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AGE-RELATED INFLUENCE OF OBESITY ON PLANTAR PRESSURE IN CHILDREN AGED 7-14

ABSTRACT. Obesity is an important factor influencing foot geometry and function, especially for children whose musculoskeletal system are
experiencing growth and maturation. The objective of this study was to examine the development of plantar pressure for the obese and
normal-weight children aged 7-14 years, and the difference between the two groups in this developing duration. Totally 288 children (138
normal-weight and 150 obese) were included into the data analysis. Plantar pressure measurements were performed during barefoot walking
in a self-selected speed. Contact areas, pressure-time integrals (PTI) and force-time integrals in ten plantar regions were obtained to calculate
the arch index (Al) and the relative force-time integral (relFTl). Results showed that: the Al and PTI were evidently higher for obese children
compared to the normal-weight group. The Al seemed to be even with age for both groups. PTI values of both groups elevated with increasing
age and significance appeared from the age of 11. RelFTI values were significantly higher in lateral forefoot (M3-5) and midfoot (MF) for obese
children. And the age-related changes of relFTI were different in obese children compared with normal weight ones. Obesity would obstruct
normal age-related development of plantar pressure distribution.

KEY WORDS: obesity, children, footwear design

INFLUENTA OBEZITATII N FUNCTIE DE VARSTA ASUPRA PRESIUNII PLANTARE LA COPIII CU VARSTELE DE 7-14 ANI

REZUMAT. Obezitatea este un factor important care influenteaza geometria si functia piciorului, in special pentru copiii al caror sistem
musculo-scheletic creste si se maturizeaza. Obiectivul acestui studiu a fost de a examina dezvoltarea presiunii plantare la copiii obezi si cu
greutate normald cu varste cuprinse intre 7 si 14 ani si diferenta dintre cele dou3 grupuri in aceasté perioada de dezvoltare. Tn analiza datelor
au fost inclusi 288 de copii (138 cu greutate normala si 150 obezi). Mdsuratorile de presiune plantara au fost efectuate in timpul mersului
descult cu o viteza la alegere. S-au obtinut zonele de contact, integralele presiune-timp (PTI) si integralele forta-timp in zece regiuni plantare
pentru a calcula indicele plantar (Al) si integrala relativa forta-timp (relFTl). Rezultatele au aratat ca Al si PTI au fost evident mai mari in cazul
copiilor obezi in comparatie cu grupul de copii cu greutate normald. Al parea sa se echilibreze odata cu varsta pentru ambele grupuri. Valorile
PTI ale ambelor grupuri au crescut odata cu varsta, avand o semnificatie crescanda de la 11 ani. Valorile RelFTI au fost semnificativ mai mari
in zona laterala a antepiciorului (M3-5) si la nivelul zonei de mijloc (MF) in cazul copiilor obezi. Modificarile relFTI in functie de varsta au fost
diferite la copiii obezi in comparatie cu cei cu greutate normala. Obezitatea impiedicd dezvoltarea normala a distributiei presiunii plantare in
functie de varsta.

CUVINTE CHEIE: obezitate, copii, proiectarea incaltamintei

L'INFLUENCE DE UOBESITE LIEE A AGE SUR LA PRESSION PLANTAIRE CHEZ LES ENFANTS DE 7 A 14 ANS

RESUME. Lobésité est un facteur important qui influence la géométrie et la fonction du pied, en particulier pour les enfants dont le
systéme musculo-squelettique connait une croissance et une maturation. Lobjectif de cette étude a été d’examiner le développement de
la pression plantaire chez les enfants obéses et de poids normal dgés de 7 a 14 ans, et la différence entre les deux groupes dans cette durée
de développement. Au total, 288 enfants (138 de poids normal et 150 obeéses) ont été inclus dans I'analyse des données. Des mesures de
pression plantaire ont été effectuées lors de la marche a pieds nus a une vitesse auto-sélectionnée. Les zones de contact, les intégrales
pression-temps (PTI) et les intégrales force-temps dans dix régions plantaires ont été obtenues pour calculer I'indice de la vo(te plantaire
(Al) et Iintégrale force-temps relative (relFTl). Les résultats ont montré que I'Al et le PTI ont été évidemment plus élevés chez les enfants
obéses que pour le groupe des enfants au poids normal. LAl semblait s’équilibrer avec I'dge pour les deux groupes. Les valeurs de PTI des
deux groupes ont augmenté avec I'dge et une signification est apparue des I'age de 11 ans. Les valeurs de relFTI ont été significativement
plus élevées a I'avant-pied latéral (M3-5) et au milieu du pied (MF) pour les enfants obéses. Les changements des relFTI liés a I'age ont été
différents chez les enfants obéses par rapport a ceux de poids normal. Lobésité empéche le développement normal de la répartition de la
pression plantaire selon I'age.

MOTS CLES : obésité, enfants, conception de chaussures
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INTRODUCTION

Obesity has been associated with
orthopedic problems due to the increasing joint
stress and overload on the musculoskeletal
structures, especially for the children and
adolescents whose musculoskeletal system
are experiencing maturation [1-3]. Children
obesity is commonly related to a flatter foot
pattern and a lower postural stability, resulting
in bad performance in some weight bearing
activities and higher risks of injuries [2, 4-8].
Foot is the medium between human body and
the environment (ground) [9] and therefore the
excess weight, laying more burden on children’s
muscles and bones of lower extremities, will
affect the plantar pressure distribution in some
way. Studies have found larger contact areas
and increased plantar pressure for the obese
children while walking or running [10, 11]. Similar
difference was reported by Yan et al. [2, 12], and
their data also showed an increase in the arch
index of the obese children’s left feet. Therefore,
special shoe lasts are needed in footwear design
for children with obesity.

Children’s musculoskeletal system s
subject to complex developmental processes of
bony and muscular structures [13], making it a
typical gait pattern and foot geometry as well
as its special developmental changes different
from the adults [14]. Researchers have studied
the development of gait in normal children and
adolescents, involving both the cross-sectional
studies and the longitudinal investigations
[13, 15-19]. It was reported that children’s
plantar peak pressure increased with age, and
the relative maximum force in the midfoot
decreased accompanied by a higher foot arch
[13]. Furthermore, the area, in which the highest
peak pressure appeared, turned from rearfoot
to forefoot with increasing age [19]. Therefore,
some reference data were exhibited for normal
children’s gait recognition regarding plantar
pressure and foot arches [13, 16, 20-23].

While most previous cross-sectional
and follow-up literature was focused on the
normal children, data of gait development for
obese children are lacking. According to a deep
literature review, Mueller et al. [24] discussed
the influence of obesity on foot loading for
consecutive years, and found that obese children
showed greater difference with increasing age

in midfoot loading (FTI) compared to normal-
weight ones. Obese children would have higher
incidences to become obese adults [25], and the
effect of obesity on the children’s gait might be
long-term. Therefore, it’s imperative to figure
out the development of the special gait for
obese children during childhood, to establish a
reference database of gait pattern like that of the
normal weight children. Analysis of more foot
function parameters and larger age ranges need
to be conducted.

The purpose of this study was two-fold:
first, to investigate the influence of obesity on
plantar pressure through childhood to early
adolescence. Second, it aimed to investigate
the age-related changes in plantar pressure of
obese children ranging from 7 to 14 years. It can
expectedly provide a better understanding of
age-related plantar pressures in children with
obesity. It was anticipated that this may enable
the adaptation and improvement of materials
of shoe components and structures and sizes of
shoe lasts when designing footwear for children
with obesity.

METHODS

Participants

This study involved 734 children, recruited
from randomly selected local primary school
and middle school in Yantai city, China. Children
were excluded if they had any history of lower
extremity injuries, gross gait abnormalities,
neuromusculoskeletal condition or
cardiovascular diseases. Furthermore, to avoid
gender difference [26], we focused on plantar
pressure in obese boys in this study. Finally 138
normal-weight (NW) and 150 obese (OB) boys
aged 7 to 14 years old were screened according
to the Chinese body mass Index reference norm
[27]. Basic information of the participants is
detailed in Table 1. Written informed consent
was received from parents of all potential
participants prior to the test. The study was
approved by the Ethics Committee of Sichuan
University.
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Table 1: Basic information of the participants

Age NW OB
N Height/cm Body mass/kg BMI/(kg/m?) N Height/cm Body mass/kg  BMI/(kg/m?)
19 126.8+3.6 24.4+2.8 152+1.1 13 134.5+6.2 41.0+7.9 225+2.7
46 130.6+4.1 27.1+2.38 15.8+1.2 33 138.0+5.3 446+7.2 233+27
16 135.4+5.0 304+4.1 16.6+1.6 21 142.6+5.9 51.1+7.8 25.0+24
10 15 143.0+6.5 34.5+5.9 16.7+1.8 20 148.2 £ 6.6 58.0+8.7 26.3+2.6
11 14 147.7+6.3 39.3+55 179+1.6 15 1524+7.3 65.4+10.6 28.0+2.7
12 15 155.0+7.6 422+6.4 17.5+2.1 24 163.6+7.0 75.7+8.6 28.3+29
13 162.8+7.3 50.4+7.9 189+1.5 14 169.3+8.3 84.8+12.9 29.4+26
14 164.9+6.5 54.0+6.2 19.8+1.0 10 171.5+6.2 88.8+4.2 30.2+15

Plantar Pressure Measurements

Plantar pressure data were collected using
a Footscan® plate system (RSscan Inc., Belgium;
7.7kg; 1068mmx418mmx12mm; 4 sensors/
cm?) with a sampling rate of 250Hz. The plantar
pressure plate was mountedinthe middle ofa6-m
rigid rubber track of same height, to estimate a

natural walking condition. After a familiarization
with the plate and the experimental procedure,
participants were asked to walk through the
plates barefoot at a self-selected speed, using a
“two-step” initial protocol, which confirmed two
complete footprints on the plate (Figure 1). Five
successful footprints of each foot were recorded.

re

second step

Footscan plate

e

first step

Figure 1. “Two-step” initial protocol

Data Analysis

Foot was divided into ten regions by
Footscan® software and artificial adjustments
according to the anatomical principal: Toe 1 (T1),
Toes 2-5 (T2-5), the first to fifth metatarsal (M1,
M2, M3, M4, M5), Midfoot (MF), Heel medial
(HM), Heel lateral (HL).

Only the pressure data of the right
foot were analyzed in this study [28]. Data of
related parameters from three relative stable

CApmiaroo:
AI: CAfDr‘EfDDE‘ + CAmidfppt + CAEIEHCEJ‘DDE (1)

FTI
relFTI= ZFTI x100% (2)

measurements of each subject were averaged
for each participant. The parameters included
arch index (Al), pressure-time integral (PTI, N-s/
cm?) and relative force-time integral (relFTI, %)
of ten regions. A high arch would result in a small
Al according to Cavanagh’s definition [29], and
the relFTI (the FTI in one region divided by the
FTI of all regions) would indicate the plantar
pressure distribution to some extent [30]. The Al
described by Cavanagh et al. [29] and the relFTI
were calculated as follows:

Statistical Analysis

Normality of the data for every group
was assessed using Frequencies analysis and
Kolmogorov-Smirnov test, and all data were
found to be normally distributed (skewness<1,
kurtosis<1l; p>0.05). Differences between
NW and OB in each age stage were tested by
Independent Samples T Test. One-way ANOVA
test was applied to evaluate differences among 8
age stages (7-14 years old), separately for either
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body type group, with a Bonferroni correction
and post-hoc test.

RESULTS

Higher Al values were found in the obese
children through the ages during 7 and 14 years

— -
—

1lyrs

old. No systematic increase or decrease was
observed with the increasing age in either of the
two groups (Figure 2).

'TET 1) N‘\V

g (B

Figure 2. The Al in obese and normal-weight participants aged 7-14

Obese children showed relatively higher
pressure-time integrals than their normal-
weight counterparts in all plantar regions (Table
2). And the significance was found in almost all
the foot regions except for T1 and T2-5, in which
the significances were only found in 7 year-old
children.

The pressure-time integral (PTI) for
both of the BMI groups showed a continuous

increase with age in almost every foot region.
Significances were found in forefoot, midfoot
and heel areas between age groups for obese
children. The PTI in normal weight children were
in the same conditions, but for the midfoot
(p=0.052). Significantly higher PTI values were
observed in most areas at the age of 12-14
compared to those at the age of 7-9.

Table 2: The pressure-time integral (PTI, N-s/cm?) for the participants aged 7-14

7 8 9 10 11 12 13 14 P
W 06(04) 07(06) 07(03) 09(04) 0.7 (0.4) 1.1(0.7) 1.0 (0.5) 1.1(0.3) 0.101
0B 1.2(0.8) 1.2(0.8) 12(0.7) 1.3(0.8) 1.1(0.6) 1.5(0.8) 1.4 (0.8) 2.1(1.4) 0.068
s MW 02(01) 02(02) 02(01) 02(01) 0.2(0.1) 0.2 (0.1) 0.6(0.2) 0.2 (0.1) 0.729
~ 0B 03(0.2) 02(02) 02(01) 0.3(0.2) 0.3(0.3) 0.3(0.2) 0.2(0.1) 0.5(0.2) 0.099
NW 0.7(0.5) 0.9(0.6) 1.0(0.5) 1.3(0.6) 1.1(0.5) 1.1(0.6) 1.6 (0.6)7 1.9 (1.0)® 0.000°
M1 .
0B 15(1.1) 1.6(1.1) 16(0.7) 1.5(0.6) 1.5(0.8) 1.7 (0.8) 2.4(1.2) 2.4(1.3) 0.022
vy W 14(08) 18(11) 22(09) 27(08  26(13) 2.7 (1.3) 3.8(0.9)"° 3.9 (1.0)8 0.000°
0B 3.2(2.2) 3.2(1.4) 3.5(0.9) 3.6(1.0) 3.7 (1.6) 5.0 (2.1)° 5.9(2.4)"  6.0(1.4)"  0.000°
NW 1.6(0.9) 1.9(1.3) 2.2(0.8) 2.5(0.6) 2.8(1.7) 3.3 (1.3)® 3.8 (1.0)"° 4.1 (1.9)® 0.000°
M3 .
OB 3.6(1.9) 3.6(1.4) 4.0(1.3) 4.2(L5) 4.8(1.8) 6.0(2.2)°  6.6(2.1)°  7.0(LOy®  0.000
va W 13(09) 15(10) 17(0.8) 17(05) 2.4(1.9) 2.6 (0.9)% 2.9(0.7)"® 2.7 (1.4) 0.000°
0B 29(1.2) 3.0(1.2) 3.3(1.1) 3.8(1.2) 4.4(2.6) 5.3 (2.0)"° 5.2 (1.7)"° 5.4 (1.1)"° 0.000°
NW 0.4(0.3) 05(0.5) 0.6(0.4) 0.6(0.3) 1.0(0.6)* 1.1(0.7)’® 1.4 (0.7)"° 0.8 (0.5) 0.000"
M5 .
0B 1.2(0.8) 1.2(0.6) 1.6(0.8) 1.8(0.7) 2.3(2.0F  2.8(1.4)° 2.2(0.9) 2.7 (0.8)% 0.000
vi W 04(03) 05(03) 05(03) 05(03) 0.5(0.4) 0.6 (0.4) 0.9 (0.4)# 0.4(0.2) 0.052
OB 1.0(0.7) 0.9(0.5) 1.2(0.5 1.2(0.4) 1.2(0.7) 1.3 (0.6) 1.7 (0.9) 1.5(0.7) 0.002"
NW 15(09) 17(1.0) 17(0.7) 2.1(0.7) 2.0(1.1) 2.1(0.7) 2.6(1.1) 2.7 (0.8) 0.028"
HM .
0B 22(1.2) 22(1.0) 3.2(1.0) 2.9(0.7) 2.9(1.4) 3.0 (1.3) 4.1(1.8)® 3.9(1.3)78 0.000

[ 68
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NW  1.1(0.8)
0B  2.0(1.2)

1.4(0.8)
1.9 (1.0)

1.6 (0.8)
2.7(0.7)

1.8(0.7)

HL
2.6(0.7)

1.8(1.2)
2.6 (1.5)

0.002
0.000

2.1(0.8)
2.9 (1.2)°

2.30 (0.8’
3.6 (1.5)8

2.1(0.5)
3.6 (1.1)7°

Figures in bold indicate significant difference between obese participants and the normal-weight counterparts (p<0.05).
nsignificantly different from PTI at age of n, e.g. 7**in M2 area of 13 year-old OB group indicates that significant differences for
PTI were found for children with obesity between age of 13 and 7. 8, 9, 10, 11, respectively; *p<0.05, significantly different

between age groups, by One-way ANOVA test.

The relative force-time integral data were
illustrated in Table 3. Higher values of the relFTI
were found for the 7-14 years obese children
in lateral forefoot (M3, M4 and MS5) and the
midfoot. Conversely, the obese cohort showed
lower relFTI in the Toes (T1, T2-5), medial
forefoot (M1 and M2) and the heel (HM and HL).
Significance of the difference nearly disappear
from age of 11.

Rare significantly regular changes were
found between and within age groups in relFTI
values of both obese and normal weight children.
RelFTI in midfoot for normal weight participants
kept decreasing with aging, but those of obese
children kept a relatively even trend.

Table 3: The relative force-time integral (relFTI, %) for the participants aged 7-14

7 8 9 10 11 12 13 14 P

N 67(35) 73(46)  6.7(3.3) 6.9(3.1)  7.0(5.6) 7.9(5.2) 5.8(3.2) 7.5 (1.5) 0.960
0 6.9(3.3) 6.5(35)  5.6(3.00 55(28)  4.6(3.0) 5.5(2.7) 5.2(3.1) 6.4 (4.3) 0.474
N 2.9(2.4) 2.3(1.9) 2.1(14)  3.2(3.6) 1.6 (1.3) 1.8(13)  22(12)  2.1(11) 0.409

T2-5
0 1.9(1.0) 2.0(2.0) 1.5 (1.1) 1.8(1.2) 1.9 (1.8) 1.4 (0.9) 1.1(0.7)  22(1.2) 0.309
i N 106(7.6) 11.3(6.7) 115(58) 11.0(5.0) 105(58) 9.0(57)  9.6(3.8) 12.4(5.9)  0.929
0 9.4(4.0) 11.7(6.7) 87(42)  7.7(3.2) 8.1(4.2) 7.1(3.4) 89(33)  8.8(5.1) 0.017°
vy N 120(52) 12.2(6.1) 14.4(6.4) 13.8(5.4) 145(47) 12.4(59) 127(23) 14.1(1.3) 0744
0 12.5(4.5) 13.0(4.8) 10.9(2.5) 11.0(2.7) 122(4.8) 13.4(5.4) 12.7(3.6) 12.2(2.5)  0.428
vz N 112(3.4) 10.5(4.4) 11.6(4.0) 11.8(43) 12.6(4.1) 13.5(2.6) 12.8(3.9) 13.9(3.0)  0.162
0 13.9(4.0 13.4(3.9) 11.5(3.0) 12.2(3.6) 13.3(3.3) 14.7(3.4) 13.6(2.6) 13.3(2.1)  0.203
va N 8347 7.5(3.3) 84(3.1)  81(27) 9.8(4.8) 10.3(3.1) 9.7(28)  8.9(3.5) 0.149
0 11.0(3.5) 10.0(3.1) 9.3(2.6) 10.8(3.3) 11.1(4.1) 125(45) 10.2(2.2) 10.0(25)  0.076
vs N 22018 25(2.2) 3.3(20) 3.6(1.6) 45(23) 45(29)  47(2.4) 2.8(2.0) 0.002"
0 3.9(1.6) 41(21) 49(24) 6.0(2.8)  6.6(4.1) 6.1(2.8)  4.6(17) 5.4 (1.4) 0.007"
e N 129(85) 11.8(6.5) 10.7(5.6) 10.4(6.0) 8.4(5.8)  9.5(6.5) 12.0(5.6) 5.7 (2.8) 0317
0 15.2(6.8) 14.2(7.5) 15.9(7.4) 14.8(6.0) 14.4(55) 13.4(5.8) 15.0(7.5) 14.1(7.5)  0.963
uv N 207(114)  204(99)  17.7(47) 168(47) 17.4(70) 163(58) 17.3(61) 190(12) 0536
0 13.8(4.0) 143(4.0) 184(52) 16.8(52) 16.1(5.8) 14.2(6.2) 16.2(41) 15.49(4.8) 0.063
w N 126048) 143(6.6) 13.8(3.4) 143(3.8) 13.7(6.8) 14.7(58) 13.2(3.8) 13.63(3.7) 0.959
0 11.6(4.1) 10.7(4.1) 13.4(3.1) 13.2(3.8) 11.8(45) 11.8(4.6) 12.5(3.8) 12.13(3.4) 0.322

Figures in bold indicate significant difference between obese participants and the normal-weight counterparts (p<0.05), by
Independent Samples T Test; *p<0.05, significantly different between age groups, by One-way ANOVA test.

DISCUSSION

Since BMI (obesity) and age are both
important factors for children’ gait and foot
function [2, 4, 13, 15, 31], the study purposed
to examine the different development of the
plantar pressure distribution (PTI, relFTl) and
foot geometry (Al) between the obese and the
normal weight children across their body growth
and maturation (7-14 years old).

Although obese children generated a
higher arch index than the normal-weight ones,
no evident increasing or decreasing trends were

found in the Al parameters, suggesting that the
longitudinal arches have finished developing
before 7 years old for both of the BMI groups.
The findings are partly consistent with the results
from Mueller et al. [24], who established Al data
in 1-12 years old normal-weight, overweight
and obese children and found that the arch
indexes for the three groups decreased with
age until about 7 years old. Bosch et al. [13] also
gained similar Al trend for normal children in a
longitudinal investigation. However, the Al values
in the two studies seemed lower than those in
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the same BMI categories of this study, which
may be resulted from different plantar divisions
and regional differences between China and
Germany. The relatively even development of
arch index in the obese cohort may indicate that
a “maturation” stage similar with the normal-
weight children would occur before the age of
7, which meant that the influence of obesity did
exist on the longitudinal arch, but it would not
accumulate with age after 7 years old.

Significant differences in pressure-time
integral of obese and normal weight children
found in the present study agree with the
previous research [21, 32]. Distinctly higher
PTI was observed in the 7-14 years old obese
children except the toes regions after age of 8.
Both the obese and normal weight participants
generated elevated pressure impulses with
aging due to the increasing body mass and BMI
values. PTI in most plantar regions were found
to be significantly different between age groups.
Furthermore, significance began to appear at
age of 12-14 compared to age of 7-9, even 10
and 11 years old in several regions (M2, M3).
It could be concluded that age is a substantial
factor considering about plantar pressures, as a
potential result of maturation development and
appearance of secondary sexual characteristics
in the early adolescence.

The relative force-time integral in the
present study indicated a disproportional foot
loading distribution in obese children, with lower
relFTl in toes (T1 and T2-5), medial forefoot (M1
and M2) and heel (HM and HL) and higher relFTI
in lateral forefoot (M3-5) and midfoot (MF). This
kind of imbalance can also be partly found in the
study of Mueller et al. [24], who examined the
influence of obesity on FTI for children aged 1 to
12 years. Some studies identified highly elevated
FTI in the midfoot and the lateral forefoot for
obese children [32, 33]. Therefore, in the context
of higher plantar loads compared to the normal-
weight counterparts, load transferences to the
lateral forefoot and the midfoot would happen
in obese children. However, few significances in
relFTI difference of obesity were found after 11
years old. So, obesity would make a difference
on plantar pressure distribution and the degree
of the impact is partially dependent on age.

It is interesting to find that relFTI values
in midfoot of obese children nearly kept
unchanged with age, while in midfoot of normal

children, relFTI decreased with aging, resulting
from the development of longitudinal arch and
a natural pressure distribution. One reasonable
explanation is that the excess weight laying on
the longitudinal arch will cause some collapse,
which could also be supported be the larger Al
values in the present study. As a result, obesity
impedes normal distribution, caused by body
development with age, of plantar pressure.

CONCLUSION

Overall,although obesechildrenhavelower
foot arches and take larger plantar pressures,
the arch development got into maturation
before 7 years old for both groups in this study.
Foot pressures increased with age and difference
showed significance between early-adolescence
(12-14 years old) and late-childhood (7-10 years
old) stage. Foot loading for obese children would
transfer to lateral forefoot and the midfoot
compared to the normal weight ones. And the
plantar pressure distribution in midfoot of obese
children cannot change normally with age,
which may be caused by collapse of foot arch.
Therefore, special footwear design for obese
children is necessary and it would be better to
consider about different age stages.

Limitation and Suggestion

As the time the children have become
obese was unknown and inconsistent in this
cross-sectional study, further research is needed
to examine the long- and short-term influence
of obesity during children’s development. And
due to our limited experiment equipment, our
results and discussion could only involve plantar
pressure and potential relevance. Further
studies combining kinematic data, direct clinical
measures, radiographic measures and physical
examination would contribute towards a better
understanding of the age-related foot function
of children with obesity.
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