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Abstract

Aim: to study the effect of body weight on the dynamics of anthropometric
indicators, somatotype, and morphofunctional condition of the feet in six-
year-old children.

Material and methods. 262 6-year-old children (123 girls, 139 boys) were
examined, divided into groups normal with normal (NBW) and excessive
(EBW) body weight. Anthropometry was performed with the calculation of
indices (Verveck, Pinier, Brugsch), the skinfold thickness (SFT) was assessed
using caliperometry, and computer plantography of the feet was performed.
Statistical analysis was conducted in SPSS version 26.0. Data are presented
as medians with interquartile ranges (Q1; Q3), and group differences were
evaluated at p <0,05.

Results. Statistically significant differences (p <0.001) were found
between the NBW and EBW groups in all anthropometric parameters. The
calculated indices showed the predominance of meso- and brachymorphic
traits in children with excessive body weight and a stronger physique,
respectively. Skinfold thickness was markedly higher in the EBW group
across all measured sites (p <0.001). A plantographic study showed that in

children with normal weight, foot flattening is accompanied by an increase
in its width in the middle and heel regions (p <0.01). In the EBW group,
the foot width was initially higher, and with flattening, the foot length
increased significantly in boys (p <0.001). At the same time, the width in
the heel area did not change statistically significantly with arch flattening
(p >0.05) in the EBW group, remaining wider both in the normal state
and with flattening.

Conclusion. The results of the study confirm the systemic effect of overweight
on anthropometric parameters, somatotype and morphofunctional state of feet
in children aged six years. The presence of a pronounced plantar fat cushion
in children with EBW distorts the plantographic picture, creating a “masking
effect” and requiring a differentiated approach to diagnosis.
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CpaBHuUTenbHbIN aHanNuM3 MopdoMeTpU4YecKux
napaMeTpoB CTOMbl U 0OLWMNX aHTPOMNOMETPUYECKUX
XapaKkTepucTuk geteu 6 et c HopManbHOM
M U3bbITOYHOU Maccomn Tena

J1.H. NMetyxoBa, A.B. MaprapsiH, E.A. ToMunosa, A.A. Tkauyk

Prb0Y BO «TioMeHcKuin rocyaapCTBEHHbI MEAULIMHCKUIA YHUBEPCUTET»
MuH3gpaBa Poccun (TioMeHb, Poccuiickaa ®enepaums)

AHHOTaums

Ienb: U3y4nTh BIMSHMAE MACChI Tejla Ha JMHAMHKY aHTPOIIOMeTPHUYeCKUX
IoKasaresieil, COMaToTHNna U MOop$oPpyHKIIMOHATIBHOIO COCTOSHUS CTOII Y
neTel 1MecTy JieT.

Marepuan u meronsl. O6cnenoBano 262 pebenka 6 et (123 neBoukw,
139 Manb4MKOB), pa3/iesieHHbIX Ha rpymibl ¢ HopManbHo (HMT) u u3bbi-
toyHor (M3MT) maccoii Tena. [IpoBeseHa aHTpOIIOMeTpHS C pac4eToM HH-
nekcoB (Bepseka, [Tunbe, Bpyriia), kamunepomMeTpust A7t OLIeHKH TOJIIUHEI
KOXXHO->KUPOBBIX ckianok (KXKC) u komnbroTepHas manTorpagust CTOII.
CratucTiuecKui aHanu3 BeinosiHeH B SPSS 26.0.

www.innoscience.ru

Pesynbrarhl. BoisiBienbl crariuctudecky 3HauuMble paszmnuus (p <0,001)
mexny rpynnamu HMT u U3MT 1o BceM aHTpOIIOMEeTpUYeCKUM [TapaMeTpaMm.
PacyerHble MH/IEKCHI TIOKa3aJk IpeobiajilaHue Me30- U 6paXMMOpPGHBIX TIPHU-
3HAKOB Y fereit ¢ UsMT u Goree Kpernkoe TeoCI0XeHHe COOTBETCTBEHHO.
CymmapHaast Tomupmsaa KXKC y nereit ¢ UIsMT 3HauuMo nipeBbiiiaia nokasarena
nereii c HMT (p <0,001). ITmanTorpaduyeckoe UCCIIeioBaHHe 0KA3asIo, YTo y
nereit c HMT ymuionieHue CTOIbI COITPOBOXK/IAETCS YBEIMYEHUEM ee IIUPHHbI B
cpenteM otzene U B obracty rstkd (p <0,01). B rpynme UsMT mvpuza crorist
M3HAYaJIbHO BBIIIIE, a MIPH YIUIONIEHUH 3HAYUTEIbHO YBEJIMYUBAeTCs JUTMHA
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cronsl 6onbine y MamsaukoB (p <0,001). [Tpu stom B rpynme M3MT mupuna B
006JTacTH IIATKY IIPH YIUIOIIEHNH CBOZIA CTAaTHCTHYECKY 3HAUMMO He MeHsTach
(p >0,05), ocraBasick Gosee MMPOKOH Kak B HOPMe, TaK U IPH YIUIOIEHHUH.

BriBonbl. Pe3ynbraTel HCClIe[OBAaHUS [TOATBEPXK/JAIOT CUCTEMHOE BIIHSHHE
M30BITOYHON MacChl Tejla Ha aHTPOIIOMEeTpUYEeCKUe [T0Ka3aTelld, COMATOTHII
1 MopbodYHKIMOHATILHOE COCTOSIHUE CTOII Y JieTel mmecTH JieT. Hamdaue

BbIpa’KeHHOM IJIaHTApHOM >kupoBoM noxymku y aereit ¢ U3MT nckakaet
I1aHTorpaduuecKyto KapTuHy, cosziaBas «3gpdeKkT MaCKUPOBKU» U Tpebys
nuddepeHIMPOBaHHOTO MOAX0/A K JUarHOCTHKe.

KirroueBrble cjI0Ba: aHTPOIIOMETPHS, IUIaHTOrpadus, KaJUIepoMeTpHsl, eTh
6 Jtet, M36BITOYHAS Macca Tejla, MHAEKC MaCChl Tesla, MOPQOJIOTHSI CTOIIBL.
KoH}auKT HHTEpecoB: He 3asBileH.

[na uMTUpOBaHUSA:

MetyxoBa J1.H., MaprapsH A.B., Tomunosa E.A., Tkauyk A.A. CpaBHUTENbHbIN
aHanus MmopcgoMeTpryecKkMx NapaMeTpoB CTOMbI U 0GLMUX aHTPONOMETPUYECKUX
XapaKTepucCTUK AeTeit 6 neT c HOpManbHOM U U3GbLITOYHOW Maccoi Tena. Hayka u
uHHoBayuu B MeduyuHe. 2026;11(2):91-97. DOI: https://doi.org/10.35693/SIM702030
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m INTRODUCTION
In the past decades, healthcare all around the world registers

a continued growth of excess body weight (EBW) and
obesity among people, and rapid growth of these values
among children, especially in the early and pre-school age,
is especially alarming [1, 2]. This phenomenon has reached
the scale of a global epidemic and is recognized as a serious
public health problem, as it is associated with an increased
risk of developing cardiovascular diseases, certain cancers,
type 2 diabetes mellitus, as well as musculoskeletal disorders
and diseases that progress with age [3-7].

One of the key elements of the locomotor system that is
exposed to increased loads in the events of EBW is the foot
[8]. The increase of body weight leads to changes in the
biomechanics of gait, redistribution of load exercised on the
foot resulting in the risk of deformation of the arch of the
foot [9, 10]. The importance of analyzing the effect of EBW
on the condition of the foot in the childhood stems from the
continued growth and development of the musculoskeletal
system, as well as potential possibility of prevention of
development of irreversible deformations. Plantography is
one of the affordable and non-invasive methods of studying
of the foot that provides objective data on its anatomic and
functional condition. The use of plantography allows for
the assessment of distribution of load on different sections
of the foot, identify status of flat foot, and determine other
deformations of the foot [11]. Contemporary scientific
publications present the data, according to which children
with EBW demonstrate a more manifested flattening of
the longitudinal arch of the foot as compared to children
with a normal body weight [12, 13]. At the same time,
despite the existing data, the question of specific changes of
plantographic parameters of the foot in children with EBW
aged 6 years still needs more attention. It requires further
research to specify mechanisms of effects of EBW on the
formation of arches of the foot and to develop effective
prevention measures. The analysis of the problem is of
special importance for children aged 6, when the processes
of the foot arch formation are highly active, and when the
child is preparing for their education at school, which entails
significant static loads [14].
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AIM

To study the effect of body weight on the dynamics of
anthropometric indicators, somatotype, and morphofunctional
condition of the feet in six-year-old children.

m MATERIAL AND METHODS

The study involved examination of 262 children aged 6
years attending preschool educational institutions of Tyumen
(123 girls and 139 boys) divided into groups of normal body
weight (NBW) (99 boys, 90 girls) and excessive body weight
(EBW) (40 boys, 33 girls).

Inclusion criteria: preschool age group of 6 years, I-1I
health status group, ho history of chronic somatic illnesses as
of the moment of study, availability of informed consent for
the study obtained from parents or representatives at law. The
study is approved by the resolution of the Ethics Committee
of Tyumen State Medical University and is performed under
the approved protocol No. 127 dated 04.03.2025, voluntary
informed consent of parents or guardians is obtained.

Exclusion criteria: other age group, child being registered
for regular medical check-up, diagnosis of obesity, lack of
informed consent for the study from parents or representatives
at law, refusal from participation in the study, III-V health
status groups.

A comprehensive assessment of the health status of the
examined children, followed by classification into health
groups, was conducted in accordance with the criteria set forth
in Appendix No. 2 to Order No. 514n of the Ministry of Health
of the Russian Federation dated August 10, 2017 “On the
Procedure for Conducting Preventive Medical Examinations
of Minors”.

The physical development assessment methodology
included standard anthropometry: measurement of standing
body height, body weight, chest circumference (CC), and
calculation of derived indices.

Body mass index (BMI) was calculated as the ratio of body
weight (BW, kg) to standing body height (BH) squared: BMI
= BW /BH? x 100.

The Verweck index was calculated as BH / (2BW + CC)
and was used to determine developmental harmony and
somatotyping.

www.innoscience.ru
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The Pignet index was calculated as BH — (BW + CC), i.e.,
standing body height minus the sum of body weight and chest
circumference.

The Brugsch index (chest proportionality) was calculated
as (CC x 100) / BH.

To determine the thickness of the skinfolds, caliperometry
was performed at four sites according to the method described
by C. Brook. Measurements were taken over the triceps and
biceps muscles of the arm, in the subscapular region, and above
the iliac crest along the anterior axillary line. The obtained data
were analyzed using centile tables appropriate for the age and
sex of the study participants [15].

The study also comprised plantographic measurements
performed with a computer plantograph “PCS-01" (Russia).
In the course of measurements, the following indices were
calculated: Chizhin Index = (b)/(a), where b is the width of
the print in the medial section (mm), a is the width of the arch
notch (mm); interpretation: 0—1.0 in the norm; 1.1-2.0 is the
flattened foot; Shtriter Index = (b)/(W) x 100%, where b is
the width of the stained midfoot region (mm), W is the total
width of the foot in the same area (mm); interpretation: 43 ...
50 for normal foot, 50 ... 60 for flattened foot. Additionally,
plantometric parameters of the foot were determined, including
foot length, foot width at mid-length, and foot width at the heel
region, all measured in millimeters.

Statistic processing of the obtained materials was performed
in the statistics software suite SPSS 26.0. Data are presented
as medians and interquartile ranges (25th—75th percentiles),
as preliminary analysis (Shapiro-Wilk test, histograms, Q-Q
plots) revealed asymmetric distribution, multimodality, and
the presence of outliers. Comparisons between the normal
foot (NF) and flattened foot (FF) groups were performed
using nonparametric methods due to deviation of the data
from a normal distribution. The critical level of assessment of
statistical significance of results was set at p < 0.05.

m RESULTS

At the first stage of the study, a comprehensive health
assessment was conducted in 262 six-year-old children. A
significant percentage of children with excessive body weight
was identified: 33 girls (12.8%) and 40 boys (15.5%). These

findings are consistent with current statistics showing a steady
increase in the number of children with overweight and obesity
[1, 2]. The study also included a separate analysis of key
anthropometric parameters of children with excessive body
weight and their comparison with similar metrics of the normal
body weight group. Statistically significant differences were
established in the majority of parameters (Table 1). Thus, while
the body weight of girls from the NBW group was 21.2 (19.3;
23.3) kg, which meets the average age values (50-75th centile
corridor), the median body weight of girls from the EBW
group was 25.3 (24.4; 26.3) kg (p < 0.001), which aligns with
the region of the 90-97th centile. A similar trend was seen in
boys (p < 0.001). The values of body height also demonstrated
significant differences. Children from the EBW group were
taller than their peers with normal weight (p < 0.001). The CC
was expectedly higher in the EBW group both among boys
and girls (p < 0.001). The median value of BMI among boys
in the NBW group was 15.8 (14.3; 16.8) kg/m?, while in the
EBW group this value was statistically significantly higher:
18.0 (17.4; 18.4) kg/m? (p < 0.001). The similar statistically
significant difference was registered among girls. Special
interest lies in the analysis of calculated indices characterizing
the somatotype. The Verweck index, which reflects the ratio of
longitudinal to transverse body dimensions, was significantly
lower in the EBW group, with a median of 1.08 (1.06-1.10)
for both sexes (p < 0.001), whereas in the NBW group it
ranged from 1.17 to 1.18. A decrease in this index indicates a
predominance of mesomorphic and brachymorphic features in
children with excess body weight. This is further supported by
the Pignet index, which characterizes body build robustness.
Among boys with EBW, the median Pignet index was 32.4
compared with 38.1 in the NBW group (p < 0.001). The
differences were also highly pronounced in girls (p < 0.001).
Lower Pignet index values in the EBW group indicate a more
robust and solid physique. The Brugsch index, which assesses
chest proportionality relative to height, showed a significant
increase in boys from the EBW group (52.0 vs. 49.6 units; p
< 0.001), indicating chest widening. A similar trend toward
an increase in this index was observed in girls with EBW (p <
0.001). Thus, six-year-old children with EBW not only have
greater body weight but also differ from their peers by being

"~ puametergops | vawes | Sex | Nowpow(-isn | EoWgroupd | puae

Body height (cm)
Anthropometric values Body weight (kg)
CC (cm)
Verweck (rel. units)
Pignet
Calculated indices

Brugsch (rel. units)

BMI, kg/m?

O OW OW O OW O® O

Notes: BMI — body mass index, NBW — normal body weight, EBW — excessive body weight, CC — chest circumference. The differences are significant (p <0.05)

when comparing between groups (NBW and EBW).

117.8 (113.2; 120.3)
115.3 (114.1: 117.2)

118.7 (116.3; 122.1)
1182 (116.1; 119.3) <0.001

21.3(19.2; 24.3)

25.2 (24.3; 27.30)

< 0.001

2112 (193: 23.3) 25.3 (24.4; 26.3)

58.5 (56.5; 61.5) 61.3 (58.3; 63.3) <0001
57.3 (56.3: 59.3) 59.0 (58.0 61.0) :
1.17 (1.15;1.19) 1.08 (1.06;1.10)

1,18 (1.16:1.19) 1,08 (1.06:1.10) <0.001
38.1 (32.6; 43.5) 32.4.(29.2; 36.3) <0001
37,6 (35.2: 41.6) 33.2 (3.3 35.30 :
49.6 (47.0;53.3) 52.0 (48.8; 54.80) <0001
50.0 (48.1'52.1) 51.0 (49.0; 53.0) :
15.8 (14.3; 16.8) 18.0 (17.4; 18.4) < 0.001
15.7 (14.1: 16.7) 1811 (17.9: 18.6) :

MNpumeyaHusi: UMT — uHdekc Maccel mena, HMT — HopMmanbHas Macca mena, UsMT — usbeimoyHas Macca mena, OK — okpy)kHocmb 2pydHOU Kiemku.

Pa3anuyus 3Ha4umsl (p <0,05) npu cpaBHeHuu Mexoy epynnamu (HMT u UsMT).

Table 1. Comparative anthropometric parameters and indices of physical development in 6-year-old children across different body weights,

Me (Q1; Q3)

Tabnuua 1. CpaBHUMenbHas xapakmepucmuka aHmponoMempu4eckux nokasamernell u UHOeKcoB ¢pusudeckozo passumusi demedl 6 nem c

pasnu4yHol Maccol mena, Me (Q1; Q3)

www.innoscience.ru
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Boys 23.0 (22.5; 23.5) 37.3 (35.7; 37.9) < 0.001

Girls 26.6 (26.4; 26.7) 46.3 (45.6; 47.1) < 0.001
Notes: NBW — normal body weight, EBW — excessive body weight. The
differences are significant (p <0.05) when comparing between groups (NBW
and EBW).
MpumeyaHusi: HMT — HopmanbHasi macca mena, 3MT — usbbimoyHas macca

mena. Pasznuyus 3Ha4yumsl (p <0,05) npu cpaBHeHUU Mexdy epynnamu (HMT
u MsMT).

Table 2. Total skinfold thickness (mm) in 6-year-old children based
on caliperometry data, Me (Q1; Q3)

Tabnuya 2. CyMMapHble nokazamesu mosiuuHbl KOKHO-KUPOBbIX
cknadok (MM) y 0emell 6 lem no daHHbIM KanunepoMempuu, Me

(Q1;Q3)

taller and having a specific somatotype with a predominance
of transverse trunk dimensions, which creates additional
mechanical load on the musculoskeletal system.

On the second stage of the study, detailed analysis of fat
deposition was performed using caliperometry. The analysis
of skinfold thickness confirmed the statistically significant
prevalence of subcutaneous fat deposition in the EBW group
across all the studied anatomical sites. Especially manifested
differences were registered in the total skinfold thickness value
(Table 2). Among the girls from the EBW group, the total
skinfold thickness was 46.3 (45.6; 47.1) mm, which is 1.7
higher than the values from the NBW group: 26.6 (26.4; 26.7)
mm (p < 0.001). Among the boys, a significant increase of fatty
component in the EBW group is seen, although the increase
was somewhat lower than among the girls.

A comparative analysis of plantographic metrics in the
NBW group showed a statistically significant change in the
morphometric parameters of the foot at the flattening of the
longitudinal arch (LA) (Table 3). It was found that the foot arch
deformation in the flatfoot (FF) group was accompanied with a
significant ‘flattening’ of the foot. Among boys, a statistically
significant increase of the foot length was registered (p <
0.001). Among girls, a trend for the foot length increase was
also seen: 197.0 (194.8; 199.2) mm for the normal foot (NF),
whereas with the flattening of the arch, the value increased to
198.9 (193.8; 203.9) mm; however, the differences were at the
borderline of statistical significance (p = 0.060). A statistically
significant increase of the foot width was registered in the
midfoot region. The width of the foot in the mid region in
the FF group increased by more than 22% as compared to
the NG group among boys (p = 0.003), and girls (p < 0.001).
An increase of width in the heel region was also registered

in both sex groups, (p < 0.001) among boys and (p = 0.025)
among girls. The application of standard indices to assess the
condition of the arches demonstrated a significant increase of
their deformation in the FF group. The Chizhin index, whose
median in the NF group was 0.84, increased with the flattening
of the arch, reaching 1.53 among boys and 1.54 among girls (p
< 0.001), which aligns with a marked flattening. The Shtriter
index demonstrated a similar trend: in the FF group, the value
of this parameter statistically significantly exceeded the values
in the NF group, reaching 54.8% among boys and 53.8%
among girls (p < 0.001). Thus, among six-year-old children
with normal body weight the plantographic method allowed
for a statistically significant identification of the flattening of
the arch. The deformation is characterized not only with the
change in the calculated indices, but also with the statistically
significant increase of all linear parameters of the foot, which
shows a decrease of its shock-absorbing function and an
increase of the contact of the sole with the supporting surface.

The analysis of plantograms of six-year-old children
with excessive body weight allowed for determination of
characteristic changes in the morphology of the foot that stem
from the flattening of its arches (Table 4). Among boys with
EBW and flattened foot, statistically significant increase of
foot length was registered in comparison to the EBW group
with normal foot (p < 0.001). Among girls, a statistically
significant elongation of the foot was also registered, however,
the difference of medians was less manifested (p = 0.028).
The most significant changes were registered in the analysis
of the foot width in the midfoot region. In children of either
sex with excessive body weight and flattened foot, this value
increased (p < 0.001). Notably, even in the normal foot group
the foot width of children with excessive body weight was
high on the baseline level at 59.7 (58.3; 62.6) mm, which was
higher than the mean values in children with normal body
weight, which is explained by the presence of excessive fatty
tissue. Unlike that of the midfoot region, the width of the heel
region did not undergo statistically significant changes in the
flattening of the arch neither in boys (p = 0.208), nor in girls
(p = 0.368). It is to be remembered, however, that the value
is significantly higher than in the similar groups of children
with normal body weight. This indicates that in children with
EBW the foot adaptation to loads occurs mainly at the cost
of the midfoot region. In the transition from the NF to FF,
the Chizhin index increased: in boys, to 1.88 (1.82; 1.92), in
girls, to 1.85 (1.72; 1.92) (p < 0.001). A similar statistically

Foot length g

Anthropometric values (mm) Foot width (midfoot) 2
. B

Foot width (heel) G

Chizhin 8

Calculated indices B
Shtriter, % G

197.4 (195.8; 199.2) 199.7 (197.7; 201.8)

197.0 (194.8' 199.2) 198.9 (193.8: 203.9) <0.0010.060
52.7 (52.2; 53.2) 64.5 (63.3; 66.1)
52.3 (49.2: 55.2) 64.3 (60.6- 66.8) 0.003<0.001
47.2 (45.8; 49.1) 48.2 (46.2; 50.2)
46.2 (45.8: 48.2) 471 (45.1: 49.8) <0:0010:025
0.84 (0.77; 0.91) 1.53 (1.47; 1.61) <0.001
0.84 (0.72' 0.99) 1,54 (122" 1.82) :
45.4 (44.7; 46.1) 54.0 (51.6; 59.2) <0.001
45.8 (432 48.2) 53.8 (53.2° 54.3) :

Notes: NF — normal foot, FF — flattened foot. The differences are significant (p <0.05) when comparing between groups (NF and FF).
MpumeyaHusi: HC — HopmaneHas cmona, YC — ynnoweHHasi cmona. Paznuyus 3Ha4umsl (p <0,05) npu cpaBHeHuu Mexdy epynnamu (HC u YC).

Table 3. Morphometric parameters of the foot in 6-year-old children with normal body weight, depending on the condition of the longitudinal

arc, Me (Q1; Q3)

Tabnuua 3. Mopcpomempuyeckue napamempsi cmonkl y demel 6 iem ¢ HopMasnbHol Maccol mena B 3aBUCUMOCMU OM COCMOSIHUS

npodosnbHozo ceoda, Me (Q1; Q3)
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Foot length g
Anthropometric values (mm) Foot width (midfoot) g
. B
Foot width (heel) G
Chizhin s

Calculated indices
Shtriter, % g

199.3 (197.3; 200.3) 202.5 (200.5; 204.5)

198.8 (195.7: 199.8) 200.5 (197.4: 206.1) <0.0010.028
59.7 (58.3; 62.6) 68.4 (67.3; 70.1) <0.001
59.4 (57.4- 62.2) 68.7 (65.5: 70.6) :

49.2 (47.2; 51.2) 50.5 (47.0; 52.1)

48.8 (46.6: 50.3) 49.2 (47.2: 51.6) 0.2080.368
0.96 (0.91; 0.99) 1.88(1.82; 1.92) <0.001
0.94 (0.88 0.98) 1.85 (172" 1.92) :

48.8 (45.9; 50.0) 58.2 (57.2; 60.0) <0.001

46.2 (45.2' 49.9) 58.0 (55.6: 59.9)

Notes: NF — normal foot, FF — flattened foot. The differences are significant (p <0.05) when comparing between groups (NF and FF).
MNpumeyaHusi: HC — HopmanbHasi cmona, YC — ynnoweHHas cmona. Paznuyus 3Ha4umsl (p <0,05) npu cpaBHeHuu Mexdy gpynnamu (HC u YC).

Table 4. Morphometric parameters of the foot in overweight children aged 6 years, depending on the condition of the longitudinal arch, Me

(Q1; Q3)

Tabnuuya 4. Mopcpomempuyeckue napamempsi cmonsl y demell 6 nem ¢ u3bbimoyHoli Maccoll mena B 3aBUCUMOCMU OM COCMOSIHUS

npodosibHO20 cBoda, Me (Q1; Q3)

significant trend was registered for the Shtriter index. Its
median values in the FF group increased to 58.2-58.0% in
boys and girls, respectively, vs. 48.8-46.2% in the NF group
(p < 0.001). The high values of the calculated indices in the
NF group point at morphological remodeling of the foot that
occurs on the background of initially increased transversal
dimensions (due to the fatty component).

m DISCUSSION

The results of the study identified a systemic impact of
excessive body weight on the morpho-functional characteristics
of children’s organisms in the first growth spurt period. The
comprehensive analysis showed that six-year-old children with
excessive body weight not only have quantitative differences
in the body weight but also the qualitative specifics of the
somatotype. The statistically significant decrease of the
Verweck and Pignet indices in the EBW group confirms
formation of meso- and brachymorphic physique types.
Higher values of body height and chest circumference in EBW
children may be interpreted as manifestations of acceleration.
At the same time, such ‘accelerated’ development creates a
serious disbalance: the child’s muscular-ligamentous apparatus
is not ready to increased static and dynamic loads, which is
first reflected in the condition of the feet. This observation
fully aligns with the findings of S. Jandova (2024), who
studies children of early school age and emphasized a direct
associative correlation between elevated values of BMI and
incidence rate of flatfoot thus showing inevitable deformation
of the longitudinal arch of the foot if the force and resilience
of the ligaments is not sufficient [10]. The caliperometry
data highlights the scope of the problem: the total skinfold
thickness in EBW girls is almost double that of their peers
with NBW. Deposition of subcutaneous fat occurs not only
in the typical sites but, judging by plantographic data, affects
the soft tissue of the foot, which is confirmed by the data of C.
Escalona-Marfil et al. (2023). The work studied morphology
of feet in children aged 5-10 years and identified statistically
significant differences in the indices of the position and height
of the arch of the foot in all weight categories, from weight
deficit to obesity. The width of the midfoot was most closely
related to the body weight, and the waist circumference to
the morphological changes of the feet, which, in its turn,
emphasizes the importance of central fat deposition and body
composition for the weight-bearing function of the foot [8].
Our findings fully confirm these data: in children with normal

www.innoscience.ru

body weight, the flattening of the arch is accompanied by the
classic flattening of the foot. The most sensitive parameter was
the foot width in the mid-region that increased by more than
11-12 mm in both boys and girls (p < 0.001). It is interesting
to note that in boys with normal body weight the deformation
of the arch leads to a significant increase of the foot length (p
< 0.001), while in girls this trend is only borderline (p = 0.060).
This might indicate greater rigidity of the foot of the girls in
longitudinal direction at this age. The excessive body weight
group demonstrates a radically different morphometric pattern.
First, the ‘baseline’ width of the foot is noteworthy: in EBW
children, even with normal foot it is an average 59.7 mm, which
is 7 mm wider than in their peers with normal body weight.
This fact is explained by the presence of a pronounced plantar
fat pad, which increases the footprint area, thereby masking
the true configuration of the underlying bony structures. This
‘masking’ effect was mentioned by A.V. Sapogovsky et al.
(2023), who reported in their studies of children aged from
7 to 15 (St.-Petersburg), that the plantographic criteria often
have but a minor correlative linkage with clinical parameters
(e.g., valgus of the hindfoot or Dowle’s angle) specifically
due to a mismatch in the form of the foot print and the internal
osseous structures of the arch [11]. Second, in the flattening
of the arch in the EBW group, the foot width reaches greater
values (68.4—68.7 mm). Notably, in this group the foot width
in the heel region does not undergo significant changes in
deformation (p > 0.05), while in the NBW group, this value is
higher. The presence of a marked fat pad in the medial section
of the foot results in the fact that even with the anatomically
preserved arch, the print of the foot of EBW children seems
wider, imitating the flattening. This is further confirmed by the
fact that the statistical significance of differences of the foot
width in the heel region between the normal and flattened foot
in the EBW group is not observed.

Within long-term observations of children aged 7-8 years,
S. Yan et al. (2023) registered a transition period (BMI in
the range of 18.6-19.9 kg/m?), when negative changes of gait
appear, related to changes in the structure of the arch of the
foot. Above the threshold of 20.8 kg/m2, the height of the
arch starts rapidly decreasing under the excessive load [13].
The calculated podometric indices (Chizhin and Shtriter) in
our study demonstrated a high statistical significance in all
groups (p < 0.001). However, the values of the Chizhin index
in children with EBW and FF were significantly higher than
in the NBW group. This indicated that the excessive weight
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not only triggers actual lowering of the arch, but artificially
elevates the values on the plantogram due to the presence of
the soft tissue component. With that in mind, the findings of
D.R. Dzhuraev et al. (2024), obtained in the Tyumen Region,
become especially important. The authors mentioned that in
the general population of six-year-old children (where the
flatfoot rate reaches 30%, and flattening rate, 32%) there
is observed only a weak correlation between the BMI and
Chizhin and Shtriter indices [16]. In the context of our study,
this is explained by the presence of the fat pad resulting in
the elevation of values even with a relatively preserved bony
arch. Thus, the morphometry of the foot in children with
excessive body weight necessitates a differentiated approach,
since the standard plantographic norms may result in hyper-
diagnostics of pathological conditions due to the effect of the
body composition on the foot print parameters.

m CONCLUSION

The results of the study demonstrate the six-year-old
children with EBW significantly differ from their peers
with NBW in anthropometric parameters, total skinfold
thickness, and somato-typological indices. In children
with NBW, the flattening of the foot is accompanied with a
distinct transformation of its linear parameters, and elevation
of Chizhin and Shtriter indices. This confirms the high
diagnostic efficacy of plantography for detecting impairments

of the shock-absorbing function of the foot in the absence
of excess body weight. Excessive body weight in six-year-
old children acts as a modifying factor of the morphology
of the foot, increasing the baseline width of the print in the
mid-region by 13-14% even with the anatomically preserved
arch, which is accounted for by the development of the
subcutaneous adipose layer in the foot region. Excess adipose
tissue in the medial part of the foot, combined with increased
body weight pressure, masks the true condition of the arches,
thereby complicating classical plantographic diagnostics and
potentially leading to false-positive results when assessing
the degree of flatfoot. These findings highlight the need for
a differentiated approach to evaluating the foot arch status
in children of this age. During preventive examinations, it
should be taken into account that excessive body weight is
not only a risk factor for foot deformity but also a serious
obstacle to its objective visual diagnostics. This justifies
the need to develop additional arch assessment criteria for
children with excess weight. Traditional screening should
be supplemented with methods that allow differentiation
between true arch deformity and morphological changes
caused by excess soft tissue. The age of six years represents
a ‘window of opportunity’ for correcting these disorders, as
arch formation is not yet complete, and timely normalization
of body weight may prevent irreversible musculoskeletal
changes. »=

ADDITIONAL INFORMATION

JOIIOJIHUTEJIBHASI TH®OPMAIIV A

Ethical review. The study was approved by the Ethics Committee of Tyumen State
Medical University and conducted under approved protocol No. 127 dated March 4, 2025.

Dmuueckas JKcnepmusa. HCCHEZ{OBBHHE TIOATBEPXX/1eHO pellleHrueM KOMHUTeTa I10
3THKe IpU TIOMEHCKOM roCylapCTBeHHOM MeMIIMHCKOM YHHBEPCHUTeTe, BBIOJTHEHO B
paMKax yTBepxieHHoro nporokosna Nel127 or 04.03.2025 .

Informed consent. All legal guardians (parents) signed voluntary informed consent
for the children’s participation in the study.

Hugopmupobannoe coenacue. Bce 3akoHHbIE TIPeJICTABUTENH (POIUTENH) MOIIIH-
canu Jo6poBoJIbHOe MHPOPMUPOBAHHOE COIVIaCHe Ha y4acTHe JieTell B MCCIIelOBaHUH.

Study funding. The study was the authors’ initiative without external funding.

Hcmounuk gunancupobanus. PaboTa BHIIONHEHA [0 HHAIIMATHBE aBTOPOB Ge3
TpUBJIeYeHHs] PUHAHCHPOBAHHSL.

Conflict of interest. The authors declare that there are no obvious or potential
conflicts of interest associated with the content of this article.

Kongnuxm unmepecoB. ABTOpEI 1eKJTapUPYIOT OTCYTCTBUE SIBHBIX M OTEHIIHAIIb-
HBIX KOH(IIMKTOB HHTEPEeCOB, CBSI3aHHBIX C COflep)KaHueM HaCTOsIIeH CTaTbH.

Contribution of individual authors. Petukhova L.N.: study concept, writing of the
text. Margaryan A.V., Tomilova E.A.: study concept and design, editing of the article.
Tkachuk A.A.: collection, processing and analysis of material.

The authors gave their final approval of the manuscript for submission, and agreed
to be accountable for all aspects of the work, implying proper study and resolution of
issues related to the accuracy or integrity of any part of the work.

Yuacmue a6mopo8. Ileryxosa JI.H.: koHIeIIust NCCIIeIOBaHusI, HAlTUCAHHe TeKCTa.
Maprapsia A.B., Tomunosa E.A.: koHIlennus v AM3aiiH UCClIe0BaHus, peJJaKTHPOBaHUe
crarbu. Tkauyk A.A.: cbop, o6paboTka 1 aHaIM3 MaTepyaa.

Bce aBrope! omo6punu GuHANIBHYIO BEPCHIO CTaThU Nepel MyOJIMKanyei, Beipa-
3UJIM COTTIacCHe HeCTH OTBETCTBEHHOCTh 3a BCe acleKThl paboThl, MO/Ipa3yMeBaroIyI0
HaJyiexkalliee U3y4eHHe 1 pellleHre BOIIPOCOB, CBA3aHHBIX C TOYHOCTBIO WX JJ06pPOCO-
BECTHOCTBIO JTF060¥ 4acTH paboThI.

Statement of originality. No previously published material (text, images, or data)
was used in this work.

OpuzunansHocmb. TIpy cO3TaHUU HacTosIIel paboThl aBTOPBI He UCIIONIb30BAIK
PpaHee o11y6IMKOBaHHBIE CBefieHus! (TeKCT, WUTIOCTPAIUY, IaHHbIe).

Data availability statement. The editorial policy regarding data sharing does not
apply to this work.

Jocmyn k 0aHHbLM. PelakIMOHHAs MOJIMTHKA B OTHOIEHUH COBMECTHOTO UCTIONb-
30BaHMs [IAHHBIX K HACTOsIIel paboTe He IIPUMeHUMa.

Generative AI. No generative artificial intelligence technologies were used to
prepare this article.

TI'enep BHbii UCKYCC nexkm. I1py co3nanmu HacTosIeH cTaTbu

TEXHOJIOTMU TeHEePaTUBHOTO UCKYCCTBEHHOI'O MHTEJIJIeKTa He UCII0JIb30BaJIN.

Provenance and peer review. This paper was submitted unsolicited and reviewed
following the standard procedure. The peer review process involved 2 external reviewers.

Pacc p u peueH3upob Hacrosmas pabota 1ojiasa B )XypHai B MHU-
IIMaTHBHOM IIOPsIZIKe M PAaCCMOTPEHa 110 0OBIYHOIA IIpolieype. B peneH3upoBaHuy yva-

CTBOBAJIH 2 BHEITHUX perieH3eHTa.

REFERENCES / JIMTEPATYPA

1. Gritsinskaya VL, Novikova VP, Khavkin Al. Epidemiology of obesity
in children and adolescents (systematic review and meta-analysis of
publications over a 15-year period). Clinical Practice in Pediatrics.
2022;17(2):126-135. [I'pununckas B.JI., HoBukosa B.II., XaBkuH
A.H. K Borpocy 06 3nu1eMHOIOruy OXKUPEHHs Y AeTell ¥ HOIPOCTKOB
(cucremarnyeckuit 0630p W MeTa-aHaJIW3 HAYYHBIX MyOIMKAIMK 3a
15-nernmii nepron). Bonpocwt npakmuueckoti neduampuu. 2022;17(2):126-
135]. DOI: 10.20953/1817-7646-2022-2-126-135

2. Martinchik AN, Laikam KE, Kozyreva NA, et al. Prevalence
of overweight and obesity in children. Problems of Nutrition.
2022;91(3):64-72. [Maprunuuk A.H., Jlaiikam K.3., Ko3bipesa
H.A., u np. PacnpocTpaHeHHOCTh U3OBITOYHON MaccChl Tejla U
oxupeHus y meteii. Bonpocwvt numanus. 2022;91(3):64-72].
DOI: 10.33029/0042-8833-2022-91-3-64-72

3. Alferova VI, Mustafina SV. Long-term dynamics of the prevalence of
childhood and adolescent obesity in Russia and the world. Obesity and
metabolism. 2025;22(3):255-262. [Andéposa JI.U., Mycraduna C.B.
MHoroseTHss MHAMKKa PaclipOCTPaHEHHOCTH AETCKOTO U IOIPOCTKOBOTO

96

www.innoscience.ru


http://www.innoscience.ru
https://doi.org/10.20953/1817-7646-2022-2-126-135
https://doi.org/10.33029/0042-8833-2022-91-3-64-72

Science & Innovations in Medicine

Vol.11 (2) 2026

HUMAN ANATOMY

oxupenus B Poccun u mupe. OdicupeHue u memabonusm. 2025;22(3):255-
262]. DOI: 10.14341/0omet13200

4. Mirgorodskaya OV, Golubev NA, Ogryzko EV, Shelepova EA. Morbidity
of obesity in children aged 0-17 years in the Russian Federation in the
period 2018-2023. Current problems of health care and medical statistics.
2024(3):236-251. [Mupropogackas O.B., I'ony6es H.A., Orprisko E.B.,
[lenenoga E.A. 3a6oneBaeMocTh oxupeHHeM y aeteit B Bo3pacre 0-17 et
B Poccuiickoit ®eneparmu B iepuon ¢ 2018 o 2023 ron. CobpemeHHble
npobnembt 30pabooxpareHust u meduyuHckoii cmamucmuku. 2024(3):236-
251]. DOL: 10.24412/2312-2935-2024-3-236-251

5. Shikaleva AA, Shulaev AV, Titova SA, et al. Metabolic syndrome and
obesity in children as a social and hygienic issue. Russian Bulletin of
Hygiene. 2022;4:10-13. [Iukanesa A.A., lllynaes A.B., Turosa C.A.,
U 1p. Merabonudeckuii CHHIPOM M OXXHpPEeHHe Y JieTel KaK COIMalIbHO-
rurueHndeckas npobnemMa. Poccutickuti 6ecmHuk 2ueuerbl. 2022;4:10-13].
DOI: 10.24075/rbh.2022.059

6. Bokova TA, Shishulina EE, Bevz AS, Kartashova DA. Comparative
analysis concerning the prevalence of childhood obesity in the Moscow
region. Russian Journal of Woman and Child Health. 2024;7(1):51-
57. [Bokosa T.A., Hlumynuna E.E., Bes3 A.C., Kapramogsa [I.A.
CpaBHUTeIbHBIM aHanu3 3abojieBaeMOCTH OXHPEHHEeM JeTel,
npoxuBammux B MockoBckoit obmactu. PMK. Mame u dums.
2024;7(1):51-57]. DOIL: 10.32364/2618-8430-2024-7-1-8

7. Ciezki S, Odyjewska E, Bossowski A, Glowinska-Olszewska B.
Not Only Metabolic Complications of Childhood Obesity. Nutrients.
2024;16(4):539. DOI: 10.3390/nu16040539

8. Escalona-Marfil C, Prats-Puig A, Ortas-Deunosajut X, et al.
Children’s foot parameters and basic anthropometry - do arch height
and midfoot width change? Eur J Pediatr. 2023;182(2):777-784.
DOI: 10.1007/s00431-022-04715-1

9. Zhulikov AL, Malanin DA, Demeshchenko MV, et al. Prevalence
of flatfoot valgus deformity in children of the Volgograd region.
Journal of the Volgograd State Medical University. 2022;19(3):108-
114. [’KynukoB A.JI., Manauuun [I.A., lememenko M.B., u np.
PacnpocTpaHeHHOCTD IIOCKO-BaJIbTYCHOUN JedopMaluu CTOI

y nerteil B Bosrorpaackod ob6mactu. BecmHuk Boazoepadckozo
20cydapcmbBenHo20 MeduyuHckoz2o yHubepcumema. 2022;19(3):108-114.
DOI: 10.19163/1994-9480-2022-19-3-108-114

10. Jandova S. Flat feet occurrence among young school-age children
and its association with body mass index values. Homo. 2024;75(1):1-7.
DOI: 10.1127/homo/2024/1754

11. Sapogovskiy AV, Ovechkina AV, Abramov IA, et al. Footprint
analysis in flatfoot assessment. Pediatric Traumatology, Orthopaedics
and Reconstructive Surgery. 2023;11(1):67-74. [CanoroBckuit
A.B., OBeukuna A.B., A6pamos U.A., u ap. Ilnantorpadus B
JMarHOCTHKe IUIOCKOoCTOnHs y meteil. Opmonedus, mpaBmamonoaus
u 6occmanoBumenvHas xupypaus demckozo 6o3pacma. 2023;11(1):67-74].
DOI: 10.17816/PTORS121335

12. Tsiros MD, Vincent HK, Getchell N, Shultz SP. Helping
Children with Obesity “Move Well” To Move More: An Applied
Clinical Review. Curr Sports Med Rep. 2021;20(7):374-383.
DOI: 10.1249/JSR.0000000000000861

13. Yan S, Zhao Y, Zhang L, Yang L. Arch-related alteration in foot
loading patterns affected by the increasing extent of body mass index
in children: A follow-up study. Gait Posture. 2023;100:247-253.
DOI: 10.1016/j.gaitpost.2022.12.019

14. Kopaczyniska A, Bober A, Puk A, Chwalczyriska A. Evaluation of
Foot Structure in Preschool Children Based on Body Mass. Med Sci Monit.
2024;30:e943765. DOI: 10.12659/MSM.943765

15. Propaedeutics of Pediatric Diseases. Eds. Kildiyarova R.R., Makarova
V.I. M., 2022. (In Russ.). [IIponeneBTrka nerckux 6Gomne3neit. [lox pen.
P.P. KunbausipoBoii, B.W. Makaposoii. M., 2022].

16. Dzhuraev DR, Sergeev KS, Zubik GV, Orlov SA. Variants of flat feet
in children of preschool and primary school age. University Medicine of
the Urals. 2024;10(3):8-10. (In Russ.). [[I>xxypaes [I.P., Ceprees K.C.,
3y6uk I'.B., Opnos C.A. BapuaHTbI INIOCKOCTONNS y JieTei JOMIKOJIBHOTO
Y MJIQZILIETro IIKOJILHOTO Bo3pacTa. YHubepcumemckas meduyuHa Ypand.
2024;10(3):8-10]. EDN: SCJTPP

www.innoscience.ru

97


http://www.innoscience.ru
https://doi.org/10.14341/omet13200
https://doi.org/10.24412/2312-2935-2024-3-236-251
https://doi.org/10.24075/rbh.2022.059
https://doi.org/10.32364/2618-8430-2024-7-1-8
https://doi.org/10.3390/nu16040539
https://doi.org/10.1007/s00431-022-04715-1
https://doi.org/10.19163/1994-9480-2022-19-3-108-114
https://doi.org/10.1127/homo/2024/1754
https://doi.org/10.17816/PTORS121335
https://doi.org/10.1249/JSR.0000000000000861
https://doi.org/10.1016/j.gaitpost.2022.12.019
https://doi.org/10.12659/msm.943765
https://www.elibrary.ru/scjtpp

	_GoBack

