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SUMMARY 

In this research we probed to compare the simulation methods 

of elderly gait by load carrying on the limbs and trunk. The 

carrying load of every participant was calculated according to 

the degeneration rate and their body weight. We wished to 

provide the model that can simulate elderly gait. Six healthy 

young females were recruited in this study. Vicon Motion 

Capture System was used to capture the kinematic data and to 

figure out the difference between two types of load carrying. 

Analyses of data presented that load carrying on limbs is more 

similar to elderly gait. 

 

INTRODUCTION 

The growing elder population has become the world’s 

problem. Kobatashi had reported that it is feasible to simulate 

elderly gait by letting younger using imitative equipment [1]. 

Previous study had shown that to simulate elderly gait from 

load carrying on younger resembled the true elderly gait in 

lower limbs kinematic data. The same study also displayed the 

linear correlation between the degeneration rate and those 

experimental parameters [2]. Martin and Nelson (1986) 

investigated human gait was affected by different distribution 

of backpack load [3]. Therefore, the aim of this study was to 

compare the simulation methods of elderly gait by load 

carrying on the limbs and trunk to see which method was more 

similar to elderly gait.  

 

METHODS 

Six healthy young women (age 23.5 ± 1.87 years, height 

164.67 ± 3.67 cm, weight 54.77 ± 7.08 kg) without any 

physical disorder or disease were recruited. The carrying load 

of every participant was calculated according to the 

degeneration rate and their body weight.  The algorithm is as 

follows: 

 

1- degeneration rate = weight (kg) / (weight + load) 

 

Vicon Motion Capture System ( Oxford Metrics Limited, 

Oxford, UK ) with  10 cameras was used for kinematic data   

acquisition under the sampling rate of 100Hz. The 

degeneration rates in this study were set at 0%, 10%, 20% and 

30%. The 0% of degeneration rate meant no load carrying on 

the participants. The manner of the load carrying was showed 

in Figure 1. After warming up for 8 minutes, all participants 

were asked to walk at their self-selected speed and cadence 

along an 8 meter walkway. Each condition was performed 

twice with at least 1 minute apart. Three steady gait cycles 

were calculated in each condition. The statistic software was 

SPSS (Version 18.0 for Windows, SPSS Science). The 

dependent variable were gait (gait velocity, cadence), temporal 

(stride time, single support, double support) and spatial 

parameters (step length and height of ankle). The group 

differences were evaluated using repeated-measures design: 

two-way analyses of variance (ANOVA). Compare the two 

types of simulation methods of elderly gait by load carrying 

on the limbs and trunk. The significant level was set at α = .05. 

 

     
Figure1: Load carrying on the limbs (left). Load carrying on 

the trunk (right). 

 

RESULTS AND DISCUSSION 

(A) Gait parameters 

Gait velocity descended when percentage of degeneration rate 

was increased, two types of load carrying showed significant 

difference ( p < .05). Gait velocity of load carrying on limbs 

was 1.2 ± 0.22 m/s to 1.01 ± 0.29 (figure 2). Otherwise, 

cadence descended when degeneration rate was increased. 

There was no significant difference between two types of load 

carrying ( p > .05). Cadence of load carrying on limbs was 

134.42 ± 22.54 steps/min to 119.63 ± 24.16 steps/min (Figure 

3). All parameters of gait revealed load carrying on limbs was 

more similar to elderly gait. 

  
Figure 2: Gait velocity in different degeneration rate. 

 
Figure 3: Cadence in different degeneration rate. 

 



(B) Temporal parameters 

Stride time descended when degeneration rate was increased, 

two types of load carrying showed significant difference ( p 

< .05). Stride time of load carrying on limbs was 1.04 ± 0.1 s 

to 1.16 ± 0.13 s (Figure 4). Single support descended when 

degeneration rate was increased. There was significant 

difference between two types of load carrying ( p < .05). 

Single support of load carrying on limbs was 0.55 ± 0.12 s to 

0.59 ± 0.15 s (Figure 5). Otherwise, double support descended 

when degeneration rate was increased, two types of load 

carrying showed no significant difference ( p < .05). Double 

support of load carrying on limbs was 0.09 ± 0.02 s to 0.13 ± 

0.03s (Figure 6). All temporal parameters revealed load 

carrying on limbs was more similar to elderly gait. 

 
Figure 4: Stride time in different degeneration rate.  

 
Figure 5: Single support in different degeneration rate. 

 
Figure 6: Double support in different degeneration rate. 

 

 (C) Spatial parameters 

Stride length descended when percentage of degeneration rate 

was increased, two types of load carrying showed no 

significant difference ( p > .05). Stride length of load carrying 

on limbs was 1251.53 ± 121.32 mm to 1127.20 ± 187.92 mm 

(Figure 7). Besides, height of ankle descended when 

degeneration rate was increased. There was no significant 

difference between two types of load carrying ( p > .05). 

Height of ankle of load carrying on limbs was 156. 56 ± 21.56 

mm to 63.93 ± 16.36 mm (Figure 8). All spatial parameters 

revealed load carrying on limbs was more similar to elderly 

gait. 

 
Figure 7: Stride length in different degeneration rate. 

 

 
Figure 8: Height of ankle in different degeneration rate. 

 

Most of the results showed significant difference at the 

degeneration rate of 20%. We had the same results in previous 

study [2]. It means that elderly gait would start to change 

when the degeneration rate reached 20%. We can see more 

obvious change in 30% degeneration rate which represented 

elders over 65 years old [4]. In order to maintain their balance, 

the load carrying participants may increase double support and 

shorten the stride length to increase the stability during gait. 

Comparing two types of load carrying, load distributed on four 

limbs can be more similar to elderly gait. It means that load 

carrying on the trunk cannot simulate the elderly gait very 

well because muscle strength of limbs did not degenerate at 

the same time. Therefore, the better method to simulate elderly 

gait was to distribute load on the limbs. 

 

CONCLUSIONS 
Gait, temporal, spatial parameters we presented in this study 

showed that it is feasible to simulate elderly gait from letting 

younger to carrying load. Also, load carrying on limbs was 

more similar to elderly gait. These findings provide 

justification by load carrying on limbs to simulate elder gait 

for researchers. 
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