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ABSTRACT

This study examined the effects of obesity on dynamic plantar pressure distributions
in children. Experimental data on body mass index (BMI) and plantar pressures were
collected for 15 obese children and 15 non-obese children. 15 obese (age 9.8+2.0 y,
BMI 25.8+3.8 kg/m?) children matched to 15 non-obese children (age 9.9+2.1 y, BMI
16.8+2.0 kg/m?), for age, weight, and height. Right, and left foot plantar pressures were
obtained using a Foot scan platform, and foot scan software is used for plantar pressure
measurements to calculate the peak force and pressure experienced under the area
of each child’s feet during dynamic conditions. These variables were measured under
ten regions of interest in each footprint: Lateral heel, Medial heel, Mid-foot, Metatarsal
5, Metatarsal 4, Metatarsal 3, Metatarsal 2, Metatarsal 1, Toes 2-5, Toel. Descriptive
statistics and one-way analysis with stepwise were used to analyze the data. While
walking, the obese children generated significantly higher forces over all areas of their
feet, except the toes. Despite distributing these higher forces over a significantly larger
foot area when walking, the obese children experienced significantly higher plantar
pressures in the mid-foot and under the second to fifth metatarsal heads compared to
the non-obese children. The greatest effect of body weight on higher peak pressure in
the obese children was found under the longitudinal arch of the foot and the metatarsal.
Further studies are needed to investigate the structural and functional characteristics
of children’s feet.

Short Communication

Obesity is defined as the excess of body fat. This definition may

distribution is a clinical tool to understand physical and function-
al implications of obesity. The effect of body weight on the plantar

vary depending on the region however in Western countries such
as U.S and in many European countries it is defined by body mass
index (BMI). The BMI is calculated by dividing the weight over the
square of height. If the BMI is higher than 30 kg/m? that indicates
the obesity. Under that range is classified as overweight, average
weight and underweight depending on values. During the walking,
foot contacts the ground and produce vertical ground reaction force
that can reach 120% of body weight [1]. An individual that is 67kg,
walking 1.6km, would absorb 64.5 tones on each foot [2,3]. Because
of this forces that is being absorbed by each foot, discomfort, pain,
and pathologies might occur. The pain and pathologies that indi-
vidual faces might aggravate due to additional mechanical loading
caused by their mass [4-7]. Each obese individual’s gait clinically
assessed based on the detection of their performance of daily life

routines especially locomotor movement [8]. The plantar pressure

pressure is not yet clear. So, biomechanical analysis of gait is neces-
sary to recognize how obesity influences weight-support activities.
Consequently, the aim of this study was to compare dynamic plan-
tar distribution between obese and non-obese children.

Material and Methods

In this study, 30 healthy male subjects were enrolled: 15 obese
children, 15 non-obese children (Table 1). The mean age of the
obese group was 9,8 years, and that of the non-obese group was
9,9 years. The obese group BMI was bigger than non-obese BMI.
(Table 1) Obese children was significant than non-obese children
in BMI. Plantar pressure data were collected from all subjects. A
footscan® plate system (RsScan nv, 2m x 0.4m, 16384 sensors,
500 Hz, dynamic calibration with footscan® plate system) was
mounted in the middle of an 8 m long track. The subjects walked
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barefoot at their own pace. All measurements were taken with the
subjects walking barefoot over the plate. Three walks for each foot
(three walks for each subject) were recorded and printed. Each
print consisted of a time peak-pressure curve for ten regions of
interest on the foot. The regions of interest, which were analyzed
automatically by the system software, were lateral heel, medial heel,
mid-foot, lateral (Metatarsal 5, Metatarsal 4), central (Metatarsal 3,
Metatarsal 2, Metatarsal 1) and the toes 2-5, the toe 1(Figurel). The
time variables were calculated as the ratio of time from the start
of the stance to peak pressure under the region of interest and the
total stance time. The pressure variables were calculated as the
ratio of the peak pressure under the region of interest to the body
weight (Figure 2). The parents signed a written informed consent,

agreeing with their children’s participation in the study.

Table 1: Demographics of obese and non-obese children.

Obese(N:15) Non-Obese(N:15) P-Value
Age(years) 9.8+2.0 years 9,9+2.1 years NS
BMI 25.8+3.8 kg/m? 16.8+2.0 kg/m? P<.05 Figure 1: Representation of ten anatomical areas.
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Figure 2: Graphical presentation of plantar pressure of foot regions by RS scan foot scan® systems.

Statistical Analysis

Means (SD) were calculated for different time and force
variables. The differences within the groups and between the
groups were compared using a one-way analysis of variance.
Differences of p<0.05 were considered significant.

Result

There was a significant delay to the time of peak Pressure
under lateral forefoot (Meta5, Meta4, Meta3), and toes in the obese

children (Table 2). There was significantly longer contact time of
the lateral heel in obese children. The BMI value obtained for obese
children (25.8 + 3.8 kg/m?) was significantly higher (p<0.01) than
non-obese children (16.8+2.0 kg/m?). During walking, the obese
children showed higher contact areas than the non-obese children
with significant differences in all areas of the foot (p < 0.01). As
for peak pressure, the obese children showed higher values, being
statistically different from the non-obese children in all areas
of the foot (p < 0.05). For maximum mean pressure, there were
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differences in the Metatarsal 3, Metatarsal 4, Metatarsal 5 forefoot
areas, with higher values for the obese children. Table 2 represents
the comparison between the two groups during gait.

Table 2: Plantar Peak Pressure distribution of obese and non-
obese children.

Obese (N=15) N(Ell\ll-:olbse)se p Values

Lateral Heel 9.38(4.6) 9.15(4.1) NS
Medial Heel 11.28(1.6)) 15.01(4.1) NS
Mid-foot 2.78 (1.1) 0.18(0.8) NS

Metatarsal 5 1.19 (2.4) 2.6(1.4) <0.05

Metatarsal 4 14.9 (3.1) 5.3(2.4) <0.05

Metatarsal 3 21.5(6.9) 14.2(7.2) <0.05
Metatarsal 2 18.7(5.1) 9.651.6) NS
Metatarsal 1 6.8(2.7) 5.1(3.5) NS
Toes 2-5 0.0(0.0) 0.43(0.4) NS
Toe 1 8.5(3.1) 4.33(2.6) NS

Note: Mean (SD); Newton/cm?2; NS: No Significance P<0,05.

Discussion

The increased dynamic forces that generated from heel to
forefoot were as expected in obese children. But the increased body
mass did notaffectthe toesregion (Toe1-5). The obese children show
a significant increased foot contact area during gait, relative to the
non-obese children. These results are compatible with Riddiford-
Harland et al’s studies about characteristics of prepubescent obese
children’s feet, that is flatter and broader [9]. This increased mid-
foot contact area may cause by the difference between healthy mass
children and obese children because of the fat pad obese children
have under their feet. This pad may be to cushion the higher forces
or might just has little functional significance. On the other hand,
increased mid-foot area show deformity of obese children’s feet,
which indicates collapsed arch and lead to future pathologies
caused by greater mass.

Obese children in the present study generated significantly
higher mean peak pressures under the mid-foot and third to fifth
metatarsal heads, compared to their non-obese counterparts.
Because obese children have flatter feet this cause increasing in
the mid-foot pressure. The mid-foot region contacts the pressure
platform, generating pressure data on this foot area. The peak
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pressures generated by the obese children for Metatarsal 3,
Metatarsal 4, and Metatarsal 5 were high relative to other foot
regions, as well as being significantly higher than the plantar
pressures generated by the non-obese children. As these higher
pressures are being experienced on smaller bony and ligamentous
structures surrounding the second to fifth metatarsal heads, this
may have negative consequences for the feet of obese child in terms

of an increased risk of forefoot pathologies.

Conclusion

Based on the findings of the present study, it is postulated
that obese children might be at an increased risk of developing
foot discomfort and/or foot pathologies, such as stress fractures
in the forefoot. It is recommended that the effects of obesity on
the structural and functional characteristics of children’s feet be

further investigated.
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