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Analysis on mechanical properties of cartilage in distal femur of

knee joint in both normal and sclerosis cases

CUI Xiao-gian, @ WANG Fu-zhong, ZHANG Hui-chun ( College of Science, Tianjin Polytechnic
University, Tianjin 300387, China)

Abstract; Objective To establish the finite element model of knee joint and investigate changes of stress and
strain in normal and cartilage sclerosis cases, so as to provide reference for clinical treatment of the knee osteo-
arthritis. Methods CT scanning images of normal knee joint were used to establish the 3D finite model using
Mimics and ANSYS software. Loadings of 350 N pressures were applied on the model of normal knee joint and
knee joint with cartilage sclerosis, respectively. The related material parameters of cartilage before and after scle-
rosis were set, and the Von Mises stress and strain changes of the knee joint were then analyzed. Results In
case of cartilage sclerosis, the function of shock absorption and load transfer in articular cartilage basically disap-
peared. The stress and strain on the femur changed with uneven distribution, showing more obviously than those
on the inner and outer condyle, and the overall stresses were increased obviously. The largest stress and strain
occurred on the meniscus. Conclusions The long-term cartilage destruction will affect nutrient metabolism of ar-
ticular cartilage and cause the deterioration of osteoarthritis diseases. This study can preferably explain the patho-
genic mechanism of osteoarthritis, and also provide relevant data for establishing parametric study system.

Key words: Knee joint; Cartilage sclerosis; Stress; Strain; Finite element analysis
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Tab. 1  Material properties of the knee joint in normal and

cartilage sclerosis cases

EH fififk

TG ki ve 3
E/GPa v E/GPa v
B 12.000  0.38 12.000  0.38 Solid 95
iz & 6.900  0.49 6.900  0.49 Solid 95
ESYER 0.059 0.49 0.059 0.49 Solid 92
XATHE 0.006  0.30 6.900  0.30 Solid 92

1.3 #HE5hREHT

KU S AEI , XU R 2 B LA B3R o YR+ I B
JRCEE A, X R EE A 2 O ARIRE 1Y 85. 6% , HL
OAETE 3 BEMEAR 5 iR 2 Bl A, R



ERf, % BXTRBERKEELIENFEED T

CUI Xiao-gian, et al. Analysis on mechanical properties of cartilage in distal femur of

knee joint in both normal and sclerosis cases 27

R ABOCT A R 2 ME . AERRIE, O T
BT T A G  e  rh o BRSO i ity s AN
BRCT O RS . TEXAP SR, A 4Ede T i
T L FE R b a] DL o PRI, 70 U - fiEr
SIS HEC AT 2 X 00 A T OOURE B MG T
AR B2 R BT 1Y 43% A/ J7 1] 38 1o 5 5
TR Oy BT T ity G AR O Hhl i TR
RS

SOk UK IR R E Y 75 kg, i AR EIE ]
1. MK TR G = KT (75 kg) x43% =32.3 kg,
R RS g 8 K/ Ry 350 N, AR T i 3 i
NAR B ERSGSRS T, 5 M RO $ ik, Bofe A R o
R O I B v e in XY Z 3 N7 ) A
B X PRI g i AR [ B 28 A 5 ik AR, AT
B,
1.4 BRITKFLRE

I F A 0 J7 FE 20 B ME— i, 8 o 4k
PET R A B SR A 7 vk B ] SRAS I i, B 2544
AT RIS . TR B R SRR A FROC A
BCAIBR ST R, HRAR Y i BRIT AT — R 45 SR AR
i, 58 A FROTIE AR G Y BUE 58 .l a5 s i %
AL T AR B SR OT N AR BT SRS, TR T
N AR AL E A S S

0 28K iy I 18 B AH G I 4 i B 2, B Al i)
SRR P R SK o FE R At B v, wld 3 e o
R T AR A R — LE SR R . H )
RE/ZTE ANSYS il i rh AR B AR A (115 B, 12F
TR, 0 25 A 8 5 45 5 SO BN e
o WURTETHE L AR b PR IR) R, A A LR AN
AR FMARE S AR A B
AT DA, 5 A AR A R O P
IRCR

2 HBREHH

2.1 BRAXTRAONEER

Von Mises Jij 17 2 4% IREE 4 55 B PR 8 I —
FhEEG I T, RO T AR TR A R 2408 K
S BRIT o B v B % W B FR bR 2 — AR S0k
Von Mises hj 1A i i 17K o RIS ST R fif
AT A 4B 2 1 B K Von Mises I JJ{H L3R 2,
TE AR OG5 TR B 325 3 14 e KO 7 43 A X 3R A

MR, e KR JIME A 1. 755 MPa, &5 #CE A
WL R (435 13.761 21.92 18. 171 MPa,
gt , BB 32 TR E IS O0A BB, ek
N JI{E R 5. 812 MPa, H 37 774 A X 35k iy P9l 4% R
B, 32 10 A W A 44 50, i 5 T 4500 i R L
KRB F A LR 0 5 WA 5 AH V&
Horpr 2 AR R 3 5K WE(E Dl 32. 543 MPa, (&3]
T2 AR A RS PR IR s A s (G
MR REMPER o ST B IR B N 7 W {E 433l
7 18.986.27. 231 MPa, %5 1F % 1% I R RE A5 ] I 444
e

R2 BXVHREBEMLB/ERX Von Mises 7/
Tab.2 The maximum Von Mises stress of the knee joint in normal

and cartilage sclerosis cases
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Tab.3 The maximum strain of the knee joint in normal and carti-

lage sclerosis case
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