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Abstract

Background: Equilibrium is a primary factor that describes and predicts elderly people’s falling and fear of falling.
However, elucidation of the relationship between equilibrium and cognitive function and the influence of cognition
function on equilibrium in elderly people is required.

Methods: This study sought to illustrate the characteristics of the equilibrium function in elderly people, focusing
on the vividness and controllability of the body schema as a cognitive function and analyzing its relationship with
body sway (in the one-leg standing test with eyes open) from a lifelong development perspective. Movement
distance and the outer area in body sway in the one-leg standing test with eyes open were measured for 139
participants including children, college students, and elderly people. In addition, the vividness and controllability of
the body schema were measured using reaction times in a video game-style imaginary body movement test.

Results: In the college students, both types of cognitive function were significantly correlated with equilibrium,
indicating an association between these two variables. Moreover, different relationships between equilibrium and
cognitive function were observed in children and elderly people. Therefore, equilibrium in the elderly people did not
deteriorate to the extent that it reflected the characteristics of young children; rather, it was influenced by multiple
factors that attributed to the deterioration of the motor organ while maintaining basic strategies continued from early
adulthood.

Conclusion: Specific outcomes could be achieved to maintain the health of elderly people via future examining
of the relationship between equilibrium and cognitive function.

Keywords: Body schema; Controllability; Equilibrium; Postural
balance; Standing position; Vividness

Introduction
The deterioration of elderly people’s performance and fitness

increases their risk of falling and fracture, reduces their ability to
perform activities of daily living, and diminishes their quality of life
[1]. The annual fall rate for elderly people aged 65 years or older has
reached ≥ 30% [2]. In addition, some elderly people experience post-
fall syndrome, which prevents walking despite the ability to walk
without assistance [3]. Moreover, even if falls do not cause fractures,
elderly people avoid leaving their homes [4]. The risk of falling related
to reduced equilibrium is 2.9 times higher relative that related to other
factors. Moreover, this risk increases to 5.0 times that for other risk
factors in repeated falling [5]. In addition, equilibrium has been shown
to be a stronger predictor of repeated falling relative to sex, age, fall
frequency, mental function, and muscular strength [2]. Furthermore,
decreased equilibrium is associated with post-fall syndrome [6].
Consequently, it is a primary factor in describing and predicting falls
and fear of falling [7].

Reductions in equilibrium have been attributed to problems with
the motor organs and are considered to originate from the brain

functions responsible for coordination and decisions regarding
physical behavior [8]. The relationship between equilibrium and
cognitive function has recently received increased attention from this
perspective. For example, Tabara et al. used the one-leg standing test
with eyes open, which measures equilibrium, and showed that
participants with standing times of ≤ 20 s were at greater risk of
cerebral small vessel diseases and reduced cognitive function relative to
those with longer standing times [9]. Moreover, Fujita et al reported
that participants with greater working memory capacity exhibited
stability in a one-leg standing test, even while performing cognitive
tasks simultaneously [10].

However, Demnitz et al., who conducted a meta-analysis of the
cross-sectional relationship between mobility and cognitive ability in
elderly people, confirmed the conventional view that individuals with
greater mobility exhibit higher levels of general cognition, executive
function, memory, and processing, relative to those observed
individuals with poor mobility, and there was no relationship between
equilibrium and cognitive functions [11]. Therefore, findings regarding
the relationship between equilibrium and cognitive function are
inconsistent. Research is required to determine whether a relationship
exists between these two functions on the condition that the specific
content of each function is determined.

Jo
ur

na
l of Aging Science

ISSN: 2329-8847
Journal of Ageing Science Watanabe, J Aging Sci 2018, 6:2

DOI: 10.4172/2329-8847.1000191

Research Article Open Access

J Aging Sci, an open access journal
ISSN:2329-8847

Volume 6 • Issue 2 • 1000191



In the equilibrium function, three types of sensory information-
visual, vestibular, and proprioceptive-are integrated by the central
nerve in the brainstem and retained appropriately by controlling the
body schema [12]. The body schema refers to a system of preconscious,
sub personal processes that play a dynamic role in governing posture
and movement [13]. The center of gravity can be maintained at the
base of support through continuous minor adjustment to posture and
physical movement, based on information relevant to the body schema
[14]. This arousal and the operation of the body schema constitute a
type of cognitive function. This function and equilibrium decline with
age [15], which implies that there is a relationship between equilibrium
and the body schema in elderly people.

It is necessary to measure the standards for each function accurately
to verify the existence of this relationship. Equilibrium is generally
measured using standing retention time in the standing test, measured
via instruments such as the Mann Test and Berg Balance Scale. As one
of various standing tests, the one-leg standing test (also referred to as
the unipedal stance test or single-limb stance test) is a standardized
field sobriety test to determine whether a DUI suspect is under the
influence of alcohol or drugs. It is also a popular test for measuring
balance, particularly as a simple assessment tool for balance in elderly
people, because it can be used in a variety of settings and requires
minimal equipment and training [16,17].

It is also used to diagnose musculoskeletal ambulation disability
symptom complex, which is a condition defined by three professional
Japanese medical societies and involves symptoms of motor organ
deterioration [18]. In addition, body sway in standing occurs in any
direction within a range, but this type of complicated movement
contains information that facilitates the analysis of related factors [19].
Fuchioka et al. showed that the center of pressure exerted a significant
effect on gait speed in older adults. Therefore, the movement of the
center of gravity became an index of quantitative information
regarding equilibrium over a short period [20].

In addition, no standard method has been developed to measure the
favorable body schema. Therefore, research should endeavor to
understand the body schema from the perspectives of vividness and
controllability with reference to the evaluation of motor images,
similar to the body schema [21,22]. Vividness in motor imagery refers
to the ability to generate vivid images or sensations of body images
mentally, and controllability in motor imagery refers to the ability to
manipulate the mental representation of body images. The one-leg
standing test depends on static balance, which involves the retention of
the center of physical pressure at the base of support, and dynamic
balance, which involves returning the center of physical pressure to the
base of support when it has moved [23].

As the vividness and controllability of the body schema respond to
these postural control needs, it is appropriate to consider them an
index of favorable body schema [24]. However, the body schema
operates only under self-referential intentionality and does not present
itself (vividness) intentionally, unlike motor images. In addition, the
operation of motor images (controllability) does not become
conscious. Therefore, the vividness of the body schema is defined as
the ability to generate clear sensations of body schemas mentally, and
controllability is the ability to manipulate sensations of body schemas
mentally.

According to this definition, vividness and controllability in the
body schema are equivalent to a cognitive function known as
imaginary body movement, which refers to mental movement of an

imaginary self (body schema) and becomes the core of the ability to
obtain the spatial perspectives examined by Piaget and Inhelder using
the “three mountains task” [25,26]. Conventionally, this was often
measured via a true-or-false response to a statement regarding the way
in which an object is seen from another perspective. However, with
imaginary body movement, unique cognitive information processing,
such as that involved in the distortion of the image of an object and the
conversion of their positions, is included in the test. Watanabe created
a method for the separate measurement of imaginary body movement,
based on the fact that there is a linear function between the mental
operation in imaginary body movement and response time.

The imaginary body movement test involves two conditions in
which participants are seated on a chair with a back support (stable
condition) or standing in an unstable position (unstable condition).
Further, the function of arousal of the body schema (vividness) is used
mainly in the stable condition, and the function of the operation of the
body schema (controllability) is used mainly in the unstable condition.
Therefore, the vividness and controllability of the body schema can be
measured via the imaginary body movement test with stable and
unstable conditions, in accordance with Watanabe [27].

Concerning the development of the vividness of the body schema,
Schott measured motor images in elderly men in three age groups (i.e.,
60-69, 70-79, and ≥ 80 years) and young men younger than 20 years of
age and reported that vividness did not differ significantly between the
young men and those aged between 60 and 69 years but that observed
in men aged 70 years or older was inferior to that observed in the
young men [28]. Saimpont et al. also used paper questionnaires to
measure the controllability of motor sense and visual images in young
adults and elderly people and posited that controllability in elderly
people was slightly inferior to that observed in the young adults [29].
Moreover, Watanabe and Takamatsu administered the imaginary body
movement test to 428 participants ranging from children to elderly
people [30].

In early childhood, vividness and controllability were largely
inferior, relative to that observed in younger adults, but this difference
decreased as the age of the adults increased. As described above, the
vividness and controllability of the body schema increased rapidly
from early childhood and gradually declined in late adulthood.
However, Fujita et al. examined equilibrium by measuring body sway
in adults aged between 22 and 88 years standing with their eyes closed
and open. The results showed that while length per second increased
with age and was predominantly positively correlated with age, length
per area decreased as the participants’ age increased [19]. In addition,
the lengths per second and swinging area have been shown to decrease
in a linear manner in children aged between 6 and 10 years standing
on both legs [31]. Studies examining age-related changes in
equilibrium in elderly people often include young adults as the control
group [32,33]. However, the characteristics of declining function in
elderly people could be observed more clearly in comparisons with
children, whose function has not matured. Therefore, children were
included in the participant group in the current study.

The first purpose of the current study was to determine whether
equilibrium was associated with cognitive function, by examining the
coloration of vividness and controllability in the imaginary body
movement test and body schema, using the body sway index during
the one-leg standing test. The second purpose of the study was to
elucidate the characteristics of equilibrium in elderly people when
compared to that of children and college students.
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Material and Methods

Participants
The study included 139 healthy individuals. Adult participants and

children’s primary caregivers provided written informed consent in
accordance with the requirements for local ethical approval.
Participants were assigned to one of three age groups: 41 children (5-6
years; 19 boys, 22 girls), 30 students (18-21 years; 17 men, 13 women),
and 68 older adults (60-86 years; 32 men, 36 women). Participants
enrolled in the study voluntarily after receiving oral explanations
regarding the study purpose and method, any expected discomfort,
and their freedom to discontinue participation. Upon completion of
the study, the adult participants were debriefed about the meaning of
their task scores. All experiments were conducted in compliance with
the study protocol, which was approved by the research ethics
committee at Shiga University, Japan (Number 2015-3).

The children and students were recruited from a public
kindergarten and a university, respectively. The older adults were
recruited from a job center that offers older retirees employment. None
of the participants had been diagnosed with any specific neurological
or metabolic disorders that could have influenced their performance in
the experimental tasks, and all had normal or corrected-to-normal
vision. Upon completion of the experiment, the students and older
adults were interviewed about their strategies in the imaginary body
movement test, but the children were not, because they were unable to
describe their strategies appropriately. In total, 96 of the 98
interviewees reported imaging body movement. The remaining two
older adults reported using a perceptual updating strategy and were
excluded from the analysis.

Design
In the posturography, the participants were asked to stand on one

leg with their eyes open. As the one-leg standing test had demonstrated
sufficient test-retest reliability, only one measurement was taken [34].
The imaginary body movement test involved a hide-and-seek video
game developed by Watanabe, in which participants attempt to locate a
child hiding in a house [27]. One experimental session contained nine
questions at different rotation angles of the house. Participants
repeated the video game task in two conditions: sitting in an armchair
with the non-dominant arm bound to an armrest (restrained
condition) and standing on an unstable air mat, which yielded large
somatic sensations (unstable condition). Participants completed two
experimental sessions in each condition. The condition order was
counterbalanced within each age group.

Apparatus
A posturograph (T.K.K.5810) manufactured by Takei Scientific

Instruments Co., Ltd., Japan was used to measure the barycentric
track. Sampling frequency was set at 20 Hz using the accessory
software for the posturograph, which was installed on a laptop (SONY
VAIO VJS1111) connected to the posturograph, and the coordinate for
the center of gravity was measured after removing noise by taking the
mean value for 10 movement data. The total sway path length (mm),
which is the sum of the distance between center of gravity coordinates;
length per second (mm/s), which refers to the length of the track per 1
s; and the outer area (mm2), which is a multangular area that includes
all center of gravity coordinates and minimal boundary lengths, were
recorded. The apparatus used in a study conducted by Watanabe were

used in the imaginary body movement test and included a video game
machine (XaviX PORT; SSD Co., Ltd., Japan), two different sizes of
armchair for use in the restrained condition, and a polyvinyl chloride
air mat for use in the unstable condition [27].

Procedure
In the one-leg standing test, a trial was performed before

measurement to confirm whether one-leg standing was feasible for 15
s. If the tester determined that 15-s one-leg standing was too difficult,
the duration was shortened and participants were required to stand on
one leg with their eyes open for either 10 or 5 s according to ability.
Data for four elderly adults (two men) who retained this position for
<5 s were excluded from the analysis. No children or college students
were excluded from the analysis or required shortened standing time.
The pivoting foot was placed at the center of the posturograph, and the
other foot was raised upon the receipt of a signal from the tester.
Participants were asked to stare at a mark on the wall at eye level
directly ahead and maintain as stable a posture as possible. Once the
tester confirmed that the participants were standing on one leg, the
timer in the posturography software was started and measured the
movement of the gravity center automatically for the predetermined
number of seconds.

The procedure in the imaginary body movement test was that used
by Watanabe [27]. In the restrained condition, participants sat with
their backs resting against the back of an armchair. In the unstable
condition, they stood on the air mat without shoes. After completing
one condition, participants were introduced to the next condition
rapidly. The participants were required to identify a window in the
house via which to find the hiding child. At the beginning of the game,
two questions were presented at the 0° position in the unrotated house,
followed by seven questions at other positions with in the rotated
house. The angles of rotation in the picture plane (i.e., 45°, 90°, 135°,
180°, 225°, 270°, and 315° counter-clockwise) were randomized.
Response time was defined as the time that elapsed between the “Start”
signal and the point at which the participants identified a window in
the house. The player’s response times for each rotation angle were
automatically recorded by the video-game controller.

Indices
In the one-leg standing test, total sway path length was divided by

the outer area, and the length per area (mm/mm2) was calculated.
Length per second and length per area were adopted as indices, as they
can be compared between age groups regardless of standing time. The
speed represented by length per second is considered a sensitive index
of the general equilibrium and increases with age during adulthood
[19]. Length per area, which represented path density, indicated that
the efficiency of posture control decreased with age during adulthood,
in contrast to length per second [19].

The calculation of the index of imaginary body movement followed
that described by Watanabe [27]. Values over 2.5 SD from each mean
were considered outliers, which allowed for 99% confidence intervals
for response times. Data for 4 children and 2 older adults with at least
one outlier in any condition and session were excluded from the
subsequent analysis, because such outliers indicated that the
participants’ attention was captured temporarily by something
extrinsic to the task. The mean response times for the eight locations
from 0° to 315° displayed a hill-like curve that peaked at approximately
180° in each age group and condition. Rotation angles that were
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symmetrical to the participants’ median line were at equal distances
from the participants (e.g., 90° and 270°). Therefore, data
corresponding to rotation angles of >180° and <180° were included.

Linear formulas were calculated using the least squares method for
each participant; condition with degrees of rotation between 45° and
180° was included as an explanatory variable, and response time was
included as a response variable. In the formula y=ax+b (x: degrees of
rotation, y: response time), the gradient represents the theoretical time
per degree for imaginary body movement. Each gradient was
multiplied by 180 to represent the theoretical response time for
rotation of the representational self mentally to the 180° position.
Conditions based on this gradient-based index were labeled response
time in restrained condition (RT-R) and response time in unstable
condition (RT-U).

When the RT-R or RT-U became negative, the data became
ineffective, as it was possible that other cognitive strategies than the
expected imaginary body movement was used or attention was
extremely scattered during the test. When both trials were effective in
either the stable (restrained) or unstable condition, the value of the
second trial was adopted, and when one of the two trials was
ineffective, the value of the effective trial was adopted; when neither
was effective, the participant was excluded from the analysis. Data for
three children and two elderly adults were excluded from the analysis.
Moreover, when the number of correct responses was ≤ 6 out of 9,
there was concern that task comprehension had been inefficient or the
participant had not focused on the task. Data for two children and two
elderly adults who provided <6 correct responses were excluded from
the analysis. Furthermore, nine children and 12 elderly adults were
excluded from the analysis, as follows: four elderly adults were
excluded from the standing test, and two elderly adults were excluded
because of their responses in the interview conducted after the
experiment examining imaginary body movement. The participants
for whom data were analyzed included 32 children (5-6 years; 14 boys,
18 girls), 30 college students (18-21 years; 17 men, 13 women), and 56
elderly adults (62-86 years; 25 men, 31 women).

Statistical analysis
The retention time for the one-leg standing test with eyes open was

15 s, 10 s, or 5 s. ANOVAS were performed, with retention time as the
independent variable and length per second or length per area as the
dependent variable, to examine the relationship between retention
time and the movement of the gravity center in the one-leg standing
test, in which retention time varied between the elderly population
groups (Table 1).

Duration levels Length per s† Length per area††

5 seconds (N=17) 38.66 ± 20.57* 0.37 ± .19**

10 seconds (N=8) 32.92 ± 13.21* 0.47 ± .20**

15 seconds (N=31) 25.33 ± 6.15* 0.57 ± .20**

†:mm/s; ††:mm/mm2; *:p<.05; **:p<.01

Table 1: Means and standard deviations for the indexes of one-leg
standing tests in three duration levels.

The elderly adults were divided into two groups according to
standing time (older adults L group: 5 s or 10 s, n=31; 62-86 years; 13
men, 18 women; older adults H group: 15 s, n=25; 63-79 years; 12 men,

13 women). The subsequent analysis was performed with four age
groups including these two groups. Means and standard deviations
were calculated for length per second or length per area in the one-leg
standing test according to age group (Table 2). A one-way ANOVA was
performed with age group as the independent variable.

Mean ± SD Minimum Maximum

Children

Length per s† 18.65 ± 6.60** 9.1 33.8

Length per area†† .67 ± .33** 0.24 1.45

Students

Length per s† 28.39 ± 21.13 9.8 94.9

Length per area†† 1.30 ± .44** 0.56 2.45

Older adults H

Length per s† 25.24 ± 5.87** 14.5 39.8

Length per area†† .57 ± .20** 0.26 1

Older adults L 

Length per s† 35.69 ± 18.82** 12.7 93.5

Length per area†† .40 ± .20** 0.05 0.9

†:mm/s; ††:mm/mm2; *: p<.05; **:p<.01

Table 2: Descriptive statistics for one-leg standing tests.

Discriminant analysis was performed with the two age groups
combined as the standard variable, and two indices in the one-leg
standing test (length per second and length per area) were
standardized to form an explanatory variable. The backward stepwise
procedure in which AIC was minimized for selecting the variables to
take in was used and the discriminant function was determined on the
condition that the proportion of correct classifications using the
remaining variables was ≥ 75%. The determinant function fulfilled this
condition when the child group and college group; college group, older
adults L group, and older adults H group; and child group and older
adults L group were combined to form standard variables.

Pearson’s product-moment correlation coefficients for the
association between length per second and length per area were
calculated according to age group. In addition, Pearson’s product-
moment correlation coefficients were calculated for the association
between total sway path length and the outer area were calculated
according to age group. Means and standard variables for the RT-R and
RT-U in imaginary body movement were calculated for each age group
(Table 3). A one-way ANOVA was performed with age group as the
independent variable, and Scheffe’s method was used to perform
multiple comparisons.

The imaginary body movement used in the current study is also
used in clinical medicine. When determining whether brain
dysfunction is present, the cut-off value corresponding to the RT-R is
1,800 ms [35]. Moreover, young adults, such as college students, have
been shown to react within 800 ms [30]. Based on this finding,
participants were categorized into three functional groups: the healthy
group (N=61; 26 men, 35 women) in which the RT-R was <800 ms; the
borderline group (N=37; 18 men, 19 women), in which the RT-R was
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800-1,800 ms; and the disability group (N=20; 12 men, 8 women), in
which the RT-R was >1,800 ms with a risk of function decline.

Mean ± SD Minimum Maximum

Children

Stable 1501.08 ± 1012.41** 301.81 3962.69

Unstable 1090.99 ± 938.48** 138 3781.35

Students

Stable 495.59 ± 490.41** 3.95 1724.15

Unstable 357.87 ± 423.77** 1.68 1694.92

Older adults H

Stable 937.87 ± 729.20 162.46 3575.15

Unstable 803.69 ± 425.70 81 1809.46

Older adults L

Stable 1554.87 ± 1456.53** 100.39 6308.85

Unstable 965.18 ± 565.26** 109.77 1882.77

**:p<.01

Table 3: Descriptive statistics for one-leg standing tests.

An independent chi-square test and a residue analysis were
performed, with a cross table for four age groups and three function
groups (Table 4). Pearson’s product-moment correlation coefficients
were calculated for associations between the two indices (length per
second and length per area) in the one-leg standing test and the two
indices (the RT-R and RT-U) in the imaginary body movement test
were calculated according to age group (Table 5). Pearson’s product-
moment correlation coefficient was also calculated for the association
between total sway path length and the outer area and provided a basic
calculation via which to obtain length per second and length per area
with RT-U.

Normal Borderlin
e

Disability

Children 14 6 12

-1.054 -1.8 3.630△**

Students 21 9 0

2.323△ * -0.185 -2.865▼**

Older adults H 17 11 3

0.408 0.577 -1.257

9 11 5

Older adults L -1.769 1535 0.458*

14 6 12

Upper line: frequency; Lower line: adjusted standardized residual; △:
significantly more; ▼: significantly less; *:p<.05; **:p<.01

Table 4: Frequencies and adjusted standardized residual between age
groups and function groups.

 RT-R RT-U

Children

Length per s 0.203 .559**

Length per area -0.199 -.351*

Students

Length per s -.496** -.403*

Length per area -.558** -.446**

Older adults H

Length per s 0.214 0.19

Length per area -0.049 0.026

Older adults L

Length per s 0.26 -.358+

Length per area -0.032 .466*

+:p<.10; *:p<.05; **:p<.01

Table 5: Pearson product-moment correlation coefficients between
one-leg standing test with eyes open and response times of the
imaginary body movement test.

Results

Characteristics of the results of the one-leg standing test
Significant main effects were observed for both length per second

(F=4.27, df=2,53; p=.00191; η2=.14), and length per area (F=5.20;
df=2,53; p=.0087; η2=.16). In the multiple comparison using the
Scheffe’s method, participants who were able to stand on one leg for 15
s exhibited significantly shorter length per second (F=4.00; df=2,53;
p=.0242; r=.27) and significantly longer length per area (F=5.14;
df=2,53; p=.0091; r=.30) relative to that of participants who were able
to stand on one leg for 5 s.

The results of the one-way ANOVA with age group as the
independent variable showed significant main effects for length per
second (F=6.53; df=3,114; p,<.001; η2=.15) and length per area
(F=44.77; df=3,114; p<.001; η2=.54). Multiple comparison using
Scheffe’s method showed that length per second in children was
significantly shorter relative to that observed in the older adult L group
(F=6.27; df=3,114; p<.001; r=.23), and length per area in college
students was significantly longer relative to that observed in children
(F=20.59; df=3,114; p<.001; r=.39), the older adult H group (F=27.57;
df=3,114; p<.001; r=.44), and the older adult L group (F=36.84,
df=3,114; p<.001; r=.49). In addition, length per area in children was
significantly longer relative to that observed in the older adult L group
(F=3.38; df=3,114; p=.021; r=.17). The results of the discriminant
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analysis showed that length per area was effective in separating college
students from children and elderly adults, and length per second was
effective in separating children from the older adults L group.

Pearson’s product-moment correlation coefficients showed a
moderate to strong correlation between length per second and length
per area in children (r=-.617, t=4.29, df=30, p<.001), college students
(r=.467, t=2.80, df=28, p=.009), the older adults H group (r=-.584,
t=3.88, df=29, p<.001), and the older adults L group (r=-.751, t=5.46,
df=23, p<.001), a negative correlation between these variables in
children and elderly adults, and a positive correlation between these
variables in college students.

In addition, Pearson’s product-moment correlation coefficients
showed a medium to strong correlation between total sway path length
and the outer area in children (r=.912, t=12.15, df=30, p<.001), college
students (r=.851, t=8.60, df=28, p<.001), the older adult H group (r=.
753, t=6.17, df=29, p=.002), and the older adult L group (r=.582,
t=3.43, df=23, p<.001).

Characteristics of the imaginary body movement
The results of the one-way ANOVA with age group as an

independent variable showed significant main effects for both the RT-
R (F=7.66; df=3,114; p<.001, η2=.17) and RT-U (F=7.46; df=3,114, p<.
001, η2=.16). In the multiple comparison using Scheffe’s method,
college students showed a significantly smaller value relative to those of
children (F=5.43; df=3,114; p=.002; r=.21) and the older adult L group
(F=5.31, df=3,114; p=.002, r=.21) in the RT-R, and college students
showed a significantly smaller value in the RT-U relative to that
observed in children (F=6.70; df=3,114; p<.001; r=.24) and the older
adult L group (F=4.05; df=3,114; p=.009; r=.19).

The results of the independent chi-square test and residue analysis
showed a significant bias (χ2=20.83, df=6, p=.002, Cramer's V=.30); a
significantly high proportion of the children were in the disability
group, a significantly high proportion of college students were in the
healthy group, and a significantly low proportion of the college
students were in the disability group. Moreover, of the six elderly
adults, who were excluded from the analysis because they could
perform the one-leg standing with eyes open for <5 s, three were in the
boundary group, and three were in the disability group.

Relationship between the one-leg standing test and the
imaginary body movement test

Pearson’s product-moment correlation coefficients showed a
moderate positive correlation between length per second and the RT-U
and a slightly negative correlation between length per area and the RT-
U in children. The former finding indicates that imaginary body
movement declined as gravity movement increased in the unstable
condition. The latter indicates that as density gravity movement
increased, the speed of the imaginary body movement increased in the
unstable condition. In college students, a moderate negative
correlation was observed in all combinations of the indices for the one-
leg standing test and the imaginary body movement.

This indicates that faster gravity movement and higher density were
associated with faster imaginary body movement in both the stable
and unstable conditions. A moderate positive correlation was observed
between length per area and the RT-U, and a weak but significant
negative correlation was observed between length per second and the
RT-U. The former indicates that higher density of the gravity

movement was associated with slower imaginary body movement in
the unstable condition. The latter indicates that faster gravity
movement was associated with increased imaginary body movement
in an unstable condition. No significant correlations were observed in
the older adult H group.

Pearson’s product-moment correlation coefficient for the
associations between RT-U and total sway path length and the outer
area, which is the basic calculation via which to obtain length per
second and length per area, showed moderate positive correlations
between total sway path length and RT-U in children (r=.453, t=2.78,
df=30, p=.009) and the outer area and the RT-U (r=.455, t=2.80, df=30,
p=.009). In the college student group, a medium level of negative
correlation was obtained with the total sway path length (r=-.572,
t=3.69, df=28, p<.001) and a slight negative correlation with the outer
area (r=-.432, t=2.54, df=28, p=.017). No significant correlation was
shown in either of the two elderly groups.

Discussion
The analysis of the characteristics of the one-leg standing test

showed that length per second increased from childhood to adulthood
and continued to do in the older adult L group when standing ability
deteriorated, and length per area increased from childhood to
adulthood but declined in older adulthood. In the discriminant
analysis, length per area discriminated between college students and
the other three groups; college students exhibited longer length per
area relative to that observed in the other groups, and length per
second discriminated between children and the older adult L group;
children exhibited shorter length per second relative to that observed
in the older adult L group. This result is consistent with conventional
knowledge indicating that length per second increased with aging
during all stages of adulthood but differs from the results reported by
Rival, Ceyte, and Olivier’s who concluded that length per second
decreased linearly from childhood to young adulthood [31].

In contrast, the result regarding length per area supported the
general opinion that it peaks in young adulthood and follows a
mountain shape. Based on this assumption, the characteristics of
postural control in each age group during one-leg standing can be
summarized as follows. In children, the center of weight swung slowly
within a comparatively wide range; therefore, both length per second
and length per area were short. In college students, minute adjustments
were made within a small range; therefore, both length per second and
length per area were long. Conversely, in the two elderly groups, the
center of weight moved rapidly within a wide range; therefore, while
length per second was long, length per area was short.

The analysis of the characteristics of the imaginary body movement
indicated that the mean observed for elderly people in the stable
condition was almost identical to the standardized mean, as observed
by Watanabe and Takamatsu, who reported 1,048.5 ms, and Watanabe,
who reported 1,391.3 ms [26,30]. In addition, for both the RT-R and
RT-U, achievement in college students was superior to that of children
and elderly people. In particular, with respect to RT-R, numerous
children were categorized into the disability group, in which ability is
largely inferior, and numerous elderly people were categorized in the
boundary group, in which ability had declined somewhat. These results
suggest that imaginary body movement develops rapidly from
childhood to young adulthood and decreases during old age. This
corresponds with Watanabe and Takamatsu’s findings [30]. Therefore,
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the measurement values obtained in the study were verified as
appropriate.

In view of the above, we analyzed the relationship between the
standing test and imaginary body movement test. Indices of
equilibrium and cognitive function were observed mainly in college
students, indicating that there is indeed an association between these
functions. However, moderate correlations were observed in some
elderly people. Furthermore, the relationship between equilibrium and
cognitive function differed between children and elderly adults. In
children, RT-U was positively correlated with length per second and
negatively correlated with length per area. However, in the older adult
L group, RT-U was negatively correlated with length per second and
positively correlated with length per area. In view of these findings, we
presumed the following concerning the characteristics of equilibrium
in elderly people.

In college students, as the values for the RT-R and RT-U were low
(i.e., the functions are superior) and those for length per second and
length per area were high, the body schema was controlled
appropriately because of the high controllability function, and the
center of weight was retained at the small base of support standing on
one leg. Moreover, as the RT-U was negatively correlated with both
length per second and length per area, higher controllability levels (i.e.,
low values for the RT-U is) were associated with rapid movement of
the center of weight (increasing with length per second). However, as
the RT-U was weakly negatively correlated with the outer area, it
appeared that greater controllability was associated with wider shifts in
the center. To summarize, in young adulthood, participants used a
method via which high-speed body sway retained the center of weight
within the smallest range possible, and speed was profoundly
correlated with controllability.

In contrast, as children’s controllability was inferior to that of adults,
the participants could have been poor at changing their body schemas
rapidly. Therefore, it would have taken time to recover from the decline
in posture. This is congruent with the opinion that the center of weight
moves slowly within a comparatively wide range, reflecting the
characteristics of postural control in childhood. Moreover, with higher
controllability (the RT-U value decreased), length per second was
reduced and length per area increased. As the RT-U was moderately
positively correlated with the outer area, when controllability increased
with development, body sway could be retained within a smaller range.
Moreover, as the RT-U was moderately positively correlated with total
sway path length, the latter also decreased with the development of
controllability and reduction of the outer area. Furthermore, the
positive correlation between the RT-U and length per second also
indicated that the speed of body sway decreased. Therefore, if the outer
area, total sway path length, and speed of sway decreased
simultaneously, length per area, which is the value of the total sway
path length divided by the outer area, should not have changed
vertically, and this seemingly contradicts the negative correlation
between RT-U and length per area.

However, considering that the reduction of the outer area occurred
more rapidly relative to that of total sway path length and speed of
sway, a consistent explanation is possible. In other words, with the
development of postural control in childhood, the area of body sway is
minimized mainly via the improvement of controllability. To some
extent, this could be associated with the decrease in track length and
reduction of sway speed. This finding corresponds to those reported by
Rival, Ceyte, and Olivier, which showed that the area of sway decreased
in a linear manner from the age of 6 years [31]. In addition, length per

second in college students was significantly longer relative to that
observed in children. Therefore, the reductions in the area of body
sway and sway speed occur from the age of 6 years. However, sway
speed later increases and high-speed body sway will occur within a
small range.

What are the characteristics of equilibrium and cognitive function
in elderly people when compared with children and college students?
The two groups of elderly people with higher RT-U values, relative to
that of college students, demonstrated that controllability decreased.
Furthermore, in the older adult L group, higher levels of controllability
(the RT-U value decreased) were associated with longer length per
second and shorter length per area. However, this relationship did not
demonstrate a direct correlation between controllability and
equilibrium function. The reason for this is that, with two groups of
elderly people, there were no significant correlations between RT-U
and total sway path length or the outer area. Moreover, in the older
adult H group, there was no relationship between RT-U and
equilibrium. Therefore, in the elderly people, the reduction of
controllability did not appear to be the direct reason for changes in
body sway in the one-leg standing test.

Aside from controllability, the factor that exerted the greatest
influence on standing ability was reduced function in motor organs
such as muscles and joints [8]. Even in cases in which elderly people
are expected to maintain cognitive control originating from
controllability to the same extent as young adults, standing could
become unstable because of the deterioration of the motor organs. In
addition, lower levels of controllability (with higher RT-U values) are
associated with the need for longer periods to return to a normal
posture, and the center of weight shifts rapidly, for a long period, and
within a broad range; consequently, length per second is likely to
increase. Distortion of the standing posture, caused by the
deterioration of the motor organs, could easily generate a considerable
distortion of balance. In fact, when multiple comparisons were
performed for the total sway path length and the outer area using the
Bonferroni method for the three comparable groups (i.e., children,
college students, and the older adult H group), the outer area in the
older adult H group was larger relative to those observed for children
and college students, but the total sway path length in the older adult H
group was middle between children and college students.

As demonstrated above, when the outer area was extended further
than the total sway path length, the values for length per area declined.
These influential factors, which originated from the decline of motor
organs, covered the relationship between equilibrium and
controllability in the older adult H group and canceled out the
correlation. However, in the older adult L group, whose motor organ
decline was advanced, the effect was shown as a correlation. In this
way, the decline of controllability does deteriorate in elderly people;
however, this does not mean that it returns to the condition in which
the center of the weight sways slowly within a wide range, as observed
in childhood. Rather, elderly people repeat body sways as rapidly as
possible, similar to college students, to maintain a standing posture.
However, the deterioration of the motor organs could cause instability
in the standing position, and movement of the gravity center occurs
vigorously in the recovery of their posture. To summarize, equilibrium
in elderly people has not changed with respect to strategies for postural
control, which continue from young adulthood; however, the dynamic
balance decreases slowly with a gradual reduction in the controllability
of the body schema, and balance is lost because of the decline of the
motor organs that occur in parallel. Patterns to cope with these
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multiple functions exist. The reason why Demnitz et al. reported that
there was no relationship between equilibrium and cognitive function
in the meta-analysis was that these complicated factors are unique to
elderly people [11].

Moreover, there was no relationship between vividness and
equilibrium in children or the two elderly groups. However, there was a
negative correlation between vividness and length per second or length
per area in college students; therefore, there is no doubt that vividness
was related to equilibrium. The strong influenced of immaturity in
controllability in children and the decline in motor organs experienced
by elderly people could explain the effects of vividness in these groups.
Changes in the vividness of the body schema in development from
childhood to early old age are small [28]. Therefore, the vividness is
not a strong predictor of standing ability in the elderly.

In generics and physical therapy, sarcopenia [36], which refers to
loss of muscle mass and power as factors that are strongly related to
fitness for performance and frailty in elderly people, has recently
gained attention, and examination of its relationship with standing
ability has increased [37]. However, it should be noted that there many
factors decrease standing retention time and stability in elderly people,
and of all these factors, equilibrium is the most influential predictor of
repeated falling [2]. The controllability of the body schema, which
verifies a connection with equilibrium, is known to emerge in early
childhood and continue in developmental change until old age [38,39].
Further, research using noninvasive brain imaging technology has
shown that the function is performed within the motor-related brain
areas such as the left precuneus and premotor area and left
supplementary motor area [40,41], and these brain functions do not
deteriorate in a single unique manner in elderly people [42]. Moreover,
a previous study showed that these functions are closely related to
physical recovery rates in the acute period of rehabilitation following a
stroke [35]. Diseases affecting the motor organs and decreasing muscle
mass are important issues to consider in preventing falls in elderly
people. It is necessary to proceed with research with careful attention
to controllability of the body schema related to determination of the
coordination of physical behavior, which is critical to retaining
dynamic balance and deeply related to developmental psychology,
neuroscience, and clinical medicine.

This study showed that controllability of the body schema, which is
a cognitive function, is strongly connected to equilibrium in the
context of life-long development. This finding suggested that reduced
controllability in elderly people could explain part of the decline in
their equilibrium, and this change in elderly people is a product of
multiple factors, which differ from the developmental changes that
occur from childhood to adulthood. If this area of research is
advanced, it will be possible to extrapolate age-related reduction of
standing ability to cognitive functions such as the controllability of the
body schema. Moreover, in rehabilitation and function retention
training, this can be related to effective program development, which
could be applied simultaneously for motor and cognitive function. In
this respect, the findings of this study could mark the beginning of a
new research are contributing to health maintenance in elderly people.
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