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INTRODUCTION 

Flexible flat foot is one of the most common lower extremity conditions in 
children.  There are difficulties in differentiating the abnormal foot from the 
normal variance.  Consequently there is controversy in the clinical 
management of the condition. This includes the various definitions, 
assessment methods and subsequently, the decision of offering treatment or 
not.  A reliable method to better reflect the foot condition is required so that 
objective clinical decision will be possible. Static footprint parameters have 
been used to quantify arch height with conflicting results. The conflicting 
results could be caused by the inaccuracy of data collection and the variations 
of the weight-bearing conditions under which the footprints were collected. A 
new parameter, the Contact Force Ratio (CFR), was derived from the 
electronic sensor collected dynamic footprint to reflect foot function (Leung et 
al., 2004).  However, there was variation in the manual method used to 
identify the instant for analysis. The objective of this study was to develop an 
automation approach for the analysis of dynamic footprints to classify flexible 
flat foot. 

 

METHODOLOGY 
Subjects:  Five hundred and six subjects (260 boys and 246 girls) from 6-11 
years of age were recruited from primary schools. Prior to experiment, all 
subjects (through their parents) gave informed consent according to the 
human subject approvals of The Hong Kong Polytechnic University. 
   
Apparatus:  A 1.47m X 0.44m Tekscan electronic pressure sensing walkway 
(Tekscan Inc., South Boston, MA, USA) with high resolution sensor model 
(#7100) was used to collect foot plantar pressure of the subjects during bare 
foot walking (Fig. 1). 
 

 
Fig. 1  A subject is walking on the pressure sensing walkway 

 

Procedure:  The walkway was placed in the middle of an 8-meter long 
walking path.  Each subject was required to walk bare foot over the walk way 
at his or her self-selected comfortable speed. Multiple dynamic footprints were 
collected (Fig. 2). Three successful trials were required for each subject.   

 

 

 
Fig. 2  Multiple footprints were collected by the walkway 

 

On the “peak footprint”, which has all the peak pressure values recorded the 
main body of the footprint was divided into three equal lengths to divide the 
fore-, mid- and rear-foot (Fig. 3).  

 

The data framed at the instance where the rearfoot loading equals to the 
forefoot loading was selected for the calculation of the Modified Contact Force 
Ratio (MCFR). Knowing the area that had been activated and the pressure 
recorded by individual pressure sensor the load being applied on the midfoot 
and other area can be calculated.  The MCFR is the ratio of the midfoot 
loading to the total loading of the contacted foot with the toes ignored. It was 
used to quantify the capability of the arch region to support the body weight, 
and thus to reflect the flexible flat foot condition.   

 

Statistical Analysis: All measurements were summarized as mean and 
standard deviations and then grouped by subjects’ gender and age.  Two-way 
ANOVA tests were performed to evaluate the effects of gender and age on the 
measured variables. Post-hoc multiple comparisons tests were performed to 

determine whether the change with age is statistically significant or not.  The 
significance level was set at P < 0.05. 

 

     
Fig. 3  Division of the foot with toe ignored 

 
RESULTS 
The MCFR generally decreases from age 6 to 11 (Fig. 4). The incidence of 
abnormal low foot arch at each age group ranged from about 12 to 16% (Table 
1). The results of two-way ANOVA showed that age has a significant effect (P 
< 0.05) on MCFR. There was no significant difference in MCFR between girls 
and boys (P > 0.05).  The results of Bonferroni post tests did not show 
significant difference (P > 0.05) between left and right sides of matched age 
groups.  The change of MCFR with age (P > 0.05) is not statistically significant 
in both sexes. Since the oriental population has a higher degree of ligament 
laxity which is associated with the flat foot appearance, subjects with MCFR 
larger than mean plus one SD were classified as having abnormal low foot 
arch (Leung et al., 2005). 
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Fig. 4   MCFR in children at age 6-11 

 
Table 1   Percentage incidence of abnormal low foot arch 

Age No. No. with MCFR > 
mean+1 SD 

% incidence of 
abnormal low foot arch 

6 82 13 15.8% 

7 79 12 15.2% 

8 93 14 15.0% 

9 84 12 14.3% 

10 91 11 12.1% 

11 77 10 13.7% 

 
CONCLUSION AND FURTHER STUDY 
Plantar pressure data of children were collected by an electronic pressure 
sensing walkway. The mean MCFR found for each age group was suggested 
as a reference to identify the abnormal low arch foot.  Those feet with MCFR 
value bigger than the age mean plus one standard deviation were classified as 
abnormal. The cut-off values used to define abnormal low arch were 
suggested. Using this approach, a longitudinal study on the clinical 
progression of flexible flat foot and the efficacy of the orthotic intervention has 
been commenced. 
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