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Reinforcement property of collagen fibril in articular cartilage

ZHOU Hai-yu,
Jiaotong University, Shanghai 200240, China)

LI Yuan-chao, WANG Cheng-tao ( School of Mechanical Engineering, Shanghai

Abstract; Objective To evaluate and compare the differences in COSMOL articular cartilage ( AC) simulation
due to the application of collagen fibril reinforcement property. Methods Collagen fiber stress was modeled inde-
pendently according to its orientation in AC and written into the original poro-elastic AC model. Function call was
used to avoid quadric strain term. The iteration of solver was increased for better convergence. Results The ini-
tial superficial Y displacement of the reinforced model was 15 um, which was 17. 6% of the non-reinforced model.
X normal strain of the reinforced model was 10% of that in the non-reinforced model, but the superficial X normal
stress of the reinforced model was 10 times higher than that of the non-reinforced model. Conclusions The appli-
cation of collagen fibril reinforcement property in COMSOL AC simulation is achieved, which provided the compu-
tational model and theoretical analysis for collagen fibril lesion. Lateral reinforcement of collagen fiber can con-
strain the vertical strain, by which enlarge AC load capacity and improve AC mechanical properties.

Key words: Articular cartlage ( AC); Collagen fibril reinforcement; Stress; Strain; Mechanical properties;
Numerical simulation
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Fig.1 Depth dependent collagen fiber orientation in AC
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Fig.2 Geometry model and coordination system

X R TAE TR N ) k20,8
RS B AR GE R 15 I . TR A
OIS R RO O 1 7 o A S VAl (e 4
EAER Y JrmIEN A ETAEE . T X H iy
BN I, e BRI X 7 1) b g ik =R B
A

+IF (£>0, (0.6 % cos* ¢ +0.2) =

(Ey+E.(g)) *£,0)
ZAIF IBAIRIE T2 X Jr el IE RN A A IE (e >0) , B



AT, % XTRBRFETHEILRSE
ZHOU Hai-yu, et al. Reinforcement property of collagen fibril in articular cartilage 463

PRSI LT 4 1 g, W %, [
W, T Ee o« e 2 BN AR 2 I, 8BS /Y 22
kg REOTE R, X BT L E e Ab P AT
LMK E, (o) BEATIR T, DI SEE S 2 T A Y B

FIER] R R IRE, BB HEE /DL
ANBCE ST R A LA R G, BB E
MIBIE

ap
= L= O —= = 0 13
Vg " ay (13)

ZEATPI SRR AR AT A i B2 i AR
FALBRE T4 T 0, A TL 2o,
Pr =Py =0 (14)
S IR 0 A 5 0 AR,
K01 mm () 2 By = A P& R 53, 6898 PRI 8 i
DRSS A B0 o T BORG BE A X 15 25 0.005, 3
BEfE O ~7 200 s, B [8] 25 K fif B %% 4 Direct
(PARADISO) , 20K H i S5 I 3h 5 . [ I e 22
MZR AR AL SR AT IS . TR R IR
R IR A AE AL, S Uk AU R TR IR K i 1A F)
WCSHORS B 5 AR5 | AR R AR 4 | 5 2k 2 AR U
F) 15 YA R RSO B 2R, Rt 5 A 27
AeJE AR SR T .

3 HEHER

3.1 RAY FEMLBEREED

ARRE LT AERE TS 1 Y 5 10 288y 85 wm, T
2 I 2T A4 3 i S R 2 T Y Y T 1 490 i 2 A% AR
15 wm, ARG B 17. 6% o PIRPEE R (2 7
FHZE 70 wm, FF7E 2 h B b i & Ok — 22
TP 3 (a) o x4 AUl W I0E B 2T 4k 1 8 A T A7 3L
(4, I ELE e 7 HCE AR /N T Y 7 AR

X T A L B YR AA TS ), o B A ) e
JCW 25 5, Ul T3 e B £ 4V 5 A 52 i i 14
FEJ1ERAH B A RE T (JLIET 3 (b)) o AELJE P 5 i i
77 XA i 2250, AE I D £ 4 A5 R 40 i s A T g B
WAL [, T JSE D4 A R U R 220k 1 100 s Y L
2 ETHIA BRI E S J) . S g E )R, WA R T
()RR AL Tl , ATTAS T A I U B A 883 J o 3K A
DT 5L RA 5 LA B I T4 iy DR A i B AR 21 14
1 WA TR ) RAE— T T U s BN, T 75 22— 1Y
M 17 F5F 6] o

Upe

O_
£
£ -0.05
R
g -o10 P
R -0.15}
B~
E -0.20 I N
s R
0 2 4 6 8
tx1073/s
295
< 285
pani: |
% 275 R iy
aﬁ 265
= 55l
245 '
2 4 6 8
tx1073/s

E3 REYFEMUB(a) SAEEAN(D)
Fig.3 Superficial Y displacement (a) and pore pressure (b)
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Fig.4 Superficial X normal strain
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