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INTRODUCTION 

Within the field of biomechanics several motion capture 

systems are being used, and most of these systems use 

different marker setups and different ways to determine 

essential kinematic and kinetic properties. It has earlier been 

noted that differences between kinetic results recorded with 

different marker models exist [1]. The purpose of the present 

study was to compare kinematics and kinetics when 

computed by Plug-in Gait software from VICON or by 

custom made Matlab code using formulas described by Kit 

Vaughan, hereafter termed KVM (Kit Vaughan Method). The 

Plug-in Gait approach uses the Helen Hays marker setup [3] 

and anthropometric values from Dempster [4], while the 

KVM approach uses a marker setup described by Vaughan et 

al. [2] and anthropometric values from Chandler et al. [5]. 

Furthermore, VICON (Plug-in Gait) refers to Kadaba et al. 

[3]for a description of the calculation methods but the exact 

mathematical approach used in Plug-in Gait is unknown. This 

is in contrast to the KVM approach as the present  study 

successfully evaluated the developed Matlab script on data 

and results provided by Vaughan et al. [2]. 

 

METHODS 

Ten young healthy male subjects (mean age: 29.7 years, mean 

height 1.83 m, mean weight 76.8 kg) were included in the 

study, and a combined marker setup of 21 reflective markers 

were applied bilaterally to the lower extremity. This means 

that the two different marker setups provided input data to 

Plug-in Gait and KVM recorded during exactly the same 

movement.  A VICON MX system was used to record 

kinematics, and two force platforms embedded in a 10 m long 

podium recorded ground reaction forces. The subjects were 

asked to walk 12 times across the force platforms at a speed 

of 4.5 km/h. Trials were accepted if the walking speed 

deviated less than 10 % from the desired speed.  Five gait 

cycles were selected for analysis. Sagittal net joint moments 

and joint angles were calculated in 3D by both 

methodological approaches. Selected peak values were 

extracted and a linear Mixed Model was applied to determine 

statistically significant differences between the two 

methodological approaches. 
 

RESULTS AND DISCUSSION 

Joint kinematics: Statistically significant differences were 

found between the two approaches regarding the ankle and 

knee joint angles in the sagittal plane (Figure 1). However, 

these differences were small and the two approaches seemed 

not to produce systematic differences from each other. 

Important differences exist when determining joint angles. 

Plug-in Gait uses a pelvis fixed to the global coordinate 

system to determine the distal joint angles using the relative 

movements of the joint centers. KVM determines a joint 

angle as the position of the proximal segment relative to the 

distal segment. 

 

Joint moments: Significant differences were observed 

between Plug-in Gait and KVM regarding joint moments 

(Figure 1). The differences were especially evident regarding 

peak values in all joint moments and during the whole 

stancefase. Plug-in Gait produced the largest joint moments 

in all three joints but most remarkably for the ankle and the 

knee joint.  

Regarding differences in the anthropometry used it is possible 

that the Chandler data could be more valid due to the use of 

several direct measurements taken from each subject in 

contrast to Plug-in Gait (Dempster), where only a few 

measurements are used to determine the anthropometric 

properties of the segments. 
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Figure 1: Averaged angles and joint moments. Top: ankle, 

middle: knee, bottom: hip. Solid lines represent the Plug-in 

Gait approach and dotted lines the KVM approach. 

 

The different anthropometric approaches may have 

contributed significantly to the different results. 

Another difference is the way the joint centers are 

determined. Plug-in Gait determines the location of the distal 

joint center using information about the proximal joint center 

[6], while KVM determines the joint centers segment by 

segment [2]. The Plug-in Gait approach is probably more 

prone to errors in joint center location, as a small error in the 

determination of the hip joint center may be transferred and 

magnified to the knee joint center and further to the ankle 

joint center and anthropometry used to obtain the joint centers 

is unknown. The KVM uses X-ray data based on one subject 

to extrapolate from three markers to the joint center [2]. 

 

CONCLUSIONS 

Despite several significant differences, the authors cannot 

conclude whether these differences have a clinical relevance. 
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The results from both protocols follow a very similar pattern 

and only the absolute size of the joint angles and moments 

varies. However, in all cases the Plug-in Gait approach 

produces significantly higher values. 
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