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22 Abstract

23 Floating toe (FT) is a frequently seen condition in which a toe is inadequately in contact with the 

24 ground. Although toes play an important role in stabilizing standing posture and walking, many 

25 aspects of the effects of FT on the body remain unclear. To our knowledge, there have been no 

26 reports about the relationship between FT and postural stability, especially in children. This study 

27 aimed to clarify the prevalence of FT and its relationship with static postural stability in children. 

28 Of the 400 children aged 8 years who participated in our cohort study, 396, who were examined 

29 for static postural stability, were included in this study. Postural stability and FT were assessed 

30 using a foot pressure plate. The sway path length of the center of pressure and the area of the 

31 ellipse defined as the size of the area marked by the center of pressure were measured as an 

32 evaluation of static postural stability. We calculated the “floating toe score (FT score: small FT 

33 score indicates insufficient ground contact of the toes)” using the image of the plantar footprint 

34 obtained at the postural stability measurement. The FT rate was very high at more than 90%, and 

35 the FT score in the eyes-closed condition was significantly higher than that in the eyes-open 

36 condition in both sexes. The FT score significantly correlated with the center of pressure path and 
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37 area. Our results suggest that ground contact of the toes is not directly related to static postural 

38 stability in children, but it may function to stabilize the body when the condition becomes unstable, 

39 such as when the eyes are closed.
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40 Introduction

41 Human feet support bodyweight, absorb impact, and push the body forward while walking, and 

42 the forefeet play an important role in standing firmly on the ground, stabilizing the body, and 

43 walking and running [1,2]. The toes are in contact with the ground for approximately three-

44 quarters of the stance phase during walking and they distribute the load [3]. Toes are also thought 

45 to play an important role in the ability to stand firmly on the ground by stabilizing the body [4]. 

46 Therefore, toe function is important for preserving healthy daily activities such as standing, 

47 moving, and walking.

48 Recently, “floating toe” (FT) has received attention as a possible cause of toe dysfunction [4,5]. 

49 Originally, the condition reportedly occurred as a result of surgery, and is one of the most common 

50 complications of Weil osteotomy [6,7]. Previous studies concluded that FT results from excessive 

51 dorsiflexion or a lack of plantarflexion of the metatarsophalangeal joints [8–10]. Studies in Japan 

52 reported that FT influences dynamic balance, stride length, and walking speed [4,11]. Fukuyama 

53 et al. defined FT as a condition in which the toes do not contact the ground in the standing position 

54 and the weight does not shift to the toe while walking.

55 Although there are many unclear aspects of the effects of FT on the body in children, it is 

56 speculated that FT has some relation to body stability if the condition is due to functional 

57 deterioration of the toes. However, there are no reports on the relationship between FT and 
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58 postural stability, and it is not clear whether FT itself is an adverse condition in children.

59 Our institution has been conducting a cohort study of 8-year-old children since 2019, and we 

60 have been measuring the plantar pressure and static postural stability in the participants of this 

61 cohort study.  Hence, we could meet the purpose of this study, which was to clarify the 

62 prevalence of FT and its relationship with static postural stability in 8-year-old children in this 

63 cohort.

64

65 Materials and methods

66 Study Design

67 The Japan Environment and Children’s Study (JECS), which is a national project funded directly 

68 by the Ministry of the Environment, Japan, is a birth cohort study undertaken to elucidate the 

69 influence of environmental factors during the fetal period and early childhood on children’s health, 

70 with follow-up until age 13. Details of the protocol and baseline data of the JECS are available 

71 elsewhere [12]. In our institution, our own additional study is being performed for children who 

72 will be 8 years old that year from July 2019. This study was approved by the institutional review 

73 board of our university (No 2020). Written informed consent was obtained from all participants’ 

74 mothers or their partners in accordance with the Declaration of Helsinki. 

75 Participants
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76 Of the 400 children aged 8 years who participated in this additional survey conducted at our 

77 institution between July 2019 and February 2020, 396 children who were examined for static 

78 postural stability were included in the study.

79 Test procedure and protocol

80 Body height was measured and recorded in centimeters to the nearest millimeter; body weight 

81 was measured to the nearest 0.1 kg using an electronic weighing scale, with the participant 

82 wearing shorts and a T-shirt. The Rohrer index was calculated using the following formula: 

83 Rohrer index =10×height (m)/weight (kg)3.

84 Static postural stability and FT were assessed using a foot pressure plate (Win-Pod, 

85 Medicapteurs, France). All participants were instructed to maintain an upright standing position 

86 on the platform, barefoot, with their arms hanging by their sides and their feet parallel to each 

87 other. They were tested two times with their eyes open and two times with their eyes closed, each 

88 test lasting 20 s.

89 The inspection was performed using the postural mode, and the following parameters were 

90 measured to evaluate static postural stability: the sway path length of the center of pressure (COP-

91 path) and the area of the ellipse defined as the size of the area marked by the center of pressure 

92 (COP-area). Of the two measurements, one with the smaller COP-path was used for the analysis.

93 Based on a previous report [4], we calculated the FT score using the image of the plantar 
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94 footprint obtained at the postural stability measurement. As with postural stability, the footprint 

95 with the smaller COP-path was used. For the 10 toes of both feet, if a toe appeared clearly on the 

96 image (shown in red to green in the plantar pressure chart in Fig 1), 2 points were given; if it 

97 appeared unclearly (shown in blue in the plantar pressure chart in Fig 1), 1 point was given; and 

98 if it did not appear, no points were given. The points were summed to realize FT score (Fig 1). If 

99 FT score was ≥18 points and the big toe of both feet had gained 2 points, the participants were 

100 placed in the “contact toe” group; those with 11 to 17 points were placed in the “incomplete 

101 contact toe” group; and those with ≤10 points were placed in the FT group. 

102

103 Fig 1. Example of plantar pressure chart. One yellow and one green toe on the right foot and 

104 one yellow and one blue toe on the left foot resulted in a FT score of 7 points in this case.

105

106 Statistical analyses

107 To evaluate the intraobserver agreement for FT score, the measurements of 20 randomly selected 

108 plantar footprints were repeated by the same reader (T.F.) during the course of two sessions at 

109 least 1 month apart. For interobserver agreement, a second reader (M.W.) repeated the 

110 measurements for the same 20 participants. Interobserver and intraobserver reliabilities for FT 

111 score were assessed by estimating intraclass correlation coefficients (ICCs) along with 95% 
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112 confidence intervals (CIs) using an ICC (2,1) modeling scheme.

113 The unpaired t-test was used for investigating the sex differences of each parameter. The paired 

114 t-test was used to examine the differences in FT score, COP-path, and COP-area between the 

115 eyes-open and eyes-closed conditions. Pearson's correlation coefficients were used to investigate 

116 the correlations between each measurement. Statistical significance was set at p<0.05.

117

118 Results

119 The interobserver and intraobserver reliabilities of FT score of the 20 randomly selected 

120 participants were 0.969 (95% CI, 0.924 - 0.988) and 0.989 (95% CI, 0.973 - 0.996), respectively. 

121 These values indicated substantial agreement (ICC, >0.9). 

122 Table 1 shows summaries of height, weight, and Rohrer index of all participants. There were no 

123 significant gender differences in height, weight, and Rohrer index, and none of these participants 

124 had an extreme body posture.　

125

126 Table 1. Height, weight, and Rohrer index of all participants (mean ± SD）

total (n=396) female (n=216) male (n=180)

height (cm) 124.8±5.0 125.0±4.8 124.6±5.1

weight (Kg) 24.7±4.3 24.8±4.2 24.5±4.5

Rohrer index 126.2±14.2 126.4±14.8 126.0±13.6

127
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128 Table 2 shows the results of postural static stability. COP-path and COP-area of the total, female, 

129 and male participants in the eyes-closed condition were significantly larger than those in the eyes-

130 open condition. Significant differences between boys and girls were observed in the COP-path 

131 and COP-area in eyes-closed condition. 

132

133 Table 2. COP-path and COP-area (mean ± SD）

condition total (n=396) female (n=216) male (n=180)

COP-path EO 200.1±97.5 191.7±81.5 210.3±113.2

EC 291.3±147.2* 274.1±135.4* 312.0±158.2*†

COP-area EO 192.5±162.7 182.4±142.1 204.8±184.1

　 EC 320.7±278.0* 285.1±223.5* 363.3±327.3*†

134 EO= eye open, EC= eye closed, COP-path= the total displacement of center of pressure. COP 

135 area= the area of the mean center of pressure

136 *: significantly different with EO (p < 0.05, paired t-test).

137 †: significantly different with female (p < 0.05, unpaired t-test).

138

139 Table 3 shows the results of FT score. According to Fukuyama et al.'s criteria [4], the FT rate 

140 was very high at more than 90% under all conditions. FTS in the eyes-closed condition was 

141 significantly higher than that in the eyes-open condition in both sexes. There were no significant 

142 gender differences in FTS. 
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143

144 Table 3. Floating toe score and classification (mean ± SD）

total (n=396) female (n=216) male (n=180)

EO EC EO EC EO EC

FT score 3.7±2.8 4.6±3.4* 3.6±2.4 4.4±3.1* 3.7±3.3 4.9±3.7*

FT 383
(96.7)

370
(93.4)

211
(97.7)

205
(94.9)

172
(95.6)

165
(91.7)

incomplete 11
(2.8)

23
(5.8)

5
(2.3)

10
(4.6)

6
(3.3)

13
(7.2)

classification
n (%)

contact toe 2
(0.5)

3
(0.8)

0
(0)

1
(0.5)

2
(1.1)

2
(1.1)

145 EO= eye open, EC= eye closed, FT= floating toe.

146 *: significantly different with EO (p < 0.05, paired t-test).

147

148 Table 4 shows the correlations between static postural stability and FT score in the eyes-open 

149 and eyes-closed conditions. FT score had a significantly moderate correlation with COP-path and 

150 COP-area in both eyes-open and eyes-closed conditions in boys and significant but weak 

151 correlation in girls. 

152

153 Table 4. Pearson’s correlation coefficient of the measurements

154 a: eyes-open condition.

FT score

total female male
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COP-path 0.411* 0.275* 0.495*

COP-area 0.377* 0.220* 0.480*

155

156 b: eyes-closed condition.

FTS

total female male

COP-path 0.486* 0.411* 0.545*

COP-area 0.486* 0.352* 0.578*

157 EO= eye open, EC= eye closed, FT= floating toe.

158 COP-path= the total displacement of center of pressure. COP-area= the area of the mean center 

159 of pressure.　

160 *: p < 0.05

161

162 Discussion

163 We assessed 396 8-year-old children for FT and static postural stability. COP-path and COP-

164 area in the eyes-closed condition were significantly larger than those in the eyes-open condition, 

165 and the postural stability in girls was higher than that in boys in the eyes-closed condition. We 

166 found a fairly high rate of FT in all participants and a higher FT score in the eyes-closed condition 

167 than in the eyes-open condition. Moreover, there were significant correlations between the FT 

168 score and COP-path and COP-area. To our knowledge, this is the first report on the relationship 

169 between FT and postural stability.
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170 The result suggesting higher static postural stability in females is similar to that in previous 

171 reports. A majority of previous studies have found that the balancing ability of girls is better than 

172 that of boys and that the sex differences in postural stability among children may explain 

173 maturational differences in the central nervous structures [13–18]. de Sá et al. reported that in 

174 children, the visual system matures before the vestibular system; therefore, the open-eyes postural 

175 stability is first achieved at 5 to 7 years of age before the closed-eyes postural stability [13]. The 

176 vestibular system is believed to mature faster in girls. Hirabayashi et al. showed that girls were 

177 superior to boys with respect to vestibular function at the age of 7-8 years [14]. Lenroot et al. 

178 reported that girls reached peak values of brain volumes earlier than boys [15]. The current study 

179 revealed that the static postural stability of girls is better than that of boys only in the eyes-closed 

180 condition. These results may be due to the dominance of the vestibular system in using vestibular 

181 cues under the condition of no visual cues and inaccurate somatosensory input. Thus, the results 

182 of static postural stability are almost the same as those in previous reports. 

183 The toe plays an important role in stabilizing the standing posture and walking by increasing the 

184 ground contact area [2,3], and FT is a condition in which the toes do not contact the ground in the 

185 standing position. In recent years, some reports have shown that the frequency of FT in children 

186 ranges from 40% to 98%. Araki et al. assessed 198 children aged 3 to 5 years using footprint 

187 images and reported that FT was found in 87.7% to 98.7% of them [5]. Tasaka et al. studied 635 

.CC-BY 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted January 13, 2021. ; https://doi.org/10.1101/2021.01.13.426517doi: bioRxiv preprint 

https://doi.org/10.1101/2021.01.13.426517
http://creativecommons.org/licenses/by/4.0/


13

188 children aged 9 to 11 years and reported that 40.3% of all feet had no toe contact with the floor at 

189 all, and they were concerned about the trend of declining foot function in children [10]. Despite 

190 differences in the methods used by each author to assess FT, the rate of FT were similarly high in 

191 the current study.

192 Although there have been some reports on postural stability and foot posture, there has been 

193 no report in English on the relationship between postural stability and FT. The current study 

194 showed that the body was more unstable in cases with more ground contact toes. If toe contact is 

195 directly important for postural stability, the greater the FT score, the more stable will be the center 

196 of gravity. The results of the current study indicate that larger the FT score, greater the COP-path 

197 and COP-area, suggesting that toes stabilize the body that becomes unstable when eyes are closed. 

198 In other words, ground contact of the toes is not directly related to static postural stability in 

199 children, but it may function to stabilize the body when the condition becomes unstable. Moreover, 

200 the current study revealed that the FT score of the total, female, and male cases in the eyes-closed 

201 condition was greater than that in the eyes-open condition. This is probably the result of grounding 

202 the toes in an attempt to control the unstable body caused by eyes closure and may support the 

203 theory described above. 

204 Our study had several limitations. First, we evaluated FT using the plantar pressure diagram 

205 obtained from the foot pressure plate. As there is no standard method to evaluate FT, it is not 
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206 exactly possible to compare the results of the current study with previous reports on the frequency 

207 of FT. However, the number of cases is sufficient in our study, and we think there is no doubt 

208 about the results of the high frequency of FT. Second, in the present study, only the 

209 interrelationship between FT and static postural stability was examined. Based on our results 

210 indicating lesser static postural stability in cases with higher FT score, we found no direct 

211 relationship between FT and static postural stability. However, we were not able to prove it 

212 directly. We speculate that various other factors are involved among these factors in a complex 

213 manner. Furthermore, it has been reported that static postural stability reflects several physical 

214 factors other than nervous system maturation. Angin et al. reported that postural sway velocity 

215 increases with pronation of the foot [19]. Likewise, Cote et al. reported that postural stability was 

216 greater in pronators than in supinators [20]. In the current research series, we have measured and 

217 saved data on plantar footprints, physical exercise habits of individuals and their parents, blood 

218 investigations, body composition such as body fat and muscle mass, and Pediatric Evaluation of 

219 Disability Inventory–Computer Adaptive Test (PEDI-CAT) to assess their mental development. 

220 In the future, we plan to investigate FT and postural stability in children using these data in a 

221 more multifaceted way. Moreover, we would like to study whether the high prevalence of FT 

222 decreases or remains the same as the children grow older.

223 As a side note, this study was conducted as an additional study to the Ministry of the 
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224 Environment's JECS. The views expressed in this paper are the authors' own and not those of the 

225 Ministry of the Environment.

226 In conclusion, this study demonstrated that the frequency of FT in healthy 8-year-old children 

227 was very high. Our results suggested that FT is not directly related to retention of the standing 

228 posture in children; however, the toes do play a role by making ground contact in conditions when 

229 static postural stability is compromised and the standing posture becomes unstable. At least at 8 

230 years of age, although FT is very common, it is not directly related to postural control and 

231 considered to have little pathological significance.

232
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