ISSN 2308-9865 Mechanics and Technology /

eISSN 2959-7994 Scientific journal 2024, No.3(85)

IRSTI 64.41.81

L.Kh. Yussupova! — main author, | ©
G.K. Yeldiyar?, A.K. Baidildayeva®,
G.B. Jumabekova*, B. Abzalbekuly®

hal IMaster, lecturer, 245PhD, Associate Professor, Master, assistant

oRcip | *https://orcid.org/0000-0002-1269-042X 2https://orcid.org/0000-0002-7459-0870
®https://orcid.org/0000-0002-7996-646X “https://orcid.org/0000-0002-6375-3128
Shttps://orcid.org/0000-0002-9552-0388

iy 1345M.Kh. Dulaty Taraz Regional University, Taraz, Kazakhstan
% | °M.Auezov South Kazakhstan University, Shymkent, Kazakhstan

@ | 'laura_yu@mail.ru

https://doi.org/10.55956/\VVGXP4110

DETERMINATION OF THE REGULARITY OF THE
DISTRIBUTION OF THE ADOLESCENTS FEET SIZE

Abstract. The study of the anthropometric characteristics of the feet of young men
living in the Zhamby! region is an important step towards optimizing the design of shoes for
adolescents. Collecting comprehensive data on foot sizes allows not only to identify medium-
scale trends, but also to establish the specifics of this demographic group.

Strict anthropometric measurement methods are used to achieve accurate results,
which guarantees the reliability of the data. The analysis of the information obtained during
the study can reveal significant patterns, such as the distribution of certain sizes — length,
width and shape of the feet. This, in turn, makes it possible to develop innovative shoe pads
that will match the unique anatomical features of adolescents' feet.
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Introduction. The comfort of footwear stands as a paramount determinant of
its overall quality, significantly influencing the normal functioning and development
of the human foot, particularly during its growth stages. The well-being of the foot,
in turn, plays a pivotal role in regulating the overall health and integrity of the entire
organism. The emergence of irregularities or abnormalities within the foot's structure
can precipitate a cascade of disruptions throughout the body. Consequently, the
design of shoes demands a heightened degree of attention to not only the shoe's shape
but also the precise correspondence between the footwear's shape and the dimensions
of the wearer's foot. This intricate alignment of shoe form and foot size,
encompassing the optimization of internal shoe dimensions, particularly their full
dimensions, has garnered increased recognition in the context of shoe design [1,2].

Nevertheless, despite the acknowledged significance of this alignment, the
practical implementation of optimal full dimensions within shoes has often been
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overlooked, even in accordance with established standards. This oversight has the
potential to yield adverse consequences, particularly when ill-fitting shoes are worn,
a scenario notably prevalent among adolescents. The utilization of footwear with
inappropriate sizing, particularly during the critical stages of growth, can precipitate
a spectrum of foot deformities and pathologies [3,4]. Importantly, many of these
afflictions become enduring and intractable as individuals’ progress into adulthood.
Pathological conditions acquired in childhood often persist throughout an
individual's lifespan, contributing to persistent discomfort and diminished quality of
life.

This introduction underscores the profound implications of footwear comfort
and sizing, emphasizing the far-reaching consequences of neglecting proper shoe
fitment, particularly among the youthful population [5,6]. The subsequent sections
of this study delve into the critical aspects of optimizing shoe dimensions, focusing
on anthropometric studies of foot size in young men within the Zhamby! region.
These investigations aim to shed light on the importance of tailoring footwear design
to regional anatomical variations and ultimately enhancing the comfort, well-being,
and long-term health of the local population.

Materials and methods. The present study was conducted to address the
imperative of providing comfortable footwear to the population of the Zhambyl
region, Kazakhstan, with a specific focus on young men. In light of existing literature
highlighting the prevalence of foot pathologies and the consequential need for
preventive or orthopedic footwear [8,9], this investigation sought to assess the sizes
and shapes of young men's feet in order to inform the design of footwear that would
better accommodate their specific anatomical characteristics. The city of Taraz was
selected as the study location due to its prominence as the home to major higher
education institutions, encompassing a substantial segment of the young male
population [10-12].

The study participants comprised young men aged 16 to 19, drawn from
various higher educational institutions in Taraz, Zhambyl region. This age group was
chosen to capture the foot dimensions during a critical period of growth and
development.

Anthropometric measurements of the participants' feet were obtained utilizing
standardized methods. To create a plantogram of the foot, the overall contour was
meticulously outlined, and key foot dimensions were recorded, including foot length,
foot width along both the outer and inner ball, and heel width [13-15]. These
parameters were measured with precision to ensure the accuracy of the collected
data.

The dataset comprising the foot measurements was subjected to rigorous
statistical analysis. The statistical methods employed included mathematical
statistics techniques to process and interpret the acquired data. In particular, a
correlation-regression method was employed to establish relationships and patterns
among the dimensional characteristics of the feet. This method enabled the
identification of the presence, strength, and form of connections between the
measured characteristics. Furthermore, the significance of the observed results was
assessed, aiding in the formulation of comprehensive insights into the relationship
between foot dimensions among the young male population of the Zhambyl region.

It is essential to note that the Zhambyl region, with a total population of
1,218,000 individuals, of which 427,356 reside in urban areas, includes 74,228
young men within its demographic composition [7]. These demographic figures
underscore the relevance of the study, given its focus on addressing the specific
footwear needs of this sizable and influential segment of the population.
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In summary, the research methodology employed in this study was designed
to comprehensively assess the foot sizes and shapes of young men in the Zhambyl
region through precise measurements and rigorous statistical analysis.

Research results and discussion. In order to comprehensively characterize
the variability of anthropometric characteristics among the studied cohort, was
initiated the analysis by constructing a variation series. This variation series, a
fundamental tool in statistical analysis, consists of a double series of numerical
values grouped into distinct classes. In the present research, it was conducted an
examination involving 500 young men aged between 15 and 19 years. Subsequently,
from the gathered data, both the maximum and minimum values for key foot
indicators, specifically foot length, the width of the internal and external ball, as well
as heel width. These extremal values, which encapsulate the range of variability of
each trait within the sample, are presented in Table 1.

To gain deeper insights into the interrelationships among various
anthropometric dimensions of the foot, was employed a well-established method. As
an illustrative example, Table 1 displays the correlation grid between the length and
width of the ball of the foot.

Table 1
Correlation grate of the relationship between foot length and ball of foot width
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In addition to the correlation grid between foot length and ball width, this
study explored relationships between foot length and other pertinent foot
dimensions, including heel width, ankle height, and ball girth. The aim was to
elucidate potential associations between these key anthropometric measurements,
contributing to a comprehensive understanding of foot morphology in the study
population.

From the extensive dataset collected, the minimum and maximum values for
foot length were determined. The smallest recorded foot length was 260 millimeters,
while the largest was measured at 292 millimeters. Consequently, the range of
variability in foot length within the sample was calculated as follows: 292-260 = 31
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millimeters, denoting a standard deviation (dx) of 5 millimeters. These parameters
were instrumental in the subsequent calculation of correlation coefficients and
regression equations.

For the construction of correlation grids and regression equations, foot length
was designated as the primary parameter, with ball width as the secondary parameter.
The primary parameter, foot length, was categorized into 17 intervals, while the
secondary parameter, ball width, was divided into 12 intervals. The relationships
between these two indicators were quantitatively assessed, and the frequency of
occurrence of specific measurements within each interval was documented as
markings in the correlation grid.

To efficiently process the extensive measurement data and visualize the
findings, a specialized software program, "Project,”" was employed. This program
facilitated the determination of measurement frequency repetitions and streamlined
data analysis. The results were subsequently presented in graphical format, offering
clear and concise representations of the interplay between foot length and ball width,
as well as other relevant foot dimensions.

The utilization of advanced software tools, such as "Project,” expedited data
processing and enabled the presentation of results through informative diagrams,
ensuring the accessibility and usability of the study's findings.

For foot length (Fig. 1a), the measurement interval was 7 and the measurement
class was 9. Based on the average values, values between 260 and 292 were obtained.
The most common size was 270. The regression equation graph is shown (Fig. 1b).
Here the correlation coefficient is R? = 0.9998 and the regression equation is y = 7x
+ 226.
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Fig. 1. Normal distribution of foot measurements along length

For ball of foot width measurements (Fig. 2a), the measurement interval was
7 and the measurement class was 9. The average values ranged from 53 to 109. The
most common value was 88. The regression equation graph is shown (Fig. 2b). Here
the correlation coefficient is R* = 0.9997 and the regression equation is y = 7x + 46.
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Fig. 2. Normal distribution of measurements across ball of foot widths

For the heel width values (Fig. 3a), the measurement interval was 5 and the
measurement class was 9. Based on the average values, values between 45 and 85
were obtained. The most common value was 65. The regression equation graph is
shown (Fig. 3b). Here the correlation coefficient is R? = 0.9998 and the regression
equation isy = 5x + 40.
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Fig. 3. Normal size distribution by heel width

For ankle height (Fig. 4a), the measurement interval was 5 and the
measurement class was 9. Based on the average values, measurements were obtained
between 52 and 92. The most common value was 65. The regression equation plot
is shown (Fig. 4b). Here the correlation coefficient is R = 0.9996 and the regression
equation isy = 5x + 47.
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Fig. 4. Normal distribution of values across ankle heights

According to the ball of foot girth indicator (Fig. 5a), the measurement interval
was 12, and the number of measurements was 9. In accordance with the average
values, lengths between 181 and 277 mm were obtained. The most common value
was 229mm. A graph of the regression equation is presented (Fig. 5b). Here the
correlation coefficient is R* = 0.9998 and the regression equation is y = 12x + 19.
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Fig. 5. Normal distribution of values by ball of foot girth

According to the indicator of size distribution by average foot girth (Fig. 6a),
the measurement interval was 20, and the measurement class was 9. The average
values ranged from 185 to 345. The most common size was 245. A graph of the
regression equation is presented (Fig. 6b). Here the correlation coefficient is R? =
0.9999 and the regression equation is y = 20x + 165.
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Fig. 6. Normal distribution of sizes according to the average girth of the foot
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In terms of girth through the flexion point of the foot and heel (Fig. 7a), the
measurement interval was 19, and the measurement class was 9. The average values
ranged from 234 to 386. The most common size was 329. The regression equation
graph is shown (Fig. 7b). Here the correlation coefficient is R? = 0.9998 and the
regression equation is y = 19x + 215.
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Fig. 7. Normal distribution of girth measurements through the flexion point of the
foot and heel

Conclusion. This study employed an enhanced anthropometric methodology
harnessing computer technology to assess foot dimensions among a cohort of 500
young men aged 15 to 19 years. Through the meticulous analysis of the collected
data, was unveiled a pivotal finding: notably high correlation coefficients among all
the investigated anthropometric characteristics. These robust correlations signify a
strong and consistent relationship between various foot dimensions within the
sample population. Importantly, this observation lays the groundwork for the
development of regression equations, which, in turn, offer the prospect of
establishing standardized foot sizes for the design and production of shoe lasts and
footwear.

The robust correlation coefficients and resultant regression equations offer a
pathway towards the provision of comfortable and well-fitting shoes for young men
in the Zhambyl region, ultimately fostering positive socio-economic outcomes.

References

1 Abzalbekuly, B., Munasipov, S.E. Qazagstan turgyndary tabandaryn antropometrualyq
zerttey natijeleri [Results of anthropometric study of feet of residents of Kazakhstan]:
monoraphy. — Publishing house IP “Beisenbekova”, 2020. — 80 p., [in Kazakh].

2. Anggraini D., Adelin P. Correlation between Anthropometric Measurement and Kidney
Function in the Elderly to Detection of Chronic Kidney Disease // Indonesian journal of
clinical pathology and medical laboratory, 2023. Vol. 29. P. 245-249.

3. Bogdan S., Mihai A., Costea M., Rezus E. Comparative Anthropometric Study Regarding
the Foot of Elderly Female Population // Procedia Engineering, 2017. VVol. 181. P. 182-186.

4. Dzhanakhmetov, U.K., Abzalbekuly, B., Yankauskaite, V., Munasipov, S.E. Razrabotka
komfortnoj obuvi dlya bol'nyh s patologicheskimi otkloneniyami stopy [Development of
comfortable shoes for patients with pathological foot abnormalities]: monograph. —
Publishing house IP “Beisenbekova A.Z.”, 2015. — 138 p., [in Russian].

5. Gonzalez-Elena M.L., Fernandez-Espejo E., Castro-Méndez A., Guerra-Martin M.D.,
Cordoba-Fernandez A. A Cross-Sectional Study of Foot Growth and Its Correlation with
Anthropometric Parameters in a Representative Cohort of Schoolchildren from Southern
Spain // International journal of environmental research and public health, 2021. Vol. 18,
No. 8. P. 4031.

381



L.Kh. Yussupova,
G.K. Yeldiyar, A.K. Baidildayeva, P.375-383
G.B. Jumabekova, B. Abzalbekuly

Light Industry
Technologies

6. llkhamova, M.U., Irisova, Z.R. Metodika antropometricheskih issledovanij stop s
primeneniem komp'yuternyh tekhnologij [Methodology for anthropometric studies of feet
using computer technology] // NITI scientific and practical conference, 2016. — P. 111, [in
Russian].

7. Zhambyl region. Dynamic series [Electronic resource]. — Access mode:
https://stat.gov.kz/ru/region/zhambyl/dynamic-tables/38/.

8. Kochetkova, T.S., Klyuchnikova, V.M. Antropologicheskie i biomekhanicheskie osnovy
konstruirovaniya izdelij iz kozhi [Anthropological and biomechanical foundations of
designing leather products]: textbook for universities. — Legprombytizdat, 1991. — 104-106
p., [in Russian].

9. Masanovic B., Gardasevic J., Arifi F. Relationship between foot length measurements and
body height: a prospective regional study among adolescents in northern region of Kosovo
/I Anthropologie-international journal of human diversity and evolution, 2019. Vol. 57. P.
227-233.

10.  Mokhtarinia H.R., Maleki-Ghahfarokhi A., Rafiee M., Mohammadi S., Gabel C.P.
Anthropometric data of an elderly Iranian population provides insights for system design //
Work, 2022. Vol. 72. P. 1-10.

11.  Morrison S., Durward B., Watt G., Donaldson M. Anthropometric foot structure of
peripubescent children with excessive versus normal body mass — A cross-sectional study
/I Journal of the American Podiatric Medical Association, 2007. Vol. 97. P. 366-70.

12.  Munasipov S.E. Iskhodnye antropometricheskie dannye dlya razrabotki komfortnoj obuvi
[Initial anthropometric data for the development of comfortable shoes] // Bulletin of Kazakh
National Research Technical University named after K.1. Satpayev, 2013. No. 2. P. 98-102,
[in Russian].

13.  Munasipov S.E., Abzalbekuly B. Rezultaty antropometricheskih issledovanij stop
muzhchin Kazahstana [Results of anthropometric studies of the feet of men in Kazakhstan]
/I International scientific and practical conference: Innovative technologies in textile and
light industry. — [?], 2014. — P. 141-143, [in Russian].

14.  Sacco R., Munoz Marie-Aude, Billuart F., Lalevée M., Beldame J. Validation of an
Automated Optical Scanner for a Comprehensive Anthropometric Analysis of the Foot and
Ankle // Bioengineering, 2023. Vol. 10. P. 968.

15.  Shultz SP, Sitler MR, Tierney RT, Hillstrom HJ, Song J. Consequences of pediatric obesity
on the foot and ankle complex // Journal of the american podiatric medical association,
2012. Vol. 102 (1). P. 5-12.

Material received on 02.05.24.

N.X. Ocynosa?, I.K. Enguap?, A.K. Baligunbpaesa?,
I.B. Oxxymabekosal, 6. A63anbekynbi!
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HACOCMIPIM AAKTAPbIHbIH ©/ILLEMAIK CUNTATTAMAJIAPbBIHbIH,
TAPANY 3AHAbINbIFbIH AHBIKTAY

AHpgatna. Xambbin o06sbicbiHAA TypaTblH Kac XKiriTTepaid TabaHAapbIHbIH
QHTPOMOMETPUABIK, CUNATTaMaNapblH 3epTTey XKacecnipimaepre apHanfaH afK Kuim
OM3aliHbIH OHTAW/IAHAbIPY KONbIHAAFbI MAHbI3Abl Kagam 60/1bin Tabblnagbl. TabaH enwemi
Typanbl KaH-KaKTbl MaNiMeTTepai *KMHAYy TeK opTala TeHAeHUMANnapAbl awbin KaHa
KOMManabl, COHbIMEH KaTap ocbl AeMorpaduanbiK TONTbIH, epeKLlenikTepiH aHbIKTanabl.
HaKTbl HaTU)Kenepre KON XKETKi3y YLWiH, AepeKTepaiH CEHIMAINITIH KaMmTamacbI3 eTy YLWiH
KaTaH, aHTPOMNOMETPUANDBIK e/ley aaicTepi KongaHbinaapl. 3epTrey 6apbicbiHAA anblHFaH
aKknapatTbl Tangay benrini 6ip enwemaepaid Tapanybl — TabaHHbIH, Y3bIHAbIFbI, €Hi }KaHe
NiWiHi CMAKTbI MaHbI3Abl 3aHAbIAbIKTApAbl awa anagbl. byn, 3 KeseriHae, Xacecnipim
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TabaHOapbIHbIH, Giperen aHaTOMUANBIK epeKLesikTepiHe calikec KeneTiH MHHOBALUMUAbIK
anK Kuimaepai asipneyre MyMKiHAiK bepegi.

Tipek ce3pgep: aHTpornomeTpua, TabaH, Kactap, KanabiNTap, 6/WemaiK
cunaTTaManapsl, bIHFalabl KacueTTep.
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ONPEAENEHUE SAKOHOMEPHOCTU PACMNPELAENEHNA
PASMEPOB CTON NOAPOCTKOB

AHHOTaumAa. NccnepgoBaHme aHTPOMOMETPUYECKMX XapaKTEPUCTUK CTOM HOHOLIEN,
npoxkmeatowmx B Mambbiickon 06nacTn, npeactaBaseT CcobOM BaKHbIM  Wwar K
onTUMU3aLMM An3aliHa 06yBM AN NoApOCcTKOB. CHOP KOMMIEKCHbIX JaHHbIX O pasmepax
CTON NO3BO/IAET HE TO/IbKO BbIABUTb CpefHEeMacluTabHble TeHAEHLMU, HO U YCTaHOBUTb
cneumduKy aTol gemorpadumyeckon rpynnol.

Ona OOCTUNKEHUA TOYHbIX pe3ynbTaToB MCMONb3YHoTCA cTporue
QHTPOMOMETPUYECKME METOAbl U3MEPEHUA, UTO TapaHTUPYeT [AOCTOBEPHOCTb AAHHbIX.
AHanus nHdopmauuun, NoNy4yeHHOW B XOA4E MCCNef0BaHMA, MOMKET BblIBUTb 3HAYMMble
3aKOHOMEPHOCTU, TaKME KaK pacnpesesieHne onpeaeeHHbIX Pasmepos — AJ/1IMHbI, LUMPUHBI
n dopmsbl cTon. 3To, B CBOK oYepeab, AaeT BO3MOXKHOCTb pa3paboTaTb MHHOBaALMOHHbIE
KoNo4KW ans obysu, KoTopble OyayT COOTBETCTBOBATb YHUKA/bHbIM aHAaTOMWYECKUM
0cobeHHOCTAM CTOMN NOAPOCTKOB.

KntoueBble cnoBa: aHTPONOMETPUA, CTONA, MONIOAbIE NHOAMU, KONOAKM, Pa3MepPHble
XapaKTePUCTUKN, KOMOPTHAA 06YBb.
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