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SUMMARY 

The purpose of this study was to investigate the relevance of 

the prediction equations derived from the previous study, 

which was the relationship between the kinetic energy 

calculated from an accelerometer and the metabolic energy 

measured from a gas analyzer. Seven male subjects 

participated, and they were required to walk and run on the 

treadmill with the gas analyzer and triaxial accelerometer. To 

find the relevance for individual and group equations, the 

difference between measured and predicted values was used. 

The relevance for individual and group equations was 

evaluated by comparing the measured energy expenditure to 

the predicted one and using Bland-Altman plot was performed 

a statistical analysis. The results showed that two standard 

deviations were 2.24%, 1.58%, 3.65%, 0.53%, 1.77%, 2.60%, 

and 3.07%. It was showed that there is no difference for 

methods of how to predict the kinetic energy expenditure for 

individual and group even though people had each different 

physical characteristic. 

 

INTRODUCTION 

With the reduced physical activity and a dietary intake greater 

than needed for daily energy expenditure, it is closely related 

to an increasing proportion of obese people. As one of 

solutions, low levels of physical activity are encouraged to 

reduce the risk of cardiovascular diseases, diabetes mellitus, 

and osteoporosis [1]. In recent years, a growing number of 

portable devices have become available for daily physical 

activity monitoring. Heart-rate monitors have been studied 

extensively in terms of technical reliability and 

methodological usefulness in measuring physical activities 

and predicting energy expenditure [2]. Accelerometers also 

have become more attractive to the researchers because they 

have a longer recording time period, and are capable of 

providing an indication of reliability and objectiveness [3]. 

Uniaxial accelerometer, however, was found to be inaccurate 

in measuring certain activities including some sedentary 

activities [4] and running [5].  A triaxial accelerometer is a 

monitor developed to correct some of the limitations. This 

device is able to measure various motions in physical activity 

and may improve accuracy, especially during sedentary 

activities. Even though, it is needed to determine the accuracy 

of the kinetic energy expenditure predicted from the 

regression equation about kinetic energy costs due to different 

metabolic energy consumption per person [6]. 

 

The present study was performed to assess the level of 

agreement between two prediction equations for kinetic 

energy expenditure, calculated from a triaxial accelerometer, 

for individual and group. 

 

 

METHODS 

Seven healthy men, who experienced no injury, participated in 

this study (25.4±0.8 years, 170.9±5.6 cm, and 70.6±10.7 kg). 

Before measurements, the purpose and procedure of the study 

were explained in detail. To overcome a limitation in terms of 

space, the experiment was performed on a treadmill (Gaitway, 

HP COSMOS, Germany). Gas analyzer (Metamax, Cortex 

Biophisik Gmbh Co., Germany) was used to measure the 

metabolic energy, and a triaxial accelerometer (MMA7455L, 

Freescale Semiconductor Inc., USA), which was attached to a 

point of middle of right and left posterior superior iliac spines, 

was determined the acceleration. The subjects were required to 

walk and run on the treadmill. Walking speeds were chosen as 

3.0, 4.0, 5.0 and 6.0 km/h and running speeds as 7.0, 8.0 and 

9.0 km/h. The experimental protocol consists of three periods; 

ramp-up (1 minute), practice for walking or running (5 

minutes), and cool-down (1 minute) [7]. This procedure was 

repeated 3 times and enough rest was allowed until the 

subjects felt stable [8]. Accelerations were obtained at the 

sampling rate of 50 Hz. Raw data from the tri-axial 

accelerometer were passed through a second-order 

Butterworth 20 Hz high-pass filter to remove the gravity 

acceleration component from the signals. We calculated the 

signal vector magnitude (SVM) from the accelerometer output. 

The resultants of SVM were integrated using Simpson’s rule. 

Then, the kinetic energy was determined by using the 

computed velocity components and transformed into calories, 

which was called as metabolic energy. Two values of energy 

expenditure, derived from the measured metabolic one and 

also predicted from the calculated kinetic one, were compared 

with. To find the relevance for individual and group equations, 

the difference between measured and predicted values was 

used, and then Bland-Altman plot was made for the statistical 

analysis. 

 

 

RESULTS AND DISCUSSION 

It was showed the measured metabolic energy expenditure 

from gas analyzer and the calculated kinetic energy 

expenditure from accelerometer (Figure 1). In walking speed, 

that was 3km/h, 4km/h, 5km/h and 6km/h, the measured 

metabolic energy was 7.46±1.36kcal, 8.27±1.70kcal, 

9.96±1.85kcal and 12.64±2.97kcal and the calculated kinetic 

energy was 0.29±0.18kcal, 0.42±0.17kcal, 0.64±0.22kcal and 



 

Figure 1: Comparison of energy expenditure in various speeds 

with walking and running 

 

1.16±0.56kcal. In addition, the correlation R between two 

different energies was from 0.842 to 0.993. In running speed, 

that was 7km/h, 8km/h, and 9km/h, the measured metabolic 

energy was 16.95±2.26kcal, 18.84±2.52kcal and 

19.85±2.95kcal and the calculated kinetic energy was 

4.65±1.18kcal, 5.52±1.58kcal and 6.26±1.27kcal. Moreover, 

the correlation R between two different energies was from 

0.818 to 0.995. Overall, both the metabolic and the kinetic 

energy were mounted up as the velocity was increased. The 

kinetic energy, especially, was shown rapid increase. It was 

caused that the change of the vertical acceleration was 

enlarged in running. In addition, the correlation of walking 

was more significant than the one of running. 

 

 

Figure 2: Bland-Altman plots to show the level of agreement 

(kcal) between two prediction equations; x-axis was the 

average and y-axis was the difference. 

It was showed that two standard deviations on Bland-Altman 

plot about seven equations were 2.24%, 1.58%, 3.65%, 0.53%, 

1.77%, 2.60%, and 3.07% (Figure 2). The points were showed 

good agreement that lied on the horizontal line drawn through 

the value, which was difference of mean from two equations. 

 

 

CONCLUSIONS 

The aim of this study was to estimate the relevance of the 

prediction equations about kinetic energy expenditure, 

calculated from a triaxial accelerometer, for individual and 

group. As the results, there was no difference between the 

prediction equations about the kinetic energy expenditure for 

individual and group, even though people have each different 

physical characteristic. However, these results were not able to 

regard as a standard due to the small number of subjects. More 

reliable regression equation could be found through various 

experiments based on high correlation from this study. 
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