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SUMMARY 

This study introduces a method to provide the geometry of a 

seated child trunk. It is performed by combining medical 

imaging data and anthropometric measurements. The seated 

three-dimensional geometry is obtained after a spatial 

interpolation and includes bones and soft organs. Resulting 

geometry is consistent with existing average anthropometric 

data and was used to create a finite element model of a child in 

order to simulate the mechanisms of injury during a car crash.  

 

INTRODUCTION 

A recent study showed that the children under 14 who are 

killed in a road accident in France account for 33% of the 

children killed by an external cause (accidents, suicide, 

homicide, etc.) [1]. The better knowledge of injury 

mechanisms throughout a crash, the more the child restraints 

systems can be improved. Existing crash dummies and 

multibody models can provide data on local forces [2] but a 

finite element model can besides provide more precise data on 

internal injuries [3]. 

 

The aim of this study is to get a three-dimensional CAD 

geometry of a seated child trunk in order to create a finite 

element model of a six-year-old child for vehicle safety. Two 

main methods are available. First, to scale down an existing 

adult geometry based on average child anthropometric data 

[4]. And second, to get geometry from child anatomic imaging 

data [5]. In this case, the geometry needs to be converted in 

seated position. This study is based on the second method. 

 

METHODS 

Medical imaging data were first acquired from a CT scan 

performed at the North Hospital of Marseille, France. It was 

performed to a medical diagnosis purpose on a child and was 

then used for research with approval of the hospital. The 

subject is a six-year-old girl with no pathology which could 

bias the geometry of the organs. The CT scan was performed 

in supine position at full-suspended inspiration. Imaging data 

were analysed using Mimics Medical Imaging Software 

(Materialise Software, Leuven, Belgium). A segmentation of 

images based on threshold methods was used in order to 

define the boundaries of the organs. A visual control was then 

performed slice by slice. Boundaries of the organs were 

manually corrected if necessary. 

 

Complementary to these internal data, external anthropometric 

measurements were made to get anatomical landmarks in 

seated position. Curves of vertebral column and pelvic angle 

were particularly studied. A six-year-old boy sat on a booster 

seat. Measurements were done with a FaroArm (FARO 

Technologies, Lake Mary, USA) which is a three-dimensional 

coordinate measurement machine (Figure 1). Holes were made 

in the backrest of the booster seat in order to measure the 

positions of spinous processes. A similar method was ever 

used in order to create a three-dimensional CAD surface 

representation of a six-year-old child [6]. 

 

    
Figure 1:  External measurements: experimental setup (left) 

and side view of corresponding landmarks (right). 

 

Several bony landmarks were measured: 22 on vertebral 

column, 35 on rib cage, 5 on pelvis, 3 on sternum, 4 on each 

clavicle and 7 on each scapula. Based on these data, the CAD 

geometry of corresponding bones provided by the CT scan 

was placed in seated position. A kriging method for 

interpolating spatial data was then used to set soft tissues from 

supine position to seated position [7]. In our case, the 

geometry from the CT scan was interpolated thanks to 

landmarks from bones (Figure 2).  

 

RESULTS AND DISCUSSION 

Anthropometric landmarks from vertebral column, rib cage 

and pelvis can be seen in the Figure 1. We can observe the 

lack of lumbar convexity and the thoracolumbar concavity. 

Figure 3 provides a side view of the inner organs and bones 

geometries in seated position after the spatial interpolation. 

The trunk surface corresponds to the six-year-old model 

created at UMTRI [6]. Both models closely match. Several 

dimensions of the final geometry were compared with average 

anthropometric dimensions [8] and are consistent with them 

(Table 1). We can notice that the gender difference of 

geometry is not taken into account in the present study. 

 

Several precautions need to be taken into consideration in 

order to improve precision of the results. First, spatial 

resolution of the scan images has an influence on the accuracy 



of the CAD geometry. Structures with dimensions lower than 

the size of a pixel cannot be distinguished. Contrast of images 

has also an influence on automatic segmentation. The CT scan 

with the highest contrast and resolution was then selected 

among available data. Then, the movements of the subject 

during external measurements decrease the precision of the 

results. Movements of the subject were then restrained so far 

as possible.  

 

 
Figure 2:  Side view of trunk geometry in supine position 

(left), bones placed in seated position (middle) and trunk 

geometry in seated position after spatial interpolation (right). 
 

The spatial interpolation due to the transformation of 

geometry from supine position to seated position leads besides 

to approximations. However, these approximations were 

limited by a qualitatively check of the geometry by several 

paediatricians and anatomists who validated it. This geometry 

obviously corresponds to a unique subject and is not an 

average geometry of a six-year-old child. However the final 

geometry is consistent with the average anthropometric data 

[8] (see Table 1). 

 

 
Figure 3:  Side view of inner organs and bones geometries in 

seated position and UMTRI skin model [6]. 

 

This method was finally chosen instead of scaling an existing 

adult geometry because it is the most relevant to obtain a 

consistent geometry. The ratio between the dimensions of 

organs and their relative positions effectively change during 

growth [9]. A scaling method could then lead to 

inconsistencies in the geometries of organs. Yet, it could be 

interesting to compare statistically the results of both methods. 

 

CONCLUSIONS 

The method described previously leads to a consistent three-

dimensional CAD model of a seated child trunk. This 

geometry is a base for the development of a finite element 

model of a 6-year-old child in order to simulate the 

mechanisms of injury during a car crash. It could be used to 

improve existing restraint systems. 
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Table 1: Comparison between anthropometric data (mean  SD) [8] and the dimensions of the final 3D geometry. 

 

Dimensions 

(in mm) 

Acromion-

seat height 

Abdominal 

depth 

Thorax  

depth 

Bi-trochanter 

width 

Bi-acromial 

width 

Bi-iliac crest 

width 

Anthropometry 411  26 165  21 155  16 228  14 268  19 184  16 

3D geometry 418 152 161 244 287 182 
 


