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Abstract

[Purpose] The purpose of this study was to clarify the relationship between
near-fall experiences and lower limb function and balance function. [Method]
For lower limb function, quadriceps muscle strength, CS-30, and walking time
were measured. For static balance function testing, a stabilometer (ANIMA,
GRAVICORDER, G-620) was used. One-leg stand time with eyes open was
also measured. For dynamic balance function testing, TUG and 10 m obstacle
walking time were used. [Results] There was a significant correlation between
total trajectory length with eyes open and height and weight. There was also a
significant correlation between total trajectory length with eyes closed and
height, weight, standing on one leg with eyes open, and quadriceps strength
for the 10 m obstacle walking time, CS-30, TUG, and 10 m walking time (p <
0.05). When examining the validity of balance function as a factor in near
misses of falls (presence or absence), the highest F-value (11.4) was found for
total trajectory length with eyes closed. [Conclusion] For static balance func-
tion testing, the total trajectory length with eyes closed was useful, and for
dynamic balance function testing, the 10 m obstacle walking time was useful.
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1. Introduction

Japan’s population is rapidly aging, and it is estimated that the number of bedrid-

den elderly people will exceed 3 million by 2025. Furthermore, the main causes of
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bedriddenness are dementia (17%), stroke (16%), and fractures/falls (14%), with
the latter increasing 1.5-fold. [1] In Japan, where the population is rapidly aging,
it is highly significant to examine the decline in activities of daily living and the
falls that lead to bedriddenness among the elderly.

Previous domestic and international studies [2]-[6] have mainly focused on
physical functions such as the ability to maintain a standing posture, lower limb
muscle strength, lower limb joint mobility, and sensory input in relation to falls.

When examining the causes of falls, it is important to note that elderly people
often experience near-falls (near misses), even if they do not actually fall. These
near-miss experiences may lead to falls. [7]

Balance function can be divided into static and dynamic balance functions.
Typical static balance function tests include the center of gravity sway test and
one-legged standing test, while dynamic balance function tests include the 10-m
obstacle walk and the Timed Up and Go test (TUG). The purpose of this study
was to clarify the relationship between the presence or absence of near-miss falls

and lower limb function and balance function.

2. Subject and Methods
2.1. Participants

This study, part of a health survey for the elderly (hereafter referred to as the sur-
vey), is being conducted as part of a local knowledge hub development project.
The subjects were 23 women aged 65 years or older (mean age 70.4 years) who
participated in response to a call from K City, Saga Prefecture.

The survey was advertised in city and town newsletters, and residents who saw
the advertisements participated. Subjects were verbally informed of the purpose
of the survey, that participation was not mandatory, that data obtained through
the survey would not be used for purposes other than research, and that the data
would be anonymized. Informed consent was obtained from the subjects.

This study falls under the category of “observational research using existing
data” under the “Ethical Guidelines for Epidemiological Research” (partially re-
vised December 1, 2008) issued by the Ministry of Education, Culture, Sports, Sci-
ence and Technology and the Ministry of Health, Labour and Welfare, and falls
under the category of “not necessarily requiring informed consent from research
subjects.” [8] Furthermore, permission to use this survey data was obtained from

K City, Saga Prefecture.

2.2. Methods

2.2.1. General Information Participants
General information (age, height, weight) and whether or not participants had
experienced a near-fall during the past year (Table 1) were collected.

The operational definition of near-fall experience was assessed by asking sub-
jects to respond with a yes or no answer to the question, “Have you had a near-

fall experience in the past year?”
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Table 1. General information participants.

participants (n = 23)

age 704 £5.2
height (cm) 151.4 +4.5
weight (kg) 495+7.3
total length of postural sway while standing in the
43.8+£11.6
open eyes (cm)
total length of postural sway while standing in the
67.6 £22.3
closed eyes (cm)
single leg standing in the open eyes (sec) 66.7 +41.8
quadriceps femoris strength (kg) 22.0+8.3
CS-30 (times) 23.6+5.3
10 m walking time (sec) 5.3+0.38
TUG (sec) 6.5 +0.38
10 m obstacle walking (sec) 6.9+ 0.6

average e * standard deviation

2.2.2. Lower Limb Function

Quadriceps muscle strength was measured using a handheld dynamometer (An-
ima pTasF-1 Isometric Muscle Strength Measurement System) according to the
method described by Kato ef al [9]. The subject was seated with the knee flexed
at 90°. The sensor of the handheld dynamometer was attached to the distal part of
the lower leg and secured to the support post of the treatment bed with a belt.
Maximum isometric muscle strength was measured twice on each side. The max-
imum value (kg) was used as the representative value.

The CS-30 measured the number of times the subject stood up from a position
with both arms resting on the knees. Upon receiving the “start” signal, the subject
began standing from the starting position, reached an upright position, and im-
mediately sat down. The number of times (times) was measured over a 30-second
period. A 40-cm-high, armless metal chair was used.

Walking time was measured as the time (seconds) spent walking at maximum

effort along a 10-m straight section with 3-m walkways at both ends.

2.2.3. Static Balance Function Test
Static balance function was measured using a stabilometer (ANIMA, GRAVI-
CORDER, G-620).

Subjects stood barefoot on the two insoles of the stabilometer, with their upper
limbs in a natural, downward position. The measurement time was 30 seconds,
the acquisition cycle was 50 ms, and the evaluation item was total trajectory length
(cm). Subjects were measured once with their eyes open and once with their eyes
closed.

For the eyes-open, single-leg stance, the time they could maintain the stance
with their eyes open was measured twice on each side using a digital stopwatch,
with a maximum of 120 seconds. The longest time was recorded. Subjects were
required to be barefoot, with both upper limbs lightly resting at their sides, and
gaze 2 m ahead at the same height as their line of sight. The time spent standing
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on one leg with eyes open (seconds) was recorded.

2.2.4. Dynamic Balance Function Test
The TUG was performed according to the method of Okamochi ez a/ [10] and
measured the time (seconds) required to stand up from a chair, walk at a comfort-
able and safe speed to a target 3 m away, change direction, return to the chair, and
sit down. Measurement began with the body planted on the backrest and seat,
with weight bearing. The measurement was taken from the moment the subject
said “yes” until the buttocks touched the chair. A digital stopwatch was used for
measurement. Measurements were conducted once.

The 10-m obstacle walking time was measured as the fastest time (seconds) re-
quired to walk a 10-m straight line through six 20-cm-high sponge obstacles
placed at 2-m intervals. Measurements were conducted once, using a digital stop-

watch.

2.2.5. statistical Analysis

Pearson’s correlation coefficient was calculated for the relationship between total
trajectory length and measured values. Furthermore, the validity of balance func-
tion was examined by performing a one-way analysis of variance with near misses
of falls (presence or absence) as a factor. Statistical analysis was performed using
SPSS 26.0 for Windows, with a statistical significance level of 5%.

3. Results

There was a significant correlation between total trajectory length with eyes open
and height and weight. There was also a significant correlation between total tra-
jectory length with eyes closed and height, weight, standing on one leg with eyes
open, and quadriceps strength, as well as 10m obstacle walking time, CS-30, TUG,
and 10m walking time (p < 0.05) (Table 2).

The “total trajectory length” of a postural sway device refers to the cumulative
length of the trajectory traced by the center of gravity during the measurement
period. This serves as an indicator of how much the body swayed. Generally, a
larger value indicates greater body sway, meaning unstable balance function.

The total open-eye trajectory length was associated with height and body build,
while the total closed-eye trajectory length was associated with height, body build,

single-leg stance, and lower limb muscle strength.

Table 2. Correlation coefficient static of static balance functions, dynamic balance functions and variables.

. . dynamic balance
static balance functions

functions
total length of total length of
postural sway while postural sway while 10 m obstacle
standing in the open standing in the closed walking
eyes eyes
height 0.44 * 0.44 * -0.03
weight 0.46 * 0.46 * 0.16
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Continued

single leg standing in

the open eyes
quadriceps femoris
strength
CS-30
10m walking time
TUG

-0.19 -0.48 * -0.04

0.19 0.46 * -0.78
0.09 -0.05 -0.45 *
-0.07 0.04 0.43 *
-0.05 —-0.42 *

Notes: *p < 0.05 by correlation coefficient.

When examining the validity of balance function based on whether or not there
was a near miss of a fall, the F value (11.4) was the largest for the total trajectory
length with eyes closed (Table 3).

Table 3. Comparison of each balance function using one-way analysis of variance with the presence or absence of near-fall

experiences (near misses) as a factor.

factor

near misses
presence (15 person)
absence (8 person)
F value
p value

total length of postural sway while single leg standing in the 10 m obstacle
standing in the closed eyes (cm) open eyes (sec) walking (sec)
69.8 +£20.7 67.8 £ 49.6 6.9+0.7
63.4+259 64.6 £ 37.0 7.0£0.5
114 9.1 9.3
0.01 0.02 0.01

average + standard deviation

4. Discussion

Of the subjects in this study, 15 people (65%) answered that they had experienced
a near-fall in the past year. In a previous study targeting elderly people living at
home, Murata et al. [7] reported that 36 people (32%) had experienced a near-fall
in the past year. The incidence rate in the group with a near-fall experience in this
study was higher than in previous studies. It is expected that this includes people
who have actually experienced a fall.

kai et al [11] investigated the relationship between balance function, height,
and 10-meter walking time in young people in their 20s (13 men, 12 women, mean
age 24.3 years) and older people (12 men, 12 women, mean age 69.5 years). The
results showed a significant correlation between height and 10-meter walking time
and total trajectory length with eyes open in young people, but no correlation in
older people. It is predicted that as young people grow taller, their stride length
increases and they walk faster. In this study, a significant correlation was found
between height and total trajectory length with eyes open and eyes closed. In el-
derly women aged 70 - 74, the mean times for one-legged standing with eyes open,
10-meter walking time, TUG, and 10-meter obstacle walking were 17 seconds, 6.5
seconds, 10.3 seconds, and 7.5 seconds, respectively [12], whereas in this study,
the mean times were 67.6 seconds, 5.3 seconds, 6.5 seconds, and 6.9 seconds, re-

spectively. From these findings, it can be inferred that the subjects in this study
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had better walking function than their age group, which correlated with height.

In this study, a significant correlation was found between total trajectory length
with eyes closed, open-leg standing, and quadriceps muscle strength. It is thought
that eye closure increases sway during static standing, resulting in muscle re-
sponse and posture adjustment. [13]

Tanaka et al [14] investigated the relationship between balance function and
lower limb muscle strength in elderly subjects (32 men, 42 women, average age
68.6 years). They reported significant correlations between the 10-m obstacle walk
and walking speed, TUG, and CS-30. In this study, significant correlations were
found between the 10-m obstacle walk and CS-30, 10-m walking time, and TUG,
which were consistent. The 10-m obstacle walk requires adjusting stride length
and walking faster due to the presence of obstacles. Elderly people tend to respond
by increasing their walking rate rather than stride length. [15]

When evaluating criterion-related validity, particularly predictive validity, mul-
tiple independent variables (predictors) are sometimes used in multiple regression
analysis to predict a single dependent variable (criterion). In this case, an F-test is
used to test the significance of the entire multiple regression model, yielding an
F-value as a result.

A large F-value indicates that the regression model as a whole has a significant
effect in predicting the dependent variable. In other words, it provides evidence
that the group of predictors as a whole is associated with the criterion.

In this study, we examined the validity of using the presence or absence of near-
falls as an external criterion. The total closed-eye trajectory length showed higher
criterion-related validity (F value) compared to the open-eye one-leg stance or the
10-meter obstacle walk. That is, the longer the total closed-eye trajectory length,
the more participants in the near-fall group were present.

This study suggests that total trajectory length with eyes closed is useful for
static balance, and the 10-m obstacle walk is useful for dynamic balance.

Factors influencing the control of standing posture balance include the follow-
ing reported findings: information from the support surface and muscles of the
ankle joint is more closely involved in maintaining posture than vestibular sensa-
tion or kinesthetic information from areas other than the feet; and vision plays a
role in maintaining the position of the head and trunk [16].

This study suggests that total closed-eye trajectory length is useful for static bal-
ance, while the 10-meter obstacle walk is useful for dynamic balance.

Moving forward, we will increase the sample size and calculate cutoff values for
balance function tests to identify elderly individuals at an early stage of fall risk.

Limitations of this study include a small sample size and the fact that it was
conducted exclusively with female participants. Moving forward, we aim to con-
duct verification studies involving larger, more diverse populations that include

male participants.

5. Conclusions

The purpose of this study was to clarify the relationship between near-fall experi-
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ences and lower limb function and balance function.

The subjects were 23 women aged 65 years or older (mean age 70.4 years) who
participated in response to a call from K City, Saga Prefecture.

There was a significant correlation between total trajectory length with eyes
open and height and weight. There was also a significant correlation between total
trajectory length with eyes closed and height, weight, standing on one leg with
eyes open, and quadriceps strength for the 10m obstacle walking time, CS-30,
TUG, and 10m walking time (p < 0.05). When examining the validity of balance
function as a factor in near misses of falls (presence or absence), the highest F-
value (11.4) was found for total trajectory length with eyes closed.

For static balance function testing, the total trajectory length with eyes closed
was useful, and for dynamic balance function testing, the 10 m obstacle walking

time was useful.
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