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Abstract

Recently, it has been reported that the posterior stabilized implant, which is clinically used for the total knee replacement (TKR), may have
failure risk such as wear or fracture by the contact pressure and stress on the tibial post. The purpose of this study is to investigate the
influence of the malalignment of the posterior stabilized implant on the tibial post by estimating the distributions of contact pressure and
von-Mises stress on a tibial post and to analyze the failure risk of the tibial post. Finite element models of a knee joint and an implant were
developed from 1mm slices of CT images and 3D CAD software, respectively. The contact pressure and the von-Mises stress applying on the
implant were analyzed by the finite element analysis in the neutral alignment as well as the 8 malalignment cases (3 and 5 degrees of valgus
and varus angulations, and 2 and 4 degrees of anterior and posterior tilts). Loading condition at the 40% of one whole gait cycle such as
2000N of compressive load, 25N of anterior-posterior load, and 6.5Nm of torque was applied to the TKR models. Both the maximum contact
pressure and the maximum von-Mises stress were concentrated on the anterior-medial region of the tibial post regardless of the
malalignment, and their magnitudes increased as the degree of the malalignment increased. From present result, it is shown that the
malalignment of the implant can influence on the failure risk of the tibial post.

Key words : fotal knee replacement, posterior stabilized implant, failure risk, finite element analysis

LME2 £¥d A X g&(Total knee replacement, TKR)o] T2 A &€
DAL UE BREUG QA AFL ol o £ Y ) o o S AR [ @l EE(Standard ype)
= - 7} 18 1(b)llx¢] 31 o1 d(Posterior stabilized type)S]
Aol gom EHEE 2 uHsd o AF v 5oy
_ . L ZUEV IAH o2 dE] AHSH I et [1]
o7 X 57} @l AleHe ?l/“*ﬂ-'?—-r] T oho|tt. &4d &% -
! : ! HIoe T A Adle] A 2A 7“(Cam) 71%(Post)©]
e A5 & 9 E—E—’ﬂ |8 Wi E 53 X8 Wio] 45 i
1 glom, REAQ Wo] Bl 73 AT AIES o) g8 ANAA ZA], k) 7E A oA Abgel ] w39 HgA, 7‘1
CoTh AT ER e C gdolu e YT £BH, AR Be vRg g A
AEAFE L A(UHMWPE)9] AL, 73%‘ = 0}%"? W

A, PEE 3L Y B o)L AFHOE FolZ 4 Y S
4=3h= Zul(Roll- back) E7} S¢] 4402 Q18] 4k kg of
SYES} ol A 3 SITH[4].

108 | J. Biomed. Eng. Res.



Sang-Hoon Kim, Ok-Kyun Ahn, Dae-Kyung Bae, Yoon-Hyuk Kim, Kyungsoo Kim, Soon-Gul Lee

(Q) (b)

I8 1. 22 MEael YEYE

{a) &4 (United Orthopedic Corporation, Taiwan)
(b) 4+ 2P & (United Orthopedic Corporation, Taiwan)
Fig. 1. Implant for total knee replacement(TKR)
(a) Standard type (United Orthopedic Corporation, Taiwan)
{b) Posterior stabilized type (United Orthopedic Corporation, Taiwan)
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Fig. 2. Finite element model of posterior stabilized type implant
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Fig. 3. Neutral axis and mechanical axis in knee joint (h: height of gap for insertion of posterior stabilized implant in total knee replacement)
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(a) Loading and boundary condition at the 40% of one gait cycle
(b) Direction of compressive load in coronal malalignment
{c) Direction of compressive load in sagittal malalignment
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Fig. 5. Distribution of contact pressure and stress in coronal malalignment
(a) Contact pressure {b) von-Mises stress

Anterior titt 4° Neutral Posterior tilt 4°
(a)

Anterior tilt 4° Neutral Posterior tilt 4°
(b)

18 6. AlatHol A o] A ERIE 2ol mE HEU R von-Mises S8 22
(a) A& A (b) von-Mises S

Fig. 6. Distribution of contact pressure and stress in sagittal malalignment
(a) Contact pressure (b) von-Mises stress
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Fig. 7. Maximum contact pressure and von-Mises stress on tibia post according to the coronal malalignment
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