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Abstract: The purpose of this study is to estimate the difference between potential and kinetic 

mechanical powers in running (Pke, Ppe) calculated from the centre of mass and one anatomic 

point of the body located on the lower part of the runner�s back (the �lumbar point�). 

Six runners carried out a treadmill run at constant velocity and are filmed individually with a 

video camera (25Hz). The 3D motion analysis system, ANIMAN3D, uses a numerical 

manikin (MAN3D) which compares a voluminal subject (the sportsman) directly to the 

manikin that possesses the same voluminal properties. This analysis system allows the 

trajectories of the centre of mass and the lumbar point to be calculated. Then, from these 

trajectories, potential and kinetic mechanical powers in running are calculated. 

The results show that the utilisation of the lumbar point rather than the centre of mass of the 

runner leads to a significant overestimation of Pke (p < 0.05) and a significant underestimation 

of Ppe (p < 0.05). However, in spite of these differences, the both methods of calculus of Pke 

and Ppe are well correlated (respectively r = 0.92; p ≤ 0.01 and r = 0.68; p ≤ 0.05). 

Taking into account that the trajectory of an anatomic point is experimentally easier to access 

than that of the centre of mass, this kind of point could be used to estimate the evolution of 

kinetic or potential energy variation in different cases. However, when the lumbar point rather 

than the centre of mass is used for the estimation of the mechanical energy produced in 

running, Pke could appear as a discriminating parameter, while it is not. 

 

Words: 265. 
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Introduction 

The mechanical energy of running (kinetic and potential energies of the centre of mass) 

depends on the time course of the force that brings generates a non-uniform movement of the 

centre of mass. This force results from the internal forces generated by the muscles at the 

joints. However, the force developed by each muscle remains unknown and only a global 

external force resulting from internal forces generated by the different muscles of the body 

can be easily measured. In order to calculate the variation of mechanical energy produced by 

this external force, it is necessary to know the instantaneous position and speed of the 

runner�s centre of mass. The energy value is obtained either by integration of the external 

forces measured with a force platform, or by derivation of the position of the centre of mass 

given by a 2D or 3D motion analysis system. Up to now, various studies dealing with 

mechanical energy have used a system of measure which not determined with precision the 

position of the centre of mass (Bourdin et al., 1995; Candau et al., 1998; Dalleau et al., 1998; 

Kyröläinen et al., 2000). Indeed, these authors use a device (kinematic arm) which determines 

the position of an anatomic point located on the lower part of the runner�s back and which is 

different to the position of the centre of mass. These authors have calculated mechanical 

energy variation and mechanical power from this particular point. The results have shown that 

the mechanical energy variation is overestimated, when it is compared to the mechanical 

energy variation calculated with a force plate form. Bourdin et al. (1995) have suggested that 

�at least a part of the tilting of the trunk is recorded by the kinematic arm. As consequence 

horizontal kinetic energy changes would be overestimated. However, the exact reasons that 

could explain the mechanical energy variation overestimation are actually unknown�.  

This point named in the present study, as �lumbar point� (figure 1) does not represent the 

motion of the �real� centre of mass. This difference may explain why the mechanical energy 

is overestimated when it is calculated with a kinematic arm. However, no study has already 
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measured the effect of the choice of an anatomical point rather than the centre of mass on the 

estimation of the mechanical power. 

Therefore, this study aims to test the hypothesis that the use of another point rather than the 

centre of mass (such as the lumbar point) could lead to a significant difference in the measure 

of the mechanical power. 

 

Lumbar 
point 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: 3D human manikin representation.   

 
 
 
 
Method  

Six runners volunteered for this survey approved by the Ethical Committee of Paris. The 

weight, and the size of this population were respectively 71.8 ± 8.6 kg and 174.6 ± 6.5 cm.   

The runners performed one treadmill run at a supra lactic-threshold speed at 90% of the 

maximal oxygen uptake (5.2 ± 0.2 m.s-1). During this test, the runners were filmed from the 

left side, two strides were analysed three minutes after the beginning of the exercise and two 

more one minute before the end (the exercise duration was 13 min 4 s ± 3 min 15s). Therefore 
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two measures of the kinetic and potential mechanical power produced in running were 

obtained for each runner.  

 
All the tests were performed on a horizontal motorised treadmill (Gymrol 1800, 

Techmachine, Saint-Etienne, France). The speed of the belt was controlled with controller 

provided by the CDEMS, (Université Joseph Fourier, Grenoble, France). During the constant 

intensity test, the runners were filmed with a video camera using a sampling frequency of 25 

images by second.  

The video sequences obtained, were digitised without geometrical distortion on a PC as a 

series of bitmap images with a Perception Video Recorder card from Silicon Co. The 3D 

motion analysis system (ANIMAN3D, Tavernier et al. 1997) uses the numerical human 

model MAN3D (Verriest 1991; Verriest et al. 1997; figure 1). The position and posture of 

MAN3D can be adjusted to each runner. In order to get the best possible precision, the 

morphological properties of MAN3D are deduced from the size and the weight of the subject. 

The inertial properties of the limbs are from works of Dempster and Gaughran 1967.  

Then MAN3D is superimposed to the images of the runner, the position and posture of the 

runner are the same as that of MAN3D. The software, ANIMAN3D, determined the 

trajectories of the anatomic points of the manikin, and the trajectory of the body centre of 

mass. Kinetic and potential mechanical powers are calculated from the centre of mass of the 

body and one anatomic point of the body located on the lower part of the runner�s back (the 

�lumbar point�: figure 1).  

 
The vertical and horizontal trajectories of the centre of mass, of the lumbar point and of the 

body centre of mass were smoothed using a polynomial method (Tavernier et al. 1996) in 

order to obtain by derivation, the speed of the two points, and their mechanical energy. The 
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polynomial degree was determined individually for the trajectory of the centre of mass and of 

the lumbar point of each subject.  

These analyses were carried out in two dimensions. ΔΕke can be disregarded in the transversal 

axis, because in this direction the amplitude of the motion is negligible (Cavagna and Kaneko, 

1977). Potential and kinetic mechanical power were calculated as the sum of positive energy 

variations, according to the following equation: 

ΔEpe = ( )minmax HHgM −××      [1] 

ΔEke = ( )2
min

2
max VVM

2
1

−×      [2] 

�M� is the body mass (kg), �g� is the gravitational acceleration (9.81 m.s-2), �Hmax and Hmin� 

are maximal and minimal heights of the body centre of mass (CM) during one step (m). �Vmax 

and Vmin� are the maximal and minimal horizontal velocities of the CM during one step (m.s-

1).  ΔEke and ΔEpe are also calculated from the trajectory of the lumbar point. 

 

This procedure has been done by numerous authors (Cavagna and Kaneko, 1977; Willems et 

al; 1995; Candau et al. 1998). Only the energy necessary to lift and accelerate forward the 

centre of mass or the lumbar point was considered. Then, kinetic and potential energy 

variations are divided by the stride time to be expressed in Watt, and named respectively, 

kinetic mechanical power (Pke) and potential mechanical power (Ppe).  

 

The statistical analysis is done using the Wilcoxon non-parametric test. The mechanical 

power of the centre of mass is compared with that of the lumbar point. Correlation between 

the two methods of calculus of Pke and Ppe were also calculated with a Spearman test. The 

statistical significance is set at p = 0.05.  
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Results 

The statistical analyses shows that the kinetic mechanical power calculated from the 

movements of the centre of mass is significantly lower (about 50%; p ≤ 0.01) than that 

calculated from the movements of the lumbar point (fig. 2a; table 1). In the same way, the 

potential mechanical power calculated from the movement of the centre of mass is 

significantly higher (about 12%; p ≤ 0.01) than that calculated from the movement of the 

lumbar point (fig. 2b; table 1). However, in spite of these differences, the both methods of 

calculus of the kinetic and potential mechanical powers are well correlated (respectively r = 

0.92; p ≤ 0.01 and r = 0.68; p ≤ 0.05). 

 
Figure 3 shows the characteristic horizontal (a) and vertical (b) trajectory of the body's centre 

of mass and of the lumbar point during four steps. This figure suggested that the amplitude of 

horizontal movement of the centre of mass of the body is smaller than that of the lumbar 

point. However, the vertical displacement of the centre of mass is similar to the vertical 

displacement of the lumbar point. 
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Fig. 2a, b: Kinetic (a) and potential (b) mechanical power (Pke and Ppe) of the centre of mass 
(CM) and the lumbar point (LB), for each measurement. The vertical bars represent the 
uncertainties in Pke. 
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Fig. 3a, b: Characteristic horizontal (a) and vertical (b) fitted trajectory of the body�s centre of 
mass and of the lumbar point of a runner. 
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 Cavagna et 
Kaneko, 1977 
(Force plate 

form) 

Willems et al., 
1995 

(Force plate 
form) 

Bourdin et al., 
1995 

(kinematic 
arm) 

Candau et al., 
1998 

(kinematic 
arm) 

The present 
study 
(CM) 

The present 
study 

(Lumbar 
point) 

Pke (W) 293 280 839 617 492 759 
Ppe (W) 157 150 172 153 148 136 

Pke + Ppe (W) 450 430 1011 770 640 895 

Table 1 : Potential and kinetic power (Ppe, and Pke) in running generally encountered in the 
literature, for a speed of about 5 m.s-1. 

 

Discussion   

The results show that the utilisation of the lumbar point rather than the centre of mass of the 

runner leads to a significant overestimation of the kinetic mechanical power and a significant 

underestimation of the potential mechanical power. However, in spite of these differences, the 

both methods of calculus of the kinetic and potential mechanical powers are well correlated. 

 

The comparison of the kinetic and potential mechanical powers calculated with ANIMAN3D, 

with those of the literature (table 1) shows that potential mechanical power is similar for all 

studies. However, the kinetic mechanical power calculated in the present study is higher than 

the kinetic mechanical power measured with a force plate form of about 200 W (40%). These 

differences may firstly be explained with individual characteristics of the subjects used in the 

different studies. Secondly, large changes in mechanical power values, evaluated by video 

analysis, are related to changes in the cutoff frequency or to the choice of the smoothing 

polynomial degree (Williams and Cavanagh, 1983). Moreover, the uncertainty associated to 

the determination of the trajectory of the body centre of mass with a video camera, especially 

during the flight phase, may also explain the great difference between video and force plate 

form analysis. 
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However, great differences exist between the kinematic arm and the other systems of measure 

(Bourdin et al., 1995). The table 1 shows that when the kinetic mechanical power is calculated 

with the parametric trajectory of the lumbar point little differences exist with the kinetic 

mechanical power calculated with the kinematic arm. Now, the kinematic arm computes the 

instantaneous displacement of the lumbar point of the runner and the results of the present 

study show that the kinetic mechanical power is greater when is calculated with the lumbar 

point. Therefore, the choice of the lumbar point as reference rather than the centre of mass 

leads to an overestimation of the kinetic mechanical power. The difference observed between 

the kinetic mechanical power calculated with the centre of mass and the kinetic mechanical 

power calculated with the lumbar point is associated with different trajectories of the two 

points. Indeed, the lumbar point is a fixed point that follows all the movements of the trunk. 

Contrariwise, the centre of mass is not a fixed point and its movement is smaller than that of 

the lumbar point (Fig. 3a). As the position of the centre of mass is calculated from the 

position of the centre of mass of the body segments and as the instantaneous position of the 

lumbar point depends of the movements of the trunk, the horizontal instantaneous position of 

both points is necessarily different. Notably during the flight phase when the horizontal 

position of the centre of mass can not be modified by the movement of the segments, while 

the horizontal position of the lumbar point can be modified by the movement of the trunk. 

Similarly the estimation of the potential mechanical power is modified according to the point 

chosen. Indeed, the potential mechanical power calculated from the trajectory of the centre of 

mass is 12% greater compared to the potential mechanical power calculated from the 

trajectory of the lumbar point. These differences are also associated with the different vertical 

instantaneous position of both points. 
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The choice of an anatomic point rather than the centre of mass of the runner has a large 

influence on the calculation of the kinetic mechanical power, but less influence on the 

potential mechanical power. The utilisation of the lumbar point rather than the centre of mass 

for the estimation of the �external� mechanical energy produced in running (Wext), could give 

to the kinetic mechanical power a greater importance compared to the potential mechanical 

power. This overestimation of the kinetic mechanical power, may explain why only the 

authors using a kinematic arm find significant correlations between the mechanical energy 

variation and the energy cost of running.  

 

The comparison of the kinetic and potential mechanical powers between studies or subjects 

has to take into account the method of measured used. Indeed, the present study demonstrates 

that the use of a different method of measure (use of lumbar point, rather than the centre of 

mass) can lead to 50% of overestimation of the kinetic mechanical power and 12% of 

underestimation of the potential mechanical power. A mechanical analysis and calculation of 

the mechanical energy during a run could only be carried out using equipment that allows a 

precise location of the runner�s centre of mass. Nevertheless, taking into account that the 

trajectory of an anatomic point is experimentally easier to access than that of the centre of 

mass, this kind of point could be used to estimate the evolution of kinetic or potential energy 

variation in different cases. This study can help a future methodology to quantify the accuracy 

during calculation of using another point near the centre of mass. 

 

Words: 2065 
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