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Abstract

Falls in older individuals can be caused by balance disorders, influenced by
predictive factors based on self-efficacy and outcome expectation. This study
investigated the relationship between predictive factors related to regional neural
functional activity and postural control. We included 16 older men (average
age, 76.4+5.8 years) and evaluated their balancing ability and fall-related self-
efficacy using the Japanese version of Mini-Balance Evaluation Systems Test
(J-Mini-BESTest) and the Japanese version of the Falls Efficacy Scale (JFES),
respectively. We performed an electroencephalogram before, during, and after

postural perturbations. The cortical activity in the right Inferior Parietal Lobe
(IPL) and Supplementary Motor Area (SMA) was analyzed using current density
in the specific regions of interest. Foot Response Values (FRV) were used to
evaluate physical responses during postural perturbations. The neural activity
values in the IPL after postural perturbations indicated a significant positive
correlation with JFES and J-Mini-BESTest scores when prior information was
provided to participants. The neural activity values in the SMA before postural
perturbations showed a significant positive correlation with J-Mini-BESTest
score and a significant negative correlation with FRV. Furthermore, during
postural perturbations, subjects with prior information exhibited significant
positive neural correlations with neural activity between the SMA and IPL. These
results suggest that neural activity in these brain regions influence balancing
ability and predictive factors. Prior knowledge of a postural perturbation’s timing
could be a compensatory factor promoting the activation of predictive factors.
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of the fear of falling that affects posture balance [11]; however, no
study has reported an association between these two factors [12].
This demonstrates that there is no unified view on the fact that fall-
related self-efficacy is a predictor of the fear of falling. Nevertheless,
predictive factors that determine movements in an individual are
important clues in understanding the relationship between self-
efficacy and balancing ability [10].

Introduction

Quality of life in older individuals is affected by falls that occur
during daily activities [1], which are more likely to happen than
in younger people due to functional decline [2]. Moreover, these
falls cause fractures that are significantly associated with increased
mortality in this population [3]. In particular, older individuals have
a high incidence of hip fractures [4], which may result in impaired
activities of daily living due to limited movements like standing and
walking, and a decline in functions necessary for independent living

Predictive factors consist of self-efficacy and outcome expectation,
which combined, predict one’s ability to perform actions. Outcome

[5]. In addition, approximately half the individuals who have fallen
once experience repeated falls, and 10-20% of these individuals
experience a second fall in the same year [6]. Accordingly, falls in this
population are considered to be a public health and social problem
that may cause increased disability, morbidity, and mortality.

Balance disorders have been reported as one of the primary
causes of falls in older individuals [7,8]. Indicated that self-efficacy
is one of the factors that influence balance disorders caused by aging.
Self-efficacy, a cognitive control system leading to self-confidence
in performing a specific task [9], can be regarded as the amount of
confidence an individual has in their ability to perform an action
[8]. In addition, the degree of fall-related self-efficacy, which is “the
degree of daily life that can be achieved without falling,” is a predictor

expectations predict the outcomes of one’s own actions; [13] showed
that this behavioral prediction is an important factor in balancing
ability, arguing that such anticipatory mechanism helps in postural
adjustment. Furthermore, the authors indicated that when a postural
perturbation is experienced by the body, an anticipatory mechanism
recognizes the environment and recalls a strategy to avoid falling,
followed by the predictive adjustment of posture based on the recalled
strategy and the actual movement. This anticipatory mechanism
collects information on the environment and changes in advance,
interprets how these changes affect stability based on experience,
and determines an avoidance strategy. Thus, this mechanism can be
viewed as “brain simulation of possible movements prior to actual
movements” and has been termed prediction of behavior—the
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ability to collect information about the environment and to imagine
possible future movements. Imagining movements does not lead to
the generation of motion parameters necessary for execution (e.g.,
muscle recruiting and direction of movement). Rather, it refers to
the ability to simulate kinesthetic sensations needed and expected
for a concrete image of a movement program that can be controlled
in response to a perturbation [14]. Moreover, the ability to mentally
represent motor action declines with age [15-17] stated that the
ability to mentally represent actions gradually decreases with age due
to deterioration of motor imagery quality (i.e., isochrony between
executed and imagined movements). In contrast, as a predictive
factor, self-efficacy is necessary for the development of a sense of
agency [18]. This development requires an active sensation (e.g.,
self-efficacy) of being able to act on the environment and to take
a purposeful action independently to achieve an ideal or desired
state [19]; a sense of agency develops when these are matched
[20]. Moreover, changes in the sense of agency occur with age
and are associated with changes in physical functions [21]. These
findings suggest that self-efficacy may affect the physical and mental
functioning in older people, and predictive factors may be closely
associated with balance. If the expected outcome and self-efficacy
are regarded as an image of the movement [22] and the perception
of a sense of agency [23,24], respectively, the basis of brain function
in creating a predictive factor of behavior that may affect balancing
ability includes the neural activity of the right Inferior Parietal Lobe
(IPL) and the Supplementary Motor Area (SMA). It is possible that
predictive factors are established by cooperative activity between
these brain regions via a neural connection.

Older individuals often experience near-falls, even if they have
no experience of actual falls, due to age-related decline in sensory
functioning, such as sight and hearing [25]. A decrease in attention
also affects their ability to respond appropriately to changes in
the environment, therefore, it is difficult for older individuals to
appropriately integrate internal information such as behavioral
predictive factors, and external information from the environment.
To prevent falls, older individuals must act by predicting the risk of
falls caused by declines in sensory function. Thus, we propose that
prior knowledge of a disturbance helps compensate deteriorating
sensory functions in older subjects and hypothesize that balancing
ability may change if predictive factors are activated by supplying
information on the timing of a perturbation in advance. This
hypothesis is supported by Shinya et al, [26]. That described that one
of the important issues in the function of the central nervous system
associated with postural control was “to cope with the uncertainty and
unpredictability of real-world perturbations.” They examined posture
control upon perturbation of the supporting surface using a split-
belt treadmill and investigated how prior knowledge of perturbation
affects latent muscle reflex. Reflexive muscle activity is a part of the
automatic postural response and is a complex and sophisticated
pattern of muscle activity to cope with various disturbance stimuli.
Thus, the activity of the gastrocnemius and soleus muscles of the right
lower limb decreased and that of the tibialis anterior muscle increased
when the prediction of acceleration was provided. Moreover, latency
activity shortened and reaction after a disturbance was faster when
prior knowledge of the timing of acceleration and deceleration was
provided. These results suggest that prior knowledge may enhance
the posture control system like balancing ability through the activity

of the lower thigh muscles. However, while many reports have
examined muscle activity and evaluated behavior with or without
prior knowledge, there have been no reports on the association
between neural activity of the brain regions and predictive factors
such as self-efficacy or actual balancing ability when a postural
perturbation is applied.

In this study, we aim to examine how the body’s balancing
ability and fall-related self-efficacy in older subjects are related to the
brain regions that may control predictive factors during a postural
perturbation, and how prior knowledge in advance of a postural
perturbation affects these relationships. The present study is the first
to examine whether prior knowledge has a compensatory effect on
the brain functions that create predictive factors in older individuals.
Clarifying these relationships may help to create an approach for fall
prevention.

Materials and Methods
Study participants

During the convenience sampling process, we recruited 30 older
men living in the community. Those with orthopedic, neurological,
mental, movement, or sensory disorders were excluded from the
study. Those who had experienced falls were also excluded because
it affects fall-related self-efficacy [27]. As a result, 17older men
(average age of 76.4 £ 5.8 years) were included in the study (Table
1). The methodology and purpose of this study were explained to
the subjects, both in writing and verbally, prior to obtaining their
written consent to participate. This study was approved by the Kyoto
Tachibana University (approval number: 19-08). Owing to its Cross-
sectional study, this study was conducted in line with the STROBE
guidelines.

Experimental Environment

The test floor used to induce the postural perturbations was
prepared by fixing a wheeled trolley, the equipment made of an iron
plate with dimensions of 105 x 105 cm, with pillars on its sides and
back (Figure 1). The translational motion (postural perturbations) of
the test floor was a rapid rocking to the right by an actuator. Physical
movement was detected using a fixed motion-activated camera
(NaturalPoint, Inc. Prime13W, USA). At the time of measurement,
subjects stood on the test floor with an electroencephalogram to
evaluate brain function with a reflective marker of the 3D motion

Table 1: Subject attributes.

Factor name n=17
Sex Male (n = 17)
Age 76.4 (+5.8)
Height 163.6 (£7.5)
Weight 58.0 (¢8.9)

Self-efficacy score of falls 116.7 (+27.6)

Mini-BESTest score Anticipatory 4.8 (+0.9)
Postural responses 4.6 (+0.6)

Sensory orientation 5.8 (+0.6)

Dynamic gait 8.6 (+1.6)

Total 23.8 (+¥2.5)

Abbreviations: Mini-BESTest: Mini-Balance Evaluation Systems Test.
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Figure 1: Experimental environment and measurement outline.

Table 2: Neural activity value and foot response value in each phase with or without prior knowledge.

Phase Before postural During postural After postural Before postural During postural After postural
Condition perturbations perturbations perturbations perturbations perturbations perturbations
Region of SMA MNI coordinates IPL MNI coordinates

Interest (x,V, z) (6, -4, 55) (%, Y, z) (50, -64, 25)

) ) Current density value Current density value Foot response
With prior (uA/MmM?) (UA/Mm?) value (log)
knowledge

0.43+0.09 0.44+0.11 0.45+0.09 0.41+0.06 0.46+0.05 0.43+0.06 6.5+0.3
Without prior 0.3940.11 0.42+0.07 0.47+0.09 0.3840.05 0.4540.06 0.41£0.06 6.7+0.5
knowledge

Abbreviations: SMA: Supplementary Motor Area; IPL: Inferior Parietal Lobule; MNI:

analysis device attached. In addition, safety belts fixed with pillars
were attached to the trunk of the subjects to eliminate the risk of
falling. The safety belt did not prevent any body movements.

Procedure

Dynamic balancing ability and fall-related self-efficacy of
each subject were evaluated prior to measurements. Then, an
electroencephalogram device, which evaluated brain function, and
a reflex marker, which evaluated body function during postural
perturbations, was attached to the subject. Subsequently, in the
patients given or not given prior information about the timing of
the postural perturbations, three phases were measured: 1) Before, 2)
during (lateral perturbation), and 3) after the postural perturbations.
Once the subjects boarded the trolley, they were instructed to position
their feet in a resting posture. Subjects were instructed to remain silent
during the experiment to control speech and unnecessary movements,
as these can affect measurements of electroencephalograms and
physical function. To measure the control of visual information
under these conditions, subjects were instructed to look at a marking
tape positioned at eye-level 2 m in front of their eyes.

Montreal Neurological Institute.

Under the “prior knowledge” condition, the timing of movement
of the trolley was given to the subjects in advance and the movement of
the trolley was announced in advance. In contrast, under the “without
prior knowledge” condition, no prior information was given to the
subjects. Under “prior knowledge” settings, subjects were given the
instruction “The floor moves at the signal of 2, 1, 0 (timing of 0)” and
“Please prepare,” followed by “2, 1, 0.” Thereafter, the floor surface
was moved beginning at “0.” Under “without prior knowledge”
condition, subjects were only told “Please stand still” as a signal that
began the experiment, and then the trolley was moved. To prevent
subjects from predicting the time taken to move the trolley, its timing
was set at 3,000 + 500 ms after the last instruction was given. For
every measured phase, the “before the postural perturbations” phase
evaluated the brain function activity related to outcome expectation,
showing the state of movement preparation that reflects the motor
image in the brain. Since the electric potential of preparation activity
was reflected 2 seconds before the movement [27], this phase was set at
3 seconds from the signal time. To maintain consistency throughout
the experiment, “during the postural perturbations” and “after the
postural perturbations” phases were also set to 3 seconds. For the
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Figure 2: Association between J-Mini-BESTest scores, JFES scores, and neural activity (regression line). a) Association between J-Mini-BESTest scores and
JFES scores. JFES scores were significantly associated with J-Mini-BESTest scores (R? = 0.47, p < 0.01). b) Association between SMA neural activity and J-Mini-
BESTest scores before a postural perturbation. SMA neural activity values before a postural perturbation were significantly associated with J-Mini-BESTest scores
(R?=0.26, p < 0.05). c) Association between the right IPL neural activity and JFES scores after a postural perturbation. Right IPL neural activity values after a
postural perturbation were significantly associated with JFES scores (R? = 0.27, p < 0.05). d) Association between the right IPL neural activity and J-Mini-BESTest
scores after a postural perturbation. Right IPL neural activity values after a postural perturbation were significantly associated with J-Mini-BESTest scores (R? =
0.32, p < 0.05). e) Association between neural activity values and foot reaction values (log) of SMA before a postural perturbation. SMA neural activity values before
a postural perturbation were significantly associated with foot response values (R? = 0.49, p < 0.01).

Abbreviations: J-Mini-BESTest: Japanese Version of Mini-Balance Evaluation Systems Test; JFES: Japanese Version of the Falls Efficacy Scale; SMA:
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Table 3: JFES scores, J-Mini-BESTest scores, correlation of neural activity values at SMA and right IPL, and partial correlation coefficient.

With prior knowledge
J-Mini- Foot resnonse Before postural After postural
JFES score BESTest P perturbations - SMA nerve | perturbations - IPL nerve
value . -
score activity value(uA/mm?) activity value(uA/mm?)
JFES score - 0.68* -0.19 0.35 0.52*
J-Mini-BESTest score - -0.40 0.51* 0.56*
Foot response value - -0.69* -0.03
Before postural perturbations - SMA nerve activity value - 0.39
After postural perturbations - IPL nerve activity value -

Spearman’s rank correlation coefficient’; p<0.05.

Abbreviations: J-Mini-BESTest Score: Japanese Version of the Mini-BESTest; JFES: Japanese Version of Falls Efficacy Scale; SMA: Supplementary Motor Area;

IPL: Inferior parietal Lobule.

3-second measurements, EEG data were used for the 2-second period
before the end trigger before the postural perturbations, and for the
2-second period after the start trigger during and after the postural
perturbations.

In this experiment, a total of six measurements were made per
subject; a measurement was made at each of the three phases in one
task, and three measurements were performed under each condition.
A sufficient interval was provided between each measurement.
Moreover, the order of the conditions was changed for each subject,
to prevent it from affecting the results.

Evaluation of Balancing Ability

The dynamic balancing ability was evaluated prior to the

experiment using The Mini-Balance Evaluation Systems Test (Mini-
BESTest) [28]. The Mini-BESTest was developed from 14 tasks in four
sections (e.g., anticipatory, postural responses, sensory orientation,
and dynamic gait) required to evaluate dynamic balance function by
factor analysis and Rasch analysis. These include 36 tasks from the six
sections related to balance function. The high reliability and validity
of the Mini-BESTest have been reported by Godi et al, [29]. The
present study used the Japanese version of the Mini-BESTest (J-Mini-
BESTest).

Fall Self-Efficacy

Fall self-efficacy was evaluated using the Japanese version of the
Falls Efficacy Scale (JEES) developed by Maeba and [30], based on the
Falls Efficacy Scale by Tinetti et al, [11] described previously. The self-
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Figure 3: Comparison of neural connection between the conditions with and without prior knowledge. Left panel, view from above the horizontal plane. (L, Left; A,
Anterior; R, Right). Right panel, view from the right side of the sagittal plane. (P, Posterior; S, Superior; A, Anterior). Under conditions of prior knowledge, there was
a strong significant positive correlation (red wire) between the neural activities of the SMA and right IPL during a postural perturbation, as compared to that with
conditions of no prior knowledge. The numerical values of the color scale below the image represent the t values (t = 2.131).

Abbreviations: SMA: Supplementary Motor Area; IPL: Inferior Parietal Lobule; MNI: Montreal Neurological Institute.

confidence of performing each of the 15 activities involved in daily
life without falling was evaluated on a scale of 10 (1: not confident,
10: extremely confident), and a high total score indicated a high fall-
related self-efficacy.

Evaluation of Brain Function

Electroencephalogram measurements were performed to evaluate
brain function. Each measurement was recorded using g. SAHARA’s
active electrodes (G.tec Medical Engineering GmbH, Austria) and a
biological signal measuring device Livo (Tec Gihan Co., Ltd., Japan).
Based on the International 10-20 system, the measurements were
taken from 15 sites: Fpz, Fz, Cz, Pz, Oz, F3, F4, C3, C4, P3, P4, F7, F8,
T7, and T8, and using a bandpass filter of 1-30 Hz to remove artifacts
during postural perturbations with a sampling frequency of 1,000
Hz. In this study, the electroencephalogram data of one task were
collected for 2 seconds and analyzed for each phase. Standardized
Low-Resolution Brain Electromagnetic Tomography (sLORETA),
a three-dimensional functional brain imaging filter developed by
[31], was used for the analysis. The electroencephalogram data was
standardized using the Talairach Daemon software [32] incorporated
in the analysis program. Subsequently, the data was calculated as
the coordinate values of the Montreal Neurological Institute (MNI)
standard brain coordinate system in the x, y, and z axes in the brain
regions divided into 6,239 voxels using SLORETA analysis and
converted into a three-dimensional image. As a result, the neural
activity value for each task condition was calculated as the current
density value (LA/mm?®) on each voxel. After calculating the neural
activity in each of the three phases under each condition, we used this
method to calculate the neural activity value in each brain coordinate
region that showed the highest neural activity value in the SMA and
right IPL regions in the three phases under the two conditions. Since
the SMA acts synchronously on both sides of the brain when creating a
motorimage [33], that of the right hemisphere, which is more involved

in the representation of one’s own body in the brain [34], was used
in this study. To determine the brain functional activity specialized
in the postural perturbations, the data obtained by subtracting the
electroencephalogram measurement during the standing motion
measured in advance was used. We also analyzed neural connections
to examine whether these regions work cooperatively in motor
control during postural perturbations. The lagged linear connectivity
analysis incorporated into sLORETA, which uses the Hermitian
covariance matrices, was used to analyze neural connectivity [35]. We
compared neural connections of both brain regions with and without
prior knowledge. Linear wires (red wires for positive correlation and
blue wires for negative correlation) were drawn in the brain imaging
provided a strong neural correlation was observed at the time of
postural perturbation (statistical significance level of 5%).

Evaluation of Physical Functions

We measured the time at which the motor reaction of the foot
occurred after the postural perturbation stimulation (foot response
time). Foot response time was used as an index to examine the
relationship between neural activity in the brain and the timing of
muscle contraction activation excluding the peripheral mechanism
[36]. Moreover, the motor reaction time of the left foot was measured
in this experiment since muscle groups that control the movements
of the ankle joints, such as the tibialis anterior, peroneus longus, and
soleus, are active at the initial stage of a lateral disturbance of the floor
[37,38]. Foot motion response during a postural perturbation was
measured by an OptiTrack motion capture system (NaturalPoint, Inc.
USA) using a fixed motion-activated camera. The data were analyzed
using the 3D motion analysis software VENUS 3D (Nobby Tech.
Ltd., Japan). Reflective markers were placed on the upper surface
of the trolley at the knee joint point, the malleolus and the apex
(metacarpophalangeal joints of the second toe), and the reference
point. We measured the time (ms) from the average position of
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the reference point marker within 500 ms of the trolley start signal,
up to the time point that indicated maximum amount of upward
movement of the left foot apex point (the base of the second finger)
after the start of the trolley (at the time when the distance between
the reference point and the foot apex point was at the maximum).
Sampling frequency was 200 Hz. Calculated foot response time was
converted into a natural logarithm (log) to approximate a normal
distribution and use as a foot response value.

Statistical Analysis

The relationship between the J-Mini-BESTest scores, the JFES
scores, SMA and the right IPL neural activity values, and foot response
values was analyzed under each tested condition. The normality test
for each data group was performed using the Kolmogorov-Smirnov
test. Statistical processing for the analysis was performed using
the Pearson product-moment correlation coefficient. A test of no
correlation was performed to determine whether the observed effects
were caused by a bias in the sample size. Furthermore, we performed
a simple regression analysis to verify the effects of neuronal activity
on balancing ability and fall-related self-efficacy in the items with
correlation. SPSS ver. 24.0 (IBM Corp., Armonk, NY, USA) was used
for statistical analysis, and the two-sided significance level was set at
0.05.

Results

Table 2 shows the results of the J-Mini-BESTest scores, the JFES
scores, and current density and foot response values of the SMA
and right IPL for each phase, with and without prior knowledge
of the timing of a perturbation. The normality test showed normal
distribution of the data.

A significant positive correlation was found between the J-Mini-
BESTest and the JFES scores (r = 0.68, p = 0.002) (Table 3). We
examined the correlation of self-efficacy on balancing ability, which
is a factor for falls in the elderly assessed in both scores. A significant
association between the JFES and the J-Mini-BESTest scores was
observed on simple regression analysis using the J-Mini-BESTest
scores as the dependent variable and JFES scores as the independent
variable (R? = 0.47, p < 0.01) (Figure 2a). With prior knowledge of
the timing of a perturbation, the J-Mini-BESTest scores showed a
significant positive correlation with neural activity values (r = 0.51, p
=0.035) of the SMA before a postural perturbation (MNI coordinate:
6,-4,55) (Table 3). A simple regression analysis was performed to
determine whether the SMA neural activity inducing motor imagery
affects balancing ability. SMA neural activity values before postural
perturbation were significantly associated with the J-Mini-BESTest
scores, as shown by the simple regression analysis using the J-Mini-
BESTest scores as the dependent variable and SMA neural activity
values before postural perturbation as independent variable (R? =
0.26, p < 0.05) (Figure 2b).

In addition, the neural activity values of the right IPL after
a postural perturbation (MNI coordinate: 50, -64, 25) showed a
significant positive correlation with JFES (r = 0.52, p = 0.032) and
J-Mini-BESTest scores (r = 0.56, p = 0.019) (Table 3). A significant
negative correlation was observed between foot response values and
neural activity values of the SMA before a postural perturbation (r =
-0.69, p =0.002) (Table 3). A simple regression analysis was performed

to determine whether the neural activity of the right IPL, inducing a
sense of agency, affected fall-related self-efficacy or postural control.
The results showed a significant association between the neural
activity of the right IPL after a postural perturbation and the JFES
scores, when the JFES scores were used as the dependent variable and
the right IPL neural activity values after a postural perturbation as
independent variable (R* = 0.27, p < 0.05) (Figure 2c). Furthermore,
a significant association between the neural activity values of the
right IPL after a postural perturbation and J-Mini-BESTest scores
was observed by simple regression analysis using J-Mini-BESTest
scores as the dependent variable and the right IPL neural activity
values after postural perturbation as the independent variable (R*=
0.32, p < 0.05) (Figure 2d). In addition, simple regression analysis was
performed to determine whether the neural activity of SMA prior to a
disturbance influences physical responses. The neural activity values
of the SMA before a postural perturbation were significantly related
to the foot response values (R* = 0.49, p < 0.01) as shown by simple
linear regression analysis using foot response values as dependent
variable and the neural activity values of the SMA before a postural
perturbation as independent variable (Figure 2e). Furthermore,
simple regression analysis revealed that the significant correlation
coeficients among the independent variables were all moderate or
lower, and there was no problem of multi-collinearity. The results of
the uncorrelated tests for significant correlation coeflicients were all
significant.

Finally, during postural perturbation, a significant positive neural
correlation between the SMA and right IPL during motor control was
observed in the neural activity in both brain regions under conditions
of prior knowledge of postural perturbation (Figure 3).

Discussion

Prevention of falls in older individuals requires an improvement
in their ability to balance, and high self-efficacy against falls can be
maintained intentionally. In this study, we hypothesized that self-
efficacy was a crucial basic predictive factor that regulates movements
and behavior of individuals. Thus, we examined its relationship with
the balancing ability, and the relationship between the functional
areas of the brain that are the basis of physical movement functions
(e.g., motor image) and a sense of agency. Furthermore, we believe
that elucidating how prior knowledge affects compensatory brain
functions to create a predictive factor in older individuals with
impaired sensory function could help the development of an approach
to prevent falls caused by balance disorders.

The biggest risk factor for falls in older individuals is lower limb
weakness [38]. However, since several factors involved in the falls of
older individuals are complex, their falls are thought to involve not
only physical characteristics but also superior function factors, such
as fear of falling and deteriorated attentional functions. Moreover,
psychological effects after a fall in this population are expected to
have a significant impact on their prognosis, including reduced levels
of autonomous daily living ability and limited social participation.
In this study, we observed a significant positive correlation between
balancing ability and fall-related self-efficacy in older individuals; fall-
related self-efficacy was found to affect balancing ability. In addition,
with prior knowledge of the timing of a postural perturbation,
balancing ability scores and fall-related self-efficacy scores had a
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significant positive correlation with neural activity values of the
right parietal lobe after postural perturbation. [27] examined the
relationship between physical activity patterns, self-efficacy, balancing
ability, and fear of falling in older individuals. By comparing inactive
older individuals, such as institutional residents, with active older
individuals, the authors found that active older individuals had less
fear of falling, a better balance, and higher self-efficacy. They also
reported that those with high balancing ability had less fear of falling,
and although balancing ability and self-efficacy acted as significant
independent variables in the fear of falling, the degree of physical
activity was not a significant variable. Moreover, [39] examined the
relationship between four variables in older individuals: fear of falling,
fall-related self-efficacy, fall experience, and physical function. Fall-
related self-efficacy was shown to be the greatest variable predicting
current physical function. Thus, our findings on the relationship
between balancing ability and fall-related self-efficacy in this study
support these reports.

Balancing ability and fall-related self-efficacy were found to be
associated with each other and showed an association with neural
activity values in the right parietal lobe after a postural perturbation.
The right IPL is associated with the development of a sense of agency,
which includes self-efficacy [40]. A retrospective process (apparent
mental causation), which is generated by reasoning performed by
recalling and associating experiences after carrying out movements, is
important to establish a sense of agency necessary for motor control
[41]. Furthermore, with prior knowledge of the timing of a postural
perturbation, subjects were able to clearly predict movement results
prior to the actual movements. Thus, the sense of agency was further
enhanced since the actual results and predictions were likely to match
and the predictive process (comparator model) was executed, which
is also necessary for the establishment of the sense of movement [42].
Simple regression analysis revealed that neural activity in the right
IPL may affect fall-related self-efficacy. This result supports Moore’s
[21] idea that the sense of agency is caused by the integration of
the information stored in the brain (internal cue) and the detailed
information that arrives externally (external cue). In contrast,
regarding results showing the relationship between balancing ability
and parietal lobe activity, it has been reported that spatial localization
ability was transiently reduced when the function was temporarily
suppressed by repeated transcranial magnetic stimulation to the
right parietal association area [43]. Thus, the right IPL is presumed
to process sensory information necessary for adjustments of body
balance. Moreover, the IPL is a brain region associated with motor
learning (a sequence late in the learning process) [44], and the right
IPL in particular is involved in the processing of feedback from visual
and verbal cues [45]. In this study, we observed that balancing ability
positively correlated with neural activity values of the SMA before a
postural perturbation. Thus, we think this may be because individuals
with a higher balancing ability had a more detailed predictive image
of movements via prior knowledge and its association with the
neural activity reflects motor learning that occurred after the postural
perturbation.

We also observed that having prior knowledge of the timing of
a postural perturbation resulted in the neural activity values of the
SMA before a postural perturbation showing significant correlation
with balancing ability scores and foot response values. When an

individual obtains prior information about an external stimulus that
induces a fall, the individual prepares for stimulation in the brain and
collects information from input systems, such as the visual, vestibular,
somatosensory, and auditory systems. In contrast, the movement
program corresponding to the stimuli is planned by integrating the
two while recalling the past motor memory information to respond
to external stimuli [46]. Movement prediction based on these is
activated in response to the postural perturbations, which proactively
contracts muscles involved in posture control and selects the co-
contraction system of muscle groups required for movements. This
may predict the deviation of the body’s center of gravity and control
body posture [47], and the mechanism that predicts the deviation
of the body’s center of gravity and controls posture in movement
preparation is called anticipatory postural adjustments [48], which
is carried out partly by the SMA [49]. In general, the motor region
and motor cortex region, including the SMA, are connected to the
basal ganglia and cerebellum, forming a motor loop that contributes
to the execution of voluntary movements and motor programming
[50]. Among these, the SMA contributes to the predictive adjustment
of footstep control [22], transfers accurate foot movement programs
to the motor cortex (M1), and sends movement commands via
the corticospinal tract [51]. Furthermore, it is involved in the
construction of motor components (e.g., motor programs) based
on internal memory in the brain. Moreover, this region exhibits
high neural activity upon actual movements, but becomes active
simply by imagining movements in the brain even without actual
movement [52], and high motor image ability is indicated by the high
neural activity of the SMA [53]. This indicates that the SMA plays
a crucial role in the generation and storage of movement programs
in the preparatory stage of movements. Since the dysfunction of
this region interferes with postural control without the induction
of motor function paralysis, the SMA is speculated to be associated
with predictive postural adjustment. Based on these, since the SMA
of individuals with higher balancing ability likely has more motor
memory information patterns, it is possible that an individual with a
higher balancing ability can induce a more detailed movement-image
predictively by obtaining prior knowledge. Thus, the association
between the two was observed in this study. In addition, this study
showed the association between neural activity of the SMA and foot
response values. A study investigated the effect of prior knowledge
on muscle responses of the lower limbs in response to perturbations
during walking [54]. The authors found that the latency of the muscle
activity response of the tibialis anterior muscle was shortened with
prior knowledge of perturbation, showing a faster response, than
that without prior knowledge. This suggests that prior knowledge
(e.g., recognition of perturbation) contributes to posture control
through appropriate muscle contraction activity [53]. These studies
clearly indicate that the postural control system of the central nervous
system regulates movement strategy and muscle contractile activity,
utilizing prior knowledge of potential future postural perturbations.
Therefore, this study suggests an association between neural activity
of the SMA and the reaction time of the foot.

A significant positive correlation between the neural activities of
the SMA and right IPL during motor control was observed during
postural perturbations when prior information was given. In contrast,
the correlation was not observed without prior knowledge of a postural
perturbation. It has been reported that the IPL causes a strong desire
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for body movement and motor intention with the neural activity [55],
and this region is believed to work predominantly, especially during
execution of the first-person image. For postural perturbations, it is
important to predict the input sensory information, simulating this
as movement-image prior to the corresponding physical movement.
The SMA and IPL, in which the neural connection was observed in
this study, are considered to be the central regions responsible for
the simulation function [56]. In intrinsic movement planning, such
as movement-image, the exchange of neural information preceded
by the IPL, which predicts movement results, is made in all brain
regions, including the SMA [57]. Prior knowledge has a large
compensatory effect on the prediction of movement, demonstrating
the functional association between the two brain regions when prior
information was given. The IPL is associated with the induction of
the sense of agency. In the experience of the sense of agency, not only
perceptual but also cognitive stimulus elements are important, and
it has been suggested that its development influences motor control
[58]. Moreover, it has been shown that SMA neural activity increases,
in contrast to IPL activity, when prediction error is large, and a sense
of agency is less likely to develop [57]. Based on this information,
both brain regions are considered to act cooperatively, since prior
knowledge becomes a compensatory factor to counteract the decline
of sensory input function.

Several traditional interventions on fall prevention have focused
on a single factor, such as improvement of the motor function of
an individual [59]. Postulated a conceptual model of aging, control,
and motivation, and proposed a multifactorial intervention strategy
based on this model. In recent years, such approaches have been
incorporated into fall prevention interventions with considerably
positive effects [60]. Therefore, future fall prevention programs
will require a multifactorial approach that includes both physical
functions and fall-related self-efficacy. When an individual makes a
movement, it is necessary to select the sensory information associated
with the actions in an environment. For this, the credibility of
judgment is weighted according to the amount of information on the
event, and it is difficult for older individuals to connect a relatively
uncertain event to a more reliable one under an information overload.
Therefore, we believe that the consistency between actions and results
can be maintained by establishing predictive factors through prior
knowledge.

Limitations

Our study has several limitations. First, although we suggested
that fall-related self-efficacy may affect balancing ability, a causal
relationship could not be established due to the cross-sectional
design of this study [61]. Suggested that self-efficacy could be
the main factor affecting the behavior of an individual when the
individual has sufficient ability to act and use skills to achieve a
special goal. Therefore, the two may have a mutual relationship,
rather than a unidirectional relationship [62], and these may need to
be prospectively examined using tracking survey data derived from
this study. Second, in examining the neural basis of factors affecting
mental and physical functions, such as balance and self-efficacy, we
focused on the neural activity of SMA and IPL and compared them.
These regions are undoubtedly central to the generation of motor
image and sense of subjectivity, but it has also been shown that they

are based on the formation of networks with other regions of the
cerebrum and the cerebellum. In the future, it is necessary to analyze
the network in detail from both a spatial and a temporal perspective.
Third, since this study used balance and mental state of older
individuals as assessment data, individual and background factors
may have had a significant effect on the results. However, as this study
was not an inter-individual comparison experiment, our results may
not be affected by individual and background factors. Finally, due
to the limited sample size, our study results cannot be generalized.
It is therefore warranted to compare our results with those of other
studies that used a larger sample size.

Conclusion

This study showed a significant association between balancing
ability and fall-related self-efficacy. With prior knowledge of a
postural perturbations, both balancing ability and fall-related self-
efficacy showed a significant association with the neural activity of the
right IPL after a postural perturbation. In addition, the neural activity
of the SMA before a postural perturbation was significantly associated
with balancing ability and foot response. Furthermore, we found
that the brain region responsible for the predictive factor during a
postural perturbation may enhance functional connection with prior
knowledge. These results showed that prior knowledge may be a
factor that connects the activity of neurological functioning, which is
the basis of the predictive factor, and balancing ability. Therefore, to
prevent falls, older individuals should increase all parameters of the
predictive factor by understanding their environment and physical
condition in advance. Since older individuals vary widely in terms of
their individual and environmental factors, it is necessary to include
a broader range of older adults in future studies to generalize the
present study’s results.
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