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Establishment and validation of a dynamic finite element model of
human head-neck

GUO Ying-fu', HE Hong-xi', NIU Wen-xin*, CAI Zhi-hua'’ (1. College of Electromechanical
Engineering, Hunan University of Science and Technology, Xiangtan 411201, China; 2. Shanghai Yangzhi
Rehabilitation Hospital ( Shanghai Sunshine Rehabilitation Center), Tongji University School of Medicine,
Shanghai 201619, China; 3. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body,
Hunan University, Changsha 410082, China)

Abstract; Objective To construct a three-dimensional (3D) dynamic head-neck finite element model which ac-
cords with the anatomical structure, and study its dynamic responses under the external force. Methods By
using the neck CT images of a Chinese adult male volunteer and obtaining the 3D cervical point cloud data, the
finite element model of cervical spine was established using ICEM-CFD and HyperMesh software. This model,

including vertebrae, intervertebral discs, facet joints, ligaments and cartilage tissues, and combining with the es-
tablished and verified head finite element model, was assembled as human head-neck finite element model with
detailed anatomical structures. Results The model was validated by data of head-neck axial impact experiments
reported in previously published literature. The simulation results showed that the neck deformation, head accel-
eration, head force and injury positions were preferably consistent with the experimental data. Conclusions The
established 3D dynamic finite element model can be used to study head-neck dynamic responses and damage
mechanism in the fields of traffic safety and impact injuries.
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Fig.1 Geometric model and finite element model of the neck (a) Geometric modeling process of the cervical vertebra, (b) Finite element model

of the cervical vertebra and intervertebral disc
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Fig.3 Contrast diagram of experimental loading and

simulation loading

2 #R

Pl 4 B g ARk SR 73 5 lf 48 — 15°,0° (15°
W1 T ) 5 R S 38 0 9 X FE 25 2R . i 3 ms 39
HEBLA K AW AIE 56 6 ms I C1 JF4f H B i
AR, 55 9 ms 1 T H VR RISUHEDT 46 Hh BRI 8 Y
AR o e - 150 WIPEF WS 5 b, AR 9 ms T 46
Cl ~4 BPRREAE, CS ~ 7 BB i, 4%
PREE S RIZEHE ;0° MR- 1T S 3 B 5 — 15° Wi
TSI AH AL, 0UHE 1 gy 5 B JRASE X, T g 22 B0



LR, & B NELF N FHRITEBIWIE
GUO Ying-fu, et al. Establishment and validation of a dynamic finite element model of human head-neck 397

X (B HSK R Bz SRR BN i S BRI A
B, IR SR E S 0° I - 1 52 560 A8 T 1, i
FUR I T D A5 R 5 15© WP T 52 56w, HEom o 5
= 15° 0 WP T S 36 AN TR, 24 3Kk A ol 15 ° WP
T, Sk #3228 w5 B9 45 F O, O 161 )5 732 3y, S
ek R IE AR, Hrb €3 ~6 IARIE ERK, 45
BRI 2k SR - 15°.,0°,15° 3 Rl [A) 2 A
T RIS EG TR AR

3 ms 6 ms 9ms 12ms 15ms 18 ms

(b)) O° P4 T flf i 7 L 45 R

e~ R Lo I s~ L s —

6ms  9ms Al2ms ‘15 ms 18 ms
(e 15° - T A S 5655 0 B4 RN 1L
El4 SLIARALESIE S5 E AR AR b E
Fig.4 Contrast diagram of head-neck drop test and simulated neck
responses (a) Comparison of — 15° rigid plane collision test
and simulation results, (b) 0° rigid plane collision simulation
results, (¢) Comparison of 15° rigid plane collision test and

simulation results

S 7 Sy Sk w48 g RUAIN 3o B8 A B 4 5 52
B2 poXS He g At o Sk RmiAE g £k 5 S Hh 2k m)
BEAF . O ms FHER Sk IERDE R S T s
SEEE R S MR- T A AR 43 52 ~ 3 ms, SkAR A
AP T )32 i 8 38 e K ) e A e i A v
P IR AR BEVE AR I  F Al 1080/ 55 ~ 6 ms, 4 ik
FIFRRIE I . R LE I 4 i 45 e 17 P1 & B, ey it
ZIMHE TL 1 16 kg S AE B 20 T IF 4R Bk,
e S A2 W AR I K5 0 A 388 310 3k 3, e 5 B0

NI K., ZJERBARG I A B iRsh, il )
BWTRENG o EAh , Sk B 47 T 4R FE AR 9 E 5
BIX AN, e 2wy G hr . R4 s 0 5 =t
2R 55 IR A DV 22 I B TR S
25 5 DA RSB IR 2 1 R o

Xof #URE BB R ROME [B) 45) B4 102 g 43 A
18 UL AT M S, Holzapfel 257 5 ot 21 4k 35 i1 58 £F
O U I B o S 00 2 B, M T 45 2T 2 BRI AR Y
PSS 2T 46 PR 08 2T 4 3 R o, BOAS SR
Von Mises W JI1E R T8 A5 , X5 2T 2 i 5 A A
BN 53 A A TR .

W 6 fTR,3 Fh T 00T 05 25 4 3 5 5 7
AL RAIEAR—, Sy FEAE R 5 5 4 )2
TP J 0 L5 I AR 100 985 149 37 7 X S o 7 A (1) 4%
(R M5 7 X e, 77 A A D DR ME S T 52 17 L I
32 1., S SOHE ] B RO 32 57 8 7, B 8 2 X
PUICHT 7 LG A ME (0] S50 0 A2 g o A B 28 A5
FIEIHBRAE C7 ~ T1 M) 88, vk AE C3 ~4 1 C4 ~5
MENRI R 1o [ A R Tyt B e G2 ~5 il
C7 MEMR DX IR, 33 2t THEE C7 FiMER & C7 ~ Tl
JERZ T1 |- 16 kg FHAYES 1 A4~ X 38, C3 ~ 6 HEfH]
FIE i AR Y SR K, R, 00
15° O, C3 G4 BB 28 X3 B0 T 48K N g, o2
H T C3 . C4 MHXHZ Zh #1852 (1 B0l by Xof B v i
(AR XS IZ sl A 58 X St in Pz g F: 80, im0,
i FE R C3 ~4.C4 ~ 5 CT ~ T1 ] £ A
C2 ~5 C7 MEfR X825 500

3 itig

A SCBE A R G R EEST TORS AASk B A
BROCARLR, ZRRIRAN T H AT RIS A AR LS
PSS TR it 1 225 ) L T Sk SR A3 0 107 A T] 28 R
T A B A5 A e o T G I BB 50 A 7R 7T £ Ay
U PR AR B0 — A e AL | SR 0o i 2 U347 X
S, B S PR DU T AR BT A S T BT , R R Y
J2 e Bz J £ JEE 5 LA B 32 1A

Holzapfel 252 3\ Sk , i £F 2k 15 A5 2 A 1) 46k 2F
Y FR 1 T B Iy, W A LEIR A ) 2
(SN, AR L CT G RI E 25 S K e,
W) 25 E 5 Y, 2T 20 PR R RIS 27 4, i 27
AR LA £25° ~ =45 fVTLF AR BRAE 1] £h A1 2 935



EREYMANFE $32% FESH 20175108

398 Journal of Medical Biomechanics, Vol. 32 No.5, Oct. 2017
121 121 121
o il F 2% o WsrlidiiiEo 7
. . -~ FRRmA | -~ FRRmA
< < — R % < — P EHL
R R R 6f/i
& & & |
i o # 4?’; ‘.\
0 5 10 15 20 0 5 0 15 20
t/ms t/ms
(b)0° 3k HRAlEE 7 £k
4001
350F
30 LIAF
% 250l - - TFiAFtheR
# # — R 2%
" 200
E 150}
100}

0 5 10 15 20
t/ms

(d) — 153K B2 fh £&

0 5 10 15 20
t/ms

(&) 0° K H sk BE ih £k

5 S ERHIE 71 FUANGE L 15 B £k 5 SR IR 4k X b

Fig.5 Contrast of head force and acceleration simulation curve with experimental curve

(c¢) 15° head force curve, (d) -15° head acceleration curve
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