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• Objectives.
• Materials and methods.
• Numerical model: heat propagation from drilling process.
• Experimental model: Infrared thermal images (without and with irrigation).
• Conclusions.

• For numerical analysis the Ansys program is used.
• The heat flux produced during the drilling process is in transient heat conduction.
• The initial temperature is equal to 37ºC.
• The mesh has a hole, 2 different materials, cortical (2mm) and trabecular bone.

• For experimental process a pig mandible submitted to a drilling is considered.
• The drill bit has a rotational speed equal to 750 rpm.
• The initial temperature is equal to 20ºC.
• The experimental results are obtained with a infrared thermography camera.

[1] Hillery et al, Materials Processing Technology J, 92-93:302-308, 1999. [2] Basiaga et al, Acta of Bioengineering and Biomechanics, 13(4):29-36, 2011. [3] Hillery et al, IMC-13:33-42, Ireland, 1996.

• Comparing the increase of temperature between all methodologies, the range is similar when using the numerical model with and without irrigation.
• Model without irrigation rises above 55ºC through all drill hole, while with irrigation the thermal necrosis effect vanishes.
• The numerical model could be a technique to induce appropriate results without using in-vivo models.

TOPICS 4- NUMERICAL MODEL: RESULTS

6- CONCLUSIONS

1- OBJECTIVES

• Main goal of this work is to present a numerical model to study the thermal
necrosis due a dental drilling process, with and without water irrigation.

• Also an experimental methodology is used to measure the thermal occurrence in a
pig mandible.

• Motivation, the assessment of bone damage, using the temperature criterion
(above 55ºC) [1].

2- MATERIALS AND METHODS

Experimental setup: Pig mandible.

Surgical drill from 3i - Brasil. An idealized mandible: Solid90 with 20nodes, element length equal to 0.5mm.

3- NUMERICAL MODEL: HEAT PROPAGATION

• The heat propagation from drilling process was described by a heat flux density q
received in the bone surface, according the drilling parameters, [2, 3].

• The total cutting power Pc is a combination between the power obtained from the
feed component (Pf) and the power obtained from the cutting torque (PM).

• The thermal properties for cortical and trabecular bone are presented in table:

q=Pc/S    (W/m2) 

Pc=Pf+ PM    (W) 

Pf = Vf  x Ffw  

PM = MW x n x 2 / 60  

5- EXPERIMENTAL MODEL: RESULTS
• Two different tests were produced, with and without irrigation during the drilling

process. The recorded temperatures are measured in the pig mandible surface.

• The increase is equal to almost 14ºC, relative to the initial temperature (20ºC).

• The increase is almost equal to 5ºC, relative to the initial temperature (20ºC).

• Numerical model without irrigation only the heat flux is considered.
• Numerical model with water irrigation, in addition, the convection effect is

considered, (the convection heat transfer coefficient is equal to 100W/m2K and the
bulk temperature environment equal to 5ºC).

• Results through all time-temperature history in nodal positions, near to the drill
hole. The grey zone represents the bone damage on the threshold of 55ºC.

• The numerical model without irrigation in all nodal positions gets the threshold
value of damage after 7s. And with irrigation presents no damage.

• Through all layer, the model without irrigation has an increase equal to 20ºC. And
with irrigation has an increase equal to 8ºC near at the drill bit, on the surface.

• Extension of the bone damage (ash zone) at the end of a drilling process (10s).
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