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ASTRACT 

The behaviour of bone tissue during drilling has been subject of recent studies due to its 

great importance. Because of thermal nature of the bone drilling, high temperatures and 

thermal mechanical stresses are developed during drilling that affect the process quality. 

However, there is still a lack information with regard to the distribution of mechanical and 

thermal stresses during bone drilling. The present paper describes a sequentially coupled 

thermal-stress analysis to assess the mechanical and thermal stress distribution during bone 

drilling. A three-dimensional thermo-mechanical model was developed using the ANSYS/LS-

DYNA finite element code under different drilling conditions. The model incorporates the 

dynamic characteristics of drilling process, as well as the thermo-mechanical properties of 

the involved materials. Experimental tests with polyurethane foam materials were also 

carried out. It was concluded that the use of higher feed-rates lead to a decrease of normal 

stresses and strains in the foam materials. The experimental and numerical results were 

compared and showed good agreement. The proposed numerical model could be used to 

predict the better drilling parameters and minimize the bone injuries. 
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1. INTRODUCTION AND METHODOLOGIES 
Drilling operations applied on the bone tissue as a part of surgical intervention are similar to 

those performed on the structural materials. The success of these interventions depends 

largely on precision of the operation and the extent of damage it causes to the surrounding 

tissues (Li et al. 2014). Several studies have been performed to analyse the effect of drilling 

parameters on the outcome of the process and its effect on bone. The major concerns in 

bone drilling are the generated heat that can lead to the death of the bone cells and 

mechanical damage that can lead to formation of micro-cracks and fracture. These damages 

are directly related to the drilling parameters (Fernandes et al. 2015). For better performance 

of the drilling procedures, it is essential to understand the thermal and mechanical behaviour 

of the bone tissue, their failures and consequently improve the cutting conditions. This paper 

presents a realistic thermo-mechanical finite element model that incorporates the dynamic 

characteristics involved in the process. The numerical model was used to investigate the 

effect of the feed-rate on the thermal and mechanical behaviour of the bone tissue. A 

sequentially coupled thermal-stress analysis was conducted in ANSYS/LS-DYNA, performed 

by first solving the thermal analysis, then reading the temperature solution into a stress 

analysis as a predefined field. An experimental approach was developed using polyurethane 

foam materials with properties similar to the human bone. The foams were instrumented with 

strain gauges to measure the strain during the drilling. Thermography was used during the 

tests to measure the temperature on the surface of the foams and cutting tool. The results 

show that generated stresses tend to decrease with the increase of the feed-rate.  

           
Fig. 1 Experimental and numerical methodologies used to simulate the bone drilling. 
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