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Abstract In this study, we examined gender differences and age-related changes in toe muscle strength in
childhood as well as the relationship between toe muscle strength and basic motor skills. The subjects included 288
children aged between 6 and 10 years who were enrolled in elementary school. Measurements were conducted for
toe muscle strength, long-distance throw, 50 m running time, and standing long jump distance. Toe muscle strength
develops with age throughout childhood; no differences were observed in toe muscle strength between girls and
boys; however, a significant correlation was observed between toe muscle strength and each of long-distance throw,
50 m running time, and standing long jump distance. There was also a significant partial correlation (eliminating the
influence of age) between toe muscle strength and long-throw distance, 50 m running time, and standing long-jump
distance for both boys and girls. The results indicate that toe muscle strength tends to develop with age, but there are
no gender differences. Results also suggested that toe muscle strength is significantly related to basic motor skills.
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1. Introduction

The importance of the function of the toes with regard
to humans walking has been noted from the perspective of
an increase in weight support area and propulsion force
[1,2]. Other important functions of toes include posture
retention, initial kicking when starting to walk, agile
response to movements in the left and right directions,
support on slopes and rough terrain, and standing on
tiptoes [3]. To date, most reports on the functions of toes
have focused on young, middle-aged, or elderly people.
For example, Kito et al [4] found that a group of elderly
people who had had experiences of falling had less toe
muscle strength when compared with a group of elderly
people with no experience of falling. However, although
the toes’ functions are important not only for adults and
the elderly but also for children during early childhood
and elementary school age, only a few studies of this
nature have been conducted on children, and many aspects
have not been clarified. Since lower limb muscle thickness
tends to develop with age during the first half of
elementary school, it is possible that toe muscle strength
develops with age. Conversely, as no gender differences
have been recognized in lower limb muscle thickness, it is
possible that there are no gender differences in toe muscle
strength during childhood.

Meanwhile, the agonist muscle of toe muscle strength is
regarded as the CSA of the inner portion of the intrinsic
muscles at the bottom of the foot, namely, the flexor
pollicis brevis muscle, the flexor digitorum brevis muscle,
the quadratus plantaris, the lumbrical muscles, and the
abductor hallucis muscle [5]. The development of toe
muscle strength contributes to the improvement of
physical ability [6], and it has been shown that a low level
of toe muscle strength is associated with a high risk
of falling [7]. Although basic movements, including
running, hopping, and throwing, develop remarkably
well during the period from infancy to childhood, the
kicking up movement is involved in these motion
movements. Therefore, there may be a significant
relationship between toe muscle strength and running and
hopping performance.

Thus, the purpose of this study was to examine gender
and age differences in toe muscle strength in childhood as
well as the relationship between toe muscle strength and
basic motor skills.

2. Methods

2.1. Subjects

A total of 288 subjects participated in the study; they
included 20 and 21 six-year-old boys and girls,
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respectively; 37 and 35 seven-year-old boys and girls,
respectively; 23 and 15 eight-year-old boys and girls,
respectively; 23 and 24 nine-year-old boys and girls,
respectively; and 48 and 42 ten-year-old boys and girls,
respectively.

In addition, the study was conducted with the approval
of the Kanto Gakuin University and Nippon Sport Science
University’s Human Research Ethics Review Committee
(Approval Number: Person 2014-1-1, Number 015-H42).
Furthermore, consent to participate in the study was
obtained after the purpose of this study was explained
verbally to the subjects and in writing to their parents
before the study commenced.

2.2. Measurement Items

(1) Method of measuring motor skills

1. Evaluation of the ability to throw (Measurement of the
long-distance throw)

A circle 2 m in diameter was drawn on the ground, and
as shown in Figure 1, a straight line was drawn from the
center of the circle so as to form a central angle of 30
degrees; within this, a concentric circular arc at a 1 m
interval was drawn. The subjects were required to throw a
softball (with an outer circumference of 26.2 cm—27.2 c¢m,
weight 136 g-146 g) from within the circle. The subjects
were cautioned not to step on or go over the circle and
instructed to ensure that the ball did not go out of the
30-degree range. If the subjects did not abide by the
aforementioned precautions, the measurements were
conducted again. With respect to the recording of
measurements, the distance to the point where the ball
dropped was measured in accordance with the arc drawn
at a 1-m interval. The recorded representative value was
the better of the values of the two tries conducted, with the
meter as the unit.
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Figure 1. Throw Range of the Long Throw Distance Measurement

2. Evaluation of running ability (measurement of 50 m
running time)

A straight track of 50 m with a course width of 125 cm
was set up on the ground (refer to Figure 2). The width of
the line was 5 cm. The subjects responded to the cue
“Ready-Go” to commence with a standing start. The time
taken for each subject to reach the goal line was measured.

The recording unit was 1/10 of a second and a time of less
than 1/10 seconds was rounded off. Measurements were
conducted once.
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Figure 2. Straight Track of 50 m Running Time Measurement

3. Evaluation of jumping ability (Measurement of
standing long jump distance)

Mats developed for standing long jump were prepared
(TOEILIGHT CO., LTD., T-2598). The subjects prepared
themselves by standing on the mat with their legs slightly
apart and their toes aligned with the front edge of the
take-off line and jumped when they were ready. At the
time of the jump, they were instructed to jump forward as
far as possible. The distance from the take-off line to the
heel of the foot closest to the take-off line was measured
and recorded twice; the greater value was used as a
representative value.

Figure 3. Mats for Standing Long Jump

(2) Measurement of toe muscle strength

Toe muscle strength was measured using the toe flexor
dynamometer (T.K.K.3361 manufactured by Takei Scientific
Instruments Co., Ltd.) and according to measurement
methods used in previous research [8]. Measurements
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were conducted with participants seated with their hip
joints at 90 degrees, knee joints at 90 degrees in a bending
position, and ankle joint dorsiflexion at 0 degrees.
Subjects were instructed to put both their hands on their
knees during measurement, keep the upper body from
leaning on the chair, put their five toes on the grip bar of
the toe muscle strength meter, and flex their toes with
maximum effort. The toe muscle strength of the left and
right legs was measured twice each. The average of the
greater of the values of the left and right legs was adopted
as the representative value (Refer to Figure 4).

Firuge 4. Toe Flexor Dynamometer

2.3. Statistical Processing

To test the difference between age-wise and gender-
wise average values, a two-factor (gender x age) variance
analysis where both factors do not have correspondence
was adopted. When a significant interaction or primary
effect was observed, the Tukey method was used and a
multiple comparison test was performed. The relationship
between the variables was examined using the Pearson
correlation coefficient and the partial correlation
coefficient. The significance level was set at a risk rate of
less than 5%.

3. Results

Table 1 shows the results of age-wise and gender-wise
averages and that of the two-factor variance analysis of
toe muscle strength. Significant primary effects were
observed only for age, and the results of multiple
comparison testing showed that toe muscle strength was
greater in boys; 8-, 9-, and 10-year-olds were stronger
than 6-year-olds, and 9- and 10-year-olds were stronger
than 7- and 8-year-olds. Among girls, 8-, 9-, and 10-year-
olds were stronger than 6-year-olds, 9- and 10-year-olds
were stronger than 7-year-olds, and 10-year-olds were
stronger than 8-year-olds.

Table 2 shows the results of the age-wise and gender-wise
two-factor variance analysis of long-throw distance, 50 m
running time, and standing long jump distance. Long-
throw distance was observed to significantly interact with
both factors, and a significant primary effect was observed
for the age factor for all items. A significant primary
effect was also observed for the gender factor in long-
throw distance, and the results of multiple comparison
testing showed a significant difference in the average
values between boys and girls aged 7, 8, 9, and 10 years,
with boys having a greater long-throw distance. No
significant interaction was observed for 50 m running time,
and a significant primary effect was observed for the age
factor for all items. No significant interaction was
observed for standing long-jump distance, but a
significant primary effect was observed for the age and
gender factors for all items. However, the results of
multiple comparison testing revealed no significant
differences in the average values between boys and girls,
irrespective of age. The results of multiple comparison
testing are presented in a note in Table 2.

Table 3 shows the partial correlation coefficient and the
correlation coefficient of variable interactions between toe
muscle strength and long-throw distance, 50 m running
time, and standing long jump distance. The correlation
coefficient was found to be moderately significantly
correlated with all exercise-capacity tests. The partial
correlation coefficient was also lower than the correlation
coefficient, but both were significant.

Table 1. Age-wise and Gender-wise Average Values of Toe Muscle Strength and Results of the Two-Factor Variance Analysis

(kg)
Boy Girl
n M SD n M SD F . 2 >
6-year-old 20 55 L7T 21 5.3 1.77 Fl=  0.850 0.017 0.265
7-year-old 37 61 224 35 65 241  F2= 43564 * 0.868 0.000
Syearold 23 7.8 214 15 7.7 244 3= 094 0012 0.821

oyear-old 23 99 202 24 88

10-year-old 48 103 276 42 10.0

Boy: 6-vear-olds<_8-and 9- and 10-vear-olds,

226 7- and 8-vear-olds < 9- and 10-vear-olds,
Gir: 6-vear-olds<_8-and 9- and 10-year-olds,
7- vear-olds <29- and 10-vear-clds,
2.89 8- vear-olds <7 10-vear-olds

Note) *: p<0.05,

F1: Gender factor, F2: Age factor, F3: Interaction,
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Table 2. Results of the Age-Wise and Gender-Wise Two-Factor Variance Analysis of Long-Throw Distance, S0m Running time and Standing

Long jump Distance

American Journal of Sports Science and Medicine

Long-Throw Distance (m )

50m Running time ( sec)

Standing Long jump Distance ( £ }

Boy Girl Boy Girl Boy Girl n?
M 5D M 5D M 5D M 5D M 5D M 5D

6-year-old 7.6 1.03 5.7 1.00 12.1 0.24 13.0 0.23 123.0 17.95 112.6 20.47 * 3.654
J-year-old 97 076 71 078 112 017 112 018 1208 21.87 1203 1555 * 3.000
8-}-'ear-old 143 0.96 9.3 1.19 10.3 0.22 10.7 0.27 138.7 15.46 134.0 11.53 * 0.265
0-year-old 145 0.96 10.7  0.54 10.3 0.22 10.0 0.21 1448 21.45 140.6 17.96 0.013
10-year-old 196  0.66 124 0.71 9.5 0.15 9.8 016 1502 1733 1469 2043 = 0.237
0.00%
*  4.627
*39.570
0.554

Note) *: p<0.05, Fl:Gender factor, F2: Age factor, F3: Interaction,
Post-hoc analysis of gender differences : Long-Throw Distance :
Standing Long jump Distance : n.s

Post-hoc analysis of age differences : Long-Throw Distance :
Girls :

50m Running time :

Girls :

See Table 1 for the number of people,
7-and 8-and 9- and 10 year-ald  Girls<ZBoys

Boys: 6-and 7-year-olds<Z 8- and 9-and 10-year-olds, 8- and 9-year-olds< 10-year-olds

6- and 7-vear-olds<Z 9-and 10-year-olds,

Boys: 6-year-clds> 7-and 8- and 9- and 10-year-olds, 7- vear-olds> 8- and 9-year-olds>>10-year-alds
6- vear-olds > 7- and 8-and 9- and 10-year-olds,

7-vear-olds>* 9-and 10-year-olds, 8- year-olds>> 10-year-clds
Standing Long jump Distance : Bovs: 6-and 7-vear-olds< 8- and 9-and 10-vear-clds

Girls :

Table 3. Correlation Coefficients and Partial Correlation
Coefficients Between Toe Muscle Strength and Each of Long-Throw
Distance and 50 m Running Time and Standing Long jump Distance

Correlation Coefficient Partial Correlation

Boy Girl Boy Girl
Long-ThrowDistance 0.597 *  0.531 * 0.331 % 0.285 *
50m Running time -0.547 *  -0.576 * -0.243 ¥ -0.208 *
Standing Longjump Distance (0,595 *  0.586 * 0.388 * 0.351 *

Note) *: p<0.05.

4. Discussion

Although there were no gender differences seen for toe
muscle strength, the difference tended to increase with
advancement in age. With advancement in age, muscle
mass increased, and muscle strength also developed along
with it. However, conversely, in adolescence, this
tendency was more prominent in men than it was
in women [9]. As the subjects of this study were
pre-adolescent children, there were no gender differences
in toe muscle strength. It can be inferred from this that
there were also no gender differences in the
developmental tendencies arising from advancement in
age. Conversely, for long-throw distance, 50 m running
time, and standing long jump distance, there were changes
with advancement in age that were similar to those for toe
muscle strength even though gender differences were
observed only for long-throw distance. The 50 m running
time and standing long jump distance, for which the prime
movers are the muscle groups of the lower limbs, were
considered to potentially have the same developmental
tendencies and gender difference tendencies with
advancement in age with regard to toe muscle strength
(i.e., the muscle strength of the lower limbs).

An examination of the relationship between
measurement items for toe muscle strength revealed that

6-year-olds<C 8- and 9-and 10-year-olds, 7-vear-olds <C 9-and 10-year-olds

there was a significant relationship. In previous research,
it has been reported that the toe muscle strength of
children influences the field record of physical fitness tests
[2]. It also shows that for toe muscle strength and standing
long jump distance, it is the toe that is the site of action on
the ground and that the characteristics of this muscle
strength performance influences jumping force [10]. It
may also influence the items related to toe muscle strength
and lower limbs (standing long jump distance, repetitive
horizontal jump, and 50 m running time) [2]. Further, it
has been reported that toe muscle strength is important for
forward propulsion force when kicking out during the
running motion and in the stability of the shift in the
center of gravity as well [11]. Noda [12], notes that
important functions of the toe include holding the posture,
initial kicking when starting to walk, agile response to
movements in the left and right directions, response on
slopes and rough terrain, and tensing while standing on
tiptoes.

It is believed that as toe muscle strength exerts
considerable influence on the securing of forward
propulsion force when running, on the step-and-kick
action when throwing, and on the taking-off action when
leaping, a relationship between toe muscle strength and
long-throw distance, 50 m running time, and standing long
jump distance exists.

5. Summary

In this study, we examined the relationship between the
development of toe muscle strength in children with
advancement in age and physical fitness and motor skills.
The results are as follows: Toe muscle strength tends to
develop with advancement in age during childhood;
however, no gender differences were observed. Further,
toe muscle strength was related to long-throw distance, 50
m running time, and standing long jump distance. Even in
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the partial correlation coefficient eliminating the influence
of age, in both boys and girls, toe muscle strength was
related to long-throw distance, 50 m running time, and
standing long-jump distance. It was suggested that toe
muscle strength is closely related to basic motor skills.
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