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Improvements in lower-limb muscle
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foot care in frail elderly adults: a
randomized controlled trial from Japan
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Abstract

Background: Abnormalities in the feet and toenails are common among the elderly and may increase the risk of
falls. This study aimed to investigate the changes in toe-gap force, knee-gap force, foot pressure distribution, the
ability to perform activities of daily living, subjects’ feelings and behaviors, and physical function resulting from daily
lifestyle modification and foot care.

Methods: The study participants included 74 elderly adults (mean age 80.3 ± 7.5 years) with foot problems who
had been divided into three groups based on Japan’s nursing care insurance system levels: certified ineligible for
support, eligible for support, or eligible for long-term care. Additionally, a control group of 106 elderly adults in
good health was recruited. The differences between the intervention and control groups was examined using the
Student’s t-test, and differences between the three intervention subgroups and the control group were examined
using one-way analysis of variance.

Results: After intervention, abnormalities in the participants’ feet and toenails improved. Significant increases in
lower-limb muscle strength were observed, and foot pressure distribution had improved. The foot-care intervention
significantly improved lower-limb muscle strength and decreased the risk of falling, even in elderly adults whose
physical function had deteriorated.

Conclusion: In frail elderly adults, care of the feet and toenails can improve lower-limb muscle strength and foot
pressure distribution. In addition, the individuals’ social participation increased, and their behavior improved.

Trial registration: University hospital Medical Information Network- Clinical Trials (UMIN-CTR) with the number:
UMIN000034742. Registration date: 11/01/2018.

Keywords: Frail elderly adult, Foot care, Foot pressure distribution, Lower limbs, Muscle strength

Background
Studies have suggested that foot disorders currently
affect between 71 and 87% of older patients and frequent
require medical and foot care [1–4]. The incidence of
foot problems is increasing as a consequence of increas-
ing life expectancy. Abnormalities in elderly feet and
toenails, including toenail thickening, wounds, and

curvature (i.e., pincer toenails), can diminish lower-limb
muscle strength and balance, increasing the risk of falls
[5, 6]. These issues have a negative influence on func-
tional capacity and quality of life [7–9]. Diseases and dis-
orders of the foot and its related anatomical structures
in older patients cause pain and limit the individuals’
function, which can affect their quality of life, dignity,
and ability to remain independent [10]. Risk factors for
falls include age, sex, and medication. In terms of phys-
ical aspects, the risk factors include lower-limb muscle
strength, walking ability, and balance [11, 12]. In
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addition, fractures sustained in falls have been identified
as a key factor in reduction in the ability to perform ac-
tivities of daily living (ADL) and increase in medical ex-
penses in elderly adults. As falls cause 90% of the
fractures sustained by elderly adults, the prevention of
falls is of the utmost importance.
Reducing the risk of falling via the administration of

foot and toenail care is critical to the improvement and
maintenance of physical function and ADL in elderly
adults. Most previous studies have focused on providing
foot care education to diabetic patients; however, few
studies have examined the effects on the risk of falling in
the frail elderly population that receives foot care [13,
14]. Although studies on the changes in physical func-
tion due to foot care have been carried out, none have
examined its influence on the patients’ behavior and
attitude.
In this study we provided foot care to elderly adults

who have problems with their feet and toenails for the
purpose of in order to help reduce the risk of falls. We
conducted a questionnaire survey to examine changes in
fall-related physical function, lower-limb muscle
strength, foot pressure distribution, the ability to per-
form ADL, patients’ feelings and behaviors, and physical
function resulting from the treatment. We hypothesized
that foot care would reduce the risk of falling in elderly
patients with foot conditions that affected balance, in-
crease activity, and improve behaviors.

Methods
Subjects
This study was randomized parallel-group trial. In this
study, elderly adults were defined as those older than 65
years. All participants in the intervention group were re-
cruited from a senior center. They were able to stand
upright and walk unaided. Those who could not stand
upright and walk unaided, had severe dementia, could
not have their physical function measured, or did not
have their physicians’ permission were excluded. The
intervention group included 74 elderly adults with foot
problems who had been certified ineligible for support,
eligible for support, or eligible for long-term care via the
nursing care insurance system in Japan. To allow for
comparisons, a control group of 106 healthy elderly
adults was also recruited from a pool of 1093 partici-
pants in a city health project. Control subjects were se-
lected via propensity matching using the following
factors: age and sex for certified ineligible for support.
The intervention and control groups’ mean ages were

83.0 ± 7.5 (range, 66–98) years and 77.3 ± 5.7 (range, 65–
88) years, respectively, and a significant age difference
was found between the two groups (p < 0.01). The inter-
vention group included three subgroups containing 32,
13, and 29 subjects who were certified ineligible for

support (mean age, 78.8 ± 7.2; range, 66–96 years), eli-
gible for support (mean age, 86.8 ± 3.2; range, 80–92
years), and eligible for long-term care (mean age, 85.8 ±
6.7; range, 73–98 years), respectively. Age did not differ
significantly between the control group and the sub-
group certified ineligible for care; however, the mean
ages of the control group and the subgroups certified eli-
gible for support and long-term care differed signifi-
cantly (p < 0.01).
Classification into “eligible for support” and “eligible

for long-term care” is performed for all elderly individ-
uals who participate in the nursing care insurance sys-
tem in Japan. Although individuals who are eligible for
support may not require nursing care, they experience
inconvenience in everyday life, and preventive support is
required for long-term care in the future. There are lar-
ger two stages. Individuals who are eligible for long-term
care require nursing care immediately; this category has
five stages. In both categories, the higher the number,
the more severe the condition. In this study, individuals
who were certified ineligible for support were at a high
risk of falling into the eligible for support or eligible for
long-term care categories.
The number of the subjects who had been certified as

eligible for support or long-term care was as follows:
those who needed support: n = 10; those who needed
support: n = 3; those who needed long-term care: n = 7;
those who needed long-term care: n = 14; those who
needed long-term care: n = 4; those who needed
long-term care: n = 4.
Based on the physicians’ diagnosis, the number of sub-

jects with dementia or suspected of having dementia
that were ineligible for support was 4, those that were
eligible for support were 2, and those that were eligible
for long-term care were 19.
All subjects provided their oral and written informed

consent before they participated in the study. Consent
was obtained from family members/parents of patients
suspected of having dementia. All subjects had permis-
sion to participate in study by their primary physician.
The study was conducted in accordance with the Declar-
ation of Helsinki, and the protocol was approved by the
Ethical Review Board of Tokyo Healthcare University
(KYO-25-2) on April 23, 2013.

Measurement of lower-limb muscle strength
The participants’ physical function was measured at the
senior center. Lower-limb muscle strength was assessed
by measuring toe-gap (Fig. 1a) and knee-gap force (Fig.
1b) [15–18]. The device used to determine toe-gap force
(Checker-Kun, Nisshin-Sangyo Inc., Tokyo, Japan) meas-
ure the clamping force between the hallux and the digi-
tus secundus pedis and muscle strength under the knee
including the anterior tibialis muscle [15]. The device

Yamashita et al. BMC Geriatrics           (2019) 19:83 Page 2 of 9



used to determine knee-gap force (Hunbariryoku-Check-
er-Kun, Nisshin-Sangyo Inc.) measured the hip joint ad-
ductor muscle [16]. The results obtained via these
devices, which showed a high correlation between the
numerical values observed, and the subjects’ ability to
walk 10m were used to estimate the risk of falling in a
static state [15].
Previous studies have reported that elderly people with

a high risk of falling showed a toe-gap force of 2.4 kgf or
lower and knee-gap force of 10 kgf or lower, at the
threshold of the fall risk screening index [16, 17]. There-
fore, we focused on the risk of falling in terms of
lower-limb muscle strength.

Measurement of foot pressure distribution.
The load on the sole of the foot is closely related to bal-
ance, which is related to risk of falling. Therefore, the
loads on the soles of the feet were measured using the
twin99 (Midi Captures, Balma, France) with subjects in
a static standing position, as shown in Fig. 2. Subjects
were instructed to maintain a natural standing posture
and the measurement process lasted 10 s. After measur-
ing the load on the sole of the foot, and based on the
distribution of weight across the entire sole, we were
able to estimate the status of the musculoskeletal system,
including the shapes of the toes, heel, and foot arches.
Elderly adults often raise their toes while standing still

[19]; therefore, the surface of the supporting base is de-
creased, which reduces their balancing ability. The toes
are the main determinants of postural stability and con-
trol. In addition, a study research reported that calluses
form on areas of the sole on which strong pressure is;
therefore, a high proportion of elderly adults who had
experienced falls had developed calluses [20].
Based on the above-mentioned information, we evalu-

ated the following factors in five areas of the foot to de-
termine the subjects’ foot types: (1) toe-ground contact,
(2) load on the forefoot, (3) load on the middle portion
of the foot, (4) external load, and (5) the shape of the
arches of the foot. Specifically, the effect of raised toes
on balancing ability was evaluated based on the loads on

the forefoot and middle portion of the foot and external
load, and the muscle function and skeletal collapse on
the sole of the foot according under high load was esti-
mated. In other words, the status of the inner longitu-
dinal arch was estimated based on the load on the
forefoot and the middle portion of the foot, the status of
the outer longitudinal arch was estimated based on ex-
ternal load, and the flexibility of the muscles of the lon-
gitudinal arch of the inner foot was estimated based on
the shape of the inner longitudinal arch.
Foot problems assessed via the five items described

above were categorized into one of three levels ranging
from 0 to 2 (i.e., level 0, severe; level 1, mild; level 2, nor-
mal). The total scores obtained for the left and right feet
were regarded as indicative of the loads on the soles.
Higher total scores indicated better distribution of loads
and a score of 20 for both feet was considered perfect.
Improvement in foot shape was defined as an increased
of more than three points over baseline after receiving
foot care. Subjects in both groups whose total scores in-
creased or decreased by two points considered to have
maintained their foot shapes. Those with a decrease of

Fig. 1 Measurement of lower-limb muscle strength. a Toe-gap force measurement device. b Knee-gap force measurement device

Fig. 2 Measurement of foot pressure distribution
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more than two points were considered to have experi-
enced deterioration of their foot shapes.

Questionnaires
The questionnaires were administered before and after
the foot care intervention to assess the subjects’ basic
characteristics and backgrounds. The baseline question-
naire included items pertaining to the presence or ab-
sence of underlying diseases, the status of the feet and
toenails, and previous falls; the post-intervention ques-
tionnaire examined the changes in the feet and toenails
resulting from foot care.
The questionnaires also measured changes in subjects’

everyday lives, including the frequency with which they
went out and interacted with friends, their feelings and
behaviors, and the frequency with which they communi-
cated with others. In addition, the questionnaires mea-
sured changes in subjects’ facial expressions, how they
felt about the amount and nature of the help they re-
ceived, and their activity levels.
Some of the subjects had been diagnosed with demen-

tia and required assistance from others. Therefore, staff
members at residential facilities and subjects’ family
members completed a questionnaire regarding changes
in subjects’ activity levels and the extent of the foot-care
assistance they required following the intervention.

Foot care intervention
Foot care technicians at the Medical Foot-Care JF Asso-
ciation provided foot and toenail care. The technicians
were nurses with expertise and skill in foot and toenail
care, including the provision of care for elderly adults
and people with toe problems.
The frequency and duration of the intervention (once

per month for 5 months) were determined based on the
toenail growth rate and environmental changes affecting
the foot. The intervention consisted of guidance on rou-
tine foot and toenail care and treatment for damaged
toenails, thickening toenails, and calluses. In this study,
the measurement results were given to the patients im-
mediately. The feedback paper listed the method of care
for each result, and guidance was given. Measurement of
lower-limb muscle strength and plantar pressure distri-
bution of the intervention and control groups was per-
formed before the first foot-care treatment and 5
months later. We confirmed improvements in the ap-
pearance of the subjects’ toenails through visual
inspection.

Statistical analysis
Data analysis was performed using the Statistical Pack-
age for the Social Sciences (version 24; IBM Corp.,
Armonk, NY) statistical analysis software. The differ-
ences in age between the intervention group and the

control group were examined using Student’s t test. In
addition, the differences in age between the three inter-
vention subgroups and the control group were examined
using one-way analysis of variance. A t-test was used to
examine the differences in toe-gap force, knee-gap force,
and the distribution of the foot pressure between the
intervention and control groups.

Results
The control group in this study was propensity
score-matched with the ineligible for support subgroup
of the intervention group. Therefore, there were no age
differences between. The mean ages of the control group
and the certified eligible for support and long-term care
subgroups differed significantly.

Lower-limb muscle strength
Figure 3 shows the changes in lower-limb muscle
strength following 5 months of foot care. Toe-gap force
in both feet improved significantly in the intervention
groups (right: p = 0.008, d = 0.22; left: p = 0.003, d =
0.27). Furthermore, both the right and left feet improved
by 1.0 time in the control group (right: p = 0.25, d =
0.09; left: p = 0.32, d = 0.07).
In the intervention group’s certified eligible for

long-term care subgroup, 12 subjects were unable to
move their toes before the intervention, as their toe-gap
force was 1 kgf or lower. Of these, 9 (75%) showed im-
provement, and 1 was reclassified from the falling risk
group to the non-falling risk group after the
intervention.
With respect to the risk of falling in terms of

lower-limb muscle strength, 19 subjects (59%) who were
at risk of falling before the intervention, 9 (69%) who
were eligible for support, and 23 (79%) who were eligible
for long-term care showed improvement after the inter-
vention. In addition, 3 (16%) subjects who were ineli-
gible for support, 5 (56%) who were eligible for support,
and 3 (13%) who were eligible for long-term care were
reclassified from the falling risk group to the non-falling
risk group after the intervention.
The knee-gap force improved significantly by 1.1 times

in the subjects who were ineligible for support (p = 0.01,
d = 0.31), by 1.2 times in those who were eligible for sup-
port (p = 0.03, d = 0.58), and by 2.6 times in those who
were eligible for long-term care (p = 0.000, d = 1.60). In
addition, knee-gap force decreased by 1.0 times in the
subjects in the control group (p = 0.11, d = 0.12).
In the intervention group’s certified eligible for

long-term care subgroup, 7 subjects whose standing pos-
ture was classified as unstable and risk of falling was
considered high before the intervention due to a knee
gap force ≤5 kgf, showed improvement in their force
measurements after the intervention. In addition, 15

Yamashita et al. BMC Geriatrics           (2019) 19:83 Page 4 of 9



(47%), 7 (54%), and 27 (93%) subjects in the certified in-
eligible for support, eligible for support, and eligible for
long-term care subgroups, respectively, were considered
at high risk of falling before the intervention and showed
improvement post-intervention.

Foot pressure distribution
The total scores for the left and right feet improved sig-
nificantly in 1.1 times, 1.1 times, and 1.1 times of the
subjects in the certified ineligible for support (p = 0.000,
d = 0.85), eligible for support (p = 0.004, d = 0.90), and
eligible for long-term care (p = 0.01, d = 0.62) subgroups,
respectively. In addition, the subjects in the control
group showed an improvement of 1.0 times (p = 0.56, d
= 0.07). In particular, the scores of the contact between
the toes and the ground improved significantly in the
intervention subgroups. The number of the subjects
whose toes did not come into contact with the ground
at all and whose foot problems were classified as severe
(level 0) before the intervention were 16 (50%), 5 (38%),
and 10 (34%) in the certified ineligible for support, eli-
gible for support, and eligible for long-term care sub-
groups, respectively. Of these, 5 (31%), 4 (80%), and 5
(50%) in the certified ineligible for support, eligible for
support, and eligible for long-term care subgroups, re-
spectively, were considered to have normal toe contact
with the ground after the intervention.
Figure 4 shows the differences in total foot pressure

evaluation scores for the left and right feet between the
three intervention subgroups and the control group. In
the intervention group, 38, 57, and 5% of the subjects
showed improvement, the potential for maintenance,
and deterioration of their foot shapes, respectively. In
the control group, 33, 48, and 19% showed these re-
spective changes.
In the certified ineligible for support subgroup, 38, 59,

and 3% of the subjects showed improvement, the poten-
tial for maintenance, and deterioration of their foot
shapes, respectively. In the certified eligible for support

subgroup, 31, 69, and 0% of the subjects showed these
respective changes. In the certified eligible for long-term
care subgroup, 41, 55, and 5% of the subjects showed
these respective changes.
Figure 5 shows the changes in the toenails of one of

the subjects in the intervention group. The toenails had
thickened considerably, but 5 months after the interven-
tion, the thickening had been reduced to the extent that
the nail appeared normal.

Questionnaire results
With respect to falls before the intervention, 30% of the
subjects in the intervention group had experienced a fall
during the preceding year. In addition, 85% of the sub-
jects in the intervention group reported abnormalities,
such as hallux valgus, curved toenails, and pain caused
by calluses, in their feet and toenails. Furthermore 89,
92, and 79% of the subjects in the certified ineligible for
support, eligible for support, and eligible for long-term
care subgroups, respectively, reported abnormalities in
their feet. The results showed that 88, 91, and 50% of
the subjects in the certified ineligible for support, eligible
for support, and eligible for long-term care subgroups,

Fig. 3 Lower-limb muscle strength findings. a Change in toe-gap force. b Change in knee-gap force

Fig. 4 Change in foot pressure distribution scores. The scores
recorded before the intervention are plotted on the horizontal axis,
and those recorded after the intervention are plotted on the vertical
axis. The diagonal line represents subjects who showed improvements
in their foot pressure following the receipt of foot care
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respectively, reported improvements in their feet and
toenails following the receipt of foot care.
The subjects reported that, since receiving foot care,

their ability to put their socks or stockings on without
assistance had returned, because their toenails no longer
became caught. They were able to walk without experi-
encing anxiety because of a reduction in the pain caused
by their curved toenails.
The assessment of changes in the daily lives of the

subjects in the intervention groups, via the questionnaire
items pertaining to how they felt each day, showed that
64, 58, and 57% of the subjects in the certified ineligible
for support, eligible for support, and eligible for
long-term care subgroups, respectively, reported that
they had become happier and more cheerful and had a
more positive outlook on life since receiving foot care.
In addition, 40, 25, and 26% of the subjects in the certi-
fied ineligible for support, eligible for support, and eli-
gible for long-term care subgroups, respectively,
reported that they had begun to go out more frequently
since receiving foot care. Moreover, 47, 50, and 61% of
the subjects in the certified ineligible for support, eligible
for support, and eligible for long-term care subgroups,
respectively, reported that the range of their activities
had expanded. Specifically, the subjects’ questionnaire
responses indicated that they had changed their habits
in their daily lives since receiving foot care; for example,
they had begun to take trips, walk their dogs, and go
shopping. Furthermore, 38, 27, and 45% of the subjects
in the certified ineligible for support, eligible for support,
and eligible for long-term care subgroups, respectively,
reported that they had begun to engage in social ex-
changes with friends more frequently since receiving
foot care.
The results of the questionnaire completed by staff

members at residential facilities and family members
showed that 62, 75, and 41% of the subjects in the certi-
fied ineligible for support, eligible for support, and eli-
gible for long-term care subgroups, respectively, had
increased their activity levels since receiving foot care.
Furthermore, 67, 25, and 50% of the subjects in the cer-
tified ineligible for support, eligible for support, and eli-
gible for long-term care subgroups, respectively, had
begun to display cheerful facial expressions and smile
more often because of their increased activity levels.

Moreover, they had begun to show appreciation for the
assistance provided by staff members at residential facil-
ities and their family members. In addition, 10, 25, and
31% of the subjects in the certified ineligible for support,
eligible for support, and eligible for long-term care sub-
groups required less assistance since receiving foot care.
In addition, some of the subjects reported looking for-

ward to the pleasure of receiving foot care each month
during the 5 months of the intervention and engaged in
voluntary work that involved informing their friends
about the importance of foot and toenail care.

Discussion
In our study, 85% of participants reported abnormalities,
such as hallux valgus, curved toe nails, and pain caused
by calluses, in their feet and toenails before receiving
foot care, which was similar to reported rates in previous
studies [4, 5]. In addition, their risk of falling was con-
sidered high, as many of the subjects had experienced
falls in the past and showed toe- and knee-gap forces
below the fall risk threshold.
As shown in Fig. 3, toe-gap force in both feet im-

proved in all three intervention subgroups; however,
only maintenance, rather than improvement, of the
toe-gap force was observed in the control group. The
rate of improvement in the intervention group was con-
siderable, particularly in subjects whose physical func-
tion levels were so low that they had been certified
eligible for long-term care and those whose toe gap force
was 1 kgf or lower before the intervention. During the
measurement of toe-gap force, subjects who experienced
forefoot pain exhibited a lack of strength in their feet.
Therefore, the pain relief resulting from foot care is
likely to have restored the functionality of their toes, in-
creasing movement and toe-gap force.
The results demonstrated that regular foot and toenail

care improved toe strength, even in frail elderly adults.
The toes contribute to posture control and the ability to
walk; therefore, improvements in toe strength and move-
ment, and subsequent reduction in the risk of falling,
likely lead to the improvement and maintenance of the
ability to perform ADL effectively.
The knee-gap force assessments (Fig. 3) showed sig-

nificant improvements in all three intervention sub-
groups. Seven subjects in the certified eligible for

Fig. 5 Change in the toenails of a subject in the intervention group. a Before the intervention. b After the intervention
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long-term care subgroup that had a force of 5 kgf or
lower and were at high risk of falling before the inter-
vention showed considerable improvement; in addition,
some subjects improved to the extent that they were re-
classified from the falling risk group to the non-falling
risk group. The questionnaires completed by the sub-
jects, their family members, and staff members at resi-
dential facilities indicated that the reasons for these
improvements included the benefits of foot care and in-
creased function in their feet and toenails, which moti-
vated them to become interested in caring for their feet.
Considering that the subjects had made an effort to
stand and to walk, walking is likely to have strengthened
the inner hip joint muscles and led to improvement in
movement.
As shown in Fig. 4, we performed a quantitative evalu-

ation of the status of the loads on the soles of the feet,
which is associated with balance. Total scores increased
significantly in all three intervention subgroups but de-
creased in the control group. In the intervention sub-
groups, some subjects’ toes had improved to the extent
that they were able to make full contact with the ground,
which secured the surface of the supporting base and in-
creased the likelihood of assuming a stable standing pos-
ition. This was attributed to increased strength in the
toes, as the subjects had experienced difficulty putting
weight on their toes because of forefoot pain. Relief of
that pain via foot care allowed them to put weight on
their toes.
With respect to the factors related to increased scores

for contact between the toes and the ground, which
reflected foot pressure, the toenails support toe strength,
allowing the toes to touch the ground. When the toe-
nails are thickened, as shown in Fig. 5, it is difficult for
the toes to make full contact with the ground. Observa-
tion of the movement of the toes suggested that restor-
ing the toenails to their normal state via foot care
resulted in increased toe strength, which allowed the
subjects to exert pressure on the soles of their feet.
Furthermore, foot care led to positive changes in the

subjects’ behaviors and feelings. This was attributed to
improvements in physical function, which allowed sub-
jects to stand firmly on the ground and walk steadily. As
they were able to walk without experiencing anxiety re-
garding falling, they regained their motivation for walk-
ing, which extended the range of their activities to
include pursuits such as shopping and travelling. Over-
all, the ability to walk increased the subjects’ levels of
motivation and led to changes in their daily lives. More-
over, we observed changes in the subjects’ attitudes, in-
cluding their desire to actively engage in social activities
such as voluntary work.
The above-mentioned results indicated that foot care

improved physical function and reduced the risk of

falling because it improved lower-limb muscle strength
and foot pressure, even in frail elderly adults. Moreover,
the results demonstrated improvements in the subjects’
psychological health and ability to perform ADL; there-
fore, foot care is important in the prevention of frailty
and long-term supportive care.
As the subjects in the control group were younger

relative to those in the intervention group, the propor-
tion of those at risk of falling was lower. Therefore, we
expected their toe- and knee-gap forces to be main-
tained; however, the assessment indicated that it de-
creased. Furthermore, foot pressure distribution was
likely to decrease in the control group. Therefore, we
conclude that elderly adults whose physical and foot
functions continue to deteriorate should receive foot
care and be certified eligible for support and long-term
care to ensure that they will be able to maintain their
function if their frailty increases.
A previous study reported that deformation of the

forefoot, including hallux valgus, influences quality of
life in elderly adults [21]. When hallux valgus occurs,
calluses are more likely to form in the forefoot, which af-
fects gait. In addition to hallux valgus, in the case of dia-
betes with chronic diseases often found in middle-aged
and elderly adults, the curved toenails and the foot of
the sole become risk factors for lower-limb amputation.
An incorrect shoe size can have an effect on falls and

quality of life [10, 22, 23]. In the context of toenail thick-
ening and curvature, pain may occur when wearing
shoes of the correct foot size; therefore, these elderly
adults may be wearing shoes that are too big for them.
Thus, it is important to provide education on correct
shoe sizing in addition to foot care to prevent falls and
improve quality of life.

Limitations
This study has certain limitations in terms of subject se-
lection and sample size. In this study, foot care techni-
cians provided foot and toenail care to the subjects. The
number of foot care technicians was limited, and the
number of subjects was small. Since a larger number of
subjects were needed for a robust analysis, we employed
a comparatively larger, propensity-score matched control
group.
The factors considered when assigning support and

long-term care eligibility included dementia. Therefore,
this study selected subjects with dementia but did not
assess cognitive functions using tests such as the
mini-mental state examination. Dementia was diagnosed
based on the physicians’ diagnosis, and we did not
examine changes in cognitive function after foot care.
Based on the questionnaire results of the intervention
group, including individuals with dementia, the subjects’
daily mood improved, and they went out more
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frequently than before foot care. Since elderly adults ex-
perience a decreased engagement in conversation and
activities, an increase is noteworthy.

Conclusions
This study involved the provision of foot care to frail
elderly adults for 5 months and assessed its contribution
to fall prevention, quantitative evaluation of lower-limb
muscle strength and foot load, which is prospective of
physical function. Furthermore, it examined changes in
subjects’ feelings and behaviors resulting from the re-
ceipt of foot care. The alleviation of the subjects’ foot
and toenail problems via sustained foot care improved
the physical function, including lower-limb muscle
strength and foot load, even in frail elderly adults. This
indicated that it contributed to a reduction in the risk of
falling as assessed by lower-limb muscle strength, in-
creased activity levels, and resulted in more positive atti-
tudes as subjects’ psychological health improved.

Abbreviations
ADL: Activities of daily living

Acknowledgements
Not applicable.

Funding
This work was supported by JSPS KAKENHI, Grant Number 26282166, 15
K01339. The funding had no role in any of the following: design of the
study; collection, analysis, and interpretation of the data; and preparation,
review of the manuscript.

Availability of data and materials
Not applicable. Subjects have agreed to use data for research, but subjects
have not agree to publish data. And, we cannot provide data because we
have not passed the Ethical Review Board on publishing data.

Authors’ contributions
TY and KaY planned the study, supervised the data analysis, and wrote the
paper. TY, KaY, CR, and MS performed all measurements and contributed to
the data acquisition. TY, KaY, CR, YT, KeY, and YS performed all statistical
analyses and contributed to revising the paper. YT, KeY, and YS helped to
plan the study, including the instrumentation, and to revise the manuscript.
All authors read and approved the final draft of the manuscript.

Authors’ information
Not applicable.

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki,
and the protocol was approved by the Ethics Committee of Tokyo
Healthcare University (KYO25–2). All subjects gave their informed consent for
inclusion before they participated in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Graduate School of Medicine, Osaka University, 1-3 Yamadaoka, Suita, Osaka
565-0871, Japan. 2Department of Podiatric Surgery, Methodist Hospital of
Southern California, 300 W Huntington Drive, Arcadia, California 91007, USA.
3Takase Clinic, 1-16-6 Shimomaruko, Ota-ku, Tokyo 146-0092, Japan. 4School
of Nursing and Rehabilitation Sciences, Showa University, 1865
Tookaichibacho, Midori, Yokohama, Kanagawa 226-8555, Japan.

Received: 15 May 2018 Accepted: 27 February 2019

References
1. Tang UH, Zugner R, Lisovskaja V, Karlsson J, Hagberg K, Tranberg R. Foot

deformities, function in the lower extremities, and plantar pressure in
patients with diabetes at high risk to develop foot ulcers. Diabet Foot
Ankle. 2015;17:1–16.

2. Elton PJ, Sanderson SP. A chiropodial survey of elderly persons over 65
years in the community. Public Health. 1986;100:219–32.

3. Rodríguez-Sanz D, Tovaruela-Carrión N, López-López D, Palomo-López P,
Romero-Morales C, Navarro-Flores E, et al. Foot disorders in the elderly: a
mini-review. Dis Mon. 2018;64:64–91.

4. Dawson J, Thorogood M, Marks SA, Juszczak E, Dodd C, Lavis G, et al. The
prevalence of foot problems in older women: a cause for concern. J Public
Health Med. 2002;24:77–84.

5. Menz HB, Morris ME, Lord SR. Foot and ankle risk factors for fall in older
people: a prospective study. J Gerontol A Biol Sci Med Sci. 2006;61:866–70.

6. López-López D, Painceira-Villar R, Becerro-de-Bengoa-Vallejo R, Losa-Iglesias
ME, et al. Impact of the mechanical hyperkeratotic lesions and its
association with quality of life: an observational case-control study. J Eur
Acad Dermatol Venereol. 2018;32:1549–53.

7. Menz HB, Lord SR. The contribution of foot problems to mobility
impairment and falls in community-dwelling older people. J Am Geriatr Soc.
2001;49:1651–6.

8. Menz HB, Lord SR. Foot pain impairs balance and functional ability in
community-dwelling older people. J Am Podiatr Med Assoc. 2001;91:222–9.

9. López-López D, Martínez-Vázquez M, Losa-Iglesias ME, Calvo-Lobo C, et al.
Foot health-related quality of life among elderly with and without lesser toe
deformities: a case-control study. Patient Prefer Adherence. 2018;12:251–5.

10. López López D, Losa Iglesias ME, Becerro de Bengoa Vallejo R, Palomo-
López P, Morales Ponce A, Soriano Medrano A, et al. Optimal choice of
footwear in the elderly population. Geriatr Nurs. 2015;36:458–61.

11. Guideline for the prevention of falls in older persons. American Geriatrics
Society, British Geriatrics Society, and American Academy of Orthopaedic
Surgeons Panel on Falls Prevention. J Am Geriatr Soc. 2001;49:664–72.

12. Province MA, Hadley EC, Hornbrook MC, Lipsitz LA, Miller JP, Mulrow CD, et
al. The effects of exercise on falls in elderly patients a preplanned meta-
analysis of the FICSIT trials. Frailty and injuries: cooperative studies of
intervention techniques. JAMA. 1995;273:1341–7.

13. Formosa C, Muscat R. Improving diabetes knowledge and self-care
practices. J Am Podiatr Med Assoc. 2016;106:352–6.

14. Woodbury MG, Botros M, Kuhnke JL, Greene J. Evaluation of a peer-led self-
management education programme PEP talk: diabetes, healthy feet and
you. Int Wound J. 2013;10:703–11.

15. Yamashita K, Umezawa J, Nomoto Y, Ino S, Ifukube T, Hironori K, et al. The
role of toe-gap force for the evaluation of falling risk on the elderly. IFMBE.
2006;14:405–8.

16. Yamashita K, Ino S. Evaluation of physical functions for fall prevention
among the elderly. In: Yu W, Chattopadhyay S, Lim TC, Acharya UR, editors.
Advances in therapeutic engineering. New York: CRC Press; 2012. p. 119–38.

17. Hiura M, Nemoto H, Nishisaka K, Katoh T. The association between walking
ability and falls in elderly Japanese living in the community using a path
analysis. J Community Health. 2012;37:957–62.

18. Amemiya A, Noguchi H, Oe M, Ohashi Y, Ueki K, Kadowaki T, et al. Elevated
plantar pressure in diabetic patients and its relationship with their gait
features. Gait & Posture. 2014;40:408–14.

19. Hughes J, Clark P, Klenerman L. The importance of toes in walking. J Bone
Joint Surg Br. 1990;72:245–51.

20. Menz HB, Zammit GV, Munteanu SE. Plantar pressures are higher under
callused regions of the foot in older people. Clin Exp Dermatol. 2007;32:
375–80.

Yamashita et al. BMC Geriatrics           (2019) 19:83 Page 8 of 9



21. López DL, Callejo González L, Losa Iglesias ME, Canosa JL, Sanz DR, Lobo
CC, et al. Quality of life impact related to foot health in a sample of older
people with hallux valgus. Aging Dis. 2016;7:45–52.

22. Palomo López P, Bengoa Vallejo RB, Losa Iglesias ME, et al. Footwear used
by older people and a history of hyperkeratotic lesions on the foot: a
prospective observational study. Medicine. 2017;96:e6623.

23. López DL, Expósito-Casabella Y, Losa Iglesias M, Bengoa Vallejo RB, et al.
Impact of shoe size in a sample of elderly individuals. Rev Assoc Med Bras.
2016;62:789–94.

Yamashita et al. BMC Geriatrics           (2019) 19:83 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Subjects
	Measurement of lower-limb muscle strength
	Measurement of foot pressure distribution.
	Questionnaires
	Foot care intervention
	Statistical analysis

	Results
	Lower-limb muscle strength
	Foot pressure distribution
	Questionnaire results

	Discussion
	Limitations

	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

