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Abstract

The mechanical study on the anterior and posterior cruciate ligament(ACL, PCL) is of importance
because the recent increase of outdoor and indoor activities is directly related to causing sport injuries
on the knee joints. Constitutive models for many biological tissues have been known as hyperelasticitic
models. The elastic behavior of ACL and PCL may be described by the free energy function which
accounts for the matrix and the collagen fibers. This paper addresses a comparison of different types
of the free energy function to the existing results.
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Fig. 1 Knee joints diagram

A2} o1t (Cruciate ligament):= 7
oA FdEE A9 g wEA HEgS
v AY ol E “"Oﬂ e 4] e 2x =
A7 RIo7 9dd ¢ dE &2AVE Bk
53] A A o]EH(ACL)E 5 dd Sl 7t
& AT BAAE e FHelth. 2x x| figh
AniQle] #Alo] i el weh Ak Qg 9o
FAte] A% FEs S vk 1EEE A
ZF I di(Fig.1)et e AA Am ndel 71AZH
Aes FHoR HASE A2 Ta% Ao
o AR Qe A HgEAoln tiHd
(Large deformation)o] doji}i= AjFo]7 I
A 2aS Meste] 5284 A4S dolrol
oF gt}

Pioletti®”@<] &15-o] A= ACL(Anterior Cruciate
Ligament),  PCL(Posterior  Cruciate  Ligament),
PT(Patellar Tendon Ligament)e] A1#H-& z} 5744
ARgate] ARl AdS FEA 71EAD A&

(<]
<

delEl§ WEAT agm Al sl s
& E 174, $A%, 495 g F
T WAAe wEAgor 1 BN 4y

A
e, vy g, debd el st 71 sl A
2259tk Limbert®e] dFolA = Pioletti®2)
A% fo]E]E 7|Wro 2 Neo-Hookean® @& A&

Fd oARe duA Edd B4 Atach

pA

F

Limbert®e] eArol A= A w4 Hekd A
Aol 1%
2 E2g¥ol oA F o ol 2R
As wAg Aatadnt. Limbert®7} Alek
ACLZ} PCLol thd Al =L Pioletti® o]
A Zsel vlg # poren 1 AAS Eojz
B ools wqolA Aol AR AT
QTEOY L@ 1% 27o) wele] 2y
159 Fol Aol Wl oug Jez
o} A= dAFatgdon, Guo®e AT AE
Heje A4 248 TS G A= 2
AN ste] Z)Ee] e drut o He o
Al AR AT BPRe AU
BoAFe A= Pioletti®9} Limbert¥e] 2w s
Bz sl Q%] et ven @ v
A mEe] YA FulA F2 Pioletti® ]
@ oy ZAgo A T Q1Y st =
AolA A st wds fdede) Ads 48
al ZIAAQ) Ass EAskE AAHS skl

e |o

(o %0, oot

]

(

ol
_|_,

ne Lo Ao Hj Ry
o rlm i 2 > 02. ui
olr

ot rulo

HEAS e, 54 RRd gg oux
zad ol mekel 4g dlolEsh wmay
o,

244

2.1

00

W3 -l (Deformation Gradient) Fi= TR 7
o}

3
F(X,t) 8¢Xt 2

o))

iI= 1‘9X1
w3t Cauch-Green ¥ & Bl = &3 72O
Cc=FT.F )
WY E YA T =

=4+’ ®)

_ qey av_ o 0¥ | 9y’

§= 5o+ 8= 2| 2t 8.0) @)
7] A,

ge— 90U gv_ oy 00 )



Table 1 Used Energy Potential Function

Type Energy Potential Function
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Fig. 2 Simplified representation of a continuum
material made of an isotropic matrix reinforced by
one family of fibers associated with direction n0O in
the reference configuration.
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Fig. 3 ACL : Stress-stretch curves for the isotropic
hyperelastic law by identification with the analytical
curves from Pioletti's model. The loading scenario
corresponds to uniaxial extension.
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Fig. 4 ACL Stress-stretch  curves for the
fiber-reinforced isotropic  hyperelastic law by
identification with the analytical curves from

Pioletti's model. The loading scenario corresponds
to uniaxial extension along the fiber direction.
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Fig. 5 ACL : Polynomial type 1 : Stress-stretch
curves for the fiber-reinforced isotropic
hyperviscoelastic law by identification with the
analytical curves from Pioletti's model. The loading
scenario corresponds to uniaxial extension along the
fiber direction.
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Fig. 6 ACL Polynomial type 2
curves for the fiber-reinforced
hyperviscoelastic law by identification with th
analytical curves from Pioletti's model. The loading
scenario corresponds to uniaxial extension along th
fiber direction.
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Fig. 7 ACL : Exponential type : Stress-stretch curves
for the fiber-reinforced isotropic hyperviscoelastic law
by identification with the analytical curves from
Pioletti's model. The loading scenario corresponds to
uniaxial extension along the fiber direction.
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Fig. 8 PCL : Polynomial type 1 : Stress-stretch
curves for the fiber-reinforced isotropic
hyperviscoelastic law by identification with the
analytical curves from Pioletti's model. The loading
scenario corresponds to uniaxial extension along
the fiber direction.
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Fig. 9 PCL Polynomial type 2 Stress-stretch
curves for the fiber-reinforced isotropic
hyperviscoelastic law by identification with the
analytical curves from Pioletti's model. The loading
scenario corresponds to uniaxial extension along the

fiber direction.
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