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Biomechanical Response of Cervical Flexion and Extension
of 3-year-old Child
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Abstract: The finite element(FE) model of a 3-year-old child’s head and neck was used to investigate the biomechanical
response of the child’s neck during flexion and extension. After improving the accuracy of the present FE model of the 3-
year-old pediatric head and neck, the neck bending experiment of the child cadaver was reconstructed to further verify the
validaty of the developed FE model. Also, the effect of muscle tissues on the biomechanical response of neck bending was
analyzed. The results show that the neck rotation angles and torques in the simulation experiments agree with those of ca-
daver experiments, which justified the validaty of the new FE model. The new FE model was used to study the biomechani-
cal response and injury mechanism of pediatric neck under different loads. In the simulation experiment, the rotation angle of
the neck with muscle tissue model is obviously smaller than that without muscle tissue model, and the maximum strain of
cervical ligament with muscle tissue model is also smaller than that without muscle tissue neck model when bend-
ing. Therefore, the effect of muscle tissues must be considered when the FE model is used to investigate the biomechanical
response of pediatric neck.
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3-year-old children
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Fig. 2 Pediatric cadaver test and CAE simulation setup under bending load conditions
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Fig. 3 Moment-rotation data of all cadaver specimen
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Fig. 4 The maximum strain of neck ligament in flexion bending test

e 2B ey AN [T, AN [RIARE B 8] PR 40 e Ky A%
AN]SR | AT | BERIT 1A B (R B f
BN IRV i R SN OB NTT(T NN e O ) O e 11
PO A, Hodh C1—C2 [A] 305 B A B ok ok F)
32% ; X TREAI B, Co—CT [ hfh i, i
KIAS R 20% ; BERNHIFE C3—C4 MEBR AR fe KN
30%. JEEXT L ICHLRRER S AT (LA B R g 45 SR AT A

RIL, A LAY ) foe FON AR 3k /N IC L AR
AU LS, BITE S 25 thiz shad B b, LA 22 n]
DAA R8N SR B0 1) e KW AR, DT AR AP 3903 )
5. [ARE, X BB O R I, LA
AN Ei AT WA NS /i 8 N R A 1 1 i

e (5 BB TR OR [R) S R 2 e T SR ISL
SSL Al CL Wy KN AZ U & 5 fis.

20 20

m C3—C4 8Cl—C2

N o C4—C5 X oC2—C3
Iy IST mc5-—C6 157 ac3—c4
E o C6—C7 e o0C4—C5
2 10} ®C7—TI 7 10f ®C5—C6
= ﬁ B C6—C7
% st = 5| °C7—TI
o s

20 o (C2—C3

a C3—C4
15t = c4—C5
m C5—C6
10} @ C6—C7

A

i JEEC LI 25/%

0
CAE1CAE3CAE1CAE3CAEI CAE3

0
CAE1CAE3CAEICAE3CAEI CAE3

0
CAEICAE3CAEICAE3CAEI CAE3

-0.8 N'm -1.6N'm -2.4N'm -0.8 N'm

(a) ISL p7s

-1.6N'm -2.4N'm

(b) SSL Jii78

-0.8 N'm -1.6N'm -24N'm

(c) CL W78

5 MRIBFIMHERAMLE

Fig. 5 The maximum strain of neck ligament in extention bending test
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