait speed (p = 0.019), 5 cm obstacle gait speed (p = 0.005), 10% HT obstacle gait speed
(p = 0.036), and 30 cm obstacle gait speed (p = 0.010). Gait speed gradually decreased for
the flat ground, 5 cm obstacle, 10%HT, and 30 cm obstacle conditions. The upper BBS group
was faster than the lower BBS group by 0.225 m/s in the flat ground condition, 0.119 m/s
in the 5 cm obstacle condition, 0.089 m/s in the 10% HT obstacle condition, and 0.098 m/s
in the 30 cm obstacle condition (Table 4).
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Table 3. Comparison of physical fitness according to fall risk level (BBS).

Physical Fitness Fall Risk Levels
Total t p

Lower BBS(n = 52) Upper BBS(n = 96)

Arm curl (each/30 s) 16.54 ± 4.14 17.26 ± 4.62 17.01 ± 4.45 0.940 0.349

Chair stand (each/30 s) 12.75 ± 4.25 15.57 ± 5.17 14.58 ± 5.04 3.365 0.001 **

2 min step test (steps) 134.73 ± 54.41 131.39 ± 42.61 132.55 ± 46.88 0.380 0.705

Chair sit-and-reach (cm) 10.21 ± 7.18 13.73 ± 8.55 12.49 ± 8.25 2.523 0.013 *

Timed up-and-go (s) 8.46 ± 2.11 7.13 ± 2.04 7.59 ± 2.15 3.714 <0.001 ***

Single-leg stance with eyes open (s) 17.74 ± 20.65 35.08 ± 24.56 28.99 ± 24.63 4.556 <0.001 ***

BBS—Berg Balance Scale; Lower BBS shows values below mean (52.3 points), Upper BBS shows values above
mean (52.3 points), * is p < 0.05, ** p < 0.01, and *** p < 0.001, tested via independent t-test.

Table 4. Comparison of flat ground and obstacle gait speeds, according to fall risk level (BBS).

Gait Speed Fall Risk Level
Total t p

Lower BBS (n = 52) Upper BBS (n = 96)

Flat ground gait speed (m/s) 1.14 ± 0.20 1.37 ± 0.66 1.28 ± 0.55 2.365 0.019 *

5 cm obstacle gait speed (m/s) 1.11 ± 0.24 1.23 ± 0.23 1.18 ± 0.23 2.863 0.005 **

10% HT obstacle gait speed (m/s)# 0.96 ± 0.25 1.05 ± 0.23 1.02 ± 0.23 2.115 0.036 *

30 cm obstacle gait speed (m/s) 0.76 ± 0.21 0.86 ± 0.21 0.82 ± 0.21 2.617 0.010 *

BBS—Berg Balance Scale; Lower BBS shows values below mean (52.3 points); Upper BBS shows values above
mean (52.3 points); # is gait speed with an obstacle at 10% of the participant’s height; * is p < 0.05, ** is p < 0.01,
tested via independent t-test.

3.4. Relative Risk for Physical Fitness and Gait Speed According to Fall RISK Level (BBS)

Logistic regression analysis was performed to determine thresholds for physical fitness
according to fall risk (BBS). The upper BBS group was less likely to be included in the
lower physical fitness group, and the odds ratios were 0.368 in the chair stand test (95%
confidence interval [CI]: 0.177–0.766, p = 0.007), 0.447 in chair sit-and-reach test (95% CI:
0.221–0.904, p = 0.025), 0.323 in the timed up-and-go test (95% CI: 0.159–0.652, p = 0.002),
and 0.227 in the single-leg stance with eyes open test (95% CI: 0.104–0.494, p < 0.001),
with significant differences in all comparisons (Table 5). However, the odds ratios for the
arm curl test (1.102; 95% CI: 0.559–2.171, p = 0.779) and the 2 min step test (0.870; 95%
CI: 0.429–1.762, p = 0.699) were not significant. When the number of chair stands was at
least 14.58 each/30 s, the lower BBS odds ratio decreased to 0.368. Further, when the chair
sit-and-reach distance was at least 12.49 cm, the lower BBS odds ratio decreased to 0.447.
When the timed up-and-go result was 7.59 s or less, the lower BBS odds ratio decreased to
0.323. When the duration in the single-leg stance with eyes opened test was 28.99 s or more,
the lower BBS odds ratio decreased to 0.227. There were no significant differences in the
odds ratios for other physical fitness indices, which ranged from 0.870 to 1.102 (Table 5).

Table 5. The relative risk for different levels of physical fitness, according to fall risk levels (BBS).

Variables OR 95% CI p

Arm curl (each/30 s) 1.102 0.559–2.171 0.779
Chair stand (each/30 s) 0.368 0.177–0.766 0.007 **
2 min step test (steps) 0.870 0.429–1.762 0.699

Chair sit-and-reach (cm) 0.447 0.221–0.904 0.025 *
Timed up-and-go (s)# 0.323 0.159–0.652 0.002 **

Single-leg stance with eyes open (s) 0.227 0.104–0.494 <0.001 ***
BBS—Berg Balance Scale; # is reverse cording of timed up-and-go (s); OR—odds ratio; CI—confidence interval;
* is p < 0.05, ** p < 0.01, *** p < 0.001, tested via logistic regression analysis.
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Logistic regression analysis was performed to determine the relative risk for different
gait speed levels on flat ground and during obstacle avoidance, according to the fall risk
level based on the BBS score. The upper BBS group was less likely to be included in the
lower gait speed group, with ORs of 0.327 for gait speed on flat ground (95% CI: 0.167–0.640,
p = 0.001), 0.605 for gait speed during the 5 cm obstacle condition (95% CI: 0.335–1.092,
p = 0.095), 0.516 for gait speed in the 10% HT obstacle condition (95% CI: 0.283–0.940,
p = 0.031), and 0.462 for gait speed in the 30 cm obstacle condition (95% CI: 0.251–0.850,
p = 0.013). All differences were significant except for the 5 cm obstacle condition (Table 6).
When the gait speed on flat ground was 1.28 m/s or more, the odds ratio in the lower BBS
group decreased to 0.327. Further, when the gait speed on flat ground was 1.18 m/s or
more, the odds ratio in the lower BBS group decreased to 0.605. When gait speed in the 10%
HT obstacle condition was 1.02 m/s or more, the odds ratio in the lower BBS decreased to
0.516. When gait speed in the 30 cm obstacle gait speed was 0.82 m/s or more, the odds
ratio in the lower BBS group decreased to 0.462 (Table 6).

Table 6. The relative risk for different gait speeds in each condition, according to fall risk level (BBS).

Variables OR 95% CI p

Flat ground gait speed (m/s) 0.327 0.167–0.640 0.001 **
5 cm obstacle gait speed (m/s) 0.605 0.335–1.092 0.095

10% HT obstacle gait speed (m/s)# 0.516 0.283–0.940 0.031 *
30 cm obstacle gait speed (m/s) 0.462 0.251–0.850 0.013 *

BBS ± Berg Balance Scale; # is gait speed for an obstacle at 10% of the participant’s height; OR—odds ratio,
CI—confidence interval; * is p < 0.05, ** p < 0.01, tested by logistic regression analysis.

4. Discussion

Agility and dynamic balance issues are the main causes of falls among older adults.
Rikli and Jones [26] reported that agility and dynamic equilibrium are related to gait speed,
in turn affecting activities of daily living. Decreases in gait speed and mobility have also
been reported as risk factors associated with falls [5]. Approximately 50% of fall accidents
have been reported to occur during tasks that require static and dynamic balance, such as
the start and end of gait and rotation in front of a wall [27]. Neuls et al. [8] said that it was
recommended to check the score of a subject who needs to use a mobile device because of
an increased risk of falling.

In this study, the average age of the participants in the lower BBS group was 74.2 ± 5.8 years,
that of the participants in the upper BBS group was 71.2 ± 4.9 years, and the participants in
the upper BBS group were relatively younger than those in the lower BBS group (Table 1).
Over one-third of adults aged 65 or older and half of those aged 80 years or older commonly
experience falls [3,28]. The frequency of falls increases with age, and women are at greater
risk than men [29]. De Rekeneire et al. [30] reported that, among adults aged 70 to 80,
24.1% of women and 18.3% of men experienced a fall within the past year. Liang et al. [31]
reported that 60 (26.1%) of 230 men aged 80 years and older in Taiwan had experienced
a fall, while Bath et al. reported a fall rate of 26.4% [32]. Ribom et al. [33] reported that,
among 3014 Swedish men aged 69–80 years, 16.5% had at least one fall in the previous year,
while 7.4% had at least two. The authors further reported that those who had experienced
a fall had lower scores for all physical fitness parameters than those who had not. In the
current study of older women in Korea, the fall rate was 14.9%, which is slightly lower than
the rates reported by Rekeneire et al. [30], Liang et al. [31], and Bath et al. [32] but similar to
that reported by Ribom et al. [33]. These discrepancies may be due to differences in study
designs. The relatively low rate reported by Ribom et al. [33] may be related to the need to
obtain measurements over several hours; one-year recall studies may better reflect actual
falls than long-term recall studies. Differences in the ages of the included participants may
also have contributed to these discrepancies.

Muscle weakness, which leads to decreased physical function and mobility, can lead
to falls and fall-related injuries, which can, in turn, increase the risk of mortality. Previous
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studies have emphasized the importance of fall-related physical fitness in preventing
falls [18]. Lower body muscular fitness is an essential component of physical functioning
when standing up from a chair, going up and down stairs, shopping, and traveling in
daily life [34]. Studies have reported that chair-stand test performance is associated with
normal age-related functional decline [35] and fall risk [36] and can predict fallers and
nonfallers [37]. In this study, lower body muscle strength determined based on the chair
stand and timed up-and-go tests was significantly lower in the lower BBS group than in the
higher BBS group (Table 3). Given the rapid aging of the general population and increases
in fall incidence, these findings highlight the need for interventions that promote regular
physical activity and lower body strength to improve functioning in daily activities and
lower the risk of falls among older adults [38].

Flexibility is an indicator of the ability to perform various activities, such as main-
taining correct posture, changing clothes, and walking with a normal gait. In this study,
the lower BBS group had significantly lower scores in the chair sit-and-reach test, which
measures lower body flexibility (Table 3). Flexibility refers to the maximal joint range of
motion that body tissues can intrinsically achieve without injury [39]. With age, changes in
the musculoskeletal system reduce the joints’ range of motion, resulting in reduced mobil-
ity and stride length, which may increase the risk of falls during gait activities. Medical
conditions associated with dizziness, such as hypertension, hypotension, or diabetes, have
been associated with an increased risk of falls, and this risk can be nine times higher than
that in the general older adult population with joint problems or arthritis [40]. Therefore,
activities that improve flexibility, such as stretching exercises and yoga, should be included
when designing interventions to mitigate fall risk in older adults.

Degeneration of the musculoskeletal system adversely affects not only the range of
motion in the joints but also balance, owing to progressive decreases in physical ability [41].
In this study, we utilize the timed up-and-go test to assess the speed, agility, and dynamic
balance in older adult women. Agility and dynamic balance are essential for safe, smooth
movements in daily life, such as getting off the bus, going to the bathroom, answering
a phone call, and opening the door. Research has indicated that the fall risk increases as the
time required for the timed up-and-go test increases [42]. As in previous studies, the times
in the timed up-and-go test and single-leg stance test for static balance were significantly
shorter in the upper BBS group than in the lower BBS group (Table 3).

A previous study conducted among community-dwelling older adults at high risk
for falls reported that a 6-month therapeutically designed Tai Ji Quan balance training
intervention was more effective in reducing the incidence of falls than stretching exercise
or multicomponent exercise [43]. Balance can be defined as the ability to control posture.
As such, Tai Chi exercises may aid in increasing dynamic balance and muscle strength in
the lower body. Indeed, previous studies have reported that various Tai Chi movements
can prevent falls in older adults by enhancing not only balance but also proprioception and
gait ability [44]. Chan et al. further reported that men with greater leg and grip strength
had a significantly lower risk of falling than those with a relatively lower strength (ORs
for highest quartile vs. lowest quartile for relative risk: leg strength, 0.82; grip strength,
0.76) [45].

In a study that performed logistic regression analysis to confirm the main factors
associated with fall risk, participants with times of less than 8.14 s in the 8-foot up-and-go
test, an indicator of agility and balance, had ORs for maximum BBS scores that were 11 times
higher than those in the reference group. Toraman et al. [46] reported an average BBS value
as high as 54 out of 56 points because they excluded participants who had experienced a
fall in an effort to target older adults with good physical functioning. Park et al. analyzed
factors that can positively affect functional fitness and mood in independent older adults
living in Korea [47]. The high-risk threshold for the chair stand test for women aged
70–75 was 11 each/30 s. This was lower than the overall average of 14.58 ± 5.04 each/30 s
for women in the current study and lower than the average in the lower BBS group
(12.75 ± 4.25 s). When the chair stand result is 11 each/30 s or less, independent living can
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be considered difficult. Further, when the result was 14.58 ± 5.04 each/30 s or more, the
OR for the lower BBS group decreased to 0.368, suggesting a relationship between lower
extremity muscular fitness and falls. Kang and Lee [3] reported that the OR for fall events
in the low (<30%) vs. medium gait speed (>30%) group was 2.844 (p < 0.05) on flat ground,
indicating an increased risk of falls in the low gait speed group. ORs for the 5 cm obstacle
and 30 cm obstacle conditions were 3.585 (p < 0.05) and 4.877 (p < 0.01). Thus, as the height
of the obstacle increased, the OR for falls in the low gait speed group tended to increase.
Kang and Lee also reported that when the analyses for flat ground and obstacle conditions
were adjusted for age and body mass index, fall risk rapidly increased as the height of the
obstacle increased among individuals with low gait speed [3].

Ribom et al. [33] reported that 9.3% of fallers were in the low physical fitness group,
defined based on a result ≤3 standard deviations below the mean in the timed chair-stand
test, while only 0.3% of nonfallers were in the low physical fitness group (p < 0.001). The OR
for falling in the low physical fitness group was 3.41 (p < 0.001). In the 20 cm narrow walk
test, 13.1% of fallers were in the low physical fitness group versus only 0.1% of nonfallers
(p < 0.001). The OR for falling among those with low physical strength was 2.46 (p < 0.001).
In this study, the ORs for fall risk (BBS) among those with low physical fitness in each test
(chair stand, chair sit-and-reach, timed up-and-go, and single-leg stance) ranged from 0.227
to 0.447, with those in the lower gait speed group ranging from 0.327 to 0.605. Thus, the
current results support a meaningful relationship between BBS and these fitness indicators
(Tables 5 and 6). Nonetheless, further studies are required, given that falls may represent
both a cause and consequence of altered physical fitness. Our results suggest that BBS
scores above the mean can decrease the ORs for poor balance and flexibility from 0.227 to
0.605, suggesting that the BBS can be used to guide fall prevention strategies.

This study has several limitations, as we only included 148 women aged 65 years
or older; thus, first, considering that there are approximately 8.12 million older adults in
Korea, the sample size was relatively small. Second, this study was restricted to older
adults visiting a senior welfare center located in Asan-si, which limits the generalizability
of the results. Third, only the BBS was used to discriminate fall risk levels in the current
study, which may have introduced bias. Finally, this study only included women; therefore,
future research should include men in a well-designed study on this subject.

5. Conclusions

The current study revealed that the incidence of falls was 18.2% lower in those with
BBS scores above the mean than in those with BBS scores below the mean, representing
a significant difference. Furthermore, the two groups exhibited significant differences in
the chair stand, chair sit-and-reach, timed up-and-go, and single-leg stance test results. The
participants in the upper BBS group were faster at all four gait speeds and less likely to
be included in the group with lower physical fitness in each test, with ORs ranging from
0.227 to 0.447. These participants were also less likely to be included in the group with
lower gait speed for most conditions, with ORs ranging from 0.327 to 0.516. On the basis of
these findings, rehabilitation programs should consider these fall-related physical fitness
factors as well as gait speeds under various conditions when designing interventions
for fall prevention. Since the risk of a fall increases predominantly when an obstacle
appears or during walking, further studies should consider exercise programs that promote
improvements in balance, muscular strength, and proprioception to lower the risk of falling.
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