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COMPARISON OF FOOT MORPHOLOGY BETWEEN CHINESE AND MONGOLIAN CHILDREN

ABSTRACT. Knowledge of foot morphology is fundamental to optimize children’s footwear design. The aim of this study is to compare the
foot morphology of Chinese and Mongolian children from 7 to 14 years old. Relative data of 339 Mongolian children and another matched
379 Chinese children were collected using 3D foot scanner. The findings of this study are as follows: i) the absolute foot length of Chinese
children is significantly greater than that of Mongolian children of the same age; ii) Mongolian children show significantly greater heel width,
toe thickness, lateral malleolus height, instep height and ball girth compared to Chinese children of the same age. The foot width of Chinese
children is significantly greater than that of Mongolian children of the same age; iii) Chinese children have a higher risk of hallux valgus than
Mongolian children of both sexes. Small variations in foot morphology discussed in this paper could be useful when considering the shoes
design for Mongolian and Chinese children.
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COMPARAREA MORFOLOGIEI PICIORULUI LA COPIII CHINEZI S| MONGOLI

REZUMAT. Cunoasterea morfologiei piciorului este fundamentald pentru a optimiza proiectarea incéltamintei pentru copii. Scopul acestui
studiu este de a compara morfologia piciorului la copiii chinezi si mongoli cu varste intre 7 si 14 ani. S-au colectat date de la 339 de copii
mongoli si 379 de copii chinezi folosind un scaner 3D pentru picioare. Rezultatele acestui studiu sunt urmdtoarele: i) lungimea absolutd a
piciorului la copiii chinezi este semnificativ mai mare decat in cazul copiilor mongoli de aceeasi varsta; ii) copiii mongoli prezintd latimea
cdlcdiului, grosimea degetelor, indltimea maleolei exterioare, indltimea cdputei si circumferinta zonei metatarsofalangiene semnificativ mai
mari in comparatie cu copiii chinezi de aceeasi varsta. Latimea piciorului la copii chinezi este semnificativ mai mare decat in cazul copiilor
mongoli de aceeasi varsta; iii) copiii chinezi au un risc mai mare de a dezvolta hallux valgus decat copiii mongoli de ambele sexe. Micile variatii
ale morfologiei picioarelor discutate in aceastd lucrare ar putea fi utile la proiectarea incaltdmintei pentru copiii mongoli si chinezi.

CUVINTE CHEIE: morfologia piciorului, copii mongoli, copii chinezi, proiectarea incaltamintei

COMPARAISON DE LA MORPHOLOGIE DU PIED ENTRE LES ENFANTS CHINOIS ET MONGOLIENS

RESUME. La connaissance de la morphologie du pied est fondamentale pour optimiser la conception des chaussures pour enfants. Le but
de cette étude est de comparer la morphologie du pied des enfants chinois et mongols de 7 a 14 ans. Les données relatives de 339 enfants
mongols et de 379 enfants chinois ont été collectées a I'aide d’un scanner 3D pour le pied. Les résultats de cette étude sont les suivants : i)
la longueur absolue du pied des enfants chinois est nettement supérieure a celle des enfants mongols du méme age ; ii) les enfants mongols
présentent une largeur de talon, une épaisseur des orteils, une hauteur de malléole latérale, une hauteur de cou-de-pied et une circonférence
de la région des métatarses sensiblement plus grandes que les enfants chinois du méme age. La largeur du pied des enfants chinois est
nettement supérieure a celle des enfants mongols du méme age ; iii) les enfants chinois ont un risque d’hallux valgus plus élevé que les
enfants mongols des deux sexes. Les petites variations dans la morphologie du pied discutées dans cet article pourraient étre utiles lors de la
conception de chaussures pour les enfants mongols et chinois.

MOTS CLES : morphologie du pied, enfants mongols, enfants chinois, conception de chaussures

INTRODUCTION old) compared to Brazilian children. Kusumoto,
A. [7] showed that the protuberance of the
first metatarsal phalanx joint was found in 4.5%
of Filipino children, but in none of Japanese

children. Mauch, M. et al. [8] found that German

Knowledge of foot morphology is the most
essential requirement to optimize children’s
footwear design [1]. The foot morphology and
motor development of children are changeable

with increasing age [2-4]. Studies indicated that
there was high variability of foot morphology
of children due to difference in region, lifestyle,
ethnicity, etc. [5]. Isabel C.N. Sacco et al. [6]
found that German children had a wider forefoot
(5 to 9 years old) and narrower rear foot (4 years

children displayed a significantly longer and
flatter foot compared to Australian children.
Previous literature also reported the significant
differences in foot morphology of adults living
in different countries [9, 10]. Therefore, the
footwearindustry should vary the last dimensions
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on the basis of foot morphology when exporting
products to different countries [11].

Most children’s footwear purchased
in Mongolia are designed and manufactured
overseas, mainly from China [12]. As previously
mentioned, differences in foot morphology may
exist among different countries. It is not sure
if using Chinese lasts in Mongolian footwear
industries can ensure a good fit for Mongolian
children shoes [13]. Ill-fitting footwear has been
reported to be the major cause for discomfort,
pain, and even foot problems [14]. Therefore,
the purpose of this study is to investigate
the foot morphology between Chinese and
Mongolian children from 7 to 14 years through
comparative analysis of foot dimensions. The
hypothesis put forward is that there are obvious
differences in foot morphology between Chinese
and Mongolian children.

MATERIALS AND METHODS

Participants

Two anthropometric databases were
involved. The Mongolian database consists of 339

childrenaged 7to 14 years old, who were recruited
from Ulan Bator, Mongolia [12]. To match the
Mongolian database in terms of age, body height
and body mass, 379 healthy Chinese children
aged 7 to 14 years in the Chinese database were
selected. These Chinese children were recruited
from randomly selected primary schools and
middle schools in Yantai city, Shandong Province,
China. Children who demonstrated a history of
neuromuscular disease, orthopedic, lower-limb
injury or discomfort during walking were excluded
from the study.

The participants were separated into
eight age groups at an interval of one year, and
every age group was classified by gender. The
basic information of all participants is shown in
Table 1. The descriptive values are presented as
mean (standard deviation). Parents or guardians
were informed of children’s participation in the
study in advance and signed a written informed
consent. The study was approved by the Ethics
Committee of the Sichuan University.

Table 1: Basic information of participants (mean (standard deviation))

Age China Mongolia
(yrs) Height Body mass BMI Boys  Girls Height Body mass BMI Boys  Girls

(cm) (kg) (kg/m?)  (n)  (n) (cm) (kg) (kg/m?) (n) (n)
7- 126.4 (4.8)  25.1(1.8) 16.2(0.6) 19 30 124.5(2.9)  24.4(2.7) 15.2(1.1) 24 15
8- 131.7 (4.2)  30.2(2.0) 17.4(0.2) 49 63 129.7(4.6)  26.1(3.4) 15.5(1.3) 14 15
9- 137.6(4.8)  34.0(2.1) 18.0(0.5) 24 30 135.5(4.9)  29.7(3.9) 16.2(1.5) 16 15
10- 144.3(6.3)  39.4(3.8) 18.9(0.7) 15 28  143.9(6.0)  35.3(5.5) 17.0(1.9) 17 16
11- 151.3(8.1)  45.2(6.0) 19.7(1.1) 15 25  150.5(7.6)  40.6(7.3) 17.8(2.1) 34 27
12- 157.4(8.4)  48.8(5.8) 19.6(0.7) 19 24 156.4(7.4)  44.9(6.7) 18.3(2.1) 28 21
13- 163.8(5.8)  53.8(4.7) 20.0(1.0) 9 14  161.5(5.6)  49.5(6.4) 18.9(1.5) 31 14
14-  164.7(10.6) 55.6(8.1) 20.4(0.6) 10  160.8(9.4)  49.3(9.0) 18.9(1.6) 22 30

Procedure

Foot measurements were obtained with
the Infoot foot scanner (IFU-S-01), which was
developed by |-Ware Lab, Japan. Eight digital
cameras were used to synchronously record
the foot measurements. The foot scanner was
mounted on a level and smooth ground. After
familiarization, each participant was required
to stand still with bipedal support and with the
body weight evenly distributed on both feet.

Statistical Analysis

Thirteen foot parameters of foot
morphology are shown in Table 2.

All analyses were performed for the
right foot [15-18]. Statistical analyses were
conducted with SPSS 17.0 (IBM). One-sample
Kolmogorov-Smirnov test was tested for all data.
Independent t-test was used to compare the
significant differences of all normally distributed
data between group 1 (Chinese children) and
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group 2 (Mongolian children). Effect size (ES)
was calculated as a tool of consistent measure
using Cohen’s d value. The interpretation of
ES was set at trivial (0-0.2), small (0.2-0.6),
moderate (0.6-1.2) and large (> 1.2) [19]. Linear
regression equation and correlation coefficient

‘r were calculated. Chi-square test was used to
determine the difference of the hallux valgus rate
between genders and countries. The level of p <
0.05 was perceived as significance for statistical
analyses.

Revista de Pieldrie Incdltdminte 20 (2020) 2



S. RAN, H. LIU, S. YAN, R. LI, J. BADUROVA, L. YANG

(xuejeyd jewixoud)

901 1243 ay) pue juiof |eadue|eyd-|esielersw 1s414 Y1 Jo duesagniold ayl y3noayl umelp

sem (]1) aul| ySiesas puodaas v *(28pa apisul) |99y ay3 pue uiof |eaduejeyd-|esieielaw 1sJ1 8y} Jo
9oueJaqn1oad 3yl y3noayl umesp sem (|) ul| WYSieals  :saull 1Y31es1s oMl asayl usamlaq a|3ue ay |
'92844NS 100} |ESIOP YUM SIXE Z 33 SUO|e 1004 33 JO UOIIIS-SS0UI [BIILIDA B JO UOI1IRSI93Ul

3y1 40 1YS1aY Winwixew ay} pue [33Y ay3 o Juiod 3sowW 3Ieq Yyl SUIeIU0d Jey} Ja1awiiad 1sa10ys
"9oUaUIWOoId WJ0JIBUNI 3|ppIW JIA0 YMIS 1S3|jews

'sjulod |esielelaw |eJale| 3S0W pue [ejpaw 1sow ay3 Suluiof uoias ||leq ay3 Jo Jaawiad [0
"uopua} 901 T# 40 d0} 1e UOI}IBS-SS0JD |BIIJIBA BY3 JO 1YSISH

'snjoajjew

|e431e] Y3 uo Jutod Juaulwold 3sow 3y} 01 aue|d punoJd ay3 Wouj JUBISIP (SIXe Z) [eIIIA
"90BJINS 100} [BSIOP

Y3m SIXe z 3y} Suoje 300} Y3 JO UOIIIIS-SSOII [EIHIA B JO UOIIIDSIIUI 3Y} JO YS9y wnwixey
"aue|d punoi8 sy} pue daisul ay3 Jo uoisnjoud ay3 usamiaqg aduesiqg

"90}

R 3y} 03 |93y 3y} W04} Y33ua| 1004 3Y1 JO %SGT 1€ [33Y 3y} JO S3ulod 1SaPIM OM} BY3} U3IMI] dIUEISI]

'sixe A

9y1 0} |9||eJed painseaw 1004 JO ||eq Y3 aulap 1ey3 spulod |edale| pue [eIpaw 3yl Usam1aq aduelsig
"SIXe X 9y} 03 |9||eJed ‘peay |esieielaw

Y 9y1 uo 1uiod jusujwoud 1sow Y3l pue ||3y ay3 4o 1ulod 1sowW yoeq ayl Usamiad aduelsiqg

"SIXe X 9y} 03 |9||eJed ‘peay |esieielaw

35414 9Yy3 U0 jujod Juaujwosd Jsow Y3 pue ||3Y Y3 Jo Julod ISow 3deq Y3 UBIMID] dIUBISIJ

"sIXe x 3y} 0} |9|jesed ‘3uiod 303 3S3YLINY 3Y} PUE ||3Y DY 40 Ju0d ISOW IBq BY} UBIMIS] IUBISI(

(VAH) 3|8ue sngjea xn|leH

(9H) Y8 [93H

(91) y18 daasu)

(99) Y113 ||eg

(L9) ssauxdIyy T# 301

(HINT) Y818y snjoajjew |es1e]

(HN) 3ysiay JejnoireN
(H1) y8iay dassul

(MH) Yyipim |93H

(M4) Yapim 004

(HLIA (S-H)

peay |esJeielaw yijly 01 [99H
(HLAl 3sT-H)

peay |esJelelaw 1s.1j 01 |99H
(74) y38us| 1004

uoniuyaQ

uoisuswip 3004

SUOIHUIRP UOISUBWIP 1004 7 3|qel

Leather and Footwear Journal 20 (2020) 2

100



COMPARISON OF FOOT MORPHOLOGY BETWEEN CHINESE AND MONGOLIAN CHILDREN

RESULTS

Foot Dimension

The trend of foot length with age is shown
in Figure 1. The foot length of children increased
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with age in both countries. Measures of absolute
foot length of Chinese children were significantly
greater than that of Mongolian children at the
same age (p < 0.05).
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Figure 1. (a): Relationship between foot length and age of boys aged 7-14 years; (b): Relationship
between foot length and age of girls aged 7-14 years

Descriptive values of H-1* MTH and H-5%"
MTH are shown in Table 3. Significant differences
for H-1%* MTH and H-5" MTH were not found
between the two groups. Table 4 shows that
the FW of Mongolian children was significantly
smaller than that of Chinese children (8 to 10
years old). The HW of Mongolian children was
significantly greater than that of Chinese children
(9 to 10 years old). However, if we analyze the
normalized HW, significant differences were
found. It showed that the normalized HW of
Mongolian children was significantly greater
than that of Chinese children (7 to 10 years old).

Descriptive values of GT, IH, NH and LMH
are shown in Table 5. Mongolian children showed
significantly greater GT and LMH compared to
Chinese children for all ages. Chinese children’s
feet were significantly smaller in IH than
Mongolian children at the age of 7, 8, 9, 11, 12.
Descriptive values of GT, IH, NH and LMH are
shown in Table 6. When BG was normalized to
the foot length, significant differences can be
found. It showed that the normalized BG of
Mongolian children was significantly greater
than that of Chinese children at the age of 7, 14.
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Table 3: Mean (SD) values of absolute and normalized foot length dimensions with p values and effect
sizes for significant results for the two groups

Variables Age Absolute (mm) p value, ES* Normalized (to foot length) p value, ES*
(yrs) Group 1 Group 2 Group 1 Group 2
H-1st MTH 7- 143.68(6.37) 132.63(9.12) 0.44 0.73 (0.02) 0.72 (0.01) 0.42
8- 148.75(6.41)  139.07(11.75) 0.21 0.73 (0.02) 0.73 (0.01) 0.42
9- 153.89(9.49)  147.38(7.01) 0.17 0.74 (0.02) 0.74 (0.02) 0.09
10- 162.68(9.71)  153.82(11.74) 0.10 0.75 (0.02) 0.74 (0.02) 0.11
11- 170.6(7.81) 154.62(8.52) 0.14 0.75 (0.02) 0.74 (0.01) 0.13
12- 178.63(9.24)  167.39(10.63) 0.31 0.75 (0.01) 0.74 (0.01) 0.42
13- 178.93(6.43) 170.03(9.79) 0.12 0.76 (0.02) 0.74 (0.01) 0.14
14- 188.89(20.67)  177.41(9.83) 0.07 0.73 (0.02) 0.72 (0.01) 0.09
H-5th MTH 7- 126.44(6.18)  115.42(7.64) 0.45 0.64 (0.01) 0.63 (0.02) 0.42
8- 130.41(6.45)  120.14(9.21) 0.39 0.64 (0.02) 0.63 (0.01) 0.43
9- 136.91(6.12) 126.06(6.98) 0.12 0.65 (0.02) 0.63 (0.01) 0.09
10- 142.65(8.5) 133.71(9.21) 0.09 0.65 (0.02) 0.63 (0.02) 0.11
11- 148.01(8.32) 135.82(9.18) 0.07 0.65 (0.01) 0.64 (0.02) 0.09
12- 155.69(8.42)  143.36(9.53) 0.23 0.65 (0.01) 0.64 (0.02) 0.13
13- 156.91(7.23)  145.68(8.70) 0.47 0.65 (0.02) 0.64 (0.01) 0.42
14- 164.16(20.6) 153.32(8.05) 0.09 0.65 (0.02) 0.64 (0.01) 0.10

Group 1: Chinese children, Group 2: Mongolian children.

Table 4: Mean (SD) values of absolute and normalized foot width dimensions with p values and effect
sizes for significant results for the two groups

Variables Age Absolute (mm) p value, ES* Normalized (to foot length) p value, ES*
(yrs) Group 1 Group 2 Group 1 Group 2
FW 7- 75.99(3.82) 67.54(5.54) 0.07 0.39(0.02)  0.37(0.01) 0.09
8- 77.94(4.17) 68.64(5.96) <0.05, 1.80* 0.39 (0.03) 0.36 (0.02) <0.05,1.17*
9- 80.93(4.93) 72.75(4.14)  <0.05,1.79*  0.39(0.02) 0.36(0.01)  <0.05, 1.89*
10- 82.92(5.84) 77.29(5.08) <0.05,1.03* 0.40 (0.03) 0.36 (0.01) <0.05,1.78*
11- 86.11(6.01) 76.56(3.87) 0.09 0.38(0.02)  0.36(0.02) 0.10
12- 90.83(5.9) 81.04(5.83) 0.43 0.38 (0.06) 0.36 (0.03) 0.63
13- 96.26(5.67) 83.03(5.68) 0.11 0.38(0.03)  0.36(0.02) 0.09
14- 96.80(2.26) 87.55(7.23) 0.08 0.38 (0.02) 0.36 (0.02) 0.10
HW 7- 47.88(4.09) 48.77(3.55) 0.09 0.25 (0.02) 0.27 (0.02) <0.05, 1.00*
8- 49.14(3.9) 50.54(3.19) 0.08 0.25(0.02)  0.27(0.02)  <0.05, 1.00*
9- 51.05(4.11) 53.07(3.52) <0.05,0.53* 0.25 (0.01) 0.27 (0.02) <0.05,1.26*
10- 53.00(5.03) 55.70(3.82)  <0.05,0.61*  0.25(0.01)  0.27(0.02)  <0.05, 1.26*
11- 55.88(3.62) 57.68(3.50) 0.27 0.25(0.02)  0.26(0.01) 0.42
12- 59.86(5.10) 61.42(4.43) 0.18 0.25(0.01)  0.26 (0.02) 0.42
13- 60.74(7.16) 62.00(4.60) 0.12 0.25 (0.01) 0.26 (0.01) 0.28
14- 63.50(6.05) 65.06(4.33) 0.09 0.25(0.01)  0.26(0.02) 0.24

Group 1: Chinese children, Group 2: Mongolian children.
*p represents significant difference between Group 1 and Group 2
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Table 5: Mean (SD) values of absolute and normalized foot height dimensions with p values and effect
sizes for significant results for the two groups

Variables Age Absolute (mm) p value, ES* Normalized (to foot length) p value, ES*
(yrs) Group 1 Group 2 Group 1 Group 2
GT 7- 14.64(1.46) 25.71(3.34) <0.01,4.29*  0.07(0.01) 0.14(0.02) <0.01,4.42%
8- 15.89(1.70) 26.57(3.28) <0.01, 4.08* 0.08 (0.02) 0.14 (0.01) <0.01, 3.78*
9- 15.9(1.52) 28.13(2.16) <0.01,6.54*  0.08(0.02) 0.14(0.01)  <0.01,3.00*
10- 16.78(1.35) 29.35(2.76) <0.01,5.78* 0.08 (0.01) 0.14 (0.02) <0.01, 3.79*%
11- 17.28(1.24) 29.38(2.23) <0.01,6.70*  0.08(0.02)  0.14(0.01) <0.01,3.79*
12- 17.69(1.44) 30.64(2.70) <0.01, 5.98* 0.07 (0.01) 0.14 (0.02) <0.01, 4.42*
13- 19.14(2.34) 31.87(1.69) <0.01,6.23*  0.08(0.02) 0.14(0.03) <0.01,2.35%
14- 19.44(2.85) 32.77(2.16) <0.01,5.27*  0.08(0.01) 0.14(0.02) <0.01,3.79*
IH 7- 43.09(5.60) 51.42(3.35) <0.05, 1.80* 0.22 (0.02) 0.27 (0.02) <0.05, 2.50*
8- 45.13(4.85) 53.21(4.02) <0.05,1.81*  0.22(0.02) 0.27(0.02)  <0.05, 2.50*
9- 47.90(4.95) 53.81(2.79) <0.05,1.47* 0.23 (0.02) 0.27 (0.02) <0.05, 2.00*
10- 53.18(5.16) 56.41(3.64) 0.11 0.24(0.02)  0.27(0.02) 0.09
11- 53.49(6.94) 58.53(3.99) <0.05, 0.89* 0.24 (0.02) 0.28 (0.02) <0.05, 2.00*
12- 55.10(6.38) 59.79(3.69) <0.05,0.90*  0.25(0.02)  0.28(0.02)  <0.05, 1.50%
13- 64.22(4.77) 60.32(3.89) 0.15 0.26 (0.02)  0.28(0.01) 0.10
14- 67.45(4.74) 62.00(5.23) 0.06 0.26 (0.02) 0.28 (0.02) 0.09
NH 7- 60.37(3.90) 65.96(4.92) 0.09 0.31(0.02)  0.33(0.02) 0.06
8- 61.53(3.91) 67.21(4.95) 0.07 0.31(0.02) 0.33(0.03) 0.11
9- 64.41(3.72) 69.81(5.59) 0.09 0.31(0.02)  0.33(0.02) 0.09
10- 68.86(5.73) 71.88(3.43) 0.13 0.32 (0.02) 0.34 (0.02) 0.31
11- 71.79(4.09) 74.97(5.15) 0.09 0.32(0.02)  0.34(0.03) 0.15
12- 76.49(5.06) 77.68(4.36) 0.17 0.32(0.01)  0.34(0.02) 0.09
13- 79.06(4.58) 78.61(4.58) 0.21 0.32 (0.01) 0.34 (0.01) 0.10
14- 81.18(5.27) 80.41(8.29) 0.37 0.32(0.02)  0.34(0.02) 0.30
LMH 7- 35.76(5.09) 50.46(5.12) <0.01,2.88*  0.18(0.01)  0.28(0.02)  <0.01,6.32*
8- 38.49(3.44) 51.79(6.33) <0.01,2.61*  0.19(0.02) 0.27(0.01) <0.01,5.06*
9- 40.88 (5.21) 52.94(4.20) <0.01,2.54*  0.19(0.02) 0.27(0.02)  <0.01, 4.00*
10- 45.52(5.95) 58.88(3.30) <0.01, 2.62* 0.22 (0.02) 0.28 (0.02) <0.01, 3.00*
11- 45.71(4.82) 59.53(5.67) <0.01,2.75*  0.21(0.02)  0.28(0.03)  <0.01,2.75*
12- 50.36(5.50) 60.75(4.32) <0.01, 2.06* 0.21 (0.02) 0.27 (0.01) <0.01, 3.79*%
13- 54.40(3.75) 62.45(5.48) <0.01,1.71*  0.22(0.01) 0.27(0.02) <0.01,3.16*
14- 56.53(4.46) 66.05(6.97) <0.01, 1.63* 0.22 (0.01) 0.27 (0.03) <0.01, 2.23*

Group 1: Chinese children, Group 2: Mongolian children.
*p represents significant difference between Group 1 and Group 2
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Table 6: Mean (SD) values of absolute and normalized foot breadth dimensions with p values and
effect sizes for significant results for the two groups

Variables Age Absolute (mm) p value, ES* Normalized (to foot length)  p value, ES*
(yrs) Group 1 Group 2 Group 1 Group 2
BG 7- 190.19(11.63)  184.58(13.28) 0.06 0.97(0.01) 0.99(0.02)  <0.05,1.26*
8- 197.25(10.32)  190.43(14.85) 0.09 0.97 (0.02)  0.99(0.02) 0.15
9- 205.65(10.83)  195.69(9.53) 0.43 0.97 (0.03)  0.99 (0.02) 0.33
10- 208.54(5.84)  208.18(12.57) 0.83 0.96 (0.06)  0.99 (0.04) 0.59
11-  216.85(14.82) 205.32(11.01) 0.47 0.94(0.02)  0.96 (0.03) 0.31
12- 227.03(13.09)  217.5(14.29) 0.09 0.95(0.02)  0.96(0.02) 0.29
13- 238.65(12.15) 222.74(13.07) 0.07 0.96 (0.01)  0.97 (0.02) 0.42
14- 242.15(4.94)  235.41(16.06) 0.10 0.94(0.02)  0.96(0.03) <0.05,0.78*
IG 7- 199.53(12.00)  185.42(11.56) 0.37 1.02(0.03) 1.01(0.03) 0.59
8- 202.54(19.7)  192.00(13.39) 0.51 1.00 (0.02)  0.99 (0.04) 0.83
9- 206.86(11.85)  197.00(9.08) 0.43 0.99 (0.03)  0.98(0.02) 0.09
10-  203.01(12.31) 207.18(11.07) 0.81 0.96 (0.05)  0.96 (0.04) 0.91
11-  224.31(18.67)  206.71(9.54) 0.23 0.97 (0.05)  0.96 (0.03) 0.76
12- 219.8(22.39)  216.68(15.48) 0.75 0.93(0.04)  0.95(0.02) 0.42
13- 241.55(15.15) 222.97(14.48) 0.11 0.98(0.02)  0.96 (0.01) 0.33
14- 252.41(5.05)  235.55(14.76) 0.21 0.96 (0.04)  0.96 (0.02) 0.83
HG 7- 263.46(17.25)  243.92(12.8) 0.23 1.32(0.05)  1.34(0.03) 0.42
8- 269.45(34.51)  254.5(15.82) 0.51 1.34(0.03) 1.33(0.02) 0.55
9- 272.72(14.18)  264.00(12.21) 0.43 1.30(0.03)  1.33(0.03) 0.10
10- 277.71(30.56)  280.82(15.08) 0.79 1.32(0.07) 1.31(0.05) 0.81
11-  300.33(38.96)  280.53(11.53) 0.11 1.28(0.07)  1.31(0.03) 0.61
12-  304.95(28.28) 296.57(18.50) 0.83 1.28(0.03)  1.30(0.03) 0.18
13- 311.22(16.28)  301.65(16.07) 0.41 1.27(0.01)  1.31(0.03) 0.30
14-  328.13(17.18) 317.95(19.19) 0.37 1.25(0.04)  1.29(0.02) 0.18

Group 1: Chinese children, Group 2: Mongolian children.
*p represents significant difference between Group 1 and Group 2

Correlation of Foot Parameters

(3) For Mongolian boys: Ball girth =
(0.791 x foot length) + 39.11, r2 = 0.802;

Thefootlengthandballgirthare considered
to be the main functional foot parameters for
shoe fitting [20]. Linear regression analysis
was used to identify the relationship between
foot length and ball girth for both genders.
The regression results are shown in Figure 3 as
follows:

(1) For Chinese boys: Ball girth =

(0.847 x foot length) + 39.85, r=0.717;

(4) For Mongolian girls: Ball girth = (0.768 x
foot length) + 31.26, r? = 0.794.

(2) For Chinese girls: Ball girth =
(0.859 x foot length) + 26.91, r> = 0.738;

100 Leather and Footwear Journal 20 (2020) 2



COMPARISON OF FOOT MORPHOLOGY BETWEEN CHINESE AND MONGOLIAN CHILDREN

China

2501

225

Ball girth (mm)
g

3
@
1

r=0.717

150

T T T T T T T
180 200 220 240 260 280 300

Foot length (mm)

Mongalia
320
300

260

260-]

Ball girth (mm)
2
9

220

200

160

Foot length (mm)

c)

China

250

22571

Ball girth (mm)

175

15071

T T T T
160 180 200 220 240 260
Foot length (mm)

a)

260+ §
o o Mangolia

o

240

Ball girth (mm)
T

W
]
g

1

180

160

T T T T T
178 200 225 250 275

Foot length (mm)

d)

Figure 3. Correlation between foot length and ball girth for both genders, by countries.
(a): Chinese boys; (b): Chinese girls; (c): Mongolian boys; (d): Mongolian girls

Hallux Valgus

Measures of absolute hallux valgus angles
are shown in Table 7. It was observed that
hallux valgus angles of Chinese children were
significantly greater than those of Mongolian
children (p < 0.05). The degrees of hallux
valgus were divided into three grades in Table
8: “Straight or mild”, “Moderate” and “Severe”
[12]. Chi-square test was used to determine the
difference of the hallux valgus rate between

genders and countries. The results showed
that Chinese children appeared to demonstrate
higher incidences of hallux valgus compared
to Mongolian children of both sexes (for boys:
x? = 10.97, p = 0.004; for girls: x? = 14.48, p =
0.001, respectively). Results revealed that girls
appeared to demonstrate higher incidences
of hallux valgus compared with boys in both
countries for all ages (for China: x> = 12.90,
p = 0.002; for Mongolia: x2 = 10.68, p = 0.005,
respectively).

Table 7: Comparison of means (standard deviations) of hallux valgus of the Chinese and Mongolian

populations
Foot dimension Boys Girls
China Mongolia China Mongolia
Hallux valgus angles (°) 8.16 (4.49) 6.05 (3.21) 10.04 (4.53) 7.31(3.05)
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Table 8: The number and proportion of participants with hallux valgus

Girls, n (%)

Classification of hallux valgus
China

Mongolia China

Boys, n (%)

Mongolia

Straight or mild (> - 10° and < + 10°)
Moderate (> + 11° and < + 15°)

128(57.15%)
67(29.91%)

112(73.20%)
36(23.53%)

114(73.55%)
34(21.93%)

162(87.10%)
22(11.82%)

Severe (> + 16°) 29(12.95%) 5(3.27%) 7(4.52%) 2(1.08%)
Total 224 153 155 186
DISCUSSION affects more than 35% of individuals [25]. The

The results of this study showed that the
foot length of Chinese children was significantly
greater than that of Mongolian children of the
same age. Studies have already shown the
significant association between body height,
body mass and foot length [21-23]. To match the
Mongolian database, the Chinese database was
controlled for age, body height and body mass
as variable factors. But the tendency of higher
height and body mass of Chinese children could
be a reason for the difference in foot length.
Previous study assumed that the differences
in daily diet (especially protein intake) may be
related to the differences in children’ growth [6].

In comparison to the Chinese children,
Mongolian children showed significantly greater
toe thickness, instep height and lateral malleolus
height. It implies that the vamp designed for
Mongolian children should be of sufficient
depth. Results showed that the foot width of
Chinese children is significantly greater than
that of Mongolian children. It indicates that the
vamp designed for Chinese children should allow
sufficient space around the metatarsal joint area,
in order not to damage the soft cartilaginous toes
or toe nails [18]. In this study, the absolute foot
width of the Chinese children was similar to that
of the Filipino children in Kusumoto’s study [7],
while Chinese children had a larger foot length
compared to Filipino children. It is postulated
that not only differences in dietary habit, but
also differences in ethnicities and region may
be responsible for modifying the shape of foot.
The normalized foot dimensions provide the
necessary information for describing the foot
characteristics [24]. Interestingly, when the foot
measures were normalized to the length of the
foot, significantly greater ball girth and heel
width were found in Mongolian children.

The most common foot deformity known
and irregularity treated is hallux valgus, which

results obtained in our study showed that
girls appeared to demonstrate higher rates of
moderate hallux valgus compared to boys of the
same age in both countries, which have been
proved in early literature [26]. However, Chinese
children could be at a higher risk for hallux
valgus compared to Mongolian children. Results
showed that 30.11% of Chinese girlsand 22.3% of
Chinese boys aged from 7 to 14 years had hallux
valgus deformity (greater than 8°). But the exact
prevalence rate of hallux valgus is difficult to
determine because of the paucity of large-scale
epidemiological studies and varying definitions
used in the literature. There is no unified
explanation of what angle represents a healthy
or deformed foot in the big toe area. Some
authors indicated 8°, others used 10°, or 15° [25-
29]. Specifically, hallux valgus found in different
populations proved to be related to poorly-fitting
footwear [25, 28, 29]. The prevalence of hallux
valgus is higher in Chinese children, mainly due
to the habit of wearing shoes with a narrow toe
box. Because shoe styles for children tend to
follow the fashion trends for adults, more so in
regards to shape rather than the comfort [4].
Therefore, the footwear industry should vary the
last dimensions on the basis of foot morphology
when exporting products to specific countries.

CONCLUSION

In comparison to the Mongolian children,
Chinese children had significantly greater foot
length and foot width. However, Mongolian
children showed significantly greater toe
thickness, instep height, lateral malleolus height,
heel width and ball girth than those of Chinese
children. The hypothesis is proved that there is
obvious difference in foot morphology between
Chinese children and Mongolian children. This
study thus suggests that small variations in foot
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morphology should be considered in the shoe
design for specific children. It is hoped that
prospective studies could measure more foot
parameters, like Chippaux-Smirak and Staheli
indices of the longitudinal arch, which are also
important variables for the footwear industry.
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