EREMAE $£38%5 28 20234F4RA
Journal of Medical Biomechanics, Vol. 38 No.2, Apr. 2023 331

X EHS.1004-7220(2023)02-0331-07

ARABRABTIRRE- 22508 4KE
BRI N ST HAIBAT

REZ, GW2', M B mER?, FmKt, RAK
(1. RHEHR TR REAT LR RGBTSR BB I TS S0 =, Kt 300384
2. MLH TR R RS HEm O (R TR %), K 300384
3. KT % B TR N ST Ao lb 3 5 S 28, Rt 300457 ;4. R DR E R HPansci s, Kt 300041)

WE.BH A RITH TS PSR AIARSS 5 107 BFIT 0B SR R R R i TR T N i ATk 3k
FEF O ST Y B AR AR RS TR B8N [T R A o S0 S R i M A 2 ST B0 S 2R BRSO Y O 1647 L T A% b

B0, A3 R SCHRAASIN ) B AT A8 Ak FEST R AR S A MRS Y ] S AR T SRR HEAT IO, R R SRR

1428 42,56 d I, SRR 7000 32,35 31, 12.,29. 91.28. 74 kPa, CH SCAAS)Z BN 1 40 Al e B0 E )2 % 1 #x

TR 5 S RN 5t 157 Sy i s 1) B fn S b S B SR 5 8 TR B AR 56 d I, SCHRBEAR A2 I N 4TS e SRR Y A B

EAT N, RIS A KRR TN 25 SR 5 A BR TR S SR B HCAr . 458 BRI AR A R ARG, SR B A

BN BEAR S R) R SR RRARSZ I D R/, FETRIR A st (81T G Jin A 48 R AR B K, S2 2837 bk, A BR

PIv =R VAL NG LN LRI B R S G b S iR S Rty e

SESBIA . FOH SR IRONREAR R IAS S AHIRITY . A5 FRITAT

FESES: R 318.01 MERERES; A

DOI: 10. 16156/j. 1004-7220. 2023. 02. 019

Stress Relaxation Behavior of Collagen Type II-Silk Fibroin
Composite Cartilage Scaffold under Different Degradation Cycles

SONG Zhiyun'*, GAO Lilan'**, WEI Ying'*, TAN Yansong'?, LI Ruixin*, ZHANG Chungiu'’
(1. Tianjin Key Laboratory for Advanced Mechatronic System Design and Intelligent Control, Tianjin University of
Technology, Tianjin 300384, China; 2. National Demonstration Center for Experimental Mechanical and
Electrical Engineering Education ( Tianjin University of Technology) , Tianjin 300384, China; 3. Tianjin Enterprise
Key Laboratory on Hyaluronic Acid Application Research, Tianjin 300457, China; 4. Central Laboratory, Tianjin
Stomatological Hospital, Tianjin 300041, China)

Abstract; Objective To study stress relaxation behaviors of cartilage scaffolds under different degradation cycles
by using finite element analysis combined with theoretical models. Methods Based on the established
degradation theoretical model, the elastic modulus of the scaffold was calculated under different degradation
cycles. The finite element model of cartilage scaffolds was established and stress relaxation simulation was
performed to analyze the variation of scaffold relaxation stress with time. The stress relaxation constitutive model
was established to predict mechanical properties of the scaffold. Results The elastic modulus of cartilage
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scaffolds at 14", 28" 42™ 56" day after degradation was 32.35, 31.12, 29.91, 28.74 kPa, respectively. The
upper layer for cartilage scaffolds was the largest. The overall relaxation stress of the scaffold decreased rapidly

with time and then tended to be stable. At 8" week after degradation, the stress which the scaffold could

withstand was still within the physiological load range of the cartilage. The predicted results of the stress

relaxation constitutive model were in good agreement with the finite element simulation results. Conclusions The

elastic modulus of the scaffold gradually decreases with the increase of degradation time. The longer the

degradation period is, the less stress the scaffold can withstand. At the same degradation period, the larger the

applied compressive strain, the larger the stress on the scaffold. Both the finite element simulation and stress

relaxation constitutive model can effectively predict stress variations of cartilage scaffolds under degradation.

Key words: cartilage scaffold; in vitro degradation; stress relaxation; constitutive model; finite element analysis
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Fig.2 Elastic modulus at different degradation periods
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