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Knowledge of children’s foot shape is essential for podiatric healthcare and footwear design. Differences in
foot shapes relative to sex and age were demonstrated among white children; however, no study has exam-
ined the foot characteristics of Asian children according to sex and age. This study aimed to analyze the age-
and sex-associated differences in foot measurements in Chinese children.

We recruited 1240 boys and 1303 girls from China as participants for the present study. Foot dimensions were
recorded by a video filming system, and 12 foot-shape measurements were acquired. One-way ANOVA was
used to calculated the changes in measurements with age for boys and girls. Scores were analyzed as raw and
normalized to foot length using the independent-samples t test.

Most measurements increased significantly at 7-8 and 8-9 years for girls and 8-9 and 10-11 years for boys.
Arch height, instep length, and heel width showed greatest increases for both sexes ages 7-12 years (P<0.05).
Sex differences in measurements mainly occurred at 8, 9, and 11 years. When we analyzed the normalized
measurements of the same age children, instep length, heel width, ball girth, and instep girth were significant-
ly different between boys and girls (P<0.05).

Sex- and age-associated differences were identified in the foot morphology of the Chinese school-aged chil-
dren in this study. These differences should be considered when making clinical decisions about normal foot
development and manufacturing shoes for Chinese school children.
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Background

The foot is a complex structure with 26 bones, 33 joints and
related muscles, tendons, and ligaments. The complex struc-
ture contributes to the overall foot shape [1,2]. Human foot
shape is associated with some intrinsic and extrinsic factors,
such as age and sex [3-5], race [6], body weight [7,8] and shoe-
wearing habits [9,10].

Foot shape changes with age from childhood to adolescence.
Miiller found that foot length increased from 13.1+0.8 cm at 1
year old to 24.4+1.5 cm at 13 years old; the foot width increased
from 5.740.4 cm at 1 year old to 8.9+0.6 cm at the oldest [11].
Onodera found that 3—4-year-old children showed a high prev-
alence of low arches, while the longitudinal arch acquired an
adult-like shape progressively among 4-5-year-old children [12].

Children’s feet also show differences between boys and girls
in foot shape development. Waseda et al. found that a child’s
foot length grows rapidly from age 6 years and nearly reached
a plateau at 13 years in girls and 14 years in boys. The navic-
ular height in boys increased from age 6 to 13 years. In girls,
the navicular height increased from age 8 to 13. In boys, the
arch height ratio (AHR (%)=navicular heightx100/Foot length)
was almost flat until age 11 years, but increased at age 11-13
years. In girls, the arch height ratio was almost flat until 10
years old, but increased at age 10-12 years [13].

Furthermore, there may be ethnic difference in foot shape. Hawes
found that the East Asian’s forefoot is broader than that in their
white counterparts [14]. Kouchi et al. found that Mongoloid pop-
ulations have a wider foot compared to Caucasoid and Australian
populations, and East Asian populations have a shorter foot
length compared to Southeast Asians and Africans [15]. Sacco
revealed anthropometric differences in foot width between
German and Brazilian children [6]. A number of studies have
investigated age- and sex-related differences in foot anthro-
pometry in Spain [5], Germany [11], Japan [13] and Italy [16].

There is still scant published information on the anthropo-
metric characteristics of Chinese children’s feet. Therefore,
the present study collected three-dimensional data on feet
and analyzed the differences between Chinese boys and girls.

Material and Methods

Participants

In this study, stratified sampling was used to select sam-
ples in 7 regions in China: North China, Southern China, East
China, Central China, Southwest China, Northwest China, and
Northeast China. In every region, at least 30 participants were
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chosen in each sex and age. A total of 1240 boys and 1303
girls (ages 7-12 years) from Chinse primary schools were re-
cruited for the present study. Participants’ parents/guardians
signed consent letters for their children before testing began.
We excluded children with temporary injuries to the leg or foot
deformities such as toe amputation and hallux valgus. The ex-
periments were carried out in accordance with the guidelines
of the Declaration of Helsinki and all experimental protocols
were approved by the Regional Ethics Committee.

Procedures

Participants’ body heights and weights were measured in light
clothes and barefoot. The body heights were determined with
a stadiometer (Seca 213 portable stadiometer, Seca GmbH
& CO. Kg, Hamburg, Germany). Body weights were measured
using a digital weighing scale (Seca 770 electronic scale, Seca
GmbH & Co. Kg, Hamburg, Germany). Three-dimensional foot
shape data from the right foot were collected by a video filming
system using 4 video cameras (9800, JVC Inc., Yokohama, Japan).
The foot model used was developed by the Biomechanics
Institute of Valencia in Spain [17-19]. The model has 8 anatom-
ical reference points, which were marked with a black marking
pen before filming. All of the reference points were marked
manually by the same investigator (Figure 1). While filming,
participants were required to stand still with weight distribut-
ed evenly on both feet. Four digital cameras were used to syn-
chronously record the right foot for at least 5 s, with sample
frequency set at 50 Hz. After filming, the video images were
input into the Motion Analysis System (Ariel Dynamics, USA.)
Coordinates with 8 reference points were built by the auto-
matic digitization of the video image. The digitized data were
then smoothed with a Butterworth filter at 6 Hz.

Then, 2 foot circumferences — ball girth (BG) and instep girth (IG)
- were measured with a flexible tape to the nearest 1 mm by the
same investigator who marked the reference points (Figure 2).

Variables

Foot measurements (Figure 2) were obtained from the coordi-
nates of the 8 reference points. Four length variables were ac-
quired: foot length (FL), medial ball length (MBL), lateral ball
length (LBL), and instep length (IL). Two width variables were
acquired: ball width (BW) and heel width (HW). Four height
variables were acquired: first metatarsal head height (M1H),
fifth metatarsal head height (M5H), arch height (ArH), and in-
step height (IH) (Figure 2). Together with the 2 girth variables
measured after filming, 12 foot dimension variables were as-
sessed. This method was used to measure three-dimension-
al foot variables in previous studies [17,18]. High reliability of
the measurements was found, with the interclass correlation
coefficients ranging from 0.930 to 0.999 [17].
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Figure 1. The position of markers. 1 — front end of the longest toe; 2 — first metatarsal head; 3 — highest point of first metatarsal head;
4 - highest point of fifth metatarsal head; 5 - fifth metatarsal head; 6 — lowest point of the foot arch; 7 — point where the
leg meets the foot; 8 — pterion (the most prominent point of the heel).

g|7 i

Figure 2. a — Foot length; b — medial ball length; c — lateral ball length; d — instep length; e — ball width; f — heel width; g — height of
the first metatarsal head; h — height of the fifth metatarsal head; i — arch height; j — instep height; x — ball girth; y — Instep
girth.
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Statistical analysis

180_ r=0.792, P<0.001
Data are shown as means and standard deviation. Statistical 160 |
analysis was conducted using the SPSS 20.0 software pack- E 1401
age (SPSS Inc., Chicago, USA). Partial correlation analysis ad- % 0]
justed by age was conducted to determine the relationships £ ]
between body height and foot length. A one-way ANOVA was 0]
used to calculated changes per year in foot dimensions for 100 : : . :
boys and for girls. When a significant main effect occurred, 160 180 200 220 240 260
the Bonferroni post hoc test was used. Independent-samples t Footlength (mm)

tests were used to compare absolute foot measurements and
relative values (in%FL) between boys and girls of the same age. Figure 3. Relationship between standing height and foot length
Cohen’s d was calculated to define the standardized difference adjusted by age in boys.

between 2 means. Cohen’s d is interpreted as an extremely

small effect being <0.2, a small effect being 0.2-0.5, a moder-
ate effect being 0.5-0.8, and a large effect being >0.8 [17,19]. 133 1=0.747, P<0.001
The statistical significance was set at P<0.05. 160-
E 150
% 140
Results £ 1304
120
110
Participants’ physical characteristics (Table 1) 100 . . i .
160 180 200 220 240 260
Relationship between body height and foot length Foot length (mm)

The foot length was linearly associated with body height, as Figure 4. Relationship between standing height and foot length
shown in Figure 3 and Figure 4 (r=0.792 for boys; r=0.747 for adjusted by age in girls.
girls, P<0.001).

Table 1. The physical characteristics of the participants.

Age (years) Gender Height (cm) Weight (kg) Foot length (mm)

Boys (n=276) 126.3 (4.5) 27.7 (4.6) 195.1 (9.4)
o Girls (=283 1250 (49) 254 (8 1902 87)
""""""""""""""""""""""" Boys (n=218) 1318 (59) 308 (7.0) 2035 (124)
S Girls (=215 1304 (7 283 (52 2003 (110)
""""""""""""""""""""""" Boys (n=187) 1389 (68) 379 (105 2149 (138)
> Girls (n-183) 1382 65 31 @1 2107 (121)
""""""""""""""""""""""" Boys (n=232) 1423 (65 377 (@®5 2200 (121)
R Girls (=232 420 () 359 (86 2160 (119)
""""""""""""""""""""""" Boys (n=176) 1502 (79) 465 (L) 2333 (139)
S Girls (n=190) 1508 (73 424 (00 260 (120)
""""""""""""""""""""""" Boys (n=151) 1560 (81 514 (11§ 2405 (132)
S Girls (=200 1545 (59) 479 (10.) 296 (94
""""""""""""""""""""""" Boys (1=1240) 1392 (119) 372 (119 2152 (199)
el Girls (h=1303) 1391 (123) 348 (10 2106 (179
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Table 2. Percentage of change per year in boys and girls (%).

7-8 years 8-9 years

9-10 years
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10-11 years 11-12 years 7-12 years

* P<0.05; ** P<0.01; *** P<0.001 show significant differences between consecutive years. FL — foot length; MBL — medial ball length;
LBL — lateral ball length; IL — instep length; BW — ball width; HW — heel width; M1H — height of the first metatarsal head; M5H — height
of the fifth metatarsal head; ArH — arch height; IH — instep height; BG — ball girth; IG — instep girth.

Age differences in foot dimensions

Mean growth rates in foot length were 4.3% for boys and 3.9%
for girls per year. For most foot measurements, the largest
growth rate occurred at 7-8 and 8-9 years for girls and 8-9 and
10-11 years for boys, and the smallest growth rate occurred at
9-10 and 11-12 years in both girls and boys. Measurements
indicating the largest mean increases were arch height, in-
step length, and heel width for both boys and girls (Table 2).

Sex-associated differences in foot dimensions

Girls showed significantly smaller values across all absolute
foot measurements compared to boys of the same age, ex-
cept for the M5H at ages 10 and 12, and the ArH in ages
7-12, with medium or large effect sizes (0.5-1.4) (Figure 5).
However, when we analyzed the normalized measurements
regarding foot length, these differences decreased except for
IL, BW, BG, and IG. In addition, the differences between boys
and girls mainly occurred at 8, 9, and 11 years, with small or
medium effect sizes (0.2-0.7) (Figure 6).

No significant differences between boys and girls were found
in absolute arch heights or arch heights normalized by foot
length in children ages 7-12 years.

Discussion

The present study is the first large-scale study to demonstrate
that three-dimensional foot shape varies among Chinese chil-
dren according to age and sex. Within the age range of 7-12
years, the foot length was linearly associated with the standing
height of boys and girls. Foot dimensions increased at various
rates per year across all variables in both sexes. Girls showed
significantly smaller values in foot measurements than boys
of the same age.

Relationship between body height and foot length

In our study, foot length was linearly associated with stand-
ing height (r=0.792 for boys; r=0.747 for girls). The results of
our study are consistent with the study by Delgado, who re-
ported that 6-12-year-old boys had greater R-values related
to foot length and standing height than their female counter-
parts (r=0.905 for boys; r=0.841 for girls) [5]. However, age
adjustment for correlation analysis between body height and
foot length were not mentioned in Delgado’s study, and this
might have influenced their final results.

Age differences in foot dimensions
The increases of foot dimensions were progressive among

Chinese children because the most significant differences usu-
ally occurred between consecutive ages in the range of 7-12
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Figure 5. Differences between boys and girls in absolute foot measurements. * P<0.05. (A) Differences between boys and girls in
absolute length-related variables. (A1) Foot length; (A2) medial ball length; (A3) lateral ball length; (A4) instep length. (B)
Differences between boys and girls in absolute width-related variables and girth-related variables. (B1) Ball width; (B2) heel
width; (B3) ball girth; (B4) instep girth. (C) Differences between boys and girls in absolute height-related variables. (C1)
Height of first metatarsal; (C2) height of fifth metatarsal; (C3) arch height; (C4) instep height.

years in our study. Mean growth rates in foot length were 4.3%
for boys and 3.9% for girls per year in our study. The results
agreed with the findings of Delgado et al., in which the mean
increase per year in foot length were 4.2% for boys and 3.8%
for girls [5]. In our study, the greatest growth rates of most
foot measurements were at 7-8 and 8-9 years for girls and
at 8-9 and 10-11 years for boys. Thus, the growth rates peak
occurred earlier in girls than in boys. Similarly, Delgado et al.
showed that in Spanish children ages 6-12 years, the greatest
growth rate for all variables was at 7-9 years in girls and 10-11
years in boys, showing that the growth rate peak of foot mor-
phologies in Spanish girls was also earlier than in boys [5]. All

foot measurements developed slower at ages 9-10 years and
11-12 years in both sexes. The results agree with those re-
ported in previous studies showing that the most dynamic pe-
riod in foot development is at 6 years old and the foot growth
stabilizes at 12 years old [21,22]. Our results were different in
some respects to the age difference study among Spanish chil-
dren, in which the smallest differences for all foot measure-
ments occurred at 10-11 years in both sexes, unlike that of
our study [5]. The inconsistencies between that study and our
research may be attributed to different measurement meth-
ods, sample size, or ethnic differences (Figure 7). Children’s
foot length growth curves among Spanish, German, Japanese,
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Figure 6. Differences between boys and girls in normalized foot measurements. * P<0.05. (A) Differences between boys and girls in
normalized length-related variables. (A1) Normalized medial ball length; (A2) normalized lateral ball length; (A3) normalized
instep length. (B) Differences between boys and girls in normalized width-related variables and girth-related variables.

(B1) normalized ball width; (B2) normalized heel width; (B3) normalized ball girth; (B4) normalized instep girth. (C)
Differences between boys and girls in normalized height-related variables. (C1) normalized height of first metatarsal; (C2)
normalized height of fifth metatarsal; (C3) normalized arch height; (C4) normalized instep height.

and Chinese are shown in Figure 7. Similar foot length develop-
ment was found among the 4 different populations. European
children seemed to have a longer foot length than their Asian
counterparts. Although Kouchi et al. found that East Asian
adults have a smaller foot length than Africans and whites [15],
the data comparing children’s foot shapes across different eth-
nic groups are limited, and should be investigated in a further
study. In 7-12-year-old Chinese boys and girls, arch height rap-
idly increased with age, although it showed fewer sex-associ-
ated differences. This result suggests that the prevalence of
flat foot decreases with increasing age [11,23,24].

This work is licensed under Creative Common Attribution-
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Sex-associated differences in foot dimensions

The absolute foot measurements of girls were smaller than
among boys of the same age, except for the M5H at ages
10 and 12, and the ArH at ages 7-12 (Table 3). The results
were line with the findings of Cheng et al., which indicated
that boys’ feet grew faster than girls’ feet starting at 3 years
old [25]. Delgado et al. also stated that boys have higher val-
ues than girls of the same age for most foot absolute measure-
ments in Spanish school children ages 6-12 years old. They
found that the foot growth gaps between boys and girls occur at
ages 8 and 10 years, respectively [5]. In contrast to the present
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Figure 7. Comparison of foot length among 4 ethnic groups. ! Data reported by Delgado-Abellan (2014) [5]; 2 Data reported by Barisch-
Fritz (2016) [10]; * Data reported by Waseda (2014) [12].

Table 3. Gender differences in the absolute measures of the same age for boys and girls, from 7 to 12 years old. Values are means

(SD).
FL MBL LBL I BW HW  HJ(5) HK(7) ArH H BG IG
7 Bovs 1950 1440 1243 789 786 450 27.6 19.1 11.5 622  189.8  254.1
years y (9.9 (7.4) (6.8) (4.9) (4.5) (3.5) (1.5) (1.6) 2.7) (4.3) (10.5) (13.5)
s 1902 1404 1217 761 75.2 432 25.6 18.2 11.1 60.4 1813 2447

9 Bovs 214.9 159.7 137.7 88.6 85.8 49.3 28.8 20.1 124 67.9 209.5 282.7
years y (13.8) (10.6) (10.1) (7.3) (5.7) (4.2) (2.5) (1.6) (3.9 (5.4) (16.0) (20.5)
Girls 210.7 155.9 133.9 84.7 81.7 47.1 27.6 19.2 12.5 66.0 198.0 269.2

10 Bovs 220.1 163.0 141.1 90.3 86.6 49.7 29.0 19.9 13.0 69.3 210.1 286.3
years y (12.1) (9.2) (8.4) (6.4) (5.6) (3.9) (1.9) (1.7) (3.3) (4.8) (13.2) (17.8)
Girls 216.0 159.5 137.6 87.1 83.6 48.7 28.3 19.9 13.1 66.9 202.0 275.3

(11.9) (8.8) (8.5) (5.8) (5.4) (4.0) (1.9) (1.9) (3.6) (5.1) (12.9) (17.0)

MD  4.1%**  3.5%%* 35 320 3.0 1.0** 0.7 0.1 -0.1 2.5 8.1 11.07*
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Table 3 continued. Gender differences in the absolute measures of the same age for boys and girls, from 7 to 12 years old. Values are
means (SD).

FL MBL LBL I BW HW  HJ(5) HK(7) ArH H BG IG
11 Boys 2333 1729 1496 965 91.5 51.8 30.4 21.2 13.5 728 2221 3046
years Y% (139) (104)  (96) (6.5 63) @3 (1) (190 (34 (55 (145 (19.9)
Gils 2260 1661 1433 909 87.2 49.0 28.9 20.5 134 709 2101 2877

(12.0) (8.8) (8.0) (6.1) (5.8) (3.7) (2.0) (2.0) (3.3 (5.4) (13.5) (17.3)

12 ovs 240.5 177.9 153.8 101.0 94.5 56.5 31.6 21.1 15.2 74.1 230.0 315.5
years U (13.2) (10.5) (9.4) (7.6) (6.1) (5.9 (2.2) (1.8) (3.9 (5.4) (14.7) (21.2)
Girls 229.6 168.9 145.3 95.0 89.3 53.3 29.8 20.8 14.6 69.8 216.8 294.9

MD  10.9**  9.07** 8.4  6.0™* 520 3.1 1.8 0.3 0.7 4.3 1337 20.6™

Boys versus girls. * P<0.05; ** P<0.01; *** P<0.001.Minus sign (-) indicates larger values for men. MD — mean differences; ES — effect
sizes. FL — foot length; MBL — medial ball length; LBL — lateral ball length; IL — instep length; BW — ball width; HW — heel width; M1H -
height of the first metatarsal head; M5H — height of the fifth metatarsal head; ArH — arch height; IH — instep height; BG — ball girth; IG
- instep girth.

Table 4. Gender differences in the normalized measures of the same age for boys and girls, from 7 to 12 years old. Values are means

(SD).

MBL LBL IL BW HW H-) (5) H-K (7) ArH IH :]¢] IG

7 Bovs 73.8 63.8 40.4 40.3 23.1 13.7 9.8 5.9 31.9 97.4 130.3

years “ 0% (12 (0 @7 (8 17 (08 (08 (14 (0 (@44 (@47

Girls 73.8 64.0 40.0 39.6 22.8 13.5 9.6 5.9 31.8 95.4 128.7

13 @9 (e (17 (15 (08 (08 (16 (20 @1 (50

MD 0.0 -0.2 0.4** 0.7*** 0.3* 0.3*** 0.2** 0.0 0.2 2.0%** 1.6***

ES 0.01 0.11 0.25 0.41 0.21 0.35 0.27 0.02 0.09 0.47 0.33

8 ovs 74.0 64.4 40.8 40.1 22.9 13.6 9.6 5.9 31.9 97.2 131.0

years “° (11) (19 (16 (19 (16 (08 (08 @7 (19  (53) (63

Girls 73.9 64.0 40.3 38.9 22.5 13.3 9.2 6.1 31.3 94.4 128.0

)y 0 (15 (18 (16 (08 (07 (16 (18 (48 (52

MD 0.2 0.4* 0.5** 1.2%%* 0.4* 0.3** 0.4* -0.2 0.6** 2.8%% 3.0%**

ES 0.16 0.23 0.29 0.64 0.24 0.34 0.48 0.10 0.33 0.56 0.53

9 Bovs 74.3 64.1 41.2 39.9 23.0 13.4 9.4 5.8 31.6 97.6 131.6

years ~ 0% (12 (9 @7 8 @15 @10  (©7) (18 @0 (60 (56

Girls 74.0 63.6 40.2 38.8 22.4 13.1 9.1 5.9 31.4 94.1 127.8

13 (19 (16 (18 (1.6 (08 (08 (15 (19 = @43) (@45

MD 0.3* 0.5 1.0 1.1 0.6™** 0.3** 0.2 -0.1 0.3 3.5%** 3.8%**

ES 0.26 0.26 0.62 0.62 0.39 0.31 0.31 0.09 0.14 0.67 0.74
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Table 4 continued. Gender differences in the normalized measures of the same age for boys and girls, from 7 to 12 years old. Values

are means (SD).

MBL LBL I BW HW HJ(5) HK(7) ArH IH BG IG
0 o0 74l 64.1 41.0 39.4 22.6 13.2 9.1 5.9 315 95.5 130.1
years ~ 0% (1.2) (1.9) 1.7) (1.8) (1.6) (0.8) 0.7) (1.6) (1.8) @.3) 4.9)
s 738 63.7 403 38.7 22.5 13.1 9.2 6.1 31.0 93.5 127.5
(1.1) (1.8) (1.5) 1.7) 1.7) (0.8) (0.8) 1.7) (2.0) @.4) (4.6)
MD 0.3 0.4* 07 0l 0.1 0.1 -0.1 0.2 0l6E 2lorre ol
ES 0.22 0.24 0.45 0.38 0.04 0.07 0.16 0.10 0.30 0.46 0.57
S 64.1 414 39.2 222 13.0 9.1 5.8 31.2 95.3 130.6
years -~ (11) (1.8) (1.5) (1.8) (1.6) 0.7) (0.8) (1.4) (1.8) @.3) (5.2)
s 735 63.4 40.2 38.6 21.7 12.8 9.1 5.9 314 93.0 127.3
1.2) 1.7) 1.7) (1.9) (1.4) (0.8) (0.8) (1.5) (2.0) @.3) (4.5)
MD 0.6  0.7°% 129 0.6 0.5 @2 0.0 -0.1 0.1 pEE pgEs
ES 0.55 0.41 0.73 0.33 0.34 0.32 0.02 0.10 0.08 0.54 0.69
12, 739 63.9 42.0 39.3 23.5 13.2 8.8 6.3 30.9 95.7 131.2
years -~ Y% (13) (1.8) (1.9) (1.7) (2.0) 0.7) (0.6) (1.6) 2.1) @.1) (5.5)
s 735 63.3 41.4 38.9 232 13.0 9.1 6.4 30.4 94.4 1285
1.2) (1.9) (1.8) (1.9) (1.9) (0.8) (0.8) (1.8) (2.0) @.3) @.7)
MD  0.4* 0.6 0.6™* 0.4* 0.2 0.2 013+ 0.0 0.4 127 27
ES 0.31 0.34 0.33 0.22 0.12 0.21 0.36 0.01 0.21 0.29 0.53

Boys versus girls. * P<0.05; ** P<0.01; *** P<0.001.Minus sign (-) indicates larger values for boys. MD — mean differences; ES — effect
sizes. MBL — medial ball length; LBL — lateral ball length; IL — instep length; BW — ball width; HW — heel width; M1H — height of the first
metatarsal head; M5H — height of the fifth metatarsal head; ArH — arch height; IH — instep height; BG — ball girth; IG — instep girth.

study, they reported that there were no significant sex-associ-
ated differences in foot length. However, when relative mea-
surements (the absolute foot variables divided by foot length)
were compared again between boys and girls, the significance
of sex-associated differences in most foot measurements de-
creased. The different measuring methods and sample sizes
may explain the differences between these 2 different popu-
lations, rather than the race factor alone. Significant sex-as-
sociated differences in foot dimensions appeared for Chinese
children ages 7-12 years in our study, which is supported by
previous studies. Mickle et al. showed that preschool boys’ foot
lengths and girths were larger than among girls of the same
age [26]. Chen et al. found that boys’ foot measurements were
larger than girls’ in 11 out of the 15 variables studied, includ-
ing foot lengths, breadths, heights, and girths, but not for na-
vicular height. And similar to our results, there were also no
sex-associated differences in arch height in their study [27].
In addition, the sex-associated differences in foot dimensions
also existed in adults. Hong et al. collected three-dimensional
foot data of Chinese adults with an average age of 20.2 years,
and demonstrated significant sex-associated differences in all

variables except foot length [17]. Saghazadeh et al. found that
the feet of men and women (ages 20-25 years) were signifi-
cantly different in foot length, width, height, and girth, which
is consistent with our findings [16].

It is also worth considering that some of the significant dif-
ferences between boys and girls in normalized foot measure-
ments disappeared except the IL, BW, BG, and IG (Table 4).
Previous studies have also shown that many significant dif-
ferences between boys and girls disappeared when compar-
ing normalized foot measurements [5,15,26], which may be
explained by the foot size differences combined with the dif-
ferences in foot proportions in both sexes [26].

A few limitations of the current study should be acknowledged.
BMI and physical activity may influence foot shape and were
not considered in the present study. In addition, arch height is
an important foot dimension measurement; arch height typ-
ically is measured by the navicular or talonavicular joint line,
but that landmark was not digitized in our study. Last, we did
not distinguish between flat feet and normal feet, and the
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proportion of flat feet may have influenced the results. These
limitations need to be considered in future studies.

Conclusions

We found differences between boys and girls in foot morphol-
ogy among the Chinese school-aged children in this study. The
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