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Abstract

Although some studies have examined the effect of allowing preschool child-
ren to go without shoes, some points remain unexamined. Therefore, this
study examined the effect of kindergartens’ barefoot policy on the contact
area of the soles of the feet (plantar arch, hallux valgus angle, and foot angle).

Participants were 313 preschool children (169 boys; 144 girls) at a kindergar-
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ten following the barefoot policy and 339 (176 boys; 163 girls) at a kindergar-
ten not following the policy. The children stood barefoot on a pedoscope, so
images of their soles” contact area could be taken and then analyzed by soft-

Copyright © 2018 by authors and ware specifically for that purpose. Both boys and girls who attended kinder-
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gartens with barefoot policy had better development of the plantar arch and
less angle of the hallux valgus than children who attended kindergartens not
following the barefoot policy. Only boys who attended kindergartens that
followed barefoot policy had a larger foot angle than children who attended
kindergartens that did not. For preschool children, barefoot policy positively
affected their soles’ contact area.
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1. Introduction

Some kindergartens in Japan follow a barefoot policy that is generally considered
to have good effects for children’s growth, development, and health. After child-
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ren arrive at their kindergartens, they remove their shoes to play barefoot.
However, some people oppose the barefoot policy because children can be easily
injured and because following barefoot policy in winter is difficult. In fact, pros
and cons of the barefoot policy have not yet been sufficiently examined, so its
effects need multilateral investigation to provide factual information for parents
and guardians, kindergarten staff, and so on. If barefoot policy’s effects are clearly
detailed multilaterally, parents and guardians can more easily judge whether to
enroll their children in kindergartens following barefoot policy, and kindergar-
ten staff can more easily judge whether to adopt barefoot policy.

Previous studies have reported effects of barefoot policy on “non-touching” toes,
those that do not touch the ground during standing, and the anterior-posterior foot
pressure ratio (Matsuda, Kasuga, Hanai, & Demura, 2016; Matsuda, Kasuga,
Hanai, Demura, & Futabayashi, 2016; Matsuda, Kasuga, Hanai, Demura, & Ko-
mura, 2016). Research revealed that boys who attended kindergartens following
barefoot policy had fewer non-touching toes and lower posterior foot pressure
ratio than those who attended kindergartens not following the policy (Matsuda,
Kasuga, Hanai, & Demura, 2016; Matsuda, Kasuga, Hanai, Demura, & Futa-
bayashi, 2016; Matsuda, Kasuga, Hanai, Demura, & Komura, 2016). Although
some effects of barefoot policy have been previously examined, its effects require
multilateral examination in order to judge pros and cons comprehensively.
Hence, some effects still require investigation.

Because human beings’ contact sole is the only bodily region that touches the
ground when standing, walking, and running, it plays an important role in
maintaining posture and locomotion (Hughes, Clark, & Klenerman, 1990;
Tsung, Zhang, Fan, & Boone, 2003). Children attending kindergartens following
barefoot policy spend much less time with shoes compressing their feet, so they
can move their feet more freely (Wegener, Hunt, Vanwanseele, Burns, & Smith,
2011). Possibly then, the soles’ contact area differs between children who attend
kindergartens following barefoot policy and those who attend kindergartens that
do not follow the policy. However, the barefoot policy’s effect on the soles’ con-
tact area has not been sufficiently examined.

First, an important part of the soles’ contact area is the plantar arch because it
functions to absorb impact. Thus, the plantar arch should be well developed and
shaped during childhood (Forriol & Pascual, 1990; Volpon, 1994). Reports have
stated that flat feet, in which the plantar arch is not well shaped, relate to the
toes’ muscle weakness (Tashiro et al., 2015), obesity, and the soles’ fatigue and
pain (Otsuka et al., 2003; Riddiford-Harland, Steele, & Storlien, 2000; Sachitha-
nandam & Joseph, 1995). People who go barefoot for years have better plantar
arch development than those who wear shoes (Echarri & Forriol, 2003; Rao &
Joseph, 1992; Sachithanandam & Joseph, 1995). Therefore, formation of child-
ren’s plantar arch should be examined in relation to going barefoot.

Second, young people in Japan tend to have increased hallux valgus, com-

monly called “bunion” in English (Sato, Umemura, & Masaki, 2003; Shimoeda,
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Sato, & Sano, 1995). Although heredity can cause hallux valgus (Lee et al., 2014),
wearing shoes is also a major cause (Klein, Groll-Knapp, Kundi, & Kinz, 2009;
Menz et al., 2016). Possibly children who attend kindergartens with barefoot
policy do not tend toward hallux valgus because they play barefoot for a long
time and frequently use their toes, which are not compressed by shoes. Highly
possible also is that barefoot policy affects the toes” shape because children who
attend kindergartens with barefoot policy have fewer non-touching toes
(Matsuda, Kasuga, Hanai, & Demura, 2016; Matsuda, Kasuga, Hanai, Demura, &
Komura, 2016). In addition, although a relationship between hallux valgus and
flat feet has been reported (Kalen & Brecher, 1988; Nguyen et al., 2010), few stu-
dies have investigated this relationship in children and the effect of barefoot
policy on the relationship.

Third, many studies have reported that gait differs between going barefoot
and wearing shoes (Franklin, Grey, Heneghan, Bowen, & Li, 2015; Lythgo, Wil-
son, & Galea, 2009; Wegener et al., 2011). One difference includes foot pressure
on the soles, that is, pressure and width of the anterior part of the feet’s soles
become larger when walking barefoot than when walking with shoes (Wolf et al.,
2008). Possibly then, anterior soles are larger in children who attend kindergar-
tens with barefoot policy. Therefore, this study examined the effect of kinder-
gartens’ barefoot policy on the contact area of the soles of the feet (plantar arch,

hallux valgus angle, and foot angle).

2. Methods
2.1. Participants

Participants were 313 preschool children (169 boys; 144 girls) at kindergartens
following the barefoot policy (barefoot group) and 339 (176 boys; 163 girls) at
kindergartens not following the policy (non-barefoot group). Participants were
classified in half-year groups by age (e.g., children who had reached their fifth
birthday but were not yet 5 years, 6 months were placed in the 5.0 category; Ta-
ble 1). Five- and six-year-olds in the barefoot group played barefoot in kinder-
gartens throughout the year. Three-year-olds in the barefoot group wore indoor
shoes only in winter, i.e., from January to March, because they were not used to

being barefoot. In the non-barefoot group, participants wore indoor shoes while

Table 1. Number of participants.

5.0-year 5.5-year 6.0-year 6.5-year Total
Boys 44 45 55 25 169
Barefoot group Girls 48 31 42 23 144
Sum 92 76 97 48 313
Boys 31 50 48 47 176

Non-barefoot .
Girls 51 38 35 39 163

group
Sum 82 88 83 86 339
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Table 2. Participants’ characteristics.

playing in kindergartens.

Table 2 displays participants’ characteristics. Two-way ANOVA (analysis of
variance; group x age) was conducted for age, height, and body weight, with sig-
nificant differences revealed in these parameters for both boys and girls; addi-
tionally, these parameters increased with age. The non-barefoot group had sig-
nificantly higher body weight than the barefoot group.

The Ethics Committee on Human Experimentation of the Faculty of Human

Science, Kanazawa University (2012-5) approved this experimental protocol.

2.2. Measurement of the Sole’s Contact Surface Area

A pedoscope (Sakamoto, Japan) was used to record the contact area of participants’

Two-way ANOVA (group X age)

5.0-year 5.5-year  6.0-year  6.5-year
Group Age Interaction
Boys Age Barefoot group Mean 5.2 5.7 6.2 6.7 F 1.15 1411.98 0.73
S.D. 0.1 0.1 0.1 0.1 p 0.28 0.00* 0.53
Non barefoot group  Mean 5.2 5.7 6.2 6.7
S.D. 0.2 0.1 0.1 0.1
Height Barefoot group Mean 107.2 110.2 113.9 116.4 F 0.00 35.59 0.53
(cm) S.D. 4.9 4.2 4.7 4.3 p 0.96 0.00* 0.66
Non barefoot group Mean  105.8 109.7 114.4 117.7
S.D. 16.9 4.3 4.8 4.6
Body mass Barefoot group Mean 17.3 18.4 20.0 20.7 F 11.08 26.93 0.39
(kg) S.D. 1.9 2.2 3.1 2.2 p 0.00* 0.00* 0.76
Non barefoot group  Mean 18.5 19.2 20.5 219
S.D. 2.1 2.4 2.3 3.1
Girls Age Barefoot group Mean 5.2 5.7 6.2 6.7 F 0.03 1609.82 0.21
S.D. 0.1 0.1 0.1 0.1 p 0.87 0.00* 0.89
Non barefoot group  Mean 5.2 5.7 6.2 6.6
S.D. 0.2 0.1 0.1 0.1
Height Barefoot group Mean 106.3 110.1 113.3 116.0 F 0.26 76.83 1.47
(cm) S.D. 4.2 4.2 4.7 4.2 p 0.61 0.00* 0.22
Non barefoot group Mean  107.0 108.5 114.3 116.9
S.D. 4.0 53 3.3 4.4
Body mass Barefoot group Mean 16.9 18.2 19.3 20.5 F 15.84 31.93 0.78
(kg) S.D. 2.1 1.9 2.7 2.5 p 0.00* 0.00* 0.51
Non barefoot group Mean 18.5 18.7 20.4 21.9
S.D. 1.7 2.9 2.2 2.6
Note)*: p< 0.05.
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soles. Children stood barefoot on the pedoscope with their feet 5 cm apart and
their hands relaxed at their sides. They were instructed to look at a mark at
eye-level and to remain as still as possible during the measurement. After a tes-
ter—a university teacher—confirmed participants’ postural stability, the pedos-
cope recorded a picture of the soles’ contact surface area. Each participant was
sequentially measured five times. A picture randomly selected among the five
was analyzed by software from Amisystems, Japan, which was specifically de-

signed for that purpose.

2.3. Evaluation Variables for the Sole’s Contact Area

Figure 1 shows evaluation variables for the sole’s contact area. As in previous
studies (Harada, 2001), the H line was used to evaluate the plantar arch. The
distance from the H line to the plantar arch’s deepest point was used to evaluate
the extent of plantar arch formation, and if the plantar arch’s deepest point was
located over the H line, it evidenced “accomplishment of plantar arch”. With
reference to previous studies (Klein et al., 2009; Okuda, Juman, Ueda, Miki, &
Shima, 2014), the hallux valgus angle—the degree of angle between the touching
line to the hallux and inside line—was used to evaluate the extent of hallux val-
gus. Foot angle—the degree of angle between inside and outside lines—was used
to evaluate whether the anterior foot area has spread or not. When the foot an-

gle’s numerical value is high, the anterior foot area’s width is considered large.

2.4. Statistical Analysis

Two-way analysis of variance was conducted to examine differences between the
barefoot and non-barefoot groups and among age groups for H line distance,
hallux valgus angle, and foot angle. If analysis of variance showed a significant
difference, Tukey’s honest significant difference (HSD) test was used for mul-

tiple comparisons. The independence test was used to examine differences

H line

Outside line

Hallux valgus angle

Oo

H line distance
Inside line

—

/ Foot angle

Figure 1. Evaluation variables for the sole’s contact area anterior-posterior foot pressure ratio.
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between the two groups for accomplishment of plantar arch. Pearson’s correla-
tion coefficients were calculated to examine the relationship between H line dis-
tance and hallux valgus angle. Tests of correlation coefficients’ differences were
conducted to examine the difference between the two groups for correlation

coefficients. The level of statistical significance was set at p < 0.05.

3. Results

Table 3 shows results of two-way analysis of variance in H line distance, hallux
valgus angle, and foot angle. Significant differences in boys and girls between
groups were found in H line distance and hallux valgus angle. H line distance
was higher in the barefoot group than in the non-barefoot group. Hallux valgus

angle was higher in the non-barefoot group than in the barefoot group. Even

Table 3. Results of two-way analysis of variance in H line distance, hallux valgus angle, and foot angle.

Two-way ANOVA (group X age)

5.0-year 5.5-year 6.0-year 6.5-year
Group Age Interaction
Boys  H line distance Barefoot group Mean 0.52 0.68 0.97 0.95 5.34 2.92 1.06
(cm) S.D. 0.80 0.66 0.60 0.49 0.02* 0.03* 0.37
Non barefoot group ~ Mean 0.49 0.59 0.59 0.69
S.D. 0.78 0.90 0.79 0.80
Hallux valgus angle ~ Barefoot group Mean 4.30 4.03 2.78 2.83 9.82 1.40 0.23
) S.D. 4.52 5.05 5.70 4.76 0.00* 0.24 0.88
Non barefoot group  Mean 5.26 5.98 4.93 4.65
S.D. 5.02 4.83 4.78 4.57
Foot angle Barefoot group Mean 17.24 18.27 18.38 17.90 5.39 0.90 1.17
) S.D. 2.56 2.56 2.39 2.40 0.02* 0.44 0.32
Non barefoot group  Mean 17.44 17.53 17.18 17.08
S.D. 2.20 2.18 3.10 2.16
Girls  Hline distance Barefoot group Mean 0.96 0.88 1.15 1.41 4.97 6.10 1.76
(cm) S.D. 0.58 0.73 0.45 0.51 0.03* 0.00* 0.15
Non barefoot group  Mean 0.76 1.01 0.88 1.14
S.D. 0.75 0.51 0.43 0.61
Hallux valgus angle ~ Barefoot group Mean 0.38 —0.39 1.34 2.44 12.60 1.25 0.84
) S.D. 5.04 6.25 5.58 5.15 0.00* 0.29 0.47
Non barefoot group  Mean 2.60 3.27 3.97 3.05
S.D. 4.84 6.01 5.45 5.62
Foot angle Barefoot group Mean 16.80 17.85 17.19 16.47 0.25 221 2.16
) S.D. 2.52 2.23 2.55 1.85 0.62 0.09 0.09
Non barefoot group  Mean 17.24 17.31 16.16 17.06
S.D. 2.37 2.29 2.21 1.83
Note)*: p< 0.05.
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though significant age difference was found in boys’ H line distance, multiple
comparison tests revealed no significant difference. Significant age difference in
girls’ H line distance and higher values in 6.5-year-olds than in 5.0- and 5.5-year-olds
were found. Significant difference between groups was found in boys’ foot an-
gle—higher in the barefoot than in the non-barefoot group.

Table 4 shows the number and percentage of children who had accomplish-
ment of plantar arch and results of the independence test: boys’ plantar arch ac-
complishment was 89.3% for the barefoot group and 78.4% for the non-barefoot
group; the corresponding percentages for girls were 95.8% for the barefoot
group and 94.5% for the non-barefoot group. The independence test showed
that only boys’” percentages had significant difference in accomplishment of the
plantar arch.

Correlation coefficients between boys’ H line distance and hallux valgus angle
were r = —0.22 (p = 0.00) for the barefoot group and r = —0.24 (p = 0.00) for the
non-barefoot group; the corresponding statistics for girls were r = -0.23 (p =
0.00) for the barefoot group and r = —0.37 (p = 0.00) for the non-barefoot group.
All these correlation coefficients were significant. Tests of correlation coeffi-
cients between the two groups did not find significant differences in boys and
girls (boys: z = 0.19, p = 0.85; girls: z = 1.32, p=0.19).

4. Discussion

Because the plantar arch forms markedly during childhood (Forriol & Pascual, 1990;

Table 4. Results of two-way analysis of variance in H line distance, hallux valgus angle, and foot angle.

5.0-year 5.5-year  6.0-year 6.5-year Total X p
Boys Barefoot group n 34 41 53 23 151 7.59 0.01*
% 77.3 91.1 96.4 92.0 89.3
Unformed n 10 4 2 2 18
% 22.7 8.9 3.6 8.0 10.7
Non barefoot group n 22 39 39 38 138
% 71.0 78.0 81.3 80.9 78.4
Unformed n 9 11 9 9 38
% 29.0 22.0 18.8 19.1 21.6
Girls Barefoot group n 46 27 42 23 138 0.30 0.58
% 95.8 87.1 100.0 100.0 95.8
Unformed n 2 4 0 0 6
% 4.2 12.9 0.0 0.0 4.2
Non barefoot group n 45 37 35 37 154
% 88.2 97.4 100.0 94.9 94.5
Unformed n 6 1 0 2 9
% 11.8 2.6 0.0 5.1 5.5
Note)*: p< 0.05.
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Volpon, 1994), this time period is crucial for its proper development. In fact,
plantar arch formation proceeds as the soles’ fat tissue decreases when children
learn to walk (Volpon, 1994). In this study, H line distance was significantly
higher for boys and girls in the barefoot group than for those in the
non-barefoot one, suggesting that the plantar arch forms better in children who
attend kindergartens with barefoot policy. Moreover, shoes restrict the foot’s
movement when walking (Wolf et al., 2008), so children playing barefoot have
greater opportunity to move their feet freely. The windlass mechanism—the
medial longitudinal arch becomes high as the plantar aponeurosis tenses and the
calcaneus is pulled forward when the metatarsophalangeal joint extends—works
when walking and running (Hasegawa et al., 2007; Hicks, 1954; Wegener et al,,
2011; Wolf et al.,, 2008). Wolf et al. (2008) also reported that the plantar arch’s
length changes more significantly when walking barefoot than when wearing
shoes. Thus, barefoot children’s plantar arch likely develops better because their
windlass mechanism works more frequently.

Some researchers have conducted studies about the relationship between
going barefoot and the plantar arch. Rao & Joseph (1992) reported that 4- to
13-year-old children who wore shoes continually had a higher percentage of flat
feet (8.6%) than those going barefoot (2.8%). Sachithanandam & Joseph (1995)
reported a lower rate of flat feet in people beginning to wear shoes after age 16
than in those who wore them before age 16, and in people who had worn shoes
less than 8 hours a day than in those who wore shoes over 8 hours a day before
they were 6 years old. These researchers concluded that a relationship exists be-
tween wearing shoes and flat feet, and the current study’s results are similar to
these previous studies’ results. Evidence strongly suggests that going barefoot
during childhood—when the feet are developing (Forriol & Pascual, 1990; Vol-
pon, 1994)—positively affects formation of the plantar arch. Flat feet, in which
the plantar arch has not formed, have some negative effects, for instance, muscle
weakness in the toes and fatigue and pain in the soles (Otsuka et al., 2003; Ta-
shiro et al., 2015). Barefoot policy avoids these negative effects by encouraging
healthy development of the plantar arch.

Although boys’ rates of plantar arch development showed significant differ-
ence between barefoot and non-barefoot groups, girls’ rates showed no differ-
ence. The plantar arch forms earlier in girls than in boys (Asami, Ishijima, Shi-
bukawa, & Miyazaki, 1987). Hence, the plantar arch formed even for girls who
attended kindergartens without barefoot policy. In contrast, boys whose plantar
arch had been completed were few in those who attended kindergartens without
barefoot policy.

For boys and girls, the hallux valgus angle was significantly higher in the
non-barefoot group than in the barefoot group. In Japan, the increased number
of people with hallux valgus is due to wearing shoes (Kato & Watanabe, 1981;
Kusumoto, Suzuki, Kumakura, & Ashizawa, 1996). Menz et al. (2016) reported
that wearing tight shoes from age 20 to 39 leads to hallux valgus. Klein et al.
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(2009) also reported a relationship between wearing too-short shoes and hallux
valgus angle. Thus, children who attend kindergartens following barefoot policy
have fewer tendencies toward hallux valgus than children who continually wear
shoes. Presumably, barefoot policy also positively affects the shape of the hallux.
Children should not have a tendency to hallux valgus because it causes pain and
affects movement negatively (Okuda et al., 2014).

This study also found significant negative correlation between H line distance
and hallux valgus angle, suggesting that the plantar arch does not form well in
children with a larger hallux valgus angle. Too, some previous studies have re-
ported a relationship between flat feet and hallux valgus (Kalen & Brecher, 1988;
Nguyen et al., 2010). Kalen & Brecher (1988) reported that adolescents who have
hallux valgus also have concurrently flat feet 8 to 24 times. If the hallux is the
appropriate shape, the plantar arch forms as the hallux is dorsiflexed appro-
priately and as the windlass mechanism works during walking and running
(Hicks, 1954). Conversely, if the hallux valgus angle is large, plantar arch forma-
tion will be curbed because the hallux is not dorsiflexed and not used appro-
priately and because the windlass mechanism does not work when walking and
running. Such factors are considered to underlie relationships between the plan-
tar arch and hallux valgus. However, there was no significant difference between
groups in correlation coefficients between H line distance and hallux valgus, so
barefoot policy does not seem to affect the relationship between the plantar arch
and hallux valgus.

Only in boys, the foot angle was significantly larger in the barefoot than in the
non-barefoot group, suggesting that boys who attended kindergartens with ba-
refoot policy had a larger anterior sole than boys who attended kindergartens
without barefoot policy. Many previous studies have reported that gait differs
between going barefoot and wearing shoes (Franklin et al., 2015; Lythgo et al.,
2009; Wegener et al., 2011). Although wearing shoes promotes a landing pattern
using the posterior sole (heel) because shoes weaken landing impact when walk-
ing (Wegener et al., 2011), going barefoot shows a landing pattern using the an-
terior sole (Lieberman et al., 2010). In addition, the anterior soles’ pressure and
width become larger when walking barefoot than when walking with shoes
(Wolf et al., 2008). Due to these differences of gait, boys who attended kinder-
gartens with barefoot policy tended to have larger anterior soles.

In fact, the inverted trapezoid foot—with large anterior soles—provides good
balance and is appropriate for maintaining posture and for movement (Harada,
Hasegawa, & Sakashita, 1995). Hence, boys who attended kindergartens follow-
ing barefoot policy had better contact surface area of the soles. On the other
hand, girls’ foot angle showed no significant difference. The barefoot policy’s ef-
fects were found in non-touching toes and anterior—posterior foot pressure ratio
only for boys (Matsuda, Kasuga, Hanai, & Demura, 2016; Matsuda, Kasuga, Ha-
nai, Demura, & Futabayashi, 2016; Matsuda, Kasuga, Hanai, Demura, & Komu-

ra, 2016). In other words, gender differences may exist in effects of barefoot pol-
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icy. Because boys tend to move more and more intensely than girls (Hinkley,
Crawford, Salmon, Okely, & Hesketh, 2008), gender differences in quantity and
quality of movement may cause differing effects of barefoot policy.

This study has some limitations; first, that it was cross-sectional. A longitu-
dinal study will be necessary to examine minutely and strictly barefoot policy’s
effect on the soles’ contact area. Second, this study could not consider quantity
of movement and barefoot status at home—factors that might change effects of
barefoot policy on the soles’ contact area. Therefore, future studies should in-

clude these factors when investigating effects of going barefoot.

5. Conclusion

This study examined the effect of kindergartens’ barefoot policy on the soles’
contact area (plantar arch, hallux valgus angle, and foot angle). Both boys and
girls who attended kindergartens with the barefoot policy had better develop-
ment of the plantar arch and less angle of the hallux valgus than children who
attended kindergartens not following barefoot policy. Only boys who attended
kindergartens following barefoot policy had an appropriately inverted trapezoid
foot, in which anterior soles were appropriately large. For preschool children,

barefoot policy positively affected the soles’ contact area.
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