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Abstract

The purpose of this study is to investigate whether exercises for toe flexion and extension are effec-
tive in improving Toe function (TF) and the locomotive syndrome (LS).

The survey conducted the following TF tests (toe-grip strength, toe-gap force and 10-second toe
test), one leg balance test and LS test (two-step test, stand-up test and GLFS-25 scores). The partici-
pants were 209 community-dwelling aged females. Participants were instructed to perform flexion and
extension exercises of toes in three sessions per day, with ten repetitions per session. After three
months they were again tested with the TF and LS tests.

After the continuous exercises performing flexion and extension of the toes over a three-month
period, we divided participants into two groups (exercise-continuing and non-continuing groups), and
analyzed the obtained data. In the continuing group, the significant improvement was shown in TF
tests (p<.001), stand-up tests (p<.01) and GLFS-25 scores (p<.05), compared with pre-intervention
scores. The non- continuing group showed no changes in these scores.

Toe flexion and extension exercises may contribute to the prevention of falls for older individuals.

Keywords: community-dwelling older people, toe function, locomotive syndrome, toe flexion and
extension exercise
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Introduction
Objective

A previous systematic review indicated that there
are numerous causes of falls, including internal factors,
such as diseases and age-related changes in physical
functions, as well as external factors, such as the living
environment and footwear?. Older individuals who fall
may sustain fractures, which may require surgery as
an inpatient and or institutionalization, leading to de-
creased functionality in daily life? 3. In addition, compli-
cations often make such conditions worse. In light of
these circumstances, studies on fall prevention based on
the concept of sarcopenia have been conducted in many
countries apart from Japan. The Sarcopenia Working
Group of Europe® and Asia® has defined sarcopenia as
decreased skeletal muscle mass and strength. The cri-
teria used to determine sarcopenia is based on the re-
sults of a physical function assessment comprising
walking speed (under 0.8 m/sec), grip strength, and
skeletal muscle mass®. While walking speed decreases
with age in both males and females, the decrease is
particularly observable in females®.

The advent of the super-aging society indicates that,
despite being able to control medical diseases to some
extent, problems with the organs of locomotion—such as
the bones, joints, muscles, and nerves—that occur as a
result of aging, reduce locomotor functioning. This leads
to an increase in the number of people whose indepen-
dence in daily life has decreased. In Japan, there are
awareness programs in place to educate the public
about this situation, characterized as the “locomotor
syndrome” (LS) 7. Measures that have been shown to be
considerably effective in preventing falls among com-
munity-dwelling older people include group exercise
programs, Tai Chi, and rehabilitation through home
nursing?.

LS was first assessed using the Musculoskeletal Am-
bulation Disability Symptom Complex (MADSC) crite-
ria, which includes: under 15 seconds in the one leg
balance test (OLBT), and the 3-minute Timed-Up-and-
Go test (TUG) is more than 11 seconds?. Subsequently
developed tests for assessing the LS include the stand-
up test, the 2-step test, and the 25-question geriatric lo-
comotive function scale (GLFS-25)10. The LS level has
been shown to be related to decreased locomotor func-
tioning; as a result, the tests for LS have been reported
to be useful'>12,

We have conducted a series of studies focusing on
toe-functions (TF) and balance ability (BA) for prevent-
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ing falls for older individuals!® . The results suggest
that developing toe strength is important as toes direct-
ly contact the ground or floor. Our previous interven-
tional studies involved toe exercise training. These
studies were designed to improve the strength of the
feet using a towel (sometimes known as “towel curl”)!®
We also found that training involving flexing and ex-
tending the toes led to improved toe strength among
university students'®. However, to the best of our
knowledge, there are no studies in the literature on the
effectiveness of toe exercises performed by communi-
ty-dwelling older individuals. Because the average life
expectancy is higher in a woman, countermeasures for
the locomotive syndrome are important. In the present
study, we investigated whether interventional, consist-
ing of exercises involving toe flexion and extension—the
main movements of the toes—are effective in improving
TF and LS for community-dwelling older women.

Participants and Methods
Definition of terms
1) TF is defined by the following three elements: i) toe
grip strength (the gripping ability of the toes), ii) toe
gap force (the ability to hold something between the
toes; motor dexterity), and iii) toe extension and flexion
strength (agility).
2) BA is defined by the following three elements: i) stat-
ic balance (the ability to stand on one leg with the eyes
open), ii) vertical dynamic balance (the ability to stand
up from the seated position in a chair), and iii) horizontal
dynamic balance (the ability to align the feet after tak-
ing two long strides).

Participants

The participants were community-dwelling older
women (aged 65 years and older). A description of the
study was provided to members of Seniors Clubs and
similar organizations, and written consent was obtained
from the participants. The participants were individuals
who were able to walk independently, had no problems
related to cognitive functioning, and were able to un-
derstand and provide responses to questions. Among
the 256 individuals who consented to participate in this
study and underwent initial measurements, 209 subse-
quently underwent the second measurements after re-
ceiving the toe flexion and extension exercise training
intervention. We divided the patients into two groups:
107 in a continuing group including 64 who performed
the exercises every day and 43 who sometimes missed
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Table 1 Background characteristics of the participants
Continuing group Non-continuing group
(n=107) (n=102)
Age (year) 754+ 5.8 752+ 1.7
Height (cm) 149.2+5.6 148.8+5.5
Weight (kg) 52.8+8.1 53.4+9.3
BMI 23.7+3.5 24.1+4.1

Mean =+ standard deviation
BMI: Body-Mass Index

but did the exercises five days a week, and 102 as a
non-continuing group including 66 who did not do the
exercises and 36 who discontinued the exercises after
sometimes doing the exercises in the first month. The
background characteristics of the participants are
shown in Table 1. The study period was from January
2016 to March 2018.

Fall risk assessment

Risk assessments were conducted using the Fall Risk
Index!?. The questions were as follows: “Q1: Have you
had a fall during the past year?” “Q2: Do you walk slow-
er than you used to?” “Q3: Has your back become
rounder than before?” “Q4: Do you use a walking stick/
cane?” and “Q5: Do you currently take five or more
different drugs?”. Question 1 was assigned 5 points and
Questions 2 to 4 each 2 points, for a possible total score
of 0-13 points. A score of 6 was the cutoff, with scores
of 5 or less indicating a low risk of falls, with scores of 6
or higher indicating a high risk of falls.

TF assessment
Toe grip strength

Toe grip strength was measured using a toe grip
strength meter (Takei Co., Japan) (Fig. 1a). Each partic-
ipant sat in a chair with knees flexed at a 90° angle. The
feet were in a fixed position, and the toes were placed
on a bar'®. The traction force exerted by the toes was
measured using this bar. Of the two measurements
each with the left and right feet, the maximum values

were used as representative.

Toe gap force

Toe gap force was measured using a toe gap force
meter “Checker-kun” (Nissin Sangyo, Co. Japan) (Fig.
1b). Each participant sat in a chair with knees flexed at
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Fig. 1b
Toe gap force meter “Checker-kun”
(Nissin Sangyo, Co., Japan)
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Fig. 1c Toe flexion and extension exercises

Fig. 1a
Toe grip strength meter
(Takei, Co., Japan)

a 90° angle, and the pressure between the first and sec-
ond toes was measured!® 20,

10-second toe test

The test was conducted with participants seated in a
chair with both knees and ankles at a 90° angle. The
flexion and extension of all the toes within the range of
the participant motion were counted as one. The num-
ber of times the participant could complete the exercise
in 10 seconds was visually observed for both the left
and right feet?.

LS assessment
OLBT
OLBT was checked to assess the BA with static bal-
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ance. With the eyes open and both hands placed on the
hips, raising one foot and moving it approximately 5 cm
in the forward direction, the time it took for this foot to
return to contact the floor was measured for both the
left and right legs. The upper limit a measurement was
120 seconds?.
Stand-up test

Stand-up test was carried out to asserts the BA with
vertical movement. Using the top of a series of steps 40,
30, 20, and 10 cm in height, each participant stood up
from a seated position on each step. Measurements
were made using the method devised by Muranaga®.
First, participants sat on a 40 cm high step with arms
crossed, rose on two legs without any lowering of the
body, and maintained the posture for 3 seconds. Stand-
ing on the 40 cm step on two legs, they raised either the
left or right leg, with the knee slightly bended, keeping
the leg off the floor, standing with the arms crossed and
without any lowering of the body, and maintained this
posture for 3 seconds. After performing this with both
legs, the participants who successfully completed this
on one leg with the 40 cm step moved to 10 cm lower
steps, stepwise, and the height of the lowest step where
participants were able to stand on one leg (with both
legs) was regarded as a test result. The participants
who were not able to stand on the 40 cm step on one leg
were moved to lower steps in 10 cm steps, and the low-
est step where they were able to stand on both legs
was used as the test result. We assigned 0 points where
participants could not stand on both legs on the 40 cm
step, 1 point for both legs on the 40 cm step, 2 points for
both legs on the 30 cm step, 3 points for both legs on the
20 cm step, 4 points for both legs on the 10 cm step, 5
points for one leg on the 40 cm step, 6 points for one leg
on the 30 cm step, 7 points for one leg on the 30 cm
step, 8 points for one leg on the 20 cm step, and 8 points
for one leg on the 10 cm step. These results were treat-
ed as ordinal data.

2-step test

The 2-step test was measured to asserts the BA with
horizontal movement, and conducted as follows: A mat
specifically developed for use in the 2-step test was pre-
pared, and a starting line was determined?. Each par-
ticipant took two steps using long strides beginning
from the starting line, after which they aligned their
feet. The length of the two strides was measured using
the tips of the toes at the final position as the point
measured. Measurements were taken in the range
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within which the participant did not lose balance. The
participants were instructed not to jump.

GLFS-25

The GLFS-25 is a self-administered questionnaire
comprising 25 questions. Each question was allotted a
score between 0 (indicating normalcy) and 4 (indicating
the most severe disorder) points®. Thus, the most se-
vere condition was indicated by a total score of 100
points. Four of the items cover issues, such as “physical
pain experienced over the past month” and 21 items are
related to “your normal daily life over the past month.”

Intervention method

Toe exercise interventional training consisted of flex-
ion and extension exercises focused on the main toe
movements (Fig. 1c). Participants were instructed to sit
in a chair and perform flexion and extension exercises
of the toes for three sessions per day with ten repeti-
tions per session. The participants were provided with
calendar-type check charts on which they recorded
whether they did the exercises or not. They were asked
to complete these charts on their own. After three
months they submitted their charts to the researchers
who then checked the implementation status of the ex-

ercises.

Statistical analysis

To understand the particulars for the participants,
we examined the background of the participants by de-
scriptive statistics using the variables of age, height,
weight, and body mass index (BMI). Performing a cross
tabulation of the high and low scores of fall risk assess-
ments with the continuing and non-continuing groups,
we analyzed the relationship by a chi-square test. For
the values of measurement items of the pre- and post-
toe flexion and extension exercise training intervention
of the continuing and non-continuing groups, we con-
ducted a paired t test on normally distributed continu-
ous data, and a Wilcoxon signed-rank test on other data.
Here, the measured items were as follows: toe grip
strength, toe gap force, 10-second toe test, 2-step test,
GLFS-25, and the duration of OLBT.

Next, we performed an analysis of covariance using
the values of the post-intervention toe flexion and ex-
tension exercise training as independent variables, and
the values of the pre-intervention as adjusting factors
(two age groups: a. 65 years to 74 years and b. 75 years
and older). The significance level was set to less than
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5% in two-sided tests. We used IBM SPSS Statistics
(Ver.24) for data processing and statistical analyses.

Ethical considerations

This study was approved by the Ethics Committee of
the institutions the authors belong to (No.. Fukutan
H27-11; Rin 28-87). The participants were provided with
both written and oral explanations of the objectives and
details of the study. The participants received the fol-
lowing information verbally: their participation was vol-
untary; anonymity would be preserved; their identities
would be encoded to prevent identification; their data
would not be utilized for any purpose other than this
study; and they could withdraw from or discontinue
participation in the study at any time during the course
of the study without suffering any negative consequenc-
es. The participants provided written consent to partic-
ipate in the study and for publication of the results of
the study. This study was approved by the Ethics Com-
mittee of Toyama College of Welfare Science (Fukutan
H27-11), and by the Ethics Committee, University of
Toyama (Rin 28-87).

Results
Fall risk assessment
The results of the cross-tabulation regarding contin-
ued participation in the study and the risk of falls are
shown in Table 2. The Chi-square test did not show any
significant differences.

TF assessment
Toe grip strength

In the continuing group, the pre- and post-interven-
tion toe grip strength values were 52 = 0.2 kg and 5.8
+ (0.2 kg, respectively. The mean difference was 0.6 +
0.1 kg. This indicated that there was a significant im-
provement in the toe grip strength after intervention as
compared to that prior to intervention (p < .001). In the
non-continuing group, the pre- and post-intervention toe
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grip strength values were 5.1 * 0.2 kg and 5.2 * 0.2 kg,
respectively, indicating that there was no significant
change (Fig. 2a). Comparison of the continuing group
and the non-continuing group showed that despite con-
sidering age and the pre-intervention values, the post-in-
tervention value was significantly higher with a differ-
ence of 0.6 kg over the non-continuing group (p < .001).

Toe gap force

In the continuing group, the pre- and post-interven-
tion toe gap force values were 2.3 = 0.1 kg and 26 +
0.1 kg, respectively; the mean difference was 0.3 £ 0.1
kg. The post-intervention value was significantly higher
than the pre-intervention value (p < .001). In the
non-continuing group, the pre- and post-intervention toe
gap force values were 22 = 0.77 kg and 2.26 = 0.8 kg,
respectively, indicating that there was no change (Fig.
2b). Comparing the continuing and non-continuing
groups using an analysis of covariance, the post- inter-
vention values of toe gap force were statistically signifi-
cantly higher with a difference of 0.3 kg than that of
pre-intervention (p < .001).

10-second toe test

In the continuing group, the pre- and post-interven-
tion 10-second toe test results were 166 = 04 times
and 18.0 = 04 times, respectively; the mean difference
between the groups was 140 *= 0.2 times, and the
post-intervention result showed a significant improve-
ment over the pre-intervention result (p < .001). In the
non-continuing group, the pre-and post-intervention
10-second toe test results were 16.10 = 04 times and
1640 *= 04 times, respectively, indicating no change
(Fig. 2¢). Comparing the continuing and non- continuing
groups using analysis of covariance, the post- interven-
tion values of the 10-second toe test were statistically
significantly higher, with a difference of 0.3 kg, than
that of pre-intervention (p < .001).

Based on the above results, the post-toe flexion and

Table 2 Results of the cross-tabulation regarding continued participation in the study

and the risk of falls (n = 209)

Continuing group  Non-continuing group Chi-square test

(n=107)

(n=102) p-value

Fall risk (5 or less)

Fall risk (6 or more)

69 (65.4%)
38 (35.5%)

66 (64.7%)
36 (35.3%)

n. s.

n. s.: not significant
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Fig. 2a Toe grip strength

Fig. 2b Toe gap force
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extension exercise training intervention values showed
significant improvements in the toe grip strength, toe
gap force, and 10-second toe test items as compared to
the pre-intervention values only in the continuing
group; the non- continuing group showed no changes in
these items. Comparing the continuing and non-continu-
ing groups using the analysis of covariance, the post-
intervention values of toe grip strength, toe gap force,
and 10-second toe test were statistically significantly
higher than those of the pre-intervention values (p <
.001).

LS assessment
OLBT

In the continuing group, the pre- and post-interven-
tion OLBT values were 37.2 = 2.9 minutes and 389 =
3.2 minutes, respectively, indicating no significant
change. In the non-continuing group, the pre- and
post-intervention OLBT values were 36.8 £ 3.3 minutes
and 371 = 34 minutes, respectively, indicating no
change. Comparing the continuing and non-continuing
groups using the analysis of covariance, there were no
statistically significant differences between the pre- and

post- intervention values.

10-second toe

Stand-up test

In the continuing group, the pre- and post-interven-
tion stand-up test values were 39 + 0.1 and 41 = 0.1,
respectively. The difference in the mean values was 0.2
+ (.04, indicating that the post-intervention value
showed a significant improvement over the pre-inter-
vention value (p < .01). In the non-continuing group,
pre- and post-intervention stand-up test values were 3.9
+ (.1 and 40 = 0.1, respectively, indicating no change
(Fig. 3a).

2-step test

In the continuing group, the pre- and post-interven-
tion 2-step test values were 1.19 £ 0.02 and 1.2 = 0.02,
respectively, indicating no change. Moreover, there was
no change in the pre- and post-intervention 2-step test
values in the non- continuing group change. Comparing
the continuing and non-continuing groups using the
analysis of covariance, there were no statistically signif-
icant differences between the pre- and post- interven-
tion values.
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GLFS-25

In the continuing group, the pre- and post-interven-
tion GLFS-25 scores were 11.8 = 09 and 11.0 = 1.0,
respectively. The difference in the mean scores was 0.8
+ (04, indicating that the post-iintervention score
showed a significant improvement over the pre-inter-
vention score (p < .05). In the non- continuing group, the
pre- and post-intervention GLFS-25 scores were 12.1 £
1.03 and 122 = 1.1, respectively, indicating no signifi-
cant change (Fig. 3b). Comparing the continuing and
non-continuing groups using the analysis of covariance
with the post-intervention GLFS-25 scores, the continu-
ing group showed improvements of 1 point over the
non-continuing group even if the age and the pre-inter-
vention scores were taken into consideration (p < .05).

Based on the above results, the post-toe flexion and
extension exercise training intervention values of the
continuing group showed significant improvements in
the stand-up test values and GLFS-25 scores; the non-
continuing group showed no changes in these items. In

GLFS-25

the comparison of the two groups, the post-intervention
GLFS-25 scores of the continuing group were statistical-
ly significantly lower than that of the non- continuing
group.

Discussion

Toe movements include flexion and extension as well
as spreading?. These movements can be assessed by
having participants perform “rock-paper-scissors”
movements with their toes. However, as this requires
motor dexterity, we suspected that it would be difficult
to include this in training for older people. Thus, in the
present study on older individuals, we examined the
effectiveness of intervention consisting of flexion and
extension exercises of the toes. The results of continu-
ously performing flexion and extension exercise train-
ing of the toes over a three-month period, the post-inter-
vention results in the continuing group for the toe grip
strength, toe gap force, 10-second toe test, stand-up test,

and GLFS-25 showed significant improvements over
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the pre-intervention results. However, there were no
changes in the non-continuing group.

TF refers to the function of the muscle groups relat-
ed to toe movement and that of the muscle groups re-
lated to maintaining the plantar arch. When standing,
TF helps maintain balance by allowing the toes to grip
the ground; while walking, TF facilitates shock absorp-
tion during the initial contact phase of gait, supports
loads, and plays a role in single-leg support. It has been
reported that older individuals with weak TF or foot
deformities have a high risk of falls®”. It has also been
reported that individuals who sustained a fall over the
past six months had significantly lower toe lift angles
than that in those who did not®. There is an association
between fall risk and toe grip strength. Thus, it may be
possible to utilize this in the prevention of falls??. There
is a positive correlation between the toe grip strength
and the strengths of the tibialis anterior, abductor hal-
lucis, and flexor digitorum brevis muscles®®. Exercises
to strengthen these muscles may contribute to fall pre-
vention. A large amount of muscle activity occurs
during the towel gathering exercise, which involves
gripping a towel with the toes and resembles the toe
flexion movement taught during training3). Toe flexion
and extension exercises in the present study can be
performed anytime and anywhere, even without the
use of a towel or similar item. Therefore, it places little
burden on older individuals. Swiftly flexing and extend-
ing the toes requires motor dexterity.

Although toe gap force also requires motor dexterity,
there are no specific muscles playing a dominant role in
this movement, as muscles, such as the lumbricals and
the interossei complement each other while performing
this movement. It has been reported that those who
have sustained falls have lower interdigital pressure
than those who have not®. (Yamashita & Saitou, 2002).
A quantitative assessment of toe gap force and the risk
of falls have found that when toe gap force is 2.4 kg or
lower, the risk of falls is high'9. (Yamashita, et al., 2008).
The results of the present study indicate the possibility
that an improvement in the mean toe gap force to 2.5
kg or higher reduced the risk of falls. The 10-second toe
test requires toe agility, as flexion and extension move-
ments of the toe are repeated. A systematic review has
shown evidence that increased toe flexion strength is
associated with good posture as well as balance, which
indicates that there is a significant relation between toe
flexion strength and posture as well as with balance?®?.
Improved toe agility, therefore, can be expected to be
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effective in improving toe flexibility.

In the present study, we assessed BA using the LS
test. The stand-up test reflects not only BA related to
vertical movement function but also lower extremity
muscle strength and the ability to perform activities of
daily living®. The 2-step test assesses BA related to
horizontal movement, lower extremity muscle strength,
and comprehensive walking skills, such as flexibility?*.
The results of the present study suggest that toe flex-
ion and extension exercises may strengthen the muscle
groups associated with toe movements and mainte-
nance of the plantar arch, and may thus result in more
stable stand-up test results. In addition, there is a possi-
bility that the risk of falls decreases as a result of im-
provements in the GLFS-25 results. The GLFS-25 has
been correlated with walking speed®. Therefore, im-
provements in GLFS-25 results are likely to lead to im-
proved walking speed. The toe flexion and extension
exercise can be performed even when confined to bed,
so it can be performed by patients who require bedrest
as well as by those who are recovering after surgery.
The TF improvements as a result of toe flexion and
extension exercise are likely to be effective in prevent-
ing falls after the conclusion of the bedrest period.

However, we did not observe improvements in the
OLBT or the 2-step test. Both of these tests require
gross muscle strength and flexibility in multiple joints
because OLBT measurements are taken while the par-
ticipant supports their body with a single leg, and the
2-step test requires that the participant supports their
body weight on a single leg while taking each step.
Therefore, improvement in these types of balance skills
requires more than the toes alone; it also requires train-
ing for the lower back and extremities as a whole.

During the planning stage for this study, we aimed to
conduct a controlled two-arm study. However, there
were problems with this design, including problems re-
garding how to confirm whether the interventional ex-
ercises were performed appropriately and whether or
not the participants were able to maintain their level of
awareness regarding their participation in the study. In
this study, we utilized a calendar-type check sheet for
the purpose of determining whether the participants
performed the interventional training. However, the
fact that this depends upon self-reporting means that
there were limitations in the extent to which we could
confirm that the participants did perform the interven-
tional training. In the future, we would like to obtain

more verifiable results by having participants perform
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the exercises at an exercise facility for older individuals
or a similar institution. However, when considering that
approximately 40% of the participants in this study
were able to continue in their performance of the exer-
cise, it is clear that it would be difficult to collect data in
a prospective controlled two-arm study. The present
study was single-arm interventional study. However, by
analyzing the results after establishing subgroups with-
in the single group, we were able to improve the reli-
ability of this study. Nevertheless, in the future, per-
forming either a prospective controlled two-arm study
or a randomized study would verify the effectiveness of
toe flexion and extension exercise training.

Conclusions

In this study, we examined the effectiveness of inter-
ventional training with exercises involving toe flexion
and extension, which are the main toe movements, in
community-dwelling older women. Our study findings
may be summarized as follows:
1) Our comparisons of pre-intervention and post-inter-
vention data indicated that there were significant im-
provements in the TF, stand-up test, and GLFS-25.
2) Toe flexion and extension exercises increased the
overall strength of the toes, and also improved balance
ability with vertical movement (stand-up test) as well as
GLFS-25 scores. Thus, it is suggested that these exer-
cises may contribute to the prevention of falls among
older individuals.
3) In terms of the applicability to nursing practice, and
as toe flexion and extension exercises can be performed
during bedrest, it is possible for patients who are con-
fined to their beds to perform these exercises. In con-
clusion, we hope that these exercises will be included in
fall prevention rehabilitation programs.
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