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INTRODUCTION 

Idiopathic toe walking (ITW) is diagnosed when 
persistent or habitual equinus gait persists beyond the 
age of three years with no sign of neurological, 
orthopedic or psychiatric diseases (Englebert et al., 
2011, Hirsch et al., 2004).  Prolonged toe-walking can 
result in muscle contracture and skeletal 
malformation. Ankle-Foot Orthoses and similar 
orthotic designs are commonly prescribed to correct 
toe walking. Alternative or concomitant therapies 
aimed at the heretofore unknown etiology of ITW 
could be more efficient and effective.  Because toe 
walking occurs in many other conditions, such as 
cerebral palsy, autism spectrum disorders, and 
muscular dystrophy, and because these conditions 
have differing potential for orthotic intervention, 
implications of potential treatments are compounded. 
The aim of the current study was to investigate novel 
therapeutic/treatment method based on terrain during 
barefoot walking.    

METHOD 

Both children with ITW and typically developing 
children (TD), aged from 4 to 10 years old, 
participated in a barefoot gait analysis over three 4-
meter walkways.  Each of the walkways was covered 
with a different surface providing a different tactile 
stimulus: smooth, even vinyl tile, compliant carpet, 
and loose pea gravel.  Ten trials were collected at a 
comfortable self-selected walking speed on each of 
three walkways following a random sequence.  
Kinematics were collected at 100 Hz with a seven-
camera 3-D motion analysis system.  Temporal-
spatial parameters were recorded along with HR32, a 
novel outcome measure designed to distinguish a 
defined aspect of the toe-walking pattern: early heel 
rise.  HR32 was measured as the difference between 
the heel marker vertical coordinate in a static flat-
footed trial and the vertical coordinate at 32% of the 
gait cycle, when heel rise normally occurs in this 
population. Five 2 x 3 factorial ANOVAs with repeated 
measures were conducted on gait velocity, cadence, 
step length, step width, and HR32. 

RESULTS 

Thirty participants, 15 children with Idiopathic Toe 
Walking (ITW) and 15 typically developing (TD) 
children, completed the study. Children walked slower 
(p<0.001) and with shorter step length on gravel 
(p<0.001).  They also had significantly higher cadence 
on vinyl tile (p<0.001). Step width was not significantly 
different across all surfaces. Children with ITW had 
significantly higher HR32 than TD children (p<0.001). 
Notably, the gravel surface controlled toe walking in 
children with ITW. Out of 838 analyzed steps across 

all children in the ITW group, none showed initial 
contact with the toe or forefoot. Heel Rise was 
significantly later for children with ITW on gravel than 
on either other surface (Table 1). Furthermore, HR32 
was within normal limits for 45% of those steps. 

  Carpet Vinyl 
Tile 

Gravel P-value 

Velocity 
(m/s) 

TD 1.11 1.15 0.74 Group 0.724  

 
ITW 1.11 1.12 0.71 Surface <0.001 * 

Cadence 
(steps/ 
min) 

TD 125 130 109 Group 0.099  

 
ITW 133 138 114 Surface <0.001 * 

Step 
Length 
(m) 

TD 0.54 0.53 0.41 Group 0.081  

 
ITW 0.5 0.49 0.37 Surface <0.001 * 

Step 
Width 
(m) 

TD 0.12 0.11 0.11 Group 0.693  

 
ITW 0.12 0.11 0.13 Surface 0.147  

HR32 
(mm)** 

TD 20 14 12 Group <0.001 * 

 
ITW 34 35 17 Surface <0.001 * 

Table 1 Surface Effects on the Gait Pattern, TD vs. ITW (TD 
n=15, ITW n=15). *statistical significance ** interaction 
 
DISCUSSION 

Children with ITW showed substantially less toe-
walking on the gravel walkway. This important result 
might indicate that at least some component of this 
population chooses an equinus gait pattern due to 
altered sensory processing, either through the plantar 
surface of the foot or through related force, pressure, 
or vibration.  

CONCLUSION 

The results suggest that walking on a gravel surface 
should be further explored as a possible method for 
treating ITW,  

CLINICAL APPLICATIONS 

Practitioners who worth with equinus gait should 
consider sensation when developing therapies. In 
particular, plantar foot texture should be considered 
as an element of orthosis design for children with ITW 
and associated sensory processing-related disorders 
of gait. 
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