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In modern days, countries around the world vary economically and socially how-
ever the footwear designs have become more similar. There are no common stand-
ards, principals, and rules yet The leading footwear manufacturing countries, in-
cluding Czech, Germany, and ltaly are considering footwear designs extensively,
which is the daily wear of the human needs, most strategically footwear of children
in their growing age. However, in Mongolia, no certain standard of children foot-
wear, lack of studies of measurement, and morphological researches about chil-
dren's foot development in the recent decade. Besides, Mongolian adult’s foot meas-
urement study results show that Mongolian children are wearing unfitting shoes
from their young age, which distorts the foot shape.

Therefore, the research aims to fill this gap and study the growth and morpho-
logical change of Mongolian children, who are the future of the country, by taking
a plantogram (foot pattern picture) of 6-18 years old children and determining foot
arch index and angle of the bunion in the foot.
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B nawiu onu cmpanwl no écemy mupy paznuuaiomca ¢ IKOHOMUYECKOM U COUYU-
A1IbHOM OMHOWEeHUU, 00HAKO Ou3ailn 00ysu cma d6onee noxosxcum. Iloxa nem eou-
HbIX CMAHOAPMOE, NPUHUUNOE u npaseun. Bedywyue cmpanvi-npouseooumenu
00yesu, exnrwuan Yexuro, I'epmanuro u Hmanuro, wiupoxo paccmampugarom ou3aitn
00ysu, Komopasa ;A614emcs NO6CeOHEe8HOIl, omeeuarouieil 4ei108e4ecKum nompeo-
HOCMAM, U HAUOONee cMpamezuydecKu 6a)3cHoll 0 0emeil, YUUMblEas Ux pacmy-
wuii opzanusm. Oonaxko ¢ Monzoauu nHem onpeoeneHHo20 cmanoapma O0emcKou
00ysu, OMcymcmeyom uccied08aHus Ho USMEPEHUAM U MOPPO102utecKUuM uccie-
008AHUAM PA36UMUS 0eMCKOUl CMONnbl 8 nocieonee decamuiemue. Kpome moco,
pe3yiomamosl UCcie008anus Cmonvl 63pocavix ¢ Monzoauu noxaszviéaiom, 4mo
MOH20NbCKUE 0emU ¢ PAHHEZ0 803PACMA HOCAN HEROOXO0AUWYI0 00Y8b, YMO UCKA-
Jcaem hpopmy cmonbi.

Takum obpazom, ucciedosanue HanpagiIeHo HaA 60CNOIHEHUE IMO20 npodena u
uzyyenue pocma u mMopghonocuuecKux usmMeHeHuil MOH201bCKUX oemeil, KOmopbuie
AenA0OmMca Oyoywum cmpanvl, nymem co30aHus naanmozpammeol (U300pasrcenusn
pucynka cmonwt) oemeit 6...18 nem u onpedenenusn unoekca ceoo0a cmonwl u y2ia
n10CKOCMORnuUA.

Keywords: foot morphology, children, shoe last, footwear, foot length, foot
arch, curviness, foot dimensions.

KawueBble cjioBa: Mop(oJorusi CTonbl, JeTH, 00yBHasi KOJ0JAKAa, 00YBb,

AJIMHA CTOIIBI, CBO/J CTOIIBI, U3BUJINCTOCTDH, pa3Mepbl CTOIIbI.

Plantogram is a foot pattern picture which
is one of the popular method to show important
foot dimension parameters including, the
shape of the foot, foot axis, angle of bunion in
the foot, and foot arch index. Foot dimension
parameters are useful variables for determin-
ing foot morphological change and foot pattern
information. Two types of the arch can be de-
termined, lengthwise and crosswise, from foot
pattern.

? \l’?"\!

nomal arch acwal

lvph arch si |r s

Normal Arch

Pes Cavus
(high areh)

- £

Pex Planux

o2, [H flat arch) p. ”

by i A
b =
o W . 2

ool pronalor
Fig 1

School-age children’s foot pattern results
show that number of children with a flat arch
is higher than with normal arch in the first five
years. When age is higher, this number is get-

ting lower, and the number of children with a
normal foot arch gets high. The types of foot
arches, for instance, per cavus - high arch and
pes planus - flat arch, are most known terms in
medical science (Fig. 1).

Bunion in the foot, in medical terms - hal-
lux valgus, is increasing among young children
in recent years (Fig. 2). This deformity of foot
features tends to increase when children get
older. Recent studies show that unfitting shoes
are the main cause of bunion in the foot.

Normal Bunion

Fig 2

Therefore, this paper aims to determine the
distribution of Mongolian children’s foot mor-
phological change and angle of the bunion in
the foot during growth age by plantogram (foot
pattern picture) of 6-18 years old children.
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Plantogram is a foot pattern picture which
is one of the popular method to show important
foot dimension parameters including, the
shape of the foot, foot axis, angle of bunion in
the foot, and foot arch index. Foot dimension
parameters are useful variables for determin-
ing foot morphological change and foot pattern
information. Two types of the arch can be mor-
phological change and angle of the bunion in

the foot during growth age by plantogram (foot
pattern picture) of 6-18 years old children.

Sample Size

Sample data is collected from general edu-
cation school students, both male and female,
aged between 6-18 in urban and rural areas by
measuring foot morphology and taking planto-
gram. The sample is divided into three groups
by age group (Table 1).

Tablel
Number of
samnples Total sample Percentage
Age group Age Male Female
Elementary 6- 432 403 835 41.4%
school 10
Secondary L1 349 323 672 33.3%
school 14
High 15- .
school 18 236 275 511 25.3%
Total 1017 1001 2018 100%

Bauerfeind AG’s equipment was used for
taking plantograms, which is qualified all in-
ternational standards and requirements, and the
plantogram pictures were taken by using oil
paint.

Fig. 3

Total 2018 plantogram were taken and foot
arch index are determined by each picture. The
Sztirter-Godunov classification method is used
for foot arch index interpreation.

From data processing of total 2018 planto-
gram, the main three variables, needed for de-
termining angle of bunion, are defined. The
three variables are:

1. Foot length

2. Fore foot length

3. Fore foot width

The angle of bunion in the foot is measured
from each plantogram. The classification of hal-

lux valgus is classified by Chentsov’s method.

Ay
ndex Ky = ===

Pes excavatus 6.00-0.2%

Norma 0.26-0.43
Pes panus!®  {46-0:49
e 0.50-078
e 0.76-1.00

Age: 8years  (144-0.54
Syears (41-0.33
10 years  0.40-0.33
11years 0.39-0.54

Fig. 4 Fig. 5

Results

The foot arch index: Two types of foot
arch index can be determined, lengthwise and
crosswise, and we determined crosswise arch
index.

The children’s foot arch indexes, coeffi-
cient /k/, measured from plantogram and the
results are classified as: 0.00-0.25 high arch
foot (type 1), 0.26-0.45 normal foot (type 1),
0.45-0.49 slightly flattening foot - Level |
(type 11), 0.50- 0.75 flattening foot -Level 11
(type 1V), and 0.476-1.00 flat foot - Level Il
(Type V) shown below by Table 2.
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Table?2

Foot arch types Male Sample Size Fermale Total Percentage
. 38 67
High arch foot, n (%) 3.7) 6.7) 105 5.2%
Normal foot, n (%) (g’fé) (jgll) 813 40.3%
Slightly flattening foot / 155 132 o
Level 1 /, n (%) (15.2) (132) 287 14.2%
Flattening foot / 423 304 o
Level 11/, n (%) (4L6) (30.4) 2t 36.0%
Flat foot /Level 111 /, n(%) (j%) (3377) 86 4.3%
Total, n (%) 1017 1001 2018 100.0%

3.37% of the boys have high arch foot,
34.61% normal foot, 15.24% slightly flatten-
ing foot, and 56.84% have flattening and flat
foot. For girls, the indexes are more normal
6.7% have high arch foot, almost half of them,
46.05%, have normal foot, 13.19% have
slightly flattening foot, and flattening and flat
foot girls are more than 20% lower than boys,
34.07% (figure 6).

Foot arch types

[ slightly fiattening foot (Level 1]
W Flattening foot (Level II]
[ Flat foot (Level I11)

The plantogram measurement results of 6-
18-year-old general education school students,
1017 boys, and 1001 girls, the total percentage
of high arch foot and normal footed girls are
52.8%, contrary, the percentage of boys is
lower than 14%, 38.2%. From this result, we
can say that the deformity issue is higher in
boys compared to girls.

6-10 years old girls have the lowest share
of the high arch foot, 5.5%, and 15-18 years
old girls have the highest share, 8.4%. For boys
highest share of a high arch foot is 11-14,
5.2%, and 6-10 has the lowest, 2.1%. In ele-
mentary school students, the high arch index is
lower and, higher in middle and high school
students. For boys, the share of high arch foot
and the normal foot is lower than girls’ share,
which indicates the foot deformity occurs more

Fig. 6 ’
for boys than girls (Table 3).
Table3
Foot arch Elementary school (6-10) Middle school (11-14) High School (15-18)
types Male Female Male Female Male Female
1 High arch 105 9 22 18 22 11 23
foot (2.1 (5.5 (5.2) (6.8) 4.1 (8.4)
I Normal 813 134 176 133 154 85 131
foot (31.0 (43.7) (38.1) 477 (36.0) (47.6)
[11 Slightly flattening 287 53 59 61 38 41 35
foot (12.3) (14.6) (17.5) (11.8) (17.4) (12.7)
. 202 127 128 96 93 81
IV Flattening foot | 727 (46.8) (3L5) (36.7) (29.7) (39.4) (29.5)
34 19 9 13 6 ( 5
V Flat foot 86 (7.9) 4.7) (2.6) (4.0) (2.5) (18)
Total 2018 432 403 349 323 236 275

Type IV - flattening foot number is higher
among boys compared to girls. On the other
hand, percentage of normal foot girls are
higher boys, in each age group. For both girls

and boys, during its growth age, comparison
between the high arch foot (type 1) and flat foot
(type V), the flattening foot (type 1V) growth
trend observed (figure 7).
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Angle of bunion in the foot: In the table 4,
the angle of bunion shown by gender. The re-
sult of the research shows that, 16.5% of girls’
bunion angle is medium and 3,5% have high
angles. Whereas, 11.1% of boys have medium
angle and 2.3% has high angle. We can say that
girls’ bunion angles are higher than boys’.

Table4
Frequency
Classification Female, n Male, Result
(%) n (%)
Straight or Low
angle (gg%)) (368%) 83.3%
(-10°..4+10°) ' '

Medium angle 165 113 0
(-11°..+15°) (16.5) aLy | 138%
Higher angle 35 23 o

(+16°<) (3.5) 23 | 9%
Total 1001 1017 100

The bunion angle for girls are increasing as
they are growing older. For instance, figure 9

illustrates that average angle degrees are:

- Elementary school girls - 5.65°

« Secondary schools - 6.74°
« High school girls - 7.53°

Comparing same age group girls and boys
bunion angle, girls have medium angle bunion
is much higher from boys (besides only 6 years old).

Male

344

Female

Fig. 8

Classification

\ ™ Straight or Low angle (-10°...+10°)
@ Medium angle (-11°...+15°)

| O Higher angle (+16°<)

W Male
i Female

Error Bars: 95% CI

Elementary Middle School High School
School
AGE GROUP

Fig. 9

Figure 10 illustrates the distribution of the
angle of the bunion in the foot of both girls and
boys, age 6-18. The girls’ results are much
higher than boys, age between 8 and 17.

Total - 28.8%
Girls —33.3%
Boys —24.5%
have bunion in their foot

372
a3y

Angle of bunion in the foot

0 @ofBo0 000000 0 0 0 0
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CONCLUSION

As a conclusion, we can say the gender dif-
ference is affecting foot pattern change. The
foot length change is more on boys, on the
other hand, foot width change is high on girls.
The research reveals that the children’s cross-
wise angle of foot arch development and
change dependent from the age and gender of
the child. Age can be a prediction variable to
know the arch angle since children getting
older, foot arch distribution is lowering.

From the result of our study, 28.8% of 6-18
years old 2018 children, 33.3% and 24.5%,
girls and boys respectively, have hallux valgus,
in other words, angle of the higher bunion in
their feet (Higher than 8° degrees). There is no
common description of a healthy, straight, or
lower angle of the bunion. Studies use different
levels of angles to describe this. For instance,
some study says 8° degrees and other says 10°
degrees, even 15° degrees.
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