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SUMMARY 

Important differences exist in morphology between toddlers 

and adults. When performing inverse dynamical analysis of 

motion in this age group, one may question whether it is 

appropriate to use cadaveric based (adult) segmental inertias. 

Our preliminary results suggest that it might be better to use 

toddler specific inertial parameters as adult inertias lead to an 

over – estimation of some of the net joint moment peaks. 

 

INTRODUCTION 

When performing inverse dynamic analysis, net joint moments 

and powers are calculated using equations of motion requiring 

kinematic data, ground reaction force profiles and segmental 

inertial parameters as input. Standard motion analysis software 

uses segmental inertial parameters for adult morphology and 

based on cadaveric estimates, such as data from Dempster
 
[1] 

or Zatsiorsky [2]. However, due to allometric growth, 

important differences exist in morphology between toddlers 

and adults. With growth, a child’s overall chubbiness 

decreases while muscle mass increases, their body dimensions 

become less top-heavy and more cylindrical [3]. In the first 

two years of life, leg length increases by 130%. In contrast, 

crown-to-rump length increases by only 69% [4]. As a result, 

their body dimensions become more evenly proportioned and 

their center of mass lowers from the bottom of the sternum to 

slightly above the navel [3]. For 7 to 13 year old children, 

significant differences are reported between cadaveric based 

estimates of anthropometric parameters and values obtained 

for the children themselves [5].  It is likely that for younger 

children the estimation errors are even larger. 

 

When performing inverse dynamic analysis of motion in 

toddlers, one may question whether it is appropriate to use 

cadaveric based estimates of anthropometric parameters. Is 

there a difference in net joint moments when performing 

inverse dynamic analysis using cadaveric based estimates of 

(adult) segmental inertial parameters compared to toddler 

specific inertias?  

 

METHODS 

Seven healthy children between 15 and 36 months of age 

participated in this preliminary study. Data were collected at 

the Department of Health Care, Artesis University College of 

Antwerp Belgium) using Vicon motion systems (Mcam 460, 6 

cameras, 120Hz). Reflective markers were placed over the 

jugular notch of the sternum, tip of the sternum, C7, T10, 

sacrum and bilaterally over the acromion, elbow, wrist, 

anterior superior iliacal spine, major trochanter, lateral femoral 

epicondyle, medial femoral epicondyle, lateral malleolus, 

medial malleolus, calcaneus and first metatarsal head. Four 

additional markers were placed on a headband to record head 

movements. Marker trajectories were labeled and filtered 

using the Vicon software (Workstation v4.6, quintic spline).  

 

The ground reaction forces (GRF) were recorded with two 

force platforms (AMTI, 0.5 x 0.4m, 1080Hz), which were 

incorporated in the walkway. The force platforms were placed 

next to each other with the toddler walking centrally with one 

foot touching each plate so GRF were recorded for left and 

right foot separately. 

 

Using Visual 3D software (C-motion, Germantown, MD, 

USA), a 13-segment body model (feet x2, leg x2, thigh x2, 

pelvis, trunk, head, upper arm x2 and forearm x2) was 

developed.  Net joint moments were calculated twice, once 

based upon the standard adult segmental inertias available in 

the Visual 3D software package (Adult model) and once using 

toddler specific segmental inertias (Toddler model). Net joint 

moments are calculated as internal moments necessary to 

counteract the external moment resulting from gravity, ground 

reaction forces and inertias. All data were scaled to body 

mass.  
 

Toddler specific segmental inertias were determined using a 

Matlab code based upon the model of Crompton
 
[6]. For each 

subject, body mass and height was measured using standard 

procedures. Further measurements were taken from two high-

resolution digital pictures, a frontal and sagittal view of the 

child standing upright. Pictures were scaled based upon the 

measure of height. On these pictures the body was divided into 

seven segments: head, thorax, pelvis, upper arm, forearm, 

thigh and leg. For each segment, we determined the length as 

well as the diameters in the sagittal and frontal plane at the 

proximal end, the distal end and midway.  These 

measurements were used to calculate the segmental mass, 

position of the centre of mass and the three principal moments 

of inertia of the body segment. Moments of inertia are 

calculated with respect to the centre-of-mass of the segment. 

 

To compare the Adult model and the Toddler model, peak net 

joint moments were determined and statistically compared 

using the Wilcoxon signed-rank test (p < 0.05). 



RESULTS AND DISCUSSION 
Table 1 reports the peak net joint moment values for the Adult 

and the Toddler model. Statistical analysis did not reveal any 

differences between both despite the large magnitude of some 

of the observed differences. Lack of statistical significance can 

probably be attributed to the observed large inter-subject 

variability (cfr. large standard deviations reported in table 1) 

and the small sample size. A power analysis was performed to 

identify the number of subjects that should be included in a 

follow-up study so the observed differences would become 

significant at a significance level of 0.05 with a power of 0.8. 

This analysis revealed that the observed differences in peak 

knee joint flexion/extension moment at loading response, peak 

hip joint flexion/ extension moment at loading response and 

pelvic moment peaks would become significant when 

including 30 subjects in the study. Therefore, this preliminary 

study will be repeated with a larger number of children (n = 

30). 

 

Most striking are the differences between the Adult and the 

Toddler model in peak knee joint flexion/extension moment 

and peak hip joint flexion/ extension moment at loading 

response. When these differences are expressed as a 

percentage of the mean they reach a value of 151% and 39% 

respectively. The Adult model always seems to overestimate 

the net joint moment peak. In older children, 7 to 13 years old, 

choice of method for calculating anthropometric parameters is 

reported to have a negligible effect on the calculation of net 

joint moments during gait [6, 8]. On the other hand, Rao and 

co-workers did find important differences in peak net joint 

moments when comparing different methods of calculating 

anthropometric parameters. The largest difference they 

observed had a magnitude of 20,1% and was found in the hip 

joint flexion/extension moment during swing [9]. 

Differences of the magnitude we observed are likely to 

influence clinical decision making. Thus further research is 

necessary to confirm the importance of using toddler specific 

inertial parameters in inverse dynamical analysis. 

 

CONCLUSIONS 

Should toddler specific inertial parameters be used in inverse 

dynamic analysis of locomotion? Although statistical analysis 

does not provide significant results, probably due to the small 

sample size in relation to the large variation in this age group, 

our results suggest that it might be better to use toddler 

specific inertial parameters as adult inertias lead to an over – 

estimation of some of the net joint moment peaks. Further 

research is necessary to confirm this observation. 
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Table 1: Comparison of peak net joint moment values between the Toddler model and the Adult Model. Mean, standard deviation (STDEV), 

difference and percentage difference (difference divided by mean x 100) are reported. Also the level of significance for the Wilcoxon – signed 

rank test is shown.  

  Toddler Model Adult Model Difference (Adult – 

Toddler) 

sig. 

  Mean STDEV Mean STDEV Nm/kg %  

Peak knee joint F/E moment at LR Nm/kg -0.014 0.176 -0.034 0.185 0.021 151.1 0.161 

Peak knee joint F/E moment at MSt Nm/kg -0.225 0.181 -0.242 0.195 0.017 7.8 0.917 

Peak knee joint F/E moment at PSw Nm/kg 0.126 0.098 0.126 0.098 0.000 0.1 0.674 

Peak hip joint F/E moment at LR Nm/kg 0.370 0.343 0.515 0.305 0.146 39.4 0.260 

Peak hip joint F/E moment at PSw Nm/kg -0.437 0.225 -0.432 0.147 0.005 1.1 0.767 

Peak hip joint Ab/Ad moment 1 Nm/kg 0.529 0.243 0.564 0.215 0.035 6.6 0.953 

Peak hip joint Ab/Ad moment 1 Nm/kg 0.468 0.260 0.473 0.206 0.005 1.1 0.314 

Pelvic Moment peak 1 Nm/kg -0.487 0.564 -0.458 0.544 0.029 5.9 0.180 

Pelvic Moment peak 2 Nm/kg 0.108 0.461 0.120 0.446 0.012 11.1 0.180 

Thorax Moment peak 1 Nm/kg -0.009 0.100 -0.011 0.098 0.002 16.5 0.317 

Thorax Moment peak 2 Nm/kg 0.007 0.041 0.011 0.035 0.004 53.5 0.317 

F/E flexion/extension – Ab/Ad abduction/ adduction – LR loading respons – MSt Midstance – PSw Preswing 


