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Study on Development and Validation Method of Finite Element
Models for the 3-Year Old Pediatric C4-C5 Cervical Spine
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(State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan Univ, Changsha, Hunan 410082, China)

Abstract : Based on scaling and nonlinear-fitting methods, the material properties of the 3-year old ped-
iatric cervical spine were acquired. A specific scaling method for the mechanical properties of the pediatric
cervical ligaments was proposed, and the C4-C5 cervical segment finite element model for the 3-year old
child was developed with accurate geometries and anatomical structures and validated under quasi-static and
dynamic tensile loading. It was indicated that the simulation responses were consistent with those of exper-
iments, with an quasi-static tensile stiffness of 211. 8 N/mm, a dynamic tensile ultimate failure force of
759.9 N and an ultimate failure displacement of 5. 083 mm in simulations. In addition, the force-displace-
ment curve in the dynamic tensile simulation was also similar to that of the experiment. It can be concluded
that this model is able to reflect the quasi-static and dynamic tensile mechanical properties of 3-year old pe-
diatric C4-C5 cervical segment with higher biofidelity.
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Fig. 1 Finite element model of 3-year-old

child C4-C5 cervical segment
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Tab.1 The material parameters of finite element model of 3-year-old C4-C5 child cervical segment

EiEAEN HITH R RS R [IREE 2 By &R
. .. =1.61 g/cm?®, E=13 524 MPa, ,=0.3 _

L A 1 las © " [8]
Bz G N power-law plasticity K—354.8 MPa. N—0. 277 2 0. 805
. . =87.7 3, E=234 MPa, ,=0.3 -

/g aXLIRLS power-law plasticity 0 K:gécr; MPa. N—0. 2;4 ’[I 0. 80508

. =16. 5, E=4 481 MPa, ,=0. :
&My BT power-law plasticity p=16.1 g/cm’, E=4 481 MPa, x=0.3 0. 805 8]

K=153.2 MPa, N=0.277 2

m=3, n=2, C;=1.534 1 MPa, b=1,
Cy;=—1.652 MPa, b,=2, C;=0.624 MPa, b;=3

| dmsgepdewgme o osefoc Fabric o Bihemdegse o 0.70500
__________ Wi oAwtk o Fud oo Kzl720MPa 1
R AL L Isotropic elastic  p=1.36 g/em’, E=25 MPa, p—=0.4 1o

TR B

R R PAYITEES Isotropic elastic 0. 80597

R R
CNKHECE N Tsotropicclastic =136 g/em’, E=7.82 MPa, p=0.4  0.7820%
N Wi i S Nonlinear —  ~ ~ h-tigm&k 07wl

JUIT 4 7 2 B Gs 0. 637010]
2.2 HEBHESH B2 & T RAR DO ETEN AR

ME 5] 28 3 B /4T 4E 20 BEAZ | M A Kl (3):

s R 2T 4 BR ) 2 4 3R 9 i B g s,
1:@5/?’/\T’$jﬁﬂm’$rﬁij%ﬁﬁ&%%ﬁk/\ EPE’JjJHE"% Sl _ ZCJ(A/l]»/il _Am7]> . (3)
AL N 2 R 2 7

MR N 2T 4 25 B 5l 7 S 56 Bl K 3 %
SRR L 2T 4 BR MR 4 0 2 L 0. 70557, B AT 3k 45 L %

A R EIVA DI R (RS S 4 &N S a4 N 27
A 2R - LK (3) 9 H AR s Bt A7 L& Uil 3
Pes) s FE GRS 80 C M B, (L3R D).

4 R IGRET

0.14p '
" Datridis SEREER
0.12 Bl
0. 10F
0. 08f
R 0. 06
. TN _ &l BB
B2 3% )UE A A A R AR A EOM-
Fig. 2 Finite element model of 3-year-old child cervical disc H 0.02k
B RS
2.2.1 IR A ol
A % MAT_HILL_FOAM b K 0§ £F 4 5 ool R
SE B Al 2R M 27 R B M S 2 A 0 v e
A5 PERE. AR AR N 2 (D). B3 3 %)L oF 43R AT A A S e i
1< . . o . Fig. 3 Curve fitting of 3-year-old child the
S = /‘T 2 G [/1{/ — ] :| 1 =1,2,3. (D annulus matrix material parameters

=1

A A0 s AP AUNIZATRE 3 A TT R R T
=X eds AR C) 0 0, PRS0 O 48
PEREH B0 S o0 RN ).

2.2.2 iR EATR A K
3 2 0 0 6 27 0 B W o S ) 1
T e £ 4 L1 3L T A A9 I 1 £ 4 36 2 160 41 % Py
TR ESPES G A 2% .S, = 3 — UsA1 = 0z ° s \
PO AR S TS TONT s A R 45T AU 4 4
Ao AT AL 44 WEIGE 27 4 B £ 1 S R — 2 %8 Y (5
As = A (20 4Ry £25°, £32°, £39°, £45°, P« MAT_



i

WA 3 % L CA-C5 FiMEA B oC B 7 05T 11

FABRIC RS A0L. MR 55 0 AHE (0] 455 19 Jin 9t 2F 4 3
R AL S B K 3 % )L A ) 45 R R 4 i R
B0, 7050 BT R4S 3 % L HE E] 45 0 5 2T A
TR B 7 - IR R IR 4 iR,

2.2.3 BiM.ERMBIRF LA F AR

ARSI AR M BB IUBE R, 5 2 M B S50
WA 5 L » MAT-ELASTIC #4 K} 45 ) A4 K
M B 2B 2B, I 4 S0l UG 3 PR S 4 O 25 MPa,
21,25 MPa""", L3 1.

TE LA 2 A T 5 A ) 355 2R W0 H K A TR £ 2 3R
SRR MY BE R AL IR I AR S I R B
B AMSG A KA — 0 7 2R A SRR AR M [R] 4%
IR AR B A [ 485 25 &% 7 571 NU'™ R L 3 A 1)
R I AR R KA 3 8 LR AE A 5k sk
163 N. A ] 3 2k 8% 7 55 2F 4 B4 Jon 5t J A8 46K 1
R AR 13. 8 MPa a2 SRy M ) 85 22 2008 f1H7.

16

(=} Do L [<2) @
T T T

0 0.05 0.10 0.15 0.20
g

B4 3FILERMLERMBLHERL - KWL

Fig. 4 The stress-strain curves of 3-year-old child

annulus neck reinforcement fibers
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Fig. 5 Regularization curve of 3-year-old child

ligament force-deformation
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Tab.2 The comparison of the results of cervical disc
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