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Development and validation of finite element model for
6-year-old pediatric neck
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Abstract: Objective To predict mechanical responses of neck injuries under different loading conditions based on
the finite element model of 6-year-old pediatric neck. Methods The finite element model of 6-year-old pediatric
neck with real anatomical structural muscles was developed according to the CT images. The model was verified
by reconstructing the dynamic tensile test of different cervical spine segments, the tensile test of full cervical spine
and low speed impact experiment of pediatric volunteers. Results The force-displacement curves, obtained from
the simulations on tensile test of different cervical spine segments and tensile test of full cervical spine, were in
good agreement with the experimental curves. The head angular velocity-time curve obtained from simulations by
pediatric volunteer was consistent with the corridor obtained from experimental data. Conclusions The model is
validated and can be used for studying the biomechanical responses and injury mechanism of pediatric neck under
different loading conditions.
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Fig.1 Finite element model of the 6-year-old pediatric neck
(a) Full neck model, (b) Muscle model

(b) WLAER

1.2 FEHEISE

Fh T L ZE AR 6 14 T R 52 3134 22 PR BRI
5 [ SCHRAR AR L 28 AR 2500 0, H AT 8k
JLEEAS FRITHE RIS SR FH BRSO i 46 7
I,

ABFIE,6 % LI SUHEAR R BT R B R 2
BT A A0 N S RO A, R 1 4 i 3R RO
RSB SCIR R HTS . E 6 % LB HHER
BB R BN 0. 656 2771, McCalden 25 fif
FER IR, A TR B U B B A 0 1 T /)



B3R, % 6 FILE2HHMTERHEEREIE
LU Wen-le, et al. Development and validation of finite element model for 6-year-old pediatric neck 97

AN 10 2 /N 10% o H5 BN AFE I8 35 5E M 40
B MRS 6 % L3 SUHER R T A 1) 4
W ZRCH 1,52 0 3 3k SCHR AR AR BN S 3 TR R
JRE SRR M8 1.0 ~ 1.5 GPal ™ 1100 ~
500 MPa'>2"" 1 4 il 2 BRSO B PE AR AR 5
W R Sy 6 % LB S5UHE B B A RS 8

JLEE S5 AR e s A e 2%
£1 6 FILETHERBNHBSH R B TER

Yoganandan % [R5 46 S0V BRI 4R
WOE SN 0. 861 R 21 i 35 | £F A 3R 27 2 | AR A L
WA AR BOE L 0. 734 i FHER% LT A RS2 i1
T3 BREBLR BB IR R S 8, A BE S
R AL RHE TR S B G R i A
B LU BB 2 s B S AR 2 B —
B BORITR AR S BN 1 R

Tab.1 Material properties and element types for FE model of 6-year-old pediatric cervical spine
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Fig.2 Simulation setup for C4-5 vertebral segment of
6-year-old child
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and speed curve

2 #R5WR

2.1 JLEHHREHEE R MRS IEHE

Bl 4 i3 R 05 ZR 50 A Luck 4510 R W] S04k
BEPARSZEG ) F-1 iZEXT e, B 4(a) i 0 ~C2
MEBCH F-1 thEeaT 0, 72565 1 W qE 302 /1, £ Fth
&5 PRSI W) A H8AF . SO EIER S 1 0
fE AT, O ~ C2 M B2 Y 78 I 45 Hh B JC RL, A
(R AFL 1% PRSI B /N 9. 3% o Ty de RAE
BRAE ST BB A5 T 453 < B, Rt (%) 7 4 2 56 B i
IN6.0% o Fihb WG BV R B 3G £, J1 08N
A R . 1B 4 (b) s Ry JLESHE C4 ~5
HEBEY F-1 2R, Horp S22 T 2k 45 0 e m 4 Bk
WA R SEG i 2k, T DL & B Sk i 2R AR Lk # e
BWE . S =M 5K 6 & LE C4 ~5 RS
YRS H IS 1 AN E R R, B RS RS
JUA S AR ) ) 2% SRR B 43 i oA 26, 5% Al
1.3% U UM AR R AE 1 AN, C4 ~ 5 MR
()5 BT T 0B 2R 280 RS 2 AV AELI , 8 )ty
B I G R AL 25 18 B RAE R, 5 A0 il
PERI) AT ISR AR B T 0 R A AR A A R 1)
WK, B4 (c) I i LE C6 ~ 7 HEBL i H
RIEFTRSZIR A F-0 ik, @t xF &k B, 4%
it 2k A2 AR SR Ry — B, O LRI A5 1 ) i 0
{H AR KA (20 RIFRR ) 5 RS0 25 R0,
HHARE R 2 SRR I 4. 2% F19.8% o Y4 1{)
FLHRER LA 1 AN (E I, C6 ~ 7 HMEBL Y 5 B
JRIEB A RAL 2 1 IR B RAE R, BRI R 2R AL
BB RGO 2, e )5 B F e 1)+
A R AR 5
2.2 EHHRNHIRKEEIE

K5 ffsh 6 % JLEE S aiHER A 17 Bk 3145
1 F-1 fhk, 315 Ouyang 200 ) )2 B AR S
SERANT o 5 BRI F-1 iR A a3 5 7k
TH B AT, YA AE 0 ~ 13,44 mm Al
22.20 ~24. 15 mm i [FI 0, 05 BRI 245 19 S
PRSI 2 K 5 (1 BRI T ) ) SR A b AR S
BEAE/IN 2. 4% , H J7 3K 8 5 RAG BT, f B A
Cl ~2 R FF IR RAL, I C3 ~4 AR il
JBAHAT F-1 iRk B i KB G 2 TR



B3R, % 6 FILE2HHMTERHEEREIE
LU Wen-le, et al. Development and validation of finite element model for 6-year-old pediatric neck 99

—O~C2HEHE
-=9 % JLE O~C2 L
o 6 % )13 0~C2 szuglil

— C4~5 fiEHHE
——12 % )LE C4~5 i
S0l 6 % )LE C4~5 szgplil

— C6~T fiEH
=9 % JLE C6~7 LR
ot 6 % )L C6~7 szl

7N /.,\\

1.5F e ‘\ 1.5F N
Z10 : | S - v
E . A,//» E . . // 0 :

0.5 #* 05F 7 !

7
1 1 1 1 -/'/ Il 1 1 1 1
0 2 6 8 10 0 2 4 160 8 10
[/mm //mm [/mm

(a) O ~C2HEEL
B4 JLEFHSHSHEGEREMPEIEN F- %

(b) C4~5HEE:

(¢) €6 ~7 HEBL

Fig.4 Force-displacement curves of pediatric cervical spine tension test in simulations and experiments
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Fig. 5 Force-displacement curve of full cervical tensile test for

6-year-old child
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