
                                                                  
 

Proceedings, ICCES, vol.23, no.1 

DOI: 10.32604/icces.2021.08434                                                                                                               www.techscience.com 

 

Residual Strength and Microdamage of Cortical Bone  
After Non-Destructive Creep Loading 

Ei Yamamoto1,*, Yuki Tanifuji2, Masaya Nishimoto2, and Yuki Kawamura2 

1Depertment of Biomedical Engineering, Faculty of Biology-Oriented Science and Technology, Kindai University,  
Nishimitani 930, Kinokawa, Wakayama 649-6493, Japan. 

2Major of Biological System Engineering, Graduate School of Biology-Oriented Science and Technology, Kindai University, 
Nishimitani 930, Kinokawa, Wakayama 649-6493, Japan. 

*Corresponding Author: Ei Yamamoto. Email: ei@waka.kindai.ac.jp 

Abstract: Bone tissue is a viscoelastic material which shows time-dependent 
mechanical manner. Moreover, it is known that bone microdamage is generated 
by physiological normal mechanical loading in vivo [1-3]. In order to know basic 
insight into the adverse effects of creep loading on bone strength, in the present 
study, we focused on the mechanical behavior of cortical bone after non-
destructive creep loading at high stress magnitude. Cylindrical specimens were 
obtained from cortical bone in the longitudinal and tangential direction of bovine 
femur. We statically applied a compressive stress to the specimens (creep group) 
for 24 hours. The specimens without creep loading were used to obtain the data 
on the intact cortical bone (control group). Micro-Vickers hardness tests were 
conducted for the specimens in the control and creep groups. X-ray micro CT 
analyses were performed to detect bone microdamage. The hardness in the creep 
group was lower than that in the control group. Furthermore, X-ray micro CT 
analyses demonstrated that there existed bone microdamage mainly at the outer 
portion of the specimen in the creep group. These results indicate that bone 
microdamage was induced by the creep loading. 

Keywords: Bone; Creep loading; Residual strength; Microdamage 

References 
1. Martin, R. B., Stover, S. M., Gibson, V. A. Gibeling, J. C., Griffin, L. V. (1996). In vitro fatigue behavior of 

the equine third metacarpus: remodeling and microcrack damage analysis. Journal of Orthopeadic Research, 
14, 794–801. 

2. Diab, T., Vashishth, D. (2005), Effects of damage morphology on cortical bone fragility. Bone, 37, 96-102 
3. Agnewa, A. M., Dominguez, V. M., Sciulli, P. W., Stout, S. D. (2017). Variability of in vivo linear microcrack 

accumulation in the cortex of elderly human ribs. Bone Reports, 6, 60-63. 
 
 

 

This work is licensed under a Creative Commons Attribution 4.0 International License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original 
work is properly cited. 

 


