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PREFACIO

A mecanica experimental tem-se assumido ao longo dos anos como uma area decisiva
para o desenvolvimento cientifico e tecnolégico, em particular, para o projeto e construgao
de novos produtos, componentes e estruturas, tendo-se assistido a um importante
desenvolvimento e aperfeicoamento de técnicas e procedimentos experimentais para
caracterizacao dos materiais e do comportamento de estruturas. A analise experimental
tem vindo, também, crescentemente a ser aplicada como uma base fisica para a
verificacdo e validagdo de modelos numéricos e analiticos que visam simular e prever
o comportamento de materiais e estruturas. O 10° Congresso Nacional de Mecanica
Experimental - CNME2016 - surge, a semelhanca dos encontros anteriores, COmo um
férum privilegiado de divulgagao e discussdo dos mais recentes avangos e tendéncias na
srea da Anélise Experimental de Tensdes e da Mecanica Experimental no dominio das
aplicacdes a problemas de Engenharia, mas também na investigagdo fundamental nos
diversos ramos da Ciéncia, nomeadamente na biologia, materiais, medicina, entre outros.

Este ciclo de conferéncias teve inicio em 1986, com a realizagdo do 1° Encontro Nacional
de Anélise Experimental de Tensdes no LNEC, tendo-se seguido mais 8 encontros nacionais
e 2 internacionais (10® e 15" International Conference on Experimental Mechanics)
realizados em Portugal.

Este evento comemora os 30 anos deste ciclo de conferéncias sempre sob a égide da
Associacao Portuguesa de Anélise Experimental de Tensdes (APAET). Nesta edi¢ao do
CNMEZ2016 foram abordados os seguintes temas:

» Andlise experimental e numérica em infraestruturas de transportes

+ Desafios e Oportunidades na Experimentacao em Hidraulica e Ambiente
+ Experimentacdo em Termofluidos

« Métodos Experimentais em Dinamica de Estruturas e Engenharia Sismica
+ Acustica e Vibracoes

+ Biomecanica e Biomateriais

» (Carateriza¢dao de Materiais

» Comportamento de Estruturas

» Dinamica de Estruturas

+ Geotécnica e Geologia

« Mecanica de Fluidos

+ Métodos Computacionais e Simula¢do Numérica

+ Monitorizacao Estrutural

» Nanotecnologia

« Tribologia
Neste suporte digital estao incluidos os artigos que, apds terem sido sujeitos a um processo
de revisao, foram aprovados pela Comissao Cientifica para apresentacao no CNME2016

Uma palavra final de agradecimento a todos os que permitiram a realizacdo do congresso
com votos de um seminario proveitoso para a comunidade técnica e cientifica.
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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.

Keywords: Ex-vivo bovine bone / Drilling / Temperatures / Thermocouples / Infrared camera
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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 - Drilliﬁg tests on cortical bone and temperature measurement systm.
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