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Effects of shear stress at physiological level on mechanical
sensitivity, adhesion and differentiation of MOC3T3-El cells in
three-dimensional porous scaffold
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FAN Yi-juan', LI Wen-jiao®, PAN Jun'(1. Key Laboratory of Biorheological Science and Technology,
Ministry of Education, College of Bioengineering, Chongqing University, Chongqing 400044, China; 2. Depart-

ment of Mechanics, Tianjin University, Tianjin 300072, China)

Abstract; Objective To construct the three-dimensional (3D) fluid model at the physiological level of shear
stresses and study the effects of fluid shear stress (FSS) on adhesion, differentiation and mechanical sensitivity
of osteoblasts. Methods The MC3T3-E1 osteoblasts cultured on B-tricalcium phosphate (B-TCP) scaffolds were
subjected to various FSSs in the perfusion flow chamber for 6 hours to compare cell adhesion in FSS-loading
groups and control group. Nitric oxide (NO) and alkaline phosphatase ( ALP) were detected to compare me-
chanical sensitivity and cell differentiation. The FSS magnitude and distributions corresponding to various fluid
rates were calculated with nonlinear fluid-structure coupling analysis. Results Cell adhesion rate was up to

W Fs HEA.2013-03-14; &8 HHEA:2013-04-23

EEUR IR AR 5 HORHCE M 05050 % Vi 7] % 5 H 4 (CQKLBST-2012-002) , H 48 H ARl 2 3 4 B By Il B (11272366,
10972243 ,11172207) , E% 111 1235 H (B06023)

BEMEE KR, U586, E-mail;panj@ cqu. edu. cn,



EREMNE $£29% HF2H 2014%54R
120 Journal of Medical Biomechanics, Vol. 29 No.2, Apr. 2014

74% ~81% when the average FSS magnitude was lower than 0.4 Pa, but reduced to 60.22% when the average
FSS was 0.41 Pa. The NO production rate reached the maximal concentration after loading for 5 min, then signif-
icantly reduced at 15 min, and gradually diminished to none at 30 min. ALP level significantly increased ( P <
0.01) at the shear stress range of 0.232 ~ 0.304 Pa, but maintained at the range of 0.304 ~ 0.412 Pa (P>

0.05) with the increase of shear stress. Conclusions

Majority of the cells kept a normal adherence to the scaf-

fold at the physiological level of shear stresses. The mechanical sensitivity of the cells under 3D condition was de-
pendent on the FSS rate, which was consistent with two-dimensional (2D ) condition. When the average FSS
was lower than 0. 304 Pa in the scaffold, FSS could significantly promote cell differentiation, but no significant
change in cell differentiation could be found when FSS was higher than 0.304 Pa. The present study is expected

to accelerate the realization of bone tissue engineering.

Key words: Physiological level; Three-dimensional scaffold; Fluid shear stress ( FSS) ; Osteoblast; Cell differen-

tiation; Mechanical sensitivity
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Fig.1 Schematic diagram of the perfusion flow chamber
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Fig.2 Shear stress in different sections of the scaffold
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Fig.5 NO production-time curves under different FSSs in the scaffold
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