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ASTRACT 

The thermal bone necrosis induced during a drilling process is a frequent and potential 

phenomenon, which contributes to post-operative problems. The frictional heat generated 

from the contact between the drill bit and the hole wall is unavoidable. However, 

understanding advanced techniques for acquiring reliable thermal data on bone drilling is 

important to ensure the quality of the drilled hole. The purpose of this study is to present two 

different experimental methods to analyse the drilling conditions that generate the lower 

temperatures, avoiding the occurrence of thermal bone necrosis. Ex-vivo bovine bones were 

used to simulate the drilling process considering the effect of drill bit diameter, drill speed and 

feed-rate. Different experiments were performed to assess the repeatability of the tests. The 

results identified the drill bit diameter as the most critical parameter for inducing higher 

temperatures in bone drilling. 
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1. INTRODUCTION 
Due the increase in the ageing population and the prevalence of bone diseases, bone drilling 

has become an essential step in a broad range of medical interventions. The successful 

outcome of any drilling operation is directly related with the quality of the surgical technique, 

while minimizing associated injury to the surrounding tissue (Lee et al. 2012; Fernandes et 

al. 2015). Currently it is known that all bone drilling interventions include heat generation due 

to the friction between tool, bone tissue and fragments, which can significantly influence the 

post-operative recovery. The heat generated during bone drilling may cause thermal injury 

(resulting in thermal necrosis) which means irreversible death of the bone cells. The main 

goal of this paper was to investigate the effect of drill diameter, drill speed and feed-rate on 

thermal damage during drilling of ex-vivo bovine bones. Experimental tests were performed 

in clinical and experimental environment using thermocouples and an infrared camera to 

measure the generated heat during drilling process. The results were compared and 

discussed. 

2. METHODS AND CONCLUSIONS 
This study comprises two different methodologies to evaluate the temperature rise with 

different drilling parameters. The first method was conducted in clinical environment 

approaching as far as possible with a real surgery and the second was conducted in 

laboratory environment using a CNC machine. In order to evaluate the influence of drilling 

parameters, holes were made in ex-vivo bovine femurs with different drill bit diameters, drill 

speeds and feed-rates. Temperature changes were recorded in bone tissue and in drill bit 

using K-type thermocouples and an infrared camera (Fig. 1). Results show that the lower drill 

speed, smaller drill bit diameter and higher feed-rate lead to a decrease in the temperature 

rise. A great drill bit diameter is the critical parameter for inducing higher temperatures.  

     
Fig. 1 – Drilling tests on cortical bone and temperature measurement system. 
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