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Abstract 
This study clarified the relationship between children’s toes and kindergartens’ barefoot policy by 
comparing the condition of untouched toes, that is, toes not touching the ground while standing 
normally, between children who attended kindergartens following a barefoot policy and those 
who did not. Participants were 552 children (299 boys and 253 girls) attending kindergartens that 
followed a barefoot policy and 538 children (286 boys and 252 girls) attending kindergartens that 
did not follow this policy. The presence of floating toes was determined from pictures of partici-
pants’ soles on a contact surface area. For boys, the percentage of untouched toes was significantly 
lower for those who attended kindergartens following a barefoot policy (50.5%) than for those 
who attended kindergartens not following this policy (66.4%). Moreover, the number of un-
touched toes was significantly lower in children who attended kindergartens following a barefoot 
policy than for those who did not. On the other hand, results for boys differed from those for girls. 
Possibly, the occurrence of young children’s untouched toes decreases when they attend kinder-
gartens following a barefoot policy, especially for those who are very active. 
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1. Introduction 
The human foot’s contact sole is the only region that touches the ground when standing, walking, or running. As 
part of the foot, the toes play an important role in maintaining posture and locomotion when standing, walking, 
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and running (Chou et al., 2009; Hughes, Clark, & Klenerman, 1990; Tanaka et al., 1996). Recently in Japan, 
however, reports have asserted that many children’s toes do not touch the ground when they stand normally 
(Akamatsu & Nakatsuka, 2014; Fukuyama & Maruyama, 2011), and this condition is termed “untouched toes” 
(Araki, Masuda, Jinno, & Morita, 2015; Matsuda, Demura, Kasuga, & Sugiura, 2011). Reports also state that the 
number of children with untouched toes is increasing: currently, the percentage is over approximately 70% 
(Araki et al., 2015; Matsuda et al., 2011; Matsuda et al., 2009). Considering the toes’ important function, un-
touched toes may negatively affect posture during standing, daily performance, and physical activity (Harada, 
2001). Matsuda, Demura, Kasuga, and Sugiura (2013) reported that the more toes not touching the ground when 
standing, the greater the heel load becomes. As the foot load’s anterior percentage grows from young childhood 
to later childhood (Matsuda & Demura, 2013; Usui, Maekawa, & Hirasawa, 1995), children with untouched toes 
are undesirable for normal development and growth (Matsuda et al., 2013). Another study reported a relation-
ship between untouched toes, general malaise, and physical symptoms in adult women (Akamatsu & Nakatsuka, 
2014). Considering the role of the toes and the studies mentioned above, toes that touch the ground are desirable. 

Some Japanese kindergartens follow a barefoot policy. The children who attended kindergartens following a 
barefoot policy play barefoot indoors after arriving at their kindergarten. Although this policy positively affects 
formation of the medial longitudinal arch (Asami, Ishijima, & Shibukawa, 1990), few studies have examined 
and evidenced support of the policy’s effectiveness. To evaluate it comprehensively, its effect should be ex-
amined from various viewpoints, especially in preschool children. If the policy’s results become clear, this in-
formation will be useful for each kindergarten in deciding whether to adopt the barefoot policy. 

As children’s gait and muscle activity differ when barefoot and when wearing shoes (Franklin, Grey, Heneg-
han, Bowen, & Li, 2015), their foot shape changes by habitually going barefoot (Morio, Lake, Gueguen, Rao, & 
Baly, 2009; Rao & Joseph, 1992; Wolf et al., 2008). Additionally, as children’s foot bones contain more carti-
lage than those of adults and because the bones’ development is marked in childhood (Cheng et al., 1997), the 
shape of children’s feet easily changes from external pressure. The toes are also expected to change according to 
differences of the period of being barefoot and moving barefoot. The load to the toes increases when walking 
(Hughes et al., 1990; Stokes, Hutton, Stott, & Lowe, 1979), and it increases more when going barefoot than 
when wearing shoes. The toes are freely and frequently used when barefoot. Moreover, the toes have low exter-
nal pressure when barefoot, but shoes add external pressure. Thus, children who attend kindergartens following 
a barefoot policy are expected to have fewer untouched toes than others because they spend more time moving 
barefoot. 

This study aims to clarify the relationship between children’s toes and kindergartens’ barefoot policy by 
comparing the condition of the toes of children attending kindergartens following a barefoot policy with those 
attending kindergartens that do not. 

2. Methods 
2.1. Participants 
Participants in this study were 552 children (299 boys and 253 girls) who attended kindergartens that followed a 
barefoot policy (barefoot group) and 538 children (286 boys and 252 girls) who attended kindergartens that did 
not follow a barefoot policy (non-barefoot group). Participants in the barefoot group played barefoot indoors af-
ter arriving at their kindergartens. Table 1 and Table 2 show the number of participants in each age category 
and their physical characteristics, respectively. Years in age were divided by 12 and used as the age of each par-
ticipant. Furthermore, the age category was divided into anterior and posterior halves. For example, a child 
whose age was from 4.0 to 4.5 was defined as a 4.0 category. Two-way analysis of variance (group × age) was 
conducted in age, height, and body weight, but the two groups did not differ significantly in age and height. 
However, body weight was significantly greater in the non-barefoot group than in the barefoot group. Because 
body weight is reported not to affect the occurrence ratio of untouched toes and because effect size in this study 
was small (boys: partial ŋ2 = 0.01, girls: partial ŋ2 = 0.03), difference in body weight was not considered in the 
following analysis. Age differences were found in age, height, and body weight; all variables increased with  
age. 

2.2. Measurement of the Sole’s Contact Surface Area 
A pedoscope (Sakamoto, Japan) was used to record the sole’s contact surface area of participants’ feet and to  
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Table 1. Number of participants. 

  4-year 4.5-year 5-year 5.5-year 6-year 6.5-year Total 

Barefoot group 

Boys 61 42 50 50 60 36 299 

Girls 54 39 55 27 46 32 253 

Sum 115 81 105 77 106 68 552 

Non-barefoot 
group 

Boys 39 50 39 53 54 51 286 

Girls 34 50 51 42 38 37 252 

Sum 73 100 90 95 92 88 538 

 
Table 2. Participants’ physical characteristics and results of two-way analysis of variance (ANOVA). 

    
4-year 4.5-year 5-year 5.5-year 6-year 6.5-year Total 

Two-way ANOVA  
(group × age) Tukey’s HSD 

     F p 

Boys Age Barefoot group Mean 4.2 4.7 5.2 5.7 6.2 6.7 5.4 Group 0.08 0.78 4 < 4.5 < 5 < 5.5 < 
6 < 6.5 

 (years） (n = 299) S.D. 0.1 0.2 0.2 0.1 0.1 0.1 0.9 Age 4065.30 0.00*  

           Interaction 0.36 0.88  

  
Non-barefoot 

group Mean 4.2 4.7 5.2 5.7 6.2 6.7 5.5     

  (n = 286) S.D. 0.1 0.1 0.1 0.1 0.1 0.1 0.9     

 Height Barefoot group Mean 100.1 103.4 106.8 109.7 113.7 116.2 108.0 Group 2.51 0.11 4 < 4.5 < 5 < 5.5 < 
6 < 6.5 

 (cm) (n = 299) S.D. 3.5 3.7 4.2 4.0 4.6 4.0 6.9 Age 201.17 0.00*  

           Interaction 0.36 0.88  

  
Non-barefoot 

group Mean 99.7 103.0 106.6 108.3 112.8 116.2 108.2     

  (n = 286) S.D. 4.0 4.1 4.7 4.2 4.7 4.0 7.0     

 
Body 

weight Barefoot group Mean 16.0 16.1 17.4 17.9 20.2 20.6 18.0 Group 6.81 0.01* Barefoot < 
non-barefoot 

 (kg) (n = 299) S.D. 1.9 1.7 1.9 1.7 3.2 2.1 2.8 Age 77.43 0.00* 4 < 4.5 < 5 < 5.5 < 
6 < 6.5 

           Interaction 0.59 0.71  

  
Non-barefoot 

group Mean 16.1 17.1 18.0 18.4 20.3 21.1 18.6     

  (n = 286) S.D. 1.6 1.8 1.8 2.0 2.4 2.4 2.7     

Girls Age Barefoot group Mean 4.2 4.7 5.2 5.7 6.2 6.7 5.4 Group 3.63 0.06 4 < 4.5 < 5 < 5.5 < 
6 < 6.5 

 (years) (n = 253) S.D. 0.2 0.1 0.2 0.1 0.1 0.1 0.9 Age 3474.83 0.00*  

           Interaction 0.59 0.70  

  
Non-barefoot 

group Mean 4.2 4.7 5.2 5.7 6.2 6.7 5.4     

  (n = 252) S.D. 0.1 0.1 0.1 0.1 0.1 0.1 0.8     

 Height Barefoot group Mean 99.0 102.9 106.2 109.9 113.4 116.0 107.1 Group 1.47 0.23 4 < 4.5 < 5 < 5.5 < 
6 < 6.5 

 (cm) (n = 253) S.D. 3.9 4.8 4.1 4.0 4.7 5.1 7.3 Age 172.96 0.00*  

           Interaction 0.90 0.48  

  
Non-barefoot 

group Mean 99.2 103.6 105.3 108.1 112.4 116.0 107.3     

  (n = 252) S.D. 4.0 3.9 3.7 4.5 3.5 4.4 6.6     

 
Body 

weight Barefoot group Mean 15.1 16.3 16.9 18.0 19.4 20.2 17.4 Group 14.48 0.00* Barefoot < 
non-barefoot 

 (kg) (n = 253) S.D. 1.8 2.2 2.0 1.8 2.5 2.8 2.8 Age 64.72 0.00* 4 < 4.5 < 5 < 5.5 < 
6 < 6.5 

           Interaction 0.67 0.65  

  
Non-barefoot 

group Mean 16.0 16.9 17.8 18.3 19.8 21.5 18.3     

  (n = 252) S.D. 1.7 1.9 1.6 2.5 2.4 2.5 2.7     

Note: S.D: standard deviation, *p < 0.05. 
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analyze the number of untouched toes. Participants 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 located at eye level and to remain 
as still as possible during measurement. After the tester, who was a university teacher, confirmed each partici-
pant’s postural stability, a picture of each sole’s contact surface area was recorded. Each participant was meas-
ured sequentially five times while standing. 

2.3. Judgment of Untouched Toes 
Untouched-toes refer to the toes that do not show up in more than four of the five recorded pictures. Participants 
were defined as having untouched toes when more than one toe among those of both feet did not touch the 
ground. In other words, the sum of untouched toes was the total number of untouched toes on both feet. 

2.4. Statistical Analysis  
Independent testing was used to examine percent differences between the two groups in children with untouched 
toes. Two-way analysis of variance was conducted to examine differences among age categories and between 
the two groups in the number of untouched toes. Independent testing was used to examine differences between 
the two groups in the percentage of untouched toes (0 untouched toes, 1 untouched toe, over 2 untouched toes). 
To discover any tendency in which untouched toes appeared, occurrence rates of untouched toes for each toe 
were calculated. SPSS statistics 17.0 was used in these analyses, and the level of statistical significance was set 
at p < 0.05. 

3. Results 
Table 3 shows results of differences between the two groups in the percentage of children with untouched toes: 
50.5% for the barefoot group and 66.4% for the non-barefoot group in boys—a significant difference. In girls, 
percentages were 54.5% for the barefoot group and 59.5% for the non-barefoot group; the difference was not 
significant. Table 4 shows results of differences among age categories and between the two groups in the num-
ber of untouched toes. For boys, means for the number of untouched toes were 0.87 for the barefoot group and 
1.31 for the non-barefoot group. For boys, the number of untouched toes was significantly fewer in the barefoot 
group than in the non-barefoot group. For girls, means for the number of untouched toes were 0.94 for the bare-
foot group and 1.04 for the non-barefoot group—not a significant difference between groups. Table 5 shows 
results of differences between groups in the percentage of the number of untouched toes (0 untouched toes, 1 
untouched toe, over 2 untouched toes). A significant difference was found for boys, and the percentage of child-
ren with more than two untouched toes was less in the barefoot group than in the non-barefoot group. There was 
no significant difference in the girls’ percentages. Table 6 and Table 7 shows the number and percentage of  
 
Table 3. Results of differences between barefoot and non-barefoot groups in the ratio of children with untouched toes. 

   
4-year 4.5-year 5-year 5.5-year 6-year 6.5-year Total 

χ2 test 

   χ2 p 

Boys Barefoot 
group n 33 19 27 27 23 22 151 15.26 0.00* 

 (n = 299) Ratio (%) 54.1 45.2 54.0 54.0 38.3 61.1 50.5   

 
Non-barefoot 

group 
(n = 286) 

n 25 32 26 35 33 39 190   

 Ratio (%) 64.1 64.0 66.7 66.0 61.1 76.5 66.4   

Girls Barefoot 
group n 32 25 24 15 25 17 138 1.28 0.28 

 (n = 253) Ratio (%) 59.3 64.1 43.6 55.6 54.3 53.1 54.5   

 
Non-barefoot 

group 
(n = 252) 

n 15 31 31 26 27 20 150   

 Ratio (%) 44.1 62.0 60.8 61.9 71.1 54.1 59.5   
Note: *p < 0.05. 



S. Matsuda et al. 
 

 
199 

Table 4. Results of differences among age categories and between barefoot and non-barefoot groups in the number of un-
touched toes. 

   
4-year 4.5-year 5-year 5.5-year 6-year 6.5-year Total 

Two-way ANOVA  
(group × age) 

    F p 

Boys Barefoot 
group Mean 0.95 0.81 0.82 0.94 0.63 1.14 0.87 Group 19.69 0.00* 

 (n = 299) S.D. 1.23 1.09 0.87 1.00 0.92 1.17 1.05 Age 1.04 0.39 

          Interaction 0.63 0.68 

 
Non-barefoot 

group 
（n = 286) 

Mean 1.36 1.28 1.26 1.11 1.35 1.51 1.31    

 S.D. 1.40 1.26 1.12 1.09 1.40 1.22 1.25    
Girls Barefoot 

group Mean 1.11 1.15 0.73 0.67 1.04 0.84 0.94 Group 0.95 0.33 

 (n = 253) S.D. 1.21 1.06 1.01 0.68 1.17 0.88 1.06 Age 1.54 0.18 

          Interaction 1.41 0.22 

 
Non-barefoot 

group 
（n = 252) 

Mean 0.82 1.16 1.08 1.12 1.24 0.70 1.04    

 S.D. 1.31 1.17 1.06 1.17 1.10 0.74 1.11    
Note: S.D: standard deviation, *p < 0.05. 

 
Table 5. Results of differences between barefoot and non-barefoot groups in the ratio of the number of untouched toes. 

 0 U-toe 1 U-toe Over 2 U-toes 
χ2 test 

χ2 p 

Boys Barefoot group n 148 69 82 19.0 0.00* 

 (n = 299) Ratio (%) 49.5 23.1 27.4   

 Non-barefoot group 
(n = 286) 

n 96 67 123   

 Ratio (%) 33.6 23.4 43.0   
Girls Barefoot group n 115 62 76 1.31 0.52 

 (n = 253) Ratio (%) 45.5 24.5 30.0   

 Non-barefoot group 
(n = 252) 

n 102 69 81   

 Ratio (%) 40.5 27.4 32.1   
Note: U-toe: Untouched-toe. 

 
untouched toes for each toe. The percentage for the fifth toe was highest, and percentages for the fourth and the 
second toes followed. 

4. Discussion 
The percentages of children with untouched toes in the non-barefoot group were 66.4% for boys and 59.5% for 
girls. A previous study, which was conducted with 579 children aged from 3.2 to 6.2 years, reported that per-
centages with untouched-toes were 73.0% for boys and 69.3% for girls (Matsuda et al., 2009). In addition, Araki 
et al. (2015) reported that the percentage of 198 children, aged from 3 to 5 years, with more than one untouched 
toe was over 87%, although the measurement device and criteria for untouched toes differed in this study. 
Compared with previous studies, the percentage of untouched toes in this study was low. It is reported that the 
number of untouched toes decreases with age in childhood (Matsuda et al., 2011). As participants in this study 
were over 4 years old, the difference in ages of the children between this study and previous studies may affect 
results. Overall, however, these studies indicate that many children today have untouched toes.  

The percentage of children with untouched toes was significantly less in the barefoot group (50.5%) than in 
the non-barefoot group (66.4%). Furthermore, the number of untouched toes was significantly fewer in the ba-
refoot group (0.87) than in the non-barefoot group (1.31). Indeed, we clarified that children who attended kin-
dergartens following a barefoot policy were superior in the condition of toes touching the ground. Differences in  
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Table 6. Number and ratio of each toe for boys with untouched toes. 

The number of children with 
U-toe 

  4-year 4.5-year 5-year 5.5-year 6-year 6.5-year Total 

B-group n 33 19 27 27 23 22 151 

NB-group n 25 32 26 35 33 39 190 

Left foot Fifth toe B-group n 23 13 21 20 17 20 114 

   (%) 69.7 68.4 77.8 74.1 73.9 90.9 75.5 

  NB-group n 22 30 20 26 31 35 164 

   (%) 88.0 93.8 76.9 74.3 93.9 89.7 86.3 

 Fourth toe B-group n 4 2 0 2 2 1 11 

   (%) 12.1 10.5 0.0 7.4 8.7 4.5 7.3 

  NB-group n 2 4 2 3 6 5 22 

   (%) 8.0 12.5 7.7 8.6 18.2 12.8 11.6 

 Third toe B-group n 1 0 0 0 0 0 1 

   (%) 3.0 0.0 0.0 0.0 0.0 0.0 0.7 

  NB-group n 0 0 0 0 2 0 2 

   (%) 0.0 0.0 0.0 0.0 6.1 0.0 1.1 

 Second toe B-group n 3 2 2 1 1 1 10 

   (%) 9.1 10.5 7.4 3.7 4.3 4.5 6.6 

  NB-group n 4 3 1 2 4 1 15 

   (%) 16.0 9.4 3.8 5.7 12.1 2.6 7.9 

 First toe B-group n 0 0 0 0 0 0 0 

   (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  NB-group n 0 0 0 0 0 0 0 

   (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Right foot Fifth toe B-group n 18 12 17 21 15 14 97 

   (%) 54.5 63.2 63.0 77.8 65.2 63.6 64.2 

  NB-group n 17 20 19 20 21 25 122 

   (%) 68.0 62.5 73.1 57.1 63.6 64.1 64.2 

 Fourth toe B-group n 6 2 0 1 0 3 12 

   (%) 18.2 10.5 0.0 3.7 0.0 13.6 7.9 

  NB-group n 2 2 4 3 4 6 21 

   (%) 8.0 6.3 15.4 8.6 12.1 15.4 11.1 

 Third toe B-group n 1 0 0 1 0 0 2 

   (%) 3.0 0.0 0.0 3.7 0.0 0.0 1.3 

  NB-group n 1 0 0 2 0 2 5 

   (%) 4.0 0.0 0.0 5.7 0.0 5.1 2.6 

 Second toe B-group n 2 3 1 1 3 2 12 

   (%) 6.1 15.8 3.7 3.7 13.0 9.1 7.9 

  NB-group n 5 4 3 3 4 3 22 

   (%) 20.0 12.5 11.5 8.6 12.1 7.7 11.6 

 First toe B-group n 0 0 0 0 0 0 0 

   (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  NB-group n 0 1 0 0 1 0 2 

   (%) 0.0 3.1 0.0 0.0 3.0 0.0 1.1 

Note: U-toe: Untouched-toe, B-Group: Barefoot group, NB-group: Non-barefoot group. 
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Table 7. Number and ratio of each toe for girls with untouched toes. 

The number of children with 
U-toe 

 4-year 4.5-year 5-year 5.5-year 6-year 6.5-year Total 

B-group n 32 25 24 15 25 17 138 

NB-group n 15 31 31 26 27 20 150 

Left foot Fifth toe B-group n 27 15 18 9 16 13 98 

   (%) 84.4 60.0 75.0 60.0 64.0 76.5 71.0 

  NB-group n 12 24 26 21 21 11 115 

   (%) 80.0 77.4 83.9 80.8 77.8 55.0 76.7 

 Fourth toe B-group n 5 2 2 0 3 0 12 

   (%) 15.6 8.0 8.3 0.0 12.0 0.0 8.7 

  NB-group n 2 3 2 0 2 1 10 

   (%) 13.3 9.7 6.5 0.0 7.4 5.0 6.7 

 Third toe B-group n 1 0 0 0 0 0 1 

   (%) 3.0 0.0 0.0 0.0 0.0 0.0 0.7 

  NB-group n 0 1 0 1 0 0 2 

   (%) 0.0 3.2 0.0 3.8 0.0 0.0 1.3 

 Second toe B-group n 2 1 1 0 0 0 4 

   (%) 6.3 4.0 4.2 0.0 0.0 0.0 2.9 

  NB-group n 2 3 1 1 4 0 11 

   (%) 13.3 9.7 3.2 3.8 14.8 0.0 7.3 

 First toe B-group n 0 0 0 0 0 0 0 

   (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  NB-group n 0 0 0 1 0 0 1 

   (%) 0.0 0.0 0.0 3.8 0.0 0.0 0.7 

Right foot Fifth toe B-group n 19 20 18 9 20 14 100 

   (%) 59.4 80.0 75.0 60.0 80.0 82.4 72.5 

  NB-group n 7 20 22 19 17 13 98 

   (%) 46.7 64.5 71.0 73.1 63.0 65.0 65.3 

 Fourth toe B-group n 4 4 0 0 6 0 14 

   (%) 12.5 16.0 0.0 0.0 24.0 0.0 10.1 

  NB-group n 2 2 3 2 1 1 11 

   (%) 13.3 6.5 9.7 7.7 3.7 5.0 7.3 

 Third toe B-group n 0 0 0 0 1 0 1 

   (%) 0.0 0.0 0.0 0.0 4.0 0.0 0.7 

  NB-group n 0 2 0 1 0 0 3 

   (%) 0.0 6.5 0.0 3.8 0.0 0.0 2.0 

 Second toe B-group n 1 2 0 0 2 0 5 

   (%) 3.1 8.0 0.0 0.0 8.0 0.0 3.6 

  NB-group n 3 3 0 1 2 0 9 

   (%) 20.0 9.7 0.0 3.8 7.4 0.0 6.0 

 First toe B-group n 0 0 0 0 0 0 0 

   (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

  NB-group n 0 0 1 0 0 0 1 

   (%) 0.0 0.0 3.2 0.0 0.0 0.0 0.7 

Note: U-toe: Untouched-toe, B-Group: Barefoot group, NB-group: Non-barefoot group. 
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gait between being barefoot and wearing shoes may affect these results. Many previous studies reported that step 
length, cadence (step frequency), and foot pressure when contacting the ground differ when barefoot and when 
wearing shoes (Franklin et al., 2015; Lythgo, Wilson, & Galea, 2009; Wegener, Hunt, Vanwanseele, Burns, & 
Smith, 2011). Additionally, rear-foot strike at landing during running is facilitated when wearing shoes because 
shoes attenuate landing impact (Wegener et al., 2011). On the other hand, forefoot strike pattern at landing hap-
pens frequently when barefoot (Lieberman et al., 2010). These differences in gait and landing affect foot shape 
(D’Août, Pataky, De Clercq, & Aerts, 2009; Morio et al., 2009; Rao & Joseph, 1992). D’Août et al. (2009) re-
ported that foot width is greater in habitually barefoot walkers than in habitually shoed walkers. Rao and Joseph 
(1992) examined the relationship between footwear and flat feet in 2300 participants aged from 4 to 13 years, 
reporting that people who habitually wear shoes have more flat feet than people who do not. Sachithanandam 
and Joseph (1995) also reported that wearing shoes beginning in childhood affects flat feet. As just described, 
there is a relationship between going barefoot/wearing shoes and foot shape. In addition, because a forefoot 
strike pattern is used (Lieberman et al., 2010) and the anterior foot load is high when barefoot (Wolf et al., 2008), 
load is added to the toes (Hughes et al., 1990; Stokes et al., 1979). Hasegawa et al. (2007) reported that the me-
tatarsal-phalange joint’s range of motion is greater when walking barefoot compared with walking with shoes; 
the toes are also utilized when barefoot. On the other hand, as shoes compress toes, at least somewhat, their mo-
bility is limited when wearing shoes. These differences affect the toes’ shape. Although the previous study was 
conducted with elementary schoolchildren (Enishi, Yamasaki, Hirakawa, Matsunaga, & Ono, 2008), it reported 
that deformation of the first and fifth toes is less for children who attended an elementary school following a ba-
refoot policy than for children who did not. From these previous studies, it seems that the condition of toes dur-
ing standing changes by increasing the amount of barefoot activity. Children who attended kindergartens fol-
lowing a barefoot policy spent most of the daytime barefoot, thus increasing barefoot activity time. Inferentially, 
differences in barefoot activity time affected differences between groups in percentages and numbers of children 
with untouched toes. 

On the other hand, significant differences were not found in the percentage of children with untouched toes 
and the number of untouched toes for girls—unlike for boys. Although there are some sex differences at various 
points in childhood, and sex differences are not special, presuming which factors relate to these results are diffi-
cult. For example, differences in shoes for girls and boys might be a factor. However, the factor most related to 
this result is the amount of activity, which is lower for girls than for boys (Hinkley, Crawford, Salmon, Okely, & 
Hesketh, 2008). As mentioned above, foot shape differs between habitual barefoot walkers and habitually shod 
walkers; possibly, the greater the frequency of walking and running, the more marked the difference. If the 
amount of activity is low, changes in foot shape caused by differences between being barefoot or wearing shoes 
might not be clear.  

The percentage of children with more than two untouched toes was higher in the non-barefoot group than in 
the barefoot group for boys (Table 5). Matsuda et al. (2013) reported that the more children have untouched toes, 
the clearer the tendency toward heel load. From this study’s results, children who attend kindergartens following 
a barefoot policy have low potential for heel load. Because the percentage of anterior foot load grows from 
young childhood to later childhood, boys who attend kindergartens following a barefoot policy are considered 
superior in general development and growth of foot load. Possibly, marked heel load triggers unnecessary mus-
cle activation. Women with untouched toes have tended to report more low-back pain, shoulder stiffness, and 
neck stiffness than women without untouched toes (Akamatsu & Nakatsuka, 2014). Thus, children who attend 
kindergartens following a barefoot policy might experience fewer and less intense physical disorders in the fu-
ture. Relationships between untouched toes and posture, muscle activation, and a sense of malaise could be ex-
amined in a future study similar to this one. 

As in previous studies (Araki et al., 2015; Matsuda et al., 2009), in this study, untouched toes occurred most 
in the fifth toe and, subsequently, in the fourth and second toes. We infer that a barefoot policy does not correct 
already untouched toes. Although we examined the barefoot policy’s effect on untouched toes, its effects should 
be examined multilaterally. In the future, the effect of a barefoot policy on various factors other than untouched 
toes should also be examined. 

5. Conclusion 
This study examined the relationship between untouched toes and kindergartens’ barefoot policy by comparing 
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children who attended kindergartens following a barefoot policy and those who did not. For boys, the percentage 
of children with untouched toes was significantly lower for those who attended kindergartens following a bare-
foot policy (50.5%) than for those children who did not (66.4%). Moreover, the number of untouched toes was 
significantly lower for children who attended kindergartens following a barefoot policy than for those who did 
not. On the other hand, results differed for boys and girls. Possibly, therefore, young children’s untouched toes 
are decreased by kindergartens following a barefoot policy, especially for very active children. 
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