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SUMMARY 
Backward locomotion is occasionally needed in daily life, 
frequently used in athletic activities and recently also 
employed for general training or rehabilitation purposes [1]. 
Therefore, this conditions appears worthy of being 
investigated. The present project investigated the effect of 
backward walking as well as the influence of visual feedback 
on gait speed and foot loading parameters.   
 
25 healthy subjects were asked to walk barefoot over a 
pressure distribution platform forwards and backwards with 
eyes open and closed (= 4 experimental conditions). Gait 
speed of the different conditions was self selected and 
measured by light gates.  
 
Significant differences that were observed between the 
experimental conditions demonstrate the changes in foot 
loading patterns due to the altered roll-over process in 
backward walking as well as the importance of visual 
feedback during human locomotion.  
 
INTRODUCTION 
Pressure distribution patterns are used clinically to identify 
regions at risk for overloading or to evaluate the outcome of 
foot disorder treatment [2]. Recently, these patterns have been 
described as highly characteristic for individuals, with a 
discriminative potential similar to finger prints [3]. We wanted 
to investigate how susceptible foot loading characteristics are 
to varying locomotive and visual sensory feedback conditions 
and whether systematic differences can be seen when 
changing the walking direction as well as allowing or 
preventing visual feedback.  
 
METHODS 
Twenty-five adult healthy subjects volunteered to participate 
(age 30±12 years, BMI 23±3 kg/cm2). They were asked to 
walk barefoot at self-selected customary speed across a 
pressure distribution platform (EMED-x, Novel GmbH 
Munich) embedded in the lab floor. Four experimental 
conditions were employed: Forward and backward walking 
with eyes open and closed.  
 
Subjects were given feedback about their gait speed (measured 
with light gates located at a distance of 2 meters) in order to 
ensure that it was kept constant within each condition. Plantar 

pressure patterns of ten repetitive trials were analyzed for ten 
regions (PRC mask) with respect to standard parameters: 
PP=peak pressure, MF=maximum force, FTI=force time 
integral, CT=contact time, CA=contact area. Differences 
between conditions were tested for significance with 
Wilcoxon signed-rank tests (p<0.0125 after Bonferroni 
correction for multiple testing). 
 
RESULTS AND DISCUSSION 
Gait speed was significantly reduced for backward vs. forward 
walking but not for walking with closed vs. open eyes (Tab. 
1). Significant differences between forward and backward 
walking with eyes open indicated reduced loading for the 
medial midfoot, 2nd metatarsal head, hallux and toes (PP -23% 
to -50%) and higher loading only for lateral midfoot (PP 
+21%). Contact time is increased mostly in the heel (+36%) 
and midfoot regions (+22%) for backward walking. 
 
Closing the eyes in forward walking led to longer contact 
times (especially in the heel, midfoot and forefoot CT +3% to 
+11%) even though the peak pressures decreased under the 
forefoot (PP -5% to -8%). 
 
CONCLUSIONS 
Changing the movement direction had a pronounced influence 
on foot loading patterns with predominantly reduced peak 
pressure values due to the push-off from the heel and a 
controlled landing on the forefoot in combination with a 
reduced gait velocity.  
 
Visual feedback revealed a less pronounced effect with a 
slower gait speed and longer contact times and slightly 
decreased peak pressures in the forefoot.  
 
For future applications of backward walking as a rehabilitation 
modality, the implications of the present results will have to be 
considered.   
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Table 1: Gait velocities and peak pressure values for the four experimental conditions (mean ± standard deviations) and 
corresponding levels of significance (bold: p<0.0125) after Bonferroni correction for multiple testing). 
 Forward 

walking,  
eyes open 

Backward 
walking,  
eyes open 

Forward 
walking,  

eyes closed 

Backward 
walking,  

eyes closed 

P-level  
for-/backward 
with eyes open 

P-level  
eyes open/closed, 
forward walking 

Gait velocity (m/s) 1.30± 0.10 1.06 ± 0.14 1.25 ± 0.11 1.05 ± 0.12 <0.001 0.013 
Peak pressure (kPa)       
Lateral heel 406.9 ± 70.2 426.2 ± 145.0 404.2 ± 81.7 451.4 ± 189.2 0.545 0.600 
Medial heel 388.3 ± 64.1 419.5 ± 148.4 384.3 ± 64.6 441.5 ± 181.1 0.276 0.716 
Lateral midfoot 91.0 ± 39.3 67.9 ± 31.7 91.7 ± 36.4 64.6 ± 33.3 <0.001 0.389 
Medial midfoot 114.1 ± 42.5 138.2 ± 57.9 123.3 ± 44.0 141.8 ± 62.5 0.004 0.074 
1st metatarsal  375.5 ± 131.4 388.6 ± 152.2 364.4 ± 134.5 393.6 ± 157.4 0.510 0.300 
2nd metatarsal 511.8 ± 215.5 395.0 ± 127.1 470.8 ± 205.5 411.6 ± 136.1 <0.001 <0.001 
3rd – 5th metatarsal 424.2 ± 134.9 407.9 ± 145.9 404.1 ± 162.2 419.8 ± 140.7 0.276 0.008 
Hallux 429.6 ± 179.1 308.7 ± 143.2 431.0 ± 157.6 308.0 ± 174.9 0.001 0.989 
2nd toe 196.9 ± 91.6 97.7 ± 64.5 211.0 ± 96.4 83.3 ± 37.7 <0.001 0.201 
3rd – 5th toe 146.0 ± 61.8 110.2 ± 62.3 165.8 ± 70.7 99.1 ± 50.2 0.013 0.044 
 


