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SUMMARY 

Patients with mild foot pathology can often have only minimal  

difficulty walking over level ground at a self-selected speed.  

A biomechanical analysis of the foot in these patients 

therefore should consist of more challenging tasks, such as 

heel or toe walking, single limb toe raises or hopping. Seven 

healthy adults underwent kinematic assessment including 

multi-segment foot motion during three conditions – 

overground walking, heel walking and toe walking.  Range of 

motion of the hindfoot and forefoot was similar during 

overground walking and toe walking.  During toe walking the 

hindfoot was in significantly more plantarflexion.  The 

forefoot was in slightly more plantarflexion during toe 

walking as well, however this was not significant.  Heel 

walking required significantly less range of motion then both 

overground walking and toe walking.  However, during heel 

walking, the hindfoot was in more dorsiflexion and valgus.  

The positioning of these segments during functionally 

challenging tasks of heel walking and toe walking require 

active range of motion requirements that may be difficult for 

patients with certain foot pathologies.  Those with limited 

dorsiflexion range or strength would exhibit biomechanical 

differences during heel walking, while those with 

plantarflexion limitations or gastrocnemius strength may have 

difficulty with toe walking.   

 

INTRODUCTION 

Clinical gait analysis evaluations typically consist of level 

overground walking at a self-selected speed.  In the patient 

with a mild foot pathology, this protocol may not elicit 

significant functional deficits.  More challenging protocols 

which include more biomechanically demanding tasks such as 

heel walking or toe walking may provide a better assessment 

of foot function.  Orthopedists and therapists often ask a 

patient to walk on their heels to assess their dorsiflexion or 

plantarflexion strength, balance and foot function. These tasks 

may require different ranges of motion and varying coupling 

patterns between the hindfoot and forefoot.  

 

Multi-segment foot models provide an advantage over typical 

lower extremity foot models by providing more detailed 

kinematic information within the foot structure.   A multi-

segment foot kinematic assessment of functional tasks may 

lead to a better understanding of foot structure and mechanics 

in patients with foot pathology.  The purpose of this study was 

to assess the kinematic differences in foot motion during three 

tasks:  normal overground walking, heel walking and toe 

walking in young healthy adults with no foot pathology.  

 

 

 

METHODS 

Seven healthy adults (5 females/2males, average age 28.2 ± 

3.8 years) were prospectively enrolled with IRB approval.  All 

participants denied a history of foot or lower extremity joint 

injury within the last 6 months and none had undergone 

previous foot surgery. Each participant was instrumented with 

the full body Plug-in-Gait marker set, and the TSRHC multi-

segment foot model marker set (Figure 1.)  [1].  All data were 

collected using a VICON motion capture system (Oxford 

Metrics, England) during three overground conditions – level 

walking, heel walking and toe walking.  Each condition was 

conducted at the subjects’ self-selected barefoot walking 

speed.  Multi-segment foot kinematics were determined using 

a custom model written using BodyBuilder for Biomechanics 

(Oxford Metrics, England).   

 
 

 

Figure 1;  Marker placement (shown in black) for the TSRHC 

multi-segment foot model. Grey markers also used for typical 

lower extremity foot model. 

 

Variables examined included temporal parameters: step 

length, cadence, and walking velocity; and multi-segment foot 

model kinematic variables: minimum, maximum and range of 

motion for sagittal and coronal plane hindfoot motion relative 

to the tibia (termed hindfoot motion) and sagittal and coronal 

plane forefoot motion relative to the hindfoot (termed forefoot 

motion).  Multivariate ANOVA with Scheffe’s post-hoc 

testing was used to determine significant differences between 

conditions, with alpha set at 0.05. 
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RESULTS AND DISCUSSION 

Walking velocity (p<0.001) and step length (p<0.001) were 

significantly less during heel walking as compared to 

overground walking and toe walking, however there was no 

change in cadence (p=0.823, Table 1). Generally the range of 

motion during overground walking and toe walking were 

similar while heel walking range of motion was reduced.  

Sagittal plane hindfoot motion was shifted toward dorsiflexion 

during heel walking and towards plantarflexion during toe 

walking, compared to overground walking. A reduction in 

sagittal plane hindfoot motion was seen during heel walking, 

however this was not significant (p=0.054).   Sagittal range of 

motion of the forefoot was reduced (p<0.001) during heel 

walking, however was similar between overground walking 

and toe walking. There was no statistical difference in forefoot 

motion between overground walking and toe walking. 

 

In the coronal plane, there was increased hindfoot valgus 

during heel walking (p=0.015) compared toe walking.  

Coronal hindfoot range of motion was reduced during heel 

walking  (p<0.001) compared to both overground and toe 

walking.  Similar results were seen at the forefoot in the 

coronal plane, with reduced range of motion seen during heel 

walking (p=0.006).    

 

CONCLUSIONS 

Significant differences were seen in multi-segment foot 

kinematics in healthy adults between overground walking, 

heel walking and toe walking.  While heel walking required 

reduced dynamic range of  motion than both overground level 

 

 

 

 

 walking and toe walking, subjects walked with more 

dorsiflexion and remained in more fixed hindfoot valgus 

throughout stance phase.  The positioning of these segments 

during heel walking and the range of motion requirements 

during toe walking may be difficult for patients with certain 

foot pathologies.  In addition, the muscular demand to obtain 

and maintain these positions may be high, although this was 

not tested in the current study. These tasks may present a more 

challenging scenario for a patient with mild pathology, for 

whom overground walking elicits minimal differences from 

controls 

 

In addition to the kinematic changes shown in the current 

study, dynamic coupling patterns between the hindfoot and 

forefoot during these functional tasks may also reveal 

significant biomechanical requirements, as previously shown 

during single limb hopping [2]. Future development of a 

comprehensive assessment utilizing multi-segment foot 

kinematics and functional tasks in patients with foot pathology 

may provide a better assessment of their biomechanical 

abilities, and aid in the evaluation of treatments in these 

patients 
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Table 1: Multi-segment mechanics during level overground walking, heel walking and toe walking.   † heel walking or toe 

walking significantly different from overground walking, ‡ toe walking significantly different from heel walking.  Mean (stdev)  

 

 
 Hindfoot Motion Forefoot Motion 

 
 Overground Heel Walking Toe Walking Overground Heel Walking Toe Walking 

Sagittal Plane 

Min (degs) -4.8 (13.6) 13.5 (7.2) † -25.6 (10.1) † ‡ -8.1 (4.3) -0.3 (5.9) -14.1 (6.3) ‡ 

Max (degs) 12.8 (5.7) 23.2 (8.1)  -6.1 (10.4)  † ‡    

ROM (degs)    14.3 (2.8) 5.8 (2.7) †  14.2 (5.0) ‡ 

Coronal Plane 

Min (degs)    -2.8 (4.8) 2.3 (4.8) -6.7 (4.2) ‡ 

Max (degs) -2.2 (9.9)  -10.8 (9.1) 5.2 (8.3) ‡    

ROM (degs) 12.1 (2.8) 4.5 (2.0) † 13.9 (4.6) ‡ 10.0 (3.4) 4.7 (0.9) † 10.6 (4.4) ‡ 

Temporal 

Parameters 

Velocity (m/s) 1.23 (0.10) 0.78 (0.17) † 1.06 (0.15) ‡    

Cadence 

(steps/min) 
113 (3) 116 (15) 116 (9)    

Step Length (m) 0.67 (0.06) 0.41 (0.08) † 0.56 (0.05) † ‡    


