
Effects of long-term fluid shear stress application to osteoblasts 

Noriyuki Kataoka 

Department of Mechanical Engineering, College of Engineering, Nihon University 

Bone in the living body is always suffered from mechanical stimuli, such as compression, 

extension, fluid shear stress and so on.  It is well known that osteoblasts and osteocytes respond to 

these mechanical stimuli and change their functions such as calcification and proliferation.  There 

are many studies about the response of osteoblast and osteocyte to mechanical stimuli.  However, 

there are few reports about the response of these cell to long-term mechanical stress.  For tissue 

regeneration, it is necessary to know the responses of osteoblast.  We have investigated the effects 

of long-term fluid shear stress application to osteoblast on calcification and differentiation with the 

rotating agitation apparatus. 

Oosteoblast-like cell line MC3T3-E1 were cultured with α-MEM containing 10% FBS and 

differentiation medium (ascorbic acid, hydrocortisone and β-glycerophosphate).  MC3T3-E1 were 

seeded on cell culture dish and cultured for 21 days. After 21 days, cells were applied with the rotating 

agitation fluid shear stress for 7 days. 

Cell density in each group was measured on 0 day (seeding on cell culture dishes), day 7, day 

14, day 21 (start applying shear stress) and day 28.  On day 21 and 28, alkaline phosphatase (ALP; 

marker for differentiation to Osteoblast) and calcification staining were performed.  After staining, 

stain area in each group was measured. 

Cell density was gradually increased from day 0 to day 21 in both cases of cultured with or 

without differentiation medium.  After applying mechanical stimulation for 7 days, cell density was 

increased compared with that without mechanical stimulation.  ALP staining area in cells on day 28 

was lower than that in cells under static culture condition on day 21.  Calcification staining area in 

cells with shear stress on day 28 was higher than that in cells under static culture condition on day 

21.  And, calcification staining area in cells on day 28 cultured with shear stress was higher than that 

in cells under static culture condition on day 28. It is confirmed that differentiation and calcification 

of osteoblasts were promoted by the fluid shear stress. 


