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SUMMARY 
Backward walking is a widely-used rehabilitation tool for 
improving strength and balance. The purpose of this study 
was to analyze the gait mechanism of backward walking. To 
investigate the mechanism of backward walking, twenty-two 
healthy subjects participated for the present study. Gait 
parameters of joint angle, joint moment, joint power, and 
ground reaction force (GRF) were defined and used to 
analyze the mechanism of backward walking. The pattern of 
joint angles during backward walking was similar to the 
reversal of that of forward walking. However, gait 
mechanism was different between them by proving different 
patterns joint moments and powers.  
 
 
INTRODUCTION 
Backward walking is a widely-used rehabilitation tool for 
improving strength and balance [1]. Although, there are few 
experimental results and no generalized values of backward 
walking compared with forward walking. Some researchers 
reported that the reversed pattern in joint angles during 
backward walking showed in comparison to forward walking 
[1,2]. However, they did not mentioned about gait 
mechanism of backward walking. The purpose of this study 
was to analyze the gait mechanism of backward walking. 
Gait parameters of joint angle, joint moment, joint power, 
and ground reaction force (GRF) were defined and used to 
explain the gait mechanism. 
 
 
METHODS 
Twenty-two healthy subjects aged 22±3 years old, 17 males 
and 5 females participated in the present study. The subjects 
were required to practice backward walking for an hour at 
least before the actual experiments with their natural 
cadences. Gait was assessed using three-dimensional motion 
capture system (VICON 612, UK), two Kistler (5233A2, 
Switzerland), and two AMTI (OR6-6, USA) force plates. 
Sixteen retro-reflective markers were attached to the 
subjects’ lower limb according to the Plug-In-Gait marker 
set. Marker data were   collected at 120 samples per second, 
and force plates data were sampled at 1080Hz. The gait 
cycles were normalized 0% to 100% due to assess the 
negligible change on the pattern for any individual trial [3]. 
Gait parameters were selected as crucial points [4,5] in joint 
moments, joint powers, and ground reaction force (GRF) 
curves (Table 1).  
 

 
RESULTS AND DISCUSSION 
The subjects’ average spatiotemporal parameters were 
acquired; speed (1.07±0.1 m/s), stride length (1.37±0.1 m), 
cadence (93.4±5.0 steps/min), stride time (1.28±0.1 m/s), 
step length (0.68±0.1 m), and step time (0.64±0.1 s). 
 
Figure 1 showed that joint angles, moments, and powers of 
ankle, knee, and hip. During loading response phase (0-10%), 
the plantarflexion moment (AM1) was observed and the 
dorsiflexion power (AP1) was absorbed to flat the foot on 
the ground (A1). The plantarflexion power (AP2) was 
generated in the middle of mid-stance (10-30%) to progress 
backwards and to balance the trunk during the terminal 
stance (30-50%). In the pre-swing phase (50-60%), the 
plantarflexion moment (AM2) was generated to push off the 
ground without dragging the foot during swing the limb (A2). 
The largest joint moment and power occurred at ankle, thus 
it seems that the ankle joint is important to make propulsion 
of the body backwards. 
 
In the middle of mid-stance, the knee extension moment and 
power was generated (KM2, KP2). Since then, the role of the 
flexion moment (KM3) was important to maintain the 
extended limb until pre-swing phase. The knee extension 
moment and power were generated (KM4, KP3) again in 
pre-swing phase to progress backwards. The flexion power 
was generated (KP4) in initial swing phase (60-73%) and 
decreased (KP5) in the mid-swing phase (73-87%). 
 
Middle of the terminal stance, the hip extension moment 
(HM2) was generated and the power was absorbed (HP2) in 
the pre-swing phase (50-60%), to reduce the shock when 
opposite foot was contacted to ground (H2). The small 
extension joint power was generated (HP3) in the end of the 
pre-swing phase to extend the hip during whole swing phase. 
 

 

Figure 2: Ground reaction force. The vertical lines indicate 
foot-off event. 
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In the loading response phase, the GRF was rapidly raised 
(F1) due to support the whole body weight. The knee joint 
was flexed during mid-stance, the force plate briefly 
unloaded and the GRF drops (F2) below the body weight [3]. 
The second peak of GRF (F3) was smaller than first peak of 
GRF (F1), since the knee and hip joints were just lifted the 
limb and moved backwards. Thus, the plateau shape which is 
not able to be seen in normal gait was observed during pre-
swing phase. 
 
The largest ankle joint power during backward walking was 
generated in the mid-stance phase (10-30%). This shows that 
the main impetus in backward walking might be generated at 
the ankle joint. In the middle of mid-stance, the whole power 
were generated (AP2, KP2, HP1) and maximum GRF was 
measured to sustain the body weight. In the pre-swing phase, 
joint power in knee and hip joint was generated more than 
that of forward walking to lift and swing the limb during 
swing phase. 
 
 
CONCLUSIONS 
The mechanism of backward walking was analyzed. The gait 
parameters were defined to assess the walking mechanism. 
The pattern of joint angles during backward walking was 

similar to the reversal of that of forward walking. However, 
gait mechanism was different between them by proving 
different patterns joint moments and powers. 
In the future, EMG data will be needed to analyze the 
muscle control.  
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(a) Ankle                       (b) Knee                     (c) Hip 

 
Figure 1: Joint angles, joint moments and joint powers of 
ankle, knee and hip. The vertical lines indicate foot-off event. 

 
 
 
Table 1: Gait analysis parameters 
 

Ankle Joint Angle 
( ° ) 

Ankle Joint Moments 
(Nm/Kg) 

Ankle Joint Powers 
(W/Kg) 

A1 1st Max. Peak AM1 1st Max. Peak AP1 1st Min. Peak 
A2 1st Min. Peak AM2 1st Min. Peak AP2 1st Max. Peak 
Knee Joint Angle 

(° ) 
Knee Joint Moments 

(Nm/Kg) 
Knee Joint Powers 

(W/Kg) 
K1 1st Min. Peak KM1 1st Min. Peak KP1 1st Max. Peak 
K2 1st Max. Peak KM2 1st Max. Peak KP2 1st Min. Peak 
K3 2nd Min. Peak KM3 2nd Min. Peak KP3 2nd Max. Peak 
K4 2nd Max. Peak KM4 2nd Max.  Peak KP4 3rd Max. Peak 
K5 3rd Min. Peak KM5 3rd Min. Peak KP5 2nd Min. Peak 
K6 3rd Max. Peak   

Hip Joint Angle 
( ° ) 

Hip Joint Moments 
(Nm/Kg) 

Hip Joint Powers 
(W/Kg) 

H1 1st Min. Peak HM1 1st Min. Peak HP1 1st Max. Peak 
H2 1st Max. Peak HM2 1st Max. Peak HP2 1st Min. Peak 
H3 2nd Min. Peak  HP3 2nd Max. Peak 

Ground Reaction Force (N/Kg) 
F1 1st Max. Peak F2 1st Min. Peak F3 2nd Max. Peak 

 


