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Abstract

BACKGROUND: Children’s obesity often leads to flat feet, foot and knee introversion and extraversion.

OBJECTIVE: To investigate the plantar pressure distribution characteristics in male obese children aged 13-15 years and the
influences on body balance ability of adolescents.

METHODS: A total of 60 school male students aged 13-15 years were randomly selected from Affiliated Middle School of
Northeast Normal University. These male adolescents were assigned to three groups according to body mass index with 20 boys
in each group: control group (18.5-24.9 kg/m? ), overweight group (25-30 kg/m?) and obese group ( > 30 kg/m?). The dynamic
plantar pressure distribution characteristics during natural walking were analyzed through the use of Belgium footscan planter
pressure measurement system.

RESULTS AND CONCLUSION: The vertical force-time curve of male adolescents with different body weights showed that the
percentage of peak and valley during gait cycle increased with increasing body weight. Compared with the control group, the time
of ground touching for foot arch region was significantly longer, the percentage of contact area of foot arch and heel was
significantly increased, and the percentage of contact area of propodium was significantly increased in the overweight and obese
groups. Total plantar pressure was significantly greater in the overweight and obese groups than in the control group. The total
plantar pressure was positively related to body weight and plantar contact area was positively related to body weight. Changes in
plantar pressure in each region with exception of foot heel and the first phalanx were significantly greater in the overweight and
obese groups than in the control group. Results showed that overweight and obese can lead to changes in plantar pressure in
male adolescents.

Zhang SW, Zou XF, Chen MS. Plantar pressure distribution characteristics in male obese adolescents. Zhongguo Zuzhi
Gongcheng Yanijiu yu Linchuang Kangfu. 2011;15(33): 6262-6266. [http://www.crter.cn  http://en.zglckf.com]
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Table 1 Baseline data of subjects (xts, n=20)

ltem Control Overweight Obese group

group group

Height (m) 1.7+0.1 1.6+0.1 1.7+0.1
Body mass (kg) 60.1+4.1 74.5+6.7% 91.2+7.7%
Age (yr) 14.3+0.8 13.6+0.9 13.9+£0.9
BMI (kg/m?) 20.5+1.3 26.5+0.8% 31.0+3.2%
#P < 0.05, vs. control group. BMI: body mass index.
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Table 2 Valley and peak values as well as time
parameters of vertical force-time curve 2
peak1 of male adolescents (xts,

n=20)\
=29y

Item Control group  Overweight group  Obese group

F1%(%) 1.29+0.19 1.45£0.13 1.33+0.20
F2%(%) 0.90+0.14 1.09£0.13° 1.03£0.17
F3%(%) 1.46+0.15 1.50+£0.16 1.35+£0.12
T1%(%) 24.40+4.50 27.30+6.10 27.4046.10
T2%(%)  45.8+15.70 50.50+5.40 55.00+10.90%
T3%(%) 77.40%1.70 76.90£3.10 75.50£2.50
T (s) 0.66+0.06 0.66+0.04 0.67+0.09

P < 0.05, vs. control group; F%: percentage of foot stress on
weight; T%: percentage of peak or valleys during gait cycle;
T: time of one gait cycle; F4: peak of the ground touching for
foot arch region, it was the first peak; F,: the valley appeared
when the total foot touched the ground; F;: second peak
when the toe kicked off the ground; T4: time of the heal
touched the ground; T,: the foot was completely flat; T;:
before the toe kicking off the ground
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Table 3 Change of plantar pressure in each group (xts, n=20)

2 e P LR CA
ltem Pua (NIS™) 102 ms)  (Niem2.ms) (cm?)
Control group
Toe 1 12.01+5.82 5.43+0.61 0.09+0.08 16.02+3.11
Toe 2-5 3.2042.03 5.29+0.52 0.03+0.02 16.62+4.63
Meta 1 9.45+4.61 4.88+0.48 0.04+0.02 6.93+2.21
Meta 2 21.62+7.81 5.0310.57 0.06+0.02 8.75+1.74
Meta 3-5 13.86+5.42 4.37+0.81 0.06+0.01 26.29+3.32
Mid 4.82+3.23 2.07+0.86 0.0940.12 39.28+9.90
Heel 20.24+9.90 0.97+0.46 3.72+4.31 28.33+3.82
SUM 6.02+1.01 4.07+1.91 0.11£0.05 143.12+16.51
Overweight
group
Toe 1 11.25+4.80 5.57+0.45 0.06+0.05 15.52+4.18
Toe 2-5 1.54+1.62°  4.88+0.61 0.03+0.03 11.82+2.84°
Meta 1 11.33+5.61 4.55+1.38 0.08+0.07 8.93+0.04
Meta 2 24.61+8.07 5.24+0.56 0.07+0.03 9.15+1.24
Meta 3-5 24.40+8.73°  4.71x0.90 0.09+0.03* 28.52+2.37
Mid 8.17+2.64 2.26+0.55 0.08+0.03 42.69+6.44
Heel 24.53+6.51 1.15+0.07 2.35£6.52 30.48+4.22
SUM 7.81+2.24° 2.30£1.70° 0.14+0.07 149.18+13.04
Obese group
Toe 1 12.62+5.08 5.43+0.69 0.0940.05 17.14£3.92
Toe 2-5 3.69+1.23 5.15+0.63 0.04+0.02 12.72+3.41
Meta 1 13.8816.19° 4.68+0.63 0.07+0.04 9.94+2.11°
Meta 2 27.27+11.21*°  4.51+0.67 0.08+0.04% 9.50+1.06
Meta 3-5 26.61+8.70% 4.74+0.60 0.0940.03 25.52+7.87
Mid 7.76£2.62 2.69+0.98 0.10£0.04 48.35+13.08
Heel 27.06+£37.11°  0.84+0.37 2.67+2.82 34.47+4.16
SUM 9.11+2.41° 3.14+1.87 0.19£0.11* 157.01£20.60

2P < 0.05, bp < 0.01, vs. control group; Puax: average maximum pressure;
Tmax P: time of the foot arch touched the ground; LR: pressure change rate
of a specific area; CA: contact area; Meta: metatarsal
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Table 4 Percentage of contact area on total foot (xts, n=20, %)

Group Rarefoot Midfoot Forefoot
Control 19.98+2.31 27.43+4.51 52.52+3.78
Overweight 21.47+2.38 28.9143.52 49.73+2.62
Obese 21.92+2.30 30.24+5.37 47.82+6.07
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Table 5 Distribution of foot impulse in different groups
(x£s, n=20, N-s)

Group Rarefoot Midfoot Forefoot Sum
Control 2.92+0.63 1.45+0.83 4.44+1.66 2.96+0.50
Overweight 4.28+1.11% 1.78+0.95 4.73+1.63 3.58+1.32
Obese 4.58+1.42% 1.83+1.34 5.04+3.31 3.81+1.23°

P < 0.01, vs. control group
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Table 6 Pearson correlation analysis between plantar pressure,

impulse, and contact area and age, height, body mass

and body mass index (n

Iltem Age Height Body mass BMI
Peak planter pressure -0.289 -0.261 0.429° 0.522°
Total impulse -0.215 -0.163 0.462% 0.541°
Area 0.107 0.258 0.414% 0.306

2P < 0.05, l’P<0.01, vs. control group; BMI: body mass index
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