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Development of a Finite Element Human Neck Model for Neck Injury Analysis
- Application to Low Speed Rear-End Offset Impacts -

Jo Hui Chang and Kim Young Eun
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Abstract

Compared to previous in-vitro test, FE model showed reliable motion patterns. A finite element model of a
50th percentile male neck was developed to study the mechanics of whiplash injury while the rear impacts.
The model was consisted of the whole cervical vertebrae including part of occipital, intervertebral discs,
which were modeled using linear viscoelastic materials and posterior elements. The sliding interfaces were
defined to simulate contact phenomena in facet joints and in odontoid process. All ligaments and atlanto-
occipital membrane were modeled as nonlinear bar elements. Only muscle elements were not considered.
Motion of each cervical vertebra was obtained from the dynamic simulation with a MADYMO model for 15
km/h 40% rear end offset impacts. Soft tissue neck injury(STNI) was investigated with a developed FE model.
In FE model analysis, the high stress was appeared at C3/C4 disc in offset impact. Further research is still
needed in order to improve the developed neck FE model for many different crash patterns.
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Table 1 Size of the each cervical vertebra(mm)

vertebra | a b [ d e f

cl 419 64 19.3 - - -

c2 43 50 37.7 - - -

c3 40.6 146.2 16 14 143 23

cd 425 462 (179 10 144 23

ch 443 (441 (197 |11 |146 |26.1

cb 52 47.4 17.4 9.7 14.8 |26.2

c7 558 469 |195 [125 |[155 [268 Fig. 2 FE model for the part of occipital
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Table 2 Material properﬁes of cervical spine

oung's | Poisso—
Part modlﬁe n's ratio (iz::;) El:syn;znt
(Mpa) | (Area)
Occipital|  Cortical  [10000 | 03 | - (Cb;]g‘;)
o Trabacular 4500 0.3 - 1
Atlas Junk 10000 0.3 - 1
vi'::- (Cn Transverse | 19.67 | 0.3 - 1
Axis Outside 10000 | 0.3 - 1
(C2) Inside 4500 | 0.3 - 1
Vertebra| Cortical bone | 10000 0.3 - 1
(C3~C7)| Cancellous 450 | 025 | - 1
. truss
Cruciform 10 0.3 |0.134 (T3D2)
Alar 8 0.1 i
Apical 10 1 0.12 1
Accessory 10 1 0.09 1
Nuchae 20 1 0.06 1
C0~C2 TECT 63 1 0.1 1
ALL 24 1 0.5 1
Liga- PLL 1 1 0.49 1
ment
;}gﬁﬁmgx w25 |t jos| 1
AAT_OCCM 10 t 0.5 1
PAT_OCCM 10 1 0.13 1
ALL 30 1 0.22 1
PLL 50 ! 0.5 1
C3~C7 CAPS 10 1 0.05 1
LF 4 1 0.5 1
ISL 6 1 0.1 1
Annulus matrix | 3.0 0.45 - (g?;g;)
Disc | C2~C7 | Annulus fibers | 250 0.3 - rebar
nucleus B _ _ thydraulic
(F3D4)
Atlanto-Occipital 2(contact surface)
Cont-| co~c2 Atlanto-Axial T
act Atlanto-Dense 1
Transverse-Dense t
C27C7| C237C67 Facet 5(contact surface)

*Accessory : deeper part of tectorial membrane

*TECT : tectorial membrane

*ALL : anterior longitudinal ligament

*PLL : posterior longitudinal ligament

*AAT_AXMEM @ Anterior atlanto-axial membrane
*PAT_AXMEM : Posterior atlanto-axial membrane
*AAT_OCCMEM : Anterior atlanto-occipital membrane
*PAT_OCCMEM : Posterior atlanto-occipital membrane
*CAPS : capsular ligament

*LF @ ligamentum flavum

*ISL : Interspinal ligament
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(a) Side view
Fig. 6 Developed human neck FE model

(b) Anterior view

A4 AeE 24 ALE AA) AFEAS
ez gl

25 stE=U

917 S (upper cervical, CO~C2)¥-7} ol A3F
(lower cervical, C3~C7)%-9] &5 Hl& fAstn
T & A% Hole ME Zoldt EFEALCD
2d& ¥x Rt A5 E AU

A 71Ee 484 vuPgFE A 9
AFRAE A2A4FY R E 348n FF
F A1 BFe FEFAE THeE FFE
AR ARG &dFS F7IAT Zo] 100
9] Z2E(r0d)E A A8t}

7)ol AF:eFe 2= g HaletEs F
o] FA(flexion)® A H(extension)A] 121 ¢
B ¥ (lateral bending)¥} = 3] H(axial rotation)A] 2} 3
AFE Absigich
A ol FF R % stAVIAZ C7 9o SR
ARG F C2 9 HotE7] TR HARLY
35S F719% Aol 100mm & EE(rod)Z
233te 7} sFFeld qE gAZFE AdEA
o}, 292 ABAQUS(VER 6.4)91A AT + Q=
& 249 st

26 T QIM ZEA9 HdU 25

A&EZH FEA Zt A3 HdF 5%
T38t7] Ha AAxF] FENFDLEZRE do
7t4 % dlolElE MADYMO Edo] d33to] A
Ed oM st

FMATHE ol g3l BN AE=S 2 A
TdolM 2zt BF FARY] HAFE T, o
£ oA 27 3 FAH FE ER99 7+ AF
THAA st Mty ARz A3 9
A

to, nfu

S

o
=
A

KA

He PHES stk
FYFE] e ISR Wt AA AL

WACR 15 kmh ASFW 40% LEA FEAW
< JEYH TH7E ol TENEE B 7



Acoe k rB10) (N 82)

T T T T —
o0 - 04s oz

Tim e(sec}

Fig. 7 Variation of vehicle acceleration

Mo,

Fig. 8 MADYMO Human model

t} Fig. 7A€ ol9 Ze WHo=
AFAEAM Y 7tEE A E BT
A&T oXA FEA 4 AF9
MADYMO € ©]-8-3e} 7'¢€ Fig. 8
o NERE FE /MEE 2% 4
Aok A=H2EY YA A
¢ 2l 80-30mm(backet-height)S B35 0 Al
Z 249 EAAT @A FIE dTFddAMe @&
W2s ALES QT

3. 23t 2 B9

31 FE 24 HZ

ABFHCOCHANY AFL e B2
oA J1Ee] A¥dse} A EHH AHE M
3t

&4 A1 Fig 9ol 9t Zol EFF(Co) F
A7 JddZe dgazed oz 37 dehia
Cl19Y A% ZAAME gz dAsgeoy AA
& & #%e Holm Yo
3 AFAE Fig. 10914 B F 9%o] &

P
FHlA coo A ApHoz

fox]
=
AT

Ernd A 917

—a_ cOOout™
04| —a—c1oce - -:
- ome - COBMuBTON s
A} - e ¢ 1-9IMumIn ———‘
5 ﬁ a4
e 0 )
H } a—a—
a L)
gof LA
=18 -/ ..J!_.
= _~"Extension Flexion
25
T v T T T 1 Ui
o3 02 -a4 [ ):] [+K} Dz o3
HMomenkhm)
Fig. 9 Flexion-extension of upper cervical C0-C1
% —&— CO-Ceett
—b—C1-Coe)
- - CO-Bimusaion
o] | -e-C1-Bmusin //:
g . a / . .
=
8 -
g 0] .
b - - <ol
o A
PE—
04
pm o  om  ois 0@ 02 om
Mome s tNm)
(a) Axial rotation of CO-C1 at lower range of motion

g : :;__.-’:. /

15
Mome stNm)

T
o

(b) Axial rotation of C1-C2 at high range of motion
Fig. 10 Axial rotation of upper cervical vertebrae

2oh JA YEa C1 9 AS A dHoM G
ZAF#E wgon v sNm o] dgdqAE
¥ s vEldnh

o7 AFR(CoCAAM Y W FHRE s=9 A
FA% vl 2l gIAS HAEERT.

I AF A ¥ Awtroz A
B fARE AFE Bolm Jdom AMHoR
Moroney'¢] A@AFAAE A A= A
€ vl dArh Fig 11, 12 & Z7) olol tid



918

Reatation(deg)

Nome » tqum)y

h
L

Fig. 11 Flexion of lower cervical C2-C7

%" [ IMoroney'™
Ve Simulatian
d| B2
=z
477 Tz
v 247
-1 VY,
w® o o'y
B
e |  Fexo Rotator
2 {
..?
Fig. 12 Deformation of lower cervical C2-C7(in

(14))

moment 1.8 Nm

Hu2AHE HoFia o

32 Fet uM =Fof w2 Zo

MADYMO #2423 E48 dAdol dyH
= ANAUsms)ol Azt AFE HYHF dolHE
fteh 22490 AZHEY SINI AEE Q)
a3l ). :

MADYMO AlE#lo]d s Awtne AEY
E Cl(atlas, BF), Caxis, EFI)E #Hg ¥

LA F 150ms F2olA meleh €1 & AAH
tiEe] Aoz ojFo] WM C2 diM T e
¢ C1 o FgolFel AP qFe2 =] TA
ar3iet. '

olf AFRAIME 150ms FIAA ARz
ol g ¥ ulae Aol WA AAHA AT
Fele vlastAT AFF5 AWH opA P F
o) 2Ad g “s” 2 Feje AFol Ve
Fig. 13 ]lAE ol dejdlAe W34 FE 2d& X
AF gl

ojo} Z FAS o]F ol wel AFZHA
of wtale FE Y AF Fa dd F AF A
o FEFAdelME Aoz A yetgon

flo

Fig. 13 Shape of cervical spine FE model at 150ms

C2/C3 Atoldl 9% #AF QoA Hude=z
2 e RYT) olE CC3 FUVRE wiZdom
AR o] ZA 3} 8o A 23 c2/c3 FEG <
ol A Q18- Frtoll 71U Ao g Hh

43 A= &= Fdy Al FoiF
oz =/ velhged ol T Xy FEE Q
3 AR 3Ao] o FH¢ HA/L SAEAt

FAiLF)et SAasLyl e Hukd e
2 A Jeied ole Z AFE FUSEVY
Azl z+ Adie] A fA ZAoldM o= A
2 xolt}

9 AR co/c2 oA FHFHAINSY Aot
At crC2 FolA Ax ghol A9 veldA &
gEd olE C1 o AFol Co 7 €2 Aol $X
A Co, €2 9 LEGES B FAld AdF
o7 WA AFEAS /MR T Yo AEFgE A
#a}7lel oz gol AATh

ol&d ¢ AFRd izt FAsuz FA A
2983 SEFEAA g FrEA AES ofF
o] Aok & AT WHch Table 30l 2 A
oA HAHL BFT o}

zt QoA HAEE ez} Ao H&
getg =g vluste 2 An sdtEd o2
7Aooty AFT /7 Yo FAAEIT &
AR e AHde d&2F £71 AAt
Z} ZAjo el 28 E¥o s a4 2 43
FZME C1 Fe 9% FHEFHA 850 Mpa
22 (von mises)o] AR LD, C1 AHE w1
tAe EFZae 9 FERHA o

=

=

=
rol';‘::._ga

B

R
lo
fu
s
ro

th C2 9 AE7|R9e FF BAdAMes HAY
1570 Mpa 2] 3-8 o] FA& 3t
T Cl 3 C2 9 94F HEZFYA 730 Mpa

9 $¥PFo] et Atz exma =
2o @ 973F%e HHol g Ao WY
o,



Al
=

o

243

e

Table 3 Ligament force of lower cervical

Ligament Force(N)
'C23 3
C34 0.5
ALL C45 3
C56 3.3
C67 4
C23 0.4
C34 2.1
PLL C45 0.5
C56 9.2
C67 1.3
LH 28
c23 RH 29
LH 23
c34 RH 28
lower LH 25
cervical CAPS C45 RH 17
LH 14
€56 RH 10
LH 22
c67 RH 11
C23 17
C34 14
LF C45 2
C56 0.3
C67 2
C23 4.3
C34 1.3
ISL C45 a
C56 0
C67 0.2
AAT_OCCMEM 119
CoC1 PAT_OCCMEM 0
CAPS-COC1 17/16
AAT_AXMEM 0
upper C1C2 PAT_AXMEM 0
cervical CAPS-C1C2 0
. __Transverse 15
Cruciform -
cocz | Fascicles 0
Alar(R/L) 0.2
Apical 81

(©) Atlas(bottom view)
Fig. 14 Stress distribution of upper cervical

(b) Atlas(top view)
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