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Abstract

BACKGROUND: With the deepening of knee joint related research, there are still some controversies about the accuracy and applicability of parameter
selection when establishing the knee joint finite element model, and it is urgent to study.

OBIJECTIVE: To synthesize the literature of knee joint finite element model, provide more reasonable parameter settings for model construction and analysis,
and improve its applicability.

METHODS: The four aspects of model assumptions, material assignment, meshing and load application of osseous and non-osseous tissues in nine sets of
domestic knee finite element model documents in the past five years were compared, and foreign literature and foreign research were combined to verify its
rationality.

RESULTS AND CONCLUSION: (1) Model assumptions: Bones are set to rigid body; ligaments are set to be superelasticity; meniscus is set to be laterally
isotropic; cartilage is set to be single-phase isotropic linear elasticity. (2) Material assignment: Bones do not need to be assigned; ligaments are assigned shear
modulus; meniscus are assigned values in axial, radial and circumferential directions; cartilage is assigned elastic modulus. (3) Meshing: Shell elements for
bones; 8-node hexahedral or second-order tetrahedral elements for non-bone tissues. (4) Load application: Axial load of twice the body weight is applied at the
femoral reference point. (5) The parameter settings obtained by comparison can make the finite element model of the knee joint more applicable and provide
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more accurate simulation results for further research.

Key words: knee joint; finite element model; material assignment; model assumptions; meshing; load application

Funding: the National Natural Science Foundation of China, No. 31670956 (to DYF)
How to cite this article: ZHANG JC, DONG WP, DONG YF, ZHANG Z, LI JY, REN M. Parameters of finite element model of the knee joint. Zhongguo Zuzhi

Gongcheng Yanjiu. 2021,25(30):4781-4786.

0 5|= Introduction

R R E MR 2 —, AT HRAT 5B
Z ], 2 FRIES IR A . BEE AOZ, ZikiiEs
Hat e, BT HDCER a1 28 2 H BRBUA S50 K
FAMIEFER S WA, EEA 5000 B O R B,
TEEIT 60 5 NBE R 5% BN B i 1 AT 3 Re
mEE NG ER, BANLH 3% MAEAERT L, BE
ST 9 R et M

JREIGTTA BRIT /W VB N —FhRe s BV S B 15 P 3 R
JIARII TV, M 1972 4F BREKELMANS 245 2 F1 RYBICK| 2% ©
FIR T E O H T RE IR it Bk, B54 S A A
tHZa i (Al BEE A R C AT Iz 4E), HAER STy
o B 1L S I TR R S IR
K, BN TR AR oE B W e B 8. B, A
W AR S B (A R AR BT . A% 40 DL T 38k 1
JEANIX 4 AN T7 AFAESE — 2 7. CERRT 2015 %2 2020
A 5 AR B SCERHRE 1R 9 IR SCTT A IR T, b S AR
A R1E B 0° B S HOHAT DL b 4 AT IR T b, A
AHA KL S BB AP SCCHR A, 38 % E A5 H BE P T AR A%
B R THE R DL RS SRR AE AR T, A
TR OGP TCABE B 1 i s L J% g Bt A S A — e Ak s

1 #RFN753E Data and methods
11 3%t SCERSET LT, RS A IR EE v K 2
.
1.2 L #kiedE A48 2015 & 2020 4FjE), FEEFERTIT T
SCHR, 3 Ik 0 18 7 2R O T AR R g N A X SE AR I 9 G SR
JE I SR g BN SCCER S AT A, 6 B AR A
SCOCHRH 5] FESCHR I 22 55 % B AR IR 51 4G B o AR 2 v s
BB MORVBAE . PRSI 20 DA S 8k A it fin 4 A7 TH I 240
1.3 MRX A FRAAEAE LK pI5T 1
1.3.1 EHE WA, ARSI O M AR BB
TR A A T By g IR A R 4 b O R L R R T AT R
TCOT AT A, KB B TR 4K % 1] [ 2 3R AR BETE AR T —
SE AR T B ) [E) B A S ST S . (E, R R R K
FARB AR ™, i H AR B A TR K
DONAHUE 2 " 47 7 H il So-1 B 18 150 A 91 4k Bt 4 o 25 e
AR/ N T 2%, FROGHEURBENR /D 2 5000 A, THEC A9
50%. F 1 R SOEREE OO T ORIE AT 5 SR AR 2 TR B
%, BEEBROATNE S, IR B T S R R
—/N RN B NI

AT (0 R TR AR A 2 ) A i A R i R L )

4782 | PELRKTIEHAR | 85254 | 253087 | 20215108

RS, HAGARLNE . & ik LR B (4 o5 ),
V4 01 (B T % T [ P 2 s P L T DA /D i B i R {1 A
HMERE, AHHTEAT T RCOR T2 REM A . A
T, SRR B 0 AR A PR S A I L BRI AN
JUAT SR 4 5 AR e v AR 4k B, s B B o e s i A &
HN S Re, ERWTEARE. SULER, @R N AR
BB R BUR R BT 730 Neo-Hookean AR, 22 T s A3 Y
Mooney-Rivlin i %1 2 071 e H B Neo-Hookean #5 %d 7i] DL 75
PRUIEASL LR P 7 1R A B 2 fRi Ak 75 B B RS 50

2 AR AR B AR e o By g e v % [ (] A 2 5 R
Fft 2, o AARCRISCH TR DR T A KR A, A
AR LR ™, FLAE I S T B4 Hh 2 B g A (X33 5 2
K FHZIN RS AR 43 CLORAEASAUIRE 52, SR FH 45 1 () 1k 4 i 1 {1
WAT DLTE MRS B S8 e MR is HE . M2, E
PRV ) 8% 1 [ P B A A TR 20 D ARG I AR 228 5 A0 4% i Sk &2,
I H HAUT %5 PO SESe 7 IR gad iy N BERE T 6 LSelE s
R 5 35041, R FHASE R) % 7] [RIPEABGAE A2 0 221

IR A AR W o By g SR A 5 ) [R] 1 4 R RN %
[ [ P 2R Btk W A 2 B TSR R A B th B U
MOW 25 ) g UM 1 #1482 P — BE % i 3 K %2 BT LA
22 3 ) L PCE B IUAT AT AE BERY; T GARCIA 2% 24
R IR R T AN A R A R T D0 R 1) P P AR 1 A 5 |
JIRURURE VAR 15 A2 M ) ; DONZELLI %5 ™) 4, %% JL7E 25 fif it
S IR BT I TR) P, R i B0 Ml e R 3% A B (1) A2 A
DONAHUE 25 "M )\ Ay 5635 HCH 2L 43 P 1RO 37 A 7 458 6 1 I 2
) NI R AERB), Fi DA 3 S s AR A AR T XM 1
LI 25 29 DL R PENA 2 5 77 S i (A R 4B 4t o 8 P 1)
FARH ][RP LR st AR AL . AL T 2R E R XU M, FE AT
W RO R, SR FH A 2% ) (R AR 5 ] DAEAT A 200 4l 7
VAL S0
1.3.2 BEE. W FARAT R E M EIRE Ik 2,
3,

HE AR AT 3 Fhe 5 — Rl R 4R B 7 0N
T AT 55 R gkantd: © * 2, ASHMAN 25 ¢
T 60 H AR B AR SEAT SLER A A A S HE, BT
JE B SRR P 3B 23 7 . E;=12 GPa, E,=13.4 GPa, E,=
20 GPa, JfALL: v,,=0.376, v,;=0.222, v,,=0.235. DONAHUE
2 U LR RER TR, /NI R R S BB 0.4 GPa RIFFALE 0.3,
BT B A B AR S ) R T DL X T
TRE A R A AR E AR E R/ BT £

P (I RAE A 3 e 25 1 Fho AR A B AE F IX 7
TRAE AR % 5 55 2 B oK I A 490 T LA [ A i e A



B 7O (ELORE 5 B R U £ R Bk
HERAYE; 25 3 FhA21{d ] Neo-Hookean #ii
T kg s M B O, LR
BYGBIUIEE “C,” MM BT K 45
ZH“D,” BB, EHMEERAAR ]
FEAEEB, WA BVIEB IR “C,” .

X F B VIR R I IREE R 3 R %
AILAX 5 2 B O—Ff2 95 T PENA 2%
BT 2Z 0w 7T TR S 0 4
AMUEIH . NIEIAE . BT38 XA
A X ) A IF 4r HF R AE 6.06, 6.43, 5.83
1'6.06 MPa™; @5 — R J5 T DL K
A2 (R FU 45 SR, BUTLER 25 % @ik
Xf—H 38 & PAEM BRI BT X
J5 38 X W) FE AR AT LI T R B T
BT ) LBl R g AR Hh 28 GARDINER
2 Pt 8 K B kAT sh &
AR A R A PR G ALy, 43 3 P
BB ) €, SF 21 N 1.44 MPa;  PENA
2 WL 7 B R g — AR 2% R
KEHAFR T WAMUEIIF . BT3EXH)
MR A XA C N 1.44, 1.95 )¢
3.25 MPa”® *%, DL K5t R AR AS ] R
% 2%40.001 26, 0.006 83 ) £ 0.004 1.,

¥ ) 167 A0 Dl 2 Mk L3 3R AT B
HEE— e R TR  oR, —E
ANEFAE AT IR Sy 2 L T
LRI RACE DI T, IR RETE

J5 17 {1 4 AR & 67.8 il 11.1 MPa,
TR LEAE 25 1 [P R BR 1) R AS B i i
0.5, PENA % P 5 - LEROUX £ ™ #iff
FUR SRR L, FEARL Aok A AR RN
TS E L, A T R
PERE & 59 MPa LA K iFA L 0.49. @2
TR AR T Ag v AR JE
J5 2y FPIRAE O i T2 AR R R
Y (TR EEWE A 7 S, M
A2 A MR AR % 7 7] B B AR AR ) B
fili B3, TISSAKHT %5 B9 %4 31 H A {4
HBREA AT R A, 73 3042 ) A
) REAR () RT . R EB 0 A
M 7.82, 11.49, 13.04 MPa UL &%
99.75, 90.22, 102.12 MPa, DONAHUE
25 B4R YANG 25 %) 75 kAT B g 2

F1 | BB %, FARMKREMERRR

H R I B 17 R A% ) I A 20 MPa, [ A
77 11 X 43 IEAE 140 F1 120 MPa. X T ¥
FA BB, KEMPTON®® 368 ot 1) 4 Al
Xof bE O K B H AR TE AL B AE 0.4
1.0 Z[f), FFH AR LR RE SR 2 I8 F
e KB . ASPDEN®" 75 5300 I 4 8% faf Xof
- H AR A DU, 2R bk
J& 0.2 f10.4,

RVH R G 20 2
— PR SR R 5 MPa't TS 1L
L 0.46% 75 1002, L) 4 B9 7 g e L
UL DG BT A B AR B 5 MPa Rl
TARA L 0.45 DIAR R IE A7 E 72
BEAT N PR & 15 MPa
K y3 A I 0.3%1, ARMSTRONG %5 % 4
H O B R S SO A R B A At

Table 1 | Model assumptions for bones, ligaments, meniscus and cartilage
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Table 2 | “Poisson’s ratio v” of bones, ligaments, meniscus and cartilage
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Table 3 | “Elastic modulus E” of bones, ligaments, meniscus and cartilage
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Table 4 | Element types of bones, ligaments, meniscus and cartilage
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Table 5 | Load position, load size and thrust size
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