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Introduction: Despite the growing concern regarding a potential increase in the
number of older adults with frailty owing to an aging global population, the
characteristics of bimanual coordination in such older adults remain unclear. This
study aimed to compare bimanual coordinated movements among community-
dwelling older adults with frailty, pre-frailty, and robust health and identify the
specific characteristics of these movements in older adults with frailty.

Methods: Participants were categorized into frail, pre-frail, and robust groups
based on Kihon Checklist scores. They performed bimanual coordination tasks
in-phase (tapping the thumb and index finger together as fast as possible) and
anti-phase (alternating the movement between the left and right fingers), and the
task parameters were compared among the groups.

Results: The total travel distance during the anti-phase task in the frail group was
significantly shorter than that in the robust group. However, all three groups
showed lower finger dexterity during the anti-phase task than in the in-phase task
and the left hand than in the right hand.

Conclusion: Older adults with frailty exhibit less movement during bimanual
coordination tasks than robust older adults, suggesting that such tasks may be
useful tools for assessing frailty.
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1 Introduction

The percentage of older adults in the population is increasing annually worldwide.
According to the World Health Organization, between 2020 and 2050, the population of
individuals aged ≥60 years is estimated to double to 2.1 billion, and the population of those
aged ≥80 years is projected to triple to 426 million (World Health Organization, 2022). The

OPEN ACCESS

EDITED BY

Emiliana Giacomello,
University of Trieste, Italy

REVIEWED BY

Yu Ding,
Beijing Language and Culture University, China
Claudia Rodríguez-Aranda,
UiT The Arctic University of Norway, Norway
Wakako Tsuchida,
National Institute of Advanced Industrial
Science and Technology, Japan

*CORRESPONDENCE

Hideki Nakano,
nakano-h@tachibana-u.ac.jp

RECEIVED 29 October 2024
ACCEPTED 06 February 2025
PUBLISHED 27 February 2025

CITATION

Fujikawa S, Murata S, Goda A, Sawai S,
Yamamoto R, Shizuka Y, Maru T, Nakagawa K
and Nakano H (2025) Comparison of
characteristics of bimanual coordinated
movements in older adults with frailty, pre-
frailty, and robust health.
Front. Aging 6:1519129.
doi: 10.3389/fragi.2025.1519129

COPYRIGHT

© 2025 Fujikawa, Murata, Goda, Sawai,
Yamamoto, Shizuka, Maru, Nakagawa and
Nakano. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Aging frontiersin.org01

TYPE Brief Research Report
PUBLISHED 27 February 2025
DOI 10.3389/fragi.2025.1519129

https://www.frontiersin.org/articles/10.3389/fragi.2025.1519129/full
https://www.frontiersin.org/articles/10.3389/fragi.2025.1519129/full
https://www.frontiersin.org/articles/10.3389/fragi.2025.1519129/full
https://www.frontiersin.org/articles/10.3389/fragi.2025.1519129/full
https://www.frontiersin.org/articles/10.3389/fragi.2025.1519129/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fragi.2025.1519129&domain=pdf&date_stamp=2025-02-27
mailto:nakano-h@tachibana-u.ac.jp
mailto:nakano-h@tachibana-u.ac.jp
https://doi.org/10.3389/fragi.2025.1519129
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/aging
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging
https://www.frontiersin.org/journals/aging#editorial-board
https://www.frontiersin.org/journals/aging#editorial-board
https://doi.org/10.3389/fragi.2025.1519129


rapid aging of the global population has driven interest in improving
the understanding of healthy aging and identifying assessment
methods for it (Beard et al., 2016; Behr et al., 2023). Healthy
aging is a complex multidimensional concept that encompasses
biological, functional, lifestyle, and psychosocial factors (Behr et al.,
2023). Additionally, achieving healthy aging requires early
interventions to prevent significant declines in physical and
cognitive functions (Silva et al., 2023). The number of older
adults with frailty is also expected to increase as the older adult
population grows. Frailty is defined as “a medical syndrome caused
by multiple factors and triggers, characterized by a decline in muscle
strength and endurance, a decrease in physiological function, and an
increased vulnerability to needing care or facing death” (Morley
et al., 2013). However, physical function in individuals with frailty
has been reported to improve with appropriate interventions (de
Labra et al., 2015). Furthermore, the prevention of frailty has been
identified as a key future project in public health (Liotta et al., 2018)
and holds significant social importance. Therefore, establishing a
method for assessing frailty is crucial for maintaining the health of
older adults.

In daily life, hands are the most frequently used body part (Lee
and Jung, 2015), and healthy older adults have been found to engage
in activities involving both hands more frequently than those
involving only one hand (Kilbreath and Heard, 2005). Upper limb
function in humans has been shown to change with age. Ingram et al.
compared upper limb muscle strength, positional and superficial
sensations, one-handed dexterity, bimanual coordination, muscle
power stability, and functional performance in healthy participants
aged 20–95 years (Ingram et al., 2019). Their results showed that the
participant’s performance on all the parameters decreased with age,
and the decline in bimanual coordination was particularly significant.
Additionally, studies have reported that bimanual movements exhibit
decreased accuracy, increased variability, and prolonged motor
execution times with age (Kang et al., 2022). These results indicate
that bimanual coordinated movements play an important role in the
daily lives of older adults and that the coordination underlying these
movements declines with age.

Although older adults with frailty have been reported to exhibit
lower dexterity in one-handed movements than healthy older adults
(Lammers et al., 2020; Schmidle et al., 2022), the characteristics of
bimanual coordinated movements in older adults with frailty have
not been clarified. Frailty in older adults has also been reported to
result in less independence in activities of daily living than healthy
older adults (Tornero-Quiñones et al., 2020), a higher risk of falling
(Anders et al., 2007), and sarcopenia (Cruz-Jentoft and Sayer, 2019).
In contrast, higher finger dexterity has been reported to be
associated with better predictive postural control ability in
stepping movements (Sun and Shea, 2016), and improved upper
limb function has been reported to enhance gait ability and overall
quality of life (Leblebici et al., 2024). Furthermore, sensory
stimulation from the fingertips resulting from light contact has
been shown to reduce ankle joint and body sway in the standing
posture of older adults (Barela et al., 2018), suggesting that upper
limb function, including finger function, can compensate for the
decline in gait ability and standing balance. These findings indicate
that bimanual coordination characteristics differ depending on the
degree of frailty. Elucidating these differences could lead to the
development of an assessment tool for the early detection of frailty.

Therefore, this study aimed to compare the bimanual coordinated
movements of community-dwelling older adults with frailty, pre-
frailty, and robust health and determine the characteristics of
bimanual coordinated movements in older adults with frailty. We
hypothesized that the degree of frailty affects bimanual
coordination, with bimanual coordination declining progressively
from robust older adults to pre-frail older adults and then to frail
older adults.

2 Methods

2.1 Participants

This cross-sectional study was conducted with 358 community-
dwelling older adults who participated in physical fitness assessment
sessions held in two cities in September 2023. The exclusion criteria
for participants were: (i) age < 65 years; (ii) Mini-Mental State
Examination (MMSE) scores < 24, based on previous studies
(Mitchell, 2009; Ideno et al., 2012; Lin et al., 2014; Jin et al.,
2019); (iii) presence of hand dexterity impairments due to
musculoskeletal or central nervous system diseases; (iv) left-
handedness; (v) inability to undergo measurements; and (vi) a
maximum distance amplitude ≥ 300 mm in the bimanual
coordination task (Enokizono et al., 2020). After applying these
exclusion criteria, the remaining 312 participants were included in
the analysis (Supplementary Figure S1).

2.2 Ethics declarations

This study was conducted in accordance with the principles of
the Declaration of Helsinki and was approved by the Research Ethics
Committee of Kyoto Tachibana University (Approval number
24–30). Informed consent was obtained from all the participants
in the study.

2.3 Measures

First, we assessed the frailty of the participants using the Kihon
Checklist (KCL). The KCL is a questionnaire developed in Japan to
identify older adults at high risk of needing care in the near future
(Arai and Satake, 2015; Satake et al., 2017). In recent years, the KCL
has been widely used as a tool for assessing frailty. It has shown high
sensitivity when validated against the Cardiovascular Health Study
criteria and is regarded as the gold standard for frailty assessment
(Satake et al., 2016). Accordingly, the KCL is recommended as a
validated tool in international clinical guidelines for frailty
assessment (Dent et al., 2017; Sentandreu-Mañó et al., 2021). The
KCL is a self-administered questionnaire with “yes/no” responses
that consists of 25 questions covering seven domains: activities of
daily living, physical function, nutritional status, oral function, social
withdrawal, cognitive function, and depressive mood. In the KCL,
higher scores indicate a greater risk of needing care in daily life. In
this study, participants with scores of 0–3, 4–7, and ≥8 were
categorized into robust, pre-frail, and frail groups, respectively
(Satake et al., 2016).
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Next, all participants performed a bimanual coordination task.
Participants sat on chairs with backrests and placed their forearms
on a platform. During each task, the forearms were positioned in
neutral rotation with the third, fourth, and fifth fingers slightly
flexed, and the participants underwent measurements with their
eyes closed (Supplementary Figure S2). The bimanual coordination
task consisted of two tasks: the in-phase task, in which tapping
movements of the thumb and index finger were performed
simultaneously as quickly as possible with both hands, and the
anti-phase task, in which tapping movements alternated between the
left and right hands (Supplementary Figure S3) (Sano et al., 2011;
Sugioka et al., 2020). The measurement process began with the in-
phase task. Participants performed a 15-s practice session before the
measurement, followed by a 15-s measurement for each task.
Adequate rest was provided between tasks to prevent participants
from becoming fatigued. All measurements were completed in
approximately 5 min. We instructed all participants to “perform
as fast as possible and maintain the same rhythm” during the
bimanual coordination tasks. During the practice session, we
confirmed that participants had no communication problems,
fully understood the task content, and were able to perform the
task accurately, as explained by the experimenter.

Finger movements during bimanual coordination tasks were
measured using a magnetic sensor finger-tapping device (UB-2,
Maxell Ltd. Tokyo, Japan) (Sugioka et al., 2020). This device
comprises a magnetic induction coil, a sensing coil, and a circuit
unit (Kandori et al., 2004). The sensors are attached to the
participant’s thumb and index finger using sensor attachment
bands, and voltage is induced between them based on
electromagnetic induction. Since the induced voltage has a
nonlinear relationship with the distance between the coils, the

distance between the fingertips where the sensors are attached
can be estimated from the voltage (Shima et al., 2008). Therefore,
the magnetic sensor finger-tapping device provides highly
reproducible and reliable measurements across periods, devices,
and examiners (Sano et al., 2011). During the bimanual
coordination task, the participants were instructed to open their
fingers to a width of 40 mm to minimize amplitude variations across
participants (Suzumura et al., 2021; Sugioka et al., 2022). The
parameters of the bimanual coordination task (distance, tap
interval, and phase difference) were obtained from the recorded
data (Table 1) (Sano et al., 2011). Four parameters of “Distance”
were used to evaluate the distance and movement amplitude of the
thumb and index finger during the task; four parameters of “Tap
interval” were used to evaluate the average speed of movement and
variability of tapping; and one parameter of “Phase difference” was
used to evaluate the timing discrepancy of tapping between
the hands.

2.4 Statistical analysis

Participants were categorized into frail, pre-frail, and robust
groups based on the KCL results. First, a chi-square test was
conducted to compare the male/female ratios among the groups.
Participants’ age, height, weight, and MMSE and KCL scores were
compared between the groups using one-way analysis of variance
(ANOVA). Next, three-way ANOVA with a mixed design was
conducted to compare the total travel distance, average of local
maximum distance, standard deviation (SD) of local maximum
distance, slope of the approximate line of local maximum points,
number of taps, average of tap intervals, frequency of taps, and SD of

TABLE 1 Characteristics of the bimanual coordinated task.

Parameter Description Assessment

Distance Total travel distance (mm) The sum of the distances moved by the thumb and index finger. The overall
amount of movement.

Higher values indicate higher finger
dexterity.

Ave of local max distance (mm) Average amplitude of the distance waveform. Values closer to 40mm indicate higher
finger dexterity.

SD of local max distance (mm) Variation in the amplitude of the distance waveform. Lower values indicate higher finger
dexterity.

Slope of approximate line of local
max points (mm/s)

The slope is a linear regression of the relationship between the maximum
point of each tap and time. As the tap amplitude decreases due to fatigue, the
slope increases in the negative direction. When there is no effect of fatigue, the
slope is 0.

Lower values indicate higher finger
dexterity.

Tap interval Number of taps (taps) Number of taps during the measurement time. Higher values indicate higher finger
dexterity.

Ave of tap intervals (s) Average in time difference between two consecutive taps. Lower values indicate higher finger
dexterity.

Frequency of taps (Hz) Inverse to the mean of the tap interval. Higher values indicate higher finger
dexterity.

SD of inter-tap interval (s) Variations in time difference between two consecutive taps. Lower values indicate higher finger
dexterity.

Phase
difference

SD of phase difference (degree) Assuming the interval between one tap is 360°, the time lag between the left
and right hands is expressed as an angle. This parameter is the variation of its
value.

Lower values indicate higher finger
dexterity.

Ave, average; Max, maximum; SD, standard deviation.
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inter-tap interval during the bimanual coordination task,
considering hand (left, right), task (in-phase task, anti-phase
task), and group (frail, pre-frail, robust) as factors. Additionally,
a two-way ANOVAwith amixed design was used to compare the SD
of the phase difference between left- and right-hand tapping,
considering task (in-phase task, anti-phase task) and group (frail,
pre-frail, robust) as factors. Bonferroni post hoc tests were performed
for parameters showing significant interactions or main effects in all
ANOVAs. Finally, Pearson correlation analysis was conducted to
examine the relationship between the bimanual coordination tasks
and the MMSE, assessing whether participants’ cognitive function
influenced bimanual coordination. Statistical analyses were
performed using SPSS version 29.0 (IBM, Armonk, NY,
United States), with the significance level set at 5%.

3 Results

3.1 Characteristics of the participants

Based on the KCL assessment of frailty, we categorized the
participants into three groups: frail (47 participants; 8 males,
39 females; aged 69–90 years), pre-frail (136 participants;
27 males, 109 females; aged 65–91 years), and robust
(129 participants; 33 males, 96 females; aged 65–93 years). The
results of the chi-square test showed no significant differences
among male/female ratios in each group (χ2 = 2.10, p = 0.37).
One-way ANOVA revealed no significant intergroup differences in
age, height, weight, or MMSE score (p > 0.05) but showed significant
differences in the KCL score (p < 0.05). Post-hoc tests showed that
the KCL scores in the pre-frail and frail groups were significantly
higher than that of the robust group, and the score in the frail group
was significantly higher than that in the pre-frail group (p <
0.05; Table 2).

3.2 Results of three-way ANOVA with hand,
task, and group as factors

The three-way ANOVA results showed no significant
interactions among the three factors (hand × task × group) for
the total travel distance, average of local maximum distance, SD of
local maximum distance, slope of the approximate line of local
maximum points, number of taps, average of tap intervals, frequency
of taps, and SD of the inter-tap interval (p > 0.05). Additionally, no
significant hand × group and task × group interactions were

observed. Conversely, the slope of the approximate line of local
maximum points and the SD of the inter-tap interval showed
significant hand × task interactions (p < 0.05). Post-hoc test
results indicated that in the in-phase task, the slope of the
approximate line of local maximum points was significantly
higher in the right hand than in the left hand (p < 0.05).
Additionally, the slope of the approximate line of the local
maximum points in the right hand was significantly higher in the
in-phase task than in the anti-phase task (p < 0.05). The SD of the
inter-tap interval was significantly higher in the left hand than in the
right hand in both the in-phase and anti-phase tasks (p < 0.05). In
addition, the SD of the inter-tap interval was significantly higher in
the anti-phase task than in the in-phase task for both the left and
right hands (p < 0.05).

The total travel distance showed a significant main effect of the
group factor (p < 0.05). Post-hoc test results indicated that the total
travel distance was significantly longer in the robust group
compared to the frail group (p < 0.05) (Supplementary Figure
S4). The total travel distance, average of the local maximum
distance, SD of the local maximum distance, slope of the
approximate line of local maximum points, number of taps,
average tap intervals, frequency of taps, and SD of the inter-tap
interval had significant main effects of the task factor (p < 0.05). The
post hoc test results showed that the total travel distance, number of
taps, and frequency of taps showed significant main effects of the
task factor (p < 0.05). The frequency of taps was significantly higher
in the in-phase task than in the anti-phase task (p < 0.05). The
average of the local maximum distance, SD of the local maximum
distance, and average tap intervals were significantly higher in the
anti-phase task than in the in-phase task (p < 0.05). The total travel
distance, SD of the local maximum distance, number of taps, average
tap intervals, frequency of taps, and SD of the inter-tap interval
showed significant main effects of the hand factor (p < 0.05).
According to the post hoc tests, the total travel distance, number
of taps, and frequency of taps were significantly higher for the right
hand than for the left hand (p < 0.05). In contrast, the SD of the local
maximum distance and average tap intervals were significantly
higher for the left hand than for the right hand (p < 0.05; Table 3).

3.3 Results of two-way ANOVAwith task and
group as factors

In the two-way ANOVA, the SD of the phase difference showed
no significant interaction between the task and group factors nor a
main effect of the group factor. However, a significant main effect of

TABLE 2 Characteristics of the participants.

Frail (n = 47) Pre-frail (n = 136) Robust (n = 129) F Post-hoc test

Age (years) 78.38 (5.73) 77.94 (6.25) 76.85 (6.04) 1.57

Height (cm) 152.09 (8.77) 152.92 (7.60) 154.07 (8.32) 1.26

Body weight (kg) 50.41 (8.27) 52.48 (9.87) 53.70 (9.46) 2.13

MMSE (score) 27.74 (1.99) 28.35 (1.76) 28.46 (1.85) 2.68

KCL (score) 9.47 (1.70) 5.10 (1.07) 1.91 (0.99) 772.14* Robust < Pre-frail < Frail

MMSE, mini-mental state examination; KCL, kihon checklist; *p < 0.05.
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TABLE 3 Results of three-way ANOVA with hand, task, and group as factors.

Task Hand Frail
(n = 47)

Pre-frail
(n = 136)

Robust
(n = 129)

IE IE IE IE ME ME ME Post-hoc test

Hand ×
group

Task ×
group

Hand ×
task

Hand ×
group ×
task

Hand Task Group

F F F F F F F Hand Task Group

Total traveling
distance (mm)

IP L 3,857.11 4,125.05 4,599.64 2.48 0.46 0.71 1.02 6.99* 105.45* 3.78* L < Rb AP < IPb Frail <
Robustb

(1,491.55) (1,550.39) (1,658.75)

R 4,145.72 4,339.03 4,565.60

(1,301.58) (1,506.82) (1,555.99)

AP L 3,342.03 3,475.23 3,820.00

(1,221.67) (1,099.30) (1,269.37)

R 3,478.85 3,637.13 3,842.62

(1,345.38) (1,218.38) (1,259.59)

Ave of local max
distance (mm)

IP L 44.59 48.02 48.49 1.24 1.20 0.52 0.55 0.61 296.09* 0.37 IP < APb

(14.92) (17.47) (16.69)

R 46.64 49.35 47.59

(10.78) (16.78) (15.84)

AP L 61.17 60.83 63.15

(18.47) (16.07) (17.13)

R 61.34 62.08 62.54

(16.40) (16.84) (16.27)

SD of local max
distance (mm)

IP L 6.07 6.83 6.72 0.23 0.84 0.39 1.49 33.41* 50.52* 2.14 R < Lb IP < APb

(1.71) (2.40) (2.22)

R 5.64 5.66 5.64

(1.62) (2.06) (2.09)

AP L 7.16 7.97 7.78

(3.48) (3.46) (2.96)

R 6.27 7.35 7.03

(3.11) (3.34) (2.80)

(Continued on following page)
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TABLE 3 (Continued) Results of three-way ANOVA with hand, task, and group as factors.

Task Hand Frail
(n = 47)

Pre-frail
(n = 136)

Robust
(n = 129)

IE IE IE IE ME ME ME Post-hoc test

Hand ×
group

Task ×
group

Hand ×
task

Hand ×
group ×
task

Hand Task Group

F F F F F F F Hand Task Group

Slope of approximate
line of local max
points (mm/s)

IP L −0.09 −0.08 −0.16 0.69 0.21 7.49* 0.78 3.25 4.33* 0.06 IP: L < Ra R:
AP < IPa

(0.48) (0.71) (0.68)

R 0.03 0.06 0.05

(0.61) (0.67) (0.58)

AP L −0.05 −0.18 −0.13

(0.77) (0.75) (0.81)

R −0.18 −0.11 −0.13

(0.55) (0.75) (0.72)

Number of taps IP L 43.32 43.79 46.94 0.53 0.46 0.32 0.13 20.05* 590.79* 2.74 L < Rb AP < IPb

(12.57) (14.58) (13.32)

R 43.72 44.77 47.81

(12.67) (15.54) (14.11)

AP L 26.64 27.69 29.60

(8.37) (7.77) (9.36)

R 27.13 28.40 30.13

(9.10) (8.15) (9.79)

Ave of intervals (s) IP L 0.37 0.39 0.35 0.12 1.88 0.52 0.05 4.52* 339.70* 1.50 R < Lb IP < APb

(0.12) (0.17) (0.13)

R 0.37 0.38 0.34

(0.12) (0.17) (0.13)

AP L 0.61 0.57 0.56

(0.24) (0.17) (0.23)

R 0.60 0.56 0.55

(0.21) (0.17) (0.24)
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TABLE 3 (Continued) Results of three-way ANOVA with hand, task, and group as factors.

Task Hand Frail
(n = 47)

Pre-frail
(n = 136)

Robust
(n = 129)

IE IE IE IE ME ME ME Post-hoc test

Hand ×
group

Task ×
group

Hand ×
task

Hand ×
group ×
task

Hand Task Group

F F F F F F F Hand Task Group

Frequency of
taps (Hz)

IP L 2.93 2.96 3.17 0.76 0.52 0.80 0.06 17.43* 583.26* 2.73 L < Rb AP < IPb

(0.84) (0.97) (0.89)

R 2.95 3.03 3.23

(0.84) (1.04) (0.95)

AP L 1.83 1.90 2.02

(0.56) (0.52) (0.62)

R 1.84 1.94 2.05

(0.61) (0.54) (0.66)

SD of inter-tapping
interval (s)

IP L 0.04 0.04 0.04 0.02 0.27 5.48* 0.53 36.49* 129.20* 0.03 IP: R < La

AP: R < La

L: IP <
APa R:
IP < APa(0.03) (0.03) (0.03)

R 0.03 0.04 0.04

(0.02) (0.02) (0.03)

AP L 0.09 0.09 0.10

(0.07) (0.07) (0.08)

R 0.08 0.07 0.08

(0.08) (0.05) (0.08)

Ave, average; Max, maximum; SD, standard deviation; IP, in-phase task; AP, anti-phase task; L, left; R, right, IE, interaction effect; ME, main effect; a, post hoc test of interaction effect; b, post hoc test of main effect; * p < 0.05.
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the task factor was observed (p < 0.05). The post hoc test results
showed that the SD of the phase difference was significantly higher
for the anti-phase task than for the in-phase task (p < 0.05; Table 4).

3.4 Results of correlation analysis between
the bimanual coordination task and
the MMSE

The results of the correlation analysis showed that the total
traveling distance, the slope of the approximate line of local
maximum points, number of taps, average tap intervals,
frequency of taps, and SD of inter-tapping intervals in the in-
phase and anti-phase tasks were significantly correlated with the
MMSE; however, the correlations were very weak (p < 0.05;
Supplementary Table S1).

4 Discussion

This study compared the characteristics of bimanual
coordinated movements in community-dwelling older adults
with frailty, pre-frailty, and robust health. The results showed
that the total distance of the bimanual coordinated
movements was shorter in the frail group than in the robust
group. Additionally, regardless of the degree of frailty, finger
dexterity during the bimanual coordination task was lower in the
anti-phase task than in the in-phase task and lower in the left
hand than in the right hand. These results suggest that older
adults with and without frailty exhibit similar levels of bimanual
coordination. However, the amount of movement in bimanual
coordination tasks was lower in older adults with frailty than in
robust older adults. Bimanual coordination tasks are simple,
non-invasive, and can be performed without placing an
excessive burden on older adults. These characteristics make
bimanual coordination tasks suitable as an assessment method
for older adults living in the community or those with limited
mobility, enabling evaluations to be conducted at home or in
caregiving settings. Based on these points, assessing the total
traveling distance during bimanual coordination tasks holds
potential as a screening method to identify frail older adults.

4.1 Relationship between bimanual
coordination and frailty

In this study, older adults were categorized into pre-frail, frail,
and robust groups and asked to perform a bimanual coordination
task consisting of in-phase and anti-phase tasks. The results showed
that the total travel distance was shorter in the frail group than in the
robust group. The total travel distance is influenced by the velocity
and number of movement taps (Tomita et al., 2020), which
represent the amount of finger movement. In a study evaluating
the relationship between frailty and finger movement control while
performing unilateral movements using the dominant hand, agility,
smoothness of movement, and strength were reported to be lower in
older adults with frailty than in healthy older adults (Schmidle et al.,
2022). Frailty is characterized by a decline in muscle strength and
endurance, and reducedmuscle strength results in slower movement
speeds (Morley et al., 2013; Alcazar et al., 2019). Therefore, it is likely
that the frail group performed bimanual coordination tasks more
slowly than the robust group. Consequently, the total traveling
distance in the frail group may have been shorter than that of
the robust group in this study. Although the difference in the
amount of movement between the frail and robust groups could
also be attributed to reduced endurance in the frail group (Morley
et al., 2013; Angulo et al., 2020), the slope of the approximate line of
the local maximum points, which reflects the effect of fatigue based
on the relationship between the maximum distance between two
fingers per tap and time, showed no significant difference between
the frail and robust groups in this study. Therefore, the reduced
movement in the bimanual coordination task was likely owing to
decreased muscle strength and slower movement speed rather than a
decline in endurance.

4.2 Comparison of in-phase and anti-
phase tasks

Our findings also showed that the total travel distance, number
of taps, and frequency of taps were higher in the in-phase task than
in the anti-phase task. The average of the local maximum distance,
SD of the local maximum distance, average tap intervals, and SD of
the phase difference were higher in the anti-phase task than in the

TABLE 4 Results of two-way ANOVA with task and group as factors.

Task Frail
(n = 47)

Pre-frail
(n = 136)

Robust
(n = 129)

IE ME ME Post-hoc test

Task ×
group

Task Group

F F F Task Group

SD of phase difference
(degree)

IP 26.46 27.99 29.68 0.12 36.99* 0.41 IP < APb

(18.70) (17.26) (25.57)

AP 37.87 37.59 38.93

(24.32) (21.15) (18.86)

SD, standard deviation; IP, in-phase task; AP, anti-phase task; L, left; R, right; IE, interaction effect; ME, main effect; b, post hoc test of main effect; * p < 0.05.
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in-phase task. The slope of the approximate line of the local
maximum points is suspected to be influenced by fatigue because
the distance between the two fingers becomes narrower over time if
the slope has a negative value. In the present study, the slope of the
approximate line of the local maximum points was negative for the
anti-phase task and positive for the in-phase task for the right hand.
Therefore, the anti-phase task may have been affected by fatigue.
Additionally, the SD of the inter-tap interval showed that the
rhythm of movement was more variable in the anti-phase task.
The number of taps, average tap interval, and frequency of taps
indicated that the anti-phase task involved fewer taps, a lower
frequency, and longer periods than the in-phase task. The total
travel distance and the average and SD of the local maximum
distance revealed that the amount of movement was smaller in
the anti-phase task than in the in-phase task and that the distance
between two fingers per tap and its variation were larger in the anti-
phase task than in the in-phase task. The SD of the phase difference
showed that the anti-phase task hadmore timing deviations than the
in-phase task for both tasks. Therefore, in this study, the
performance of the anti-phase task was lower than that of the in-
phase task for all parameters of finger dexterity. The anti-phase task
requires specific muscle activity with continuous timing to maintain
alternating bimanual movements, and this timing is asymmetric
between the left and right hands (Tian et al., 2020). Additionally,
maintaining attention is necessary to preserve the phase relationship
between hands. For anti-phase tasks and cognitive function,
research involving community-dwelling older adults with
declining cognitive function has shown a correlation between
tapping velocity in the anti-phase task and a decline in working
memory and attention (Suzumura et al., 2021). Therefore, the anti-
phase task, which requires independent alternating movements of
both hands, is suggested to be more challenging than the in-phase
task or unilateral motor tasks and is prone to differences in finger
function (Sugioka et al., 2022). Therefore, similar to robust older
adults, older adults with frailty in this study may have experienced
higher difficulty in the anti-phase task than in the in-phase task and
showed characteristics of reduced finger dexterity for
each parameter.

4.3 Comparison of left and right hand in
bimanual coordinated movement

Since the participants performed the same finger-tapping task
with their left and right hands, we expected no significant
differences between the parameters for each hand. However,
the total travel distance was significantly longer with the right
hand than with the left. Additionally, the SD of the local
maximum distance was lower for the right hand than for the
left hand. The right hand showed a higher number and frequency
of taps as well as longer intervals than the left hand. Furthermore,
the SD of the inter-tap interval was smaller for the right hand
than for the left hand. If the thumb is repeatedly moved in a
specific direction, the trained movement increases cortical
excitability (Classen et al., 1998). Therefore, repetitive
movements induce plastic reorganization in the primary
motor cortex, and this phenomenon is called use-dependent
plasticity (Mawase et al., 2017; Raffin and Siebner, 2019). This

use-dependent plasticity has been found to inhibit motor errors
and reduce motor planning time, even in complex daily activities
(Spampinato and Celnik, 2021). The dominant hand is used more
frequently than the non-dominant hand in daily life, and older
adults are trained to use the dominant hand in their daily
activities (Suzumura et al., 2016). These findings suggest that
the primary motor cortex innervating the dominant hand enables
spatially and temporally efficient movements through use-
dependent plasticity (Shin et al., 2009). In the present study,
the right hand may have had higher finger dexterity than the left
hand for all parameters, regardless of other factors. Therefore,
older adults with frailty, such as robust older adults, have higher
finger dexterity during bimanual coordination tasks with their
right hand than with their left hand.

4.4 Limitations

This study had a few limitations. First, the KCL consists of seven
domains: activities of daily living, motor function, nutritional status,
oral function, social withdrawal, cognitive function, and depressive
mood. It provides a simple and multidimensional approach to
evaluating frailty. However, this study did not clarify how
bimanual coordination is related to the physical, social, and
psychological aspects of frailty. This point requires further
investigation. Second, in this study, the cutoff value for the
MMSE was set at less than 24 points, which means the study
may have also included older adults with mild cognitive
impairment. In the future, it will be necessary to clarify the
characteristics of bilateral coordination in older adults with mild
cognitive impairment or cognitive frailty, which is a combination of
mild cognitive impairment and physical frailty. Third, this study did
not examine in detail whether the participants were able to perform
the bimanual coordination task accurately. In the future, it will be
necessary to examine the accuracy of the bimanual coordination
task, including reliability and reproducibility. Fourth, this study
investigated the characteristics of bimanual coordination only at the
behavioral level and did not examine the neural mechanisms
underlying bimanual coordination. Previous studies comparing
unilateral movements across a wide range of ages, from children
to healthy older adults, have demonstrated that immature or
degenerated motor systems may maintain or improve
performance by bilaterally mobilizing brain regions, as opposed
to normal motor systems (Addamo et al., 2013; Fujiyama et al.,
2016). Moreover, structural changes in the corpus callosum have
been observed in older adults with frailty (Sugioka et al., 2022),
suggesting that a decline in bimanual coordination may be
attributed to alterations in interhemispheric interaction. Future
studies should investigate interhemispheric interactions and
functional and structural changes in the corpus callosum among
frail older adults using transcranial magnetic stimulation or
functional magnetic resonance imaging. Fifth, while the magnetic
sensor-based finger-tapping device used in this study enables precise
measurements, it is costly and may be difficult to implement in
certain settings. This limitation, particularly in resource-constrained
environments, may hinder the wider application of this method. It is
important to explore and develop alternative, more cost-effective
methods capable of measuring similar parameters to address this

Frontiers in Aging frontiersin.org09

Fujikawa et al. 10.3389/fragi.2025.1519129

https://www.frontiersin.org/journals/aging
https://www.frontiersin.org
https://doi.org/10.3389/fragi.2025.1519129


limitation. Such efforts could enhance the practicality and
accessibility of frailty assessments across diverse environments.

5 Conclusion

This study characterized bimanual coordinated movements in
older adults with frailty, pre-frailty, and robust health. Based on the
bimanual coordination task, the total traveling distance was shorter
in the frail group than in the robust group. Regardless of the severity
of frailty, participants showed lower bimanual coordination in the
anti-phase task than in the in-phase task, and finger dexterity during
the bimanual coordination tasks was lower in the left hand than in
the right hand. Therefore, while older adults with frailty exhibit
bimanual coordination similar to that of robust older adults, the
amount of movement in the bimanual coordination task by those
with frailty is lower than that of robust older adults. The results of
this study suggest that bimanual coordination tasks may be
applicable as an assessment tool for frailty.
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