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Abstract:

Background: In recent years, many intact finite element models of different percentile adults have been
successfully constructed by many domestic and foreign researchers, while the development of finite element models for
children was restricted by ethical and other factors, CT data, material parameters and verification data used for
modeling were difficult to obtain, which was a major obstacle for the development of children's finite element models.

Objective: This paper is aimed to illustrate and study quantitatively the anatomical differences between a
six-year-old child and adult, which provided new data reference and basis for model construction and children injury
studies.

Method and Material: The anatomical features of head, chest, hip and knee were observed and measured by using
medical software MIMICS based on CT images of a six-year-old child and adult. The relevant structural data of the
main bones and soft tissues was measured and compared.

Results: The area ratios between the six-year-old child and adult were 86.79% for the skull and 79.90% for the
brain, respectively. For the child head, differences existed in anatomical dimension; degree of body development, in
the anterior-posterior direction was more developed than in superior-inferior direction. The occipital lobes were more
mature than the frontal lobes. The joints of the six-year-old child exhibited with thicker cartilages, indicating the
ossification process was not yet completed as adult bones.

Conclusions: The differences in development of various tissues sizes and directions between six-year-old children
and adults indicated that children are not simply smaller versions of adults, so the finite element models of children
obtained by scaling adult model had limitations. The present paper provides new reference and evidence for model
construction and children injury studies.
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Figure 1. Schematic diagram of the head measurement
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Figure 2. Skull contour (a) skull contour of six-year-old-child
(b) skull contour of adult
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Figure 3. Brain contour (a) brain contour of six-year-old-child (b) brain contour of adult
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Figure 4. Sternum of six-year-old child (a) CT image of sternum (b) geometrical model of sternum

4. REILERE T oT Big; 0)KE/LTHRE

WhE R SRR B e JLE\ S 2R, WhE e O SRR 4575 % B AR, RS A I MR
Aerhty, T SCBLPI SR AN E5 ST B AL 18] 5 B oS % LA BHE . T i) CT R, MEnT B
K BNk RS A se 2 A, NS LRIk BhEE 55 A e A R R B RO HCE . FF R MIMICS
RBHEE,

@ (b)
Figure 5. Thoracic vertebrae and ribs CT image of six-year-old child and adult (a) Thoracic vertebrae and ribs CT image of six-year-old
child (b)Adult CT image of thoracic vertebrae and ribs
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Figure 6. Hip of six-year-old child (a) CT image of hip

(b) geometrical model of hip
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Figure 7. Patella (a) CT image of a six-year-old child’s patella (b) CT image of adult patella (c) sectional view of the patellar geometrical
model of six-year-old child (d) sectional view of the patellar geometrical model of adult
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Figure 8. Femur (a)CT image of six-year-old child’s femur

(b)geometrical model of six-year-old child’s femur
(¢) CT image of adult femur
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Table 1. Head dimensions of six-year-old child and adults
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3k Fl/mm %K/mm Sk B /mm Sk /mm
6 % JL#E CT 539.44 174.91 165.12 215.28

GB/T 26158 511.00(P50) 152.00(P50) 206.00(P50)
, 174.00(P50)

4-6 %)L 536.00(P90) 167.00(P99) 213.00(P75)

GB10000 560.00(P50) 153.00(P50) 223.00(P50)
185.00(P50)

M 36-60 % 580.00(P90) 167.00(P99) 231.75(P75)

6 & JLEF/IA 96.33%(P50) 107.92%(P50) 96.54%(P50)
94.05%(P50)

JUsF(Pn) 92.41%(P90) 98.87%(P99) 91.91%(P75)

Table 2. Cranial contour area and brain contour area of six-year-old child and adult
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6 % JLE/BA 86.79% 83.05% 85.81% 79.90%
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Figure 9. Cranial contours of  Figure 10. Brain sagittal contours

six-year-old child and adult of six-year-old child and adult
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Table 3. Cartilage thickness of costal head and costal tubercle
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BhSRAL R B EE/mm  RhEETIALERE B /mm . Bk B B E/mm  ETRRE EE/mm
v afh v afh ? R A R A
Ribl 2.85 1.98 1.65 1.75 Rib7 1.98 1.70 1.28 1.16
Rib2 224 1.90 147 1.27 Rib8 1.96 1.71 1.67 1.51
Rib3 242 2.23 1.10 1.05 Rib9 1.95 1.76 1.51 1.52
Rib4 235 2.27 1.67 1.22 Rib10 2.07 1.67 2.04 1.64
Rib5 1.81 1.76 1.07 1.01 Rib11 1.96 1.48 — —
Rib6 2.53 1.99 0.97 1.41 Rib12 1.49 1.21 — —
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Figure 11. Cartilage thickness of costal head and costal

tubercle of different ribs
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Table 4. Relevant data of hip cartilage of six-year-old child
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A i 12.41 420 ATX 148.06
B i 6.09 5.03 B 3¢ 162.62
C ¥ 12.52 14.12 CHxX 260.40
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Table 5. Patellar dimension of six-year-old child and adult
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% L7 19 B JE 714 AKPITIA
/mm /mm /mm
6 % JLE T E () 16.82 7.87 15.66
6 % JLE M T (b) 28.04 15.88 2627
R HEE (A) 46.78 2242 47.62
a/b 59.99% 49.56% 59.61%
b/A 59.94% 70.83% 55.17%
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