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INTRODUCTION 
Idiopatic clubfoot is a common problem affecting 1:1000 live 
births [1]. Over correction leading to a flat or calcaneus foot is 

a common complication in the management of clubfoot [1]. A 

part of the resulting deformity is a valgus deformity of 

hindfoot. The deformities resulting from overcorrected 

clubfeet are in general progressive and not only a cosmetic 

problem but also cause disability and pain as time progresses. 

Most children and 20% of adults have flatfeet [1], therefore 

the pathomechanics are well known and treatment algorithms 

have been developed. The aim of the study was to compare 

gait parameters of patients with overcorrected clubfeet to 

those with flatfeet in order to understand the differences in the 

foot dynamics in both groups. 

 

 

METHODS 
All children and adolescents diagnosed clinically either with 

overcorrected clubfoot or flatfeet were subjected to gait 

analysis. The patients provided written consent, as approved 
by the local ethics committee. The exclusion criteria were: 

neurological cause of club feet, arthrogryposis, severe rigid 

deformed feet, and children with systemic syndromes. The 

patients were examined by three-dimensional gait analysis 

followed by a standardized clinical examination protocol. 

Motion data were collected using a 8-camera Vicon MX 

system (Vicon, Oxford, UK) operating at 200 Hz. Ground 

reaction forces were recorded using two AMTI force plates 

(Advanced Mechanical Technology Inc., Watertown, MA) 

sampled at 1000 Hz. The Oxford foot model [2] and the Vicon 

Plug-in-Gait model [3] was used to generate kinematic and 

kinetic data respectively. 

 

Multiple analysis of variance (MANOVA) on 10 spatio 

temporal, kinematic, and kinetic gait parameters were 

performed at a significance level of 5%. The spatio-temporal 

gait parameters were velocity, step length, step time, and step 
width. The kinematic parameters were ankle peak eversion 

and internal rotation, forefoot peak dorsiflexion and 

supination, all during the stance phase. The kinetic parameters 

were ankle and knee joint generation energy during stance.  

 

 

RESULTS AND DISCUSSION 
34 children and adolescents were subjected to gait analysis. Of 

these, 8 patients were excluded using the above exclusion 

criteria. Therefore 26 patients were included in this study; 16 

patients in the overcorrected group and 10 patients in the 
flatfoot group. The patients in the flatfoot group were 12.8 

years (SD=3.9) old, had body height of 147.4 cm (SD =20.0), 

body mass of 38.3 kg (SD=12.8),  and 7 of them were males. 

The patients in the overcorrected club foot group were 11.2 

years (SD=4.5) old, had body height of 146.4 cm (SD=19.1), 

body mass of 41.3 kg (SD=20.9) and 9 of them were males. 

Two typical patients, one with overcorrected and another with 

flatfoot were shown in figure 1.      

 

 
 

Figure 1: Shown on top is a patient with flatfoot and below 

with overcorrected clubfeet, both showing valgus deformity at 

the rear foot. Palpated is the Oxford Foot Model marker set.     

 
All spatio-temporal gait parameters were not significantly 

different. The peak eversion angle during stance was not 

significantly different between groups (12.3° and 12.1° in 



overcorrected and flatfoot groups, respectively). Forefoot 

supination during stance was on average 6° greater in 

overcorrected clubfoot but the difference was not significant.  

All other foot angles were not significantly different. For the 

flatfoot group, ankle joint generation energy was significantly 

decreased (p=0.043) while knee joint energy was increased 

(p=0.047).  

 

The spatio-temporal gait parameters were not significantly 

different between groups. Further, they were comparable to 

those of normal children [4], indicating no significant 

impairment in gait. Peak eversion during stance for both 

groups was approximately 6.5° larger than those reported for 

normal children [2]. The greatest difference in foot kinematics 

was seen in forefoot to hindfoot supination where 

overcorrected club feet showed higher forefoot supination. 

This difference is not surprising since it complies with the 

original club foot deformity; however the difference was not 
significant. It is well known that the idiopatic clubfoot has 

lower plantarflexor strength; therefore the joint energy at the 

ankle was significantly lower than in the flatfoot group. The 

lower ankle generation energy was however compensated by 

the significantly increased knee joint energy.  

  

CONCLUSIONS 
Gait parameters determined with the Oxford Foot Model did 

not demonstrate significant difference in foot kinematics 

between overcorrected club feet and flatfeet. Therefore 

treatment algorithms for correction of flatfeet might be 

successfully applied to the management of overcorrected 

clubfeet.   
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