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Biomechanical Parameters in Arch Building Gait Measured
by Gait Analysis System with Pressure Sensor
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The objective of study was to compare biomechanical parameters between normal and arch building gait in healthy
subjects. A total of 40 feet from 20 healthy adults were evaluated in this study. The participants were asked to
walk on a treadmill comfortably at 2 km/hr for 30 seconds. Then, they were asked to walk after making arch building
through raising arches with their feet by pulling the big toe toward the heel. Gait parameters such as geometry,
center of pressure, maximum force, and maximum pressure were measured in normal and the arch building gait
using a gait analysis system equipped with pressure sensor. Arch building gait demonstrated significantly (p <0.01)
decreased forefoot maximum force but significantly (p=0.024) increased heel maximum force compared to normal
gait. Maximum pressures of the midfoot and heel were also significantly (both p<0.01) increased. However, the
maximum pressures of the forefoot were not significantly (p>0.05) different between the two conditions. Geometry,
phase, and time parameters were not significantly (p>0.05) different between the two conditions, either. Although
forefoot and midfoot maximum force were significantly decreased in arch building gait compared to those in normal
gait, the maximum pressure of forefoot was not significantly changed, indicating decreased area of forefoot contact
during arch building gait. The arch building gait moves the center of presser to the hind foot and redistributes the
contact area, thus changing the distribution of maximum pressure.
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Fig. 2. Describe arch building
gait. (A) Resting foot. Solid
black line indicates resting foot
length. (B) Contracted foot.
Dashed red line indicate con-
tracted foot length due to the
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Fig. 3. In normal walking, the
data was presented by Zebris
system (Zebris Medical, Isny,
Germany). COP: center of pres—
sure.
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Fig. 4. Arch building gait. The
data was presented by Zebris
system (Zebris Medical, Isny,
Germany). COP: center of pres—
sure.

Table 1. Geometry and time parameter during treadmill walking

Variable Usual walking  Arch strengthening walking ~ Mean difference p-value
Geometry
Foot rotation (°) 8.06+2.97 6.54+2.97 1.51+2.64 0.01%
Step length (cm) 46.57+7.57 45.40+9.03 1.17+4.24 0.09
Time
Step time (sec) 0.70£0.10 0.6840.12 0.02+0.06 0.07
Stride time (sec) 1.40+0.02 1.37+0.25 0.04+0.13 0.22
Cadence (step/min) 824+23.09 90.50+16.65 —7.83+£22.12 0.13
Phase (%)
Stance phase 66.86+2.03 66.47+2.28 0.39+1.79 0.18
Loading response phase 16.87+1.94 16.47+1.96 0.41+1.62 0.12
Mid stance phase 33.08+2.01 33.52+2.28 —0.45+1.81 0.13
Pre-swing phase 16.89+1.96 16.46+1.97 0.42+1.63 0.11
Swing phase 33.14+2.03 33.52+2.28 —0.39+1.79 0.18
Values are presented as meanzstandard deviation.
*p<0.05.
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Table 2. Center of pressure parameter during treadmill walking

Prarameter Usual walking Arch strengthening walking Mean difference p-value
Center of pressure (mm)
Gait line length 291.32+£39.32 279.80+45.39 11.52+24.74 0.05*
Single support line 137.38+27.67 17.10+£35.53 20.284+20.22 0.01*
Anterior/posterior position 196.93+20.66 177.02+30.01 19.91+18.89 0.01=
Lateral symmetry —1.32+4.91 —0.035+8.23 —1.28+8.28 0.50
Values are presented as meanzstandard deviation.
*p<0.05.
Table 3. Force and pressure parameters during treadmill walking
Prarameter Usual walking Arch strengthening walking Mean difference p-value
Maximum force (n)
Forefoot 554.43+118.17 448.39+173.52 106.044+100.38 0.01*
Midfoot 322.29+118.17 322.294+115.53 —9.62+54.97 0.275
Heel 382.45+96.06 406.15+97.68 —23.70£10.11 0.024+
Maximum pressure (N/cm?)
Forefoot 26.43+5.20 26.27+8.29 0.15+1.04 0.884
Midfoot 16.01+4.06 19.13+7.06 —3.12+0.82 0.001*
Heel 23.64+5.37 26.76+7.20 —3.12+1.08 0.007*
Time at maximum force
(% of stance time)
Forefoot 73.61+3.71 75.67+3.32 —2.06+3.71 0.001*
Midfoot 44.18+10.45 53.63+9.97 —9.45+12.37 0.01*
Heel 23.72+5.11 20.48+4.71 3.23+£3.38 0.01=*

Values are presented as meanzstandard deviation.
*p<0.05.
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