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SUMMARY 
Previous studies on amputee gait were based on a few steps of 

walking. Long-distance walking is commonly performed by 

amputees, but its effect on gait was not known. This 

preliminary study investigated the effect of long-distance 

walking on amputee gait and the compensatory mechanism 

used by amputees to facilitate long-distance walking. Two 

below-knee amputees walked on a level treadmill for two 30-

minute sessions. Ground reaction forces, kinematics of the hip, 

knee and ankle, and residual limb-socket interface pressure 

were measured before and after the two walking sessions. 

Results showed the interface pressure decreased and there was 

change in asymmetry between the amputated and sound limbs, 

with 9.0% increase in propulsive impulse ratio and 10.4% 

decrease in braking impulse ratio. Accumulated fatigue 

reduced the joint power at the knee and ankle of both sides. 

The sound side hip joint power in the late stance phase 

decreased, while the prosthetic side hip joint power in the 

early stance phase increased.  

 

INTRODUCTION 
Previous gait analysis revealed that below-knee amputees 

walked with asymmetric gait pattern. For example, they have 

smaller step length and produce higher ground reaction forces 

at the sound side. The alerted gait patterns cause them to walk 

at lower speeds and consume higher energy
1
, and could lead to 

musculoskeletal disorders such as osteoarthritis of the sound 

side and scoliosis
2
. Studies have also analyzed amputee gaits 

at different alignments, prosthetic components and walking 

speeds
3
 at flat and inclined surfaces

4
 as well as stairs

5
. All 

these studies provided valuable insights on how the amputee 

gait could be improved. However, most of the researches only 

studied the gait for a few steps, whereas walking for over 30 

minutes is common in daily activities
6
. It is not known if 

longer distance of walking would amplify the existing or 

produce new compensatory patterns. The objective of this 

study was to investigate the effect of long-distance walking on 

the kinetic and kinematics of the gait, and interface pressure 

data.  

 

METHODS 
Two unilateral below-knee amputee subjects (males, traumatic, 

age 61 and 47) participated in the study.  

 

An eight-camera motion capture system (Vicon, Oxford 

Metrics) was used for three-dimensional motion analysis. 

Infra-red reflective markers were placed bilaterally on the toe, 

heel, lateral and medial malleoli, lateral and medial femoral 

condyles, greater trochanter, anterior superior iliac spine and 

posterior superior iliac spine. Clusters of three markers each 

were placed bilaterally on the shanks and thighs. Ground 

reaction forces (GRF) were measured using two force plates 

(Advanced Mechanical Technology, Inc.) embedded midway 

in a straight 8-m walkway. Film pressure sensors (F-socket, 

Tekscan, Inc) were placed at the inner wall of the liner to 

measure the residual limb-socket interface pressure. Subjects 

used their own prostheses during the long-distance walking. A 

prosthetic liner was duplicated and pressure measurement was 

conducted using the duplicated liner to avoid drift and 

hysteresis of the sensors due to cyclic stress, sweat or body 

temperature during long-distance walking. 

 

Subjects performed two sessions of 30-minute walking on a 

level treadmill next to the 8-m walkway. Gait analysis and 

pressure measurement were performed 1) before the walking, 

2) after the 1
st
 30-minute walking and 3) after the 2

nd
 30-

minute walking. Subjects were instructed to walk along the 

walkway at their comfortable speeds. Kinematic and GRF data 

were collected at 200 and 1000 Hz respectively, and interface 

pressure was sampled at 100 Hz. Trials were repeated until at 

least six samples of walking step were collected. 

 

Kinematic and kinetic data were low-pass filtered using a 4th-

order Butterworth filter with a cut-off frequency of 6 Hz. 

Kinetic data were normalized to the body weight of each 

subject. Propulsive and braking impulses were computed as 

the time integral of the positive and negative A/P GRF 

respectively. Propulsive and braking ratios were calculated as 

prosthetic leg impulse divided by sound leg impulse. Joint 

power of the hip, knee and ankle in both legs were calculated. 

Joint power was calculated as the product of the joint moment 

and angular velocity throughout the stance time. Peak pressure 

(PP) and pressure time integral (PTI) of the residual limb-

socket interface pressure were computed and normalized to 

the body weight of each subject. All GRF, kinetics and 

interface pressure quantities were averaged in each test session, 

and then averaged across the two subjects. 

 

RESULTS AND DISCUSSION 
After the 30-minute walking, there were 9.0% reduction in the 

propulsive impulse ratio and 5.4% increase in the braking 

impulse ratio. After further 30-minute walking, there was little 

change in propulsive impulse, while a further 5.2% increase in 

the braking impulse ratio was noted. There were very little 

changes in walking speed in the three test sessions. The peak 

interface pressure and interface pressure time integral at the 



regions of patellar tendon, popliteal muscle, anteromedial and 

anterolateral tibia had a declining trend after long-distance 

walking. (Table 1). An obvious increase in the peak hip joint 

power (occurring in the early stance) at the prosthetic side, and 

a decrease in the peak hip joint power (occurring at late 

stance) at the sound side were noted  (Figure 1). A decrease in 

the peak knee and ankle joint power at both sides was also 

found  

 

Table 1: Propulsive and braking impulses for the residual and 

sound legs and their ratios, peak interface pressure (PP) and 

pressure time integral (PTI) averaged across subjects. 
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 Figure 1:  Average hip joint power (%BW-s) of the residual 

leg (a) and sound leg (b). 

 

Statistical analysis was not applicable in this study because the 

sample size was too small. Nonetheless, the results had shown 

noticeable changes in amputee gait before and after the long-

distance walking.  

 

This study revealed a couple of gait changes after 30-60 

minutes of walking. The decrease in the residual limb-socket 

interface pressure showed that amputee body weight was 

further shifted from the residual side to the sound side. This 

might be a compensatory response due to pain or discomfort at 

the residual limb. The decrease in the propulsive impulse at 

the prosthetic side might also be a result of the sensation of 

pain or discomfort at the residual limb after long distance 

walking. 

 

The reduction in the joint power at the knee and ankle of both 

sides may be due to fatigue of the lower limbs. In order to 

keep the walking speed, the hip joint power of the prosthetic 

side in early stance increased.  

 

This study is continued and more subjects will be recruited. 

 

CONCLUSIONS 
Experimental results demonstrated that 30-60 minutes of 

walking of below-knee amputee could induce further 

compensatory gait patterns. The knee and ankle joint power 

was reduced. The sound side peak hip joint power was 

decreased, possibly due to fatigue. This study was a 

preliminary test involving merely two subjects. It is hard to 

evaluate and generalize the findings of this study to large 

population. In spite of this limitation, the noticeable changes 

suggest more effort should be put in analyzing the effect of 

long distance walking.. 
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Initial 

30-

minute 
1-hour 

Prosthetic 1.401±0.2 1.259±0.1 1.262±0.2 

Sound 3.849±0.8 3.813±0.6 3.856±0.8 

Propulsive 

Impulse 

(%BW-s) 
Ratio 0.378±0.1 0.343±0.1 0.344±0.1 

Prosthetic 2.285±0.5 2.491±0.6 2.521±0.5 

Sound 2.943±0.4 3.055±0.6 2.939±0.3 

Braking 

Impulse 

(%BW-s) Ratio 0.772±0.1 0.814±0.1 0.856±0.1 

PP (kPa/kg) 

Average across 4 

regions of the limb 

2.67 2.29 2.10 

PTI (kPa-s/kg) 

Average across 4 

regions of the limb 

0.60 0.51 0.48 




