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Preface

This book contains full papers presented at BIODENTAL 2012 — 2nd International Conference on Biodental
Engineering, which was held in Porto, Portugal, during the period 7-8 December 2012. The event had 2 invited
lectures, and 46 contributed presentations origimated from & countries: Brazil, Croatia, France, Germany, Iran,
Poland, Portugal and Spain

The dentistry is a branch of medicine with its own peculiarities and very diverse areas of action which means
that it can be considered as interdisciplinary field. The use of new techniques and technelogies is currently the
subject of great interest, and this conference was intended to be a privileged space for discussion among all
stakeholders.

The purpose of these BIODENTAL Conferences on Biodental Engineering, initiated in 2009, is to solidify
knowledge in the ficld of bioengineering applied to dentistry promoting a comprehensive forum for discussion
on the recent advances in the related fields in order to identify potential collaboration between researchers of
different sciences. Henceforth, BIODENTAL 2012 brought together researchers representing fields related to
Biomechanical disorders, Orthodontics, Implantology, Acsthetics, Dental, Medical device, Medical imaging.

The conference co-chairs would like to take this opportunity to express gratitude to all sponsors, to all members
of the Scientific Committee, to all Invited Lecturers, to all Session-Chairs and to all Authors for submitting and
sharing their knowledge.

R.M. Natal Jorge

J.C. Reis Campos

Jodo Manuel R. S. Tavares
Mario A.P. Vaz

Sénia M. Santos
(Conference co-chairs)
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Numerical model of thermal necrosis due a dental drilling process

E.M.M. Fonseca, K. Magalhies & M.G. Fernandes
Polytechnic Institute of Braganca, Braganga, Poriugal

M.P. Barbosa & G. Sousa

University of Minas Gerais, Belo Horizonte, Brasil

ABSTRACT: The main goal of this paper is to present a numerical model for studying the thermal necrosis
due a dental drilling process. The finite clement method was used with Ansys program for the transicnt thermal
analysis. Also an experimental process is explained to determine the thermal occurrence in a pork mandible.
The increase of temperature produced during the drilling is compared using the two different methodologies.
According the obtained results, the numerical model could be a technique to induce appropriated results without
using in-vivo models.

I INTRODUCTION

When cutting tools, as drills, are used to cut a material,
heat 1s produced and temperature increases of both
the tool and material. The drilling parameters (drill
speed, drill depth, drill diameter, applied load and feed
rate) are important to determine the effect on thermal
necrosis. When the irrigation is possible, the cffect
1s decreasing the temperature rise in bone (Davidson,
1999). Bone is a poor conductor of heat, and heat
zeneration is a common problem during any type of
drilling (Hillery, 1999). The value on the threshold  Figyre 1. Surgical drill from 3i — Brasil.
of temperature above which cell necrosis occurs have
been presented by different rescarchers. The literature
shows that if the temperature rises above 55°C for a
period of longer than 30s, serious bone damage will
be done (Hillery, 1999).

2 MATERIALS AND METHODS

In order to model the thermal necrosis due a dental
drilling process, a finite element method was used with
Ansys program and a comparison with an experimental
methodology using a pork mandible. The numerical
analysis was conducted with transient heat conduction
by modelling the heat flux from the drill process, as Figure 2. Different meshes for an idealized mandible.
represented in figure 1.

The finite clement mesh constituted by cortical and
trabecular dental bone has a hole with diameter equal For experimental process, a pork mandible was sub-
tothe cylindrical part of the drill, figure 2. Asolid finite  mitted to a drilling with a conic drill bitand a rotational
element (Solid90) with 20 nodes was used in Ansys  speed equal to 750 rpm. The initial temperature of the
program. A typical mesh with an element length equal ~ perk mandible is equal to 20°C.

0 0.5 mm was chosen. An initial-boundary condition Figure 3 shows the experimental setup used during
with a temperature TO =37°C was considered in all  thedrilling. The experimental results arc obtained with
dental bone model. a Flir infrared thermography camera.
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Figure 3.  Experimental setup.

3 NUMERICAL MODEL

3.1 Drilling paramelers

The modelling of heat propagation from drill process
was described by a heat flux density g received in the
bone surface.

The heat flux density is according the following
equation (Basiaga, 2011):

g=P/S (W/m®) ()

where P, =total cutting power, and S = surface arca,
The total cutting power is a combination between
the power derived from the feed component (£r)
and the power derived from the cutting torque (Py).

P=Pr Py (W) (2)

The following expressions give particular results for
each relation (Basiaga, 2011):

Pr=V; xF (W) @)

Py=Mpxnx2a/60 (W) 4)

where ¥, =feed ratio speed (m/s), Fjs, =axial cut-
ting force (N), M, =cutting torque (Nm), and
n =rotational speed (rpm).

According the references (Hillery, 1999; Hillery,
1996), using the same drill bit diameter and geometry
there is an exponential falling-off of the cutting torque
from 14.5 x 1073 Nm at 400 rpm to an asymptote of
10 % 1073 Nm at 2000 rpm. And also an exponential
falling-off of the thrust force from 48 N at 400 rpm to
an asymptote of 23 N at 2000 rpm.

In the surgical process used in 3i - Brasil different
steps for dental drilling are considered, always with a
speed rotation equal to 750 rpm during 10s:

— st step: initial perforation with a spherical round
drill to punch the position;
— 2nd step: specific drill with a diameter =2 mm;

Table 1. The drilling parameters.

Final conic drill bit

d 4.1 mm
{ 10mm
Vr 50 mm/min
n 750 rpm
My 12.5 % 1079 Nm
Fy 375N
q 7.14 kW/m?
Table 2. Bone thermal properties.
Properties Bone C1 cz 3 4
Density, kg/m*  Cortical 2100
Trabecular 2200 1100 2200 1100
Conductivity,  Cortical 0.4
WimK Trabecular 0.5
Specific heat,  Cortical 1260
JikgK Trabecular 1490
Cortical thickness, 2 2 1 1
min

— 3rd step: conic drill with ¢ =3.2mm and length
[=10mm;
— 4th  step:
I=10mm.

conic drill with d=4.1mm and

This standard drill for the last step is always the
most used. According this situation the parameters
used in the numerical simulation corresponds to this
surgical drill with straight shank, 4.1 x 10 and a
rotational speed equal to 750 rpm.

The feed rate speed varies according the surgeon,
and it was chosen a value equal to 50 mm/min.

Table 1 shows the parameters used in the numerical
simulation.

3.2 Geometries and material properties

The geometry considered in all numerical simulations
represents a part of'a dental bone with a hollow cavity
equal to the drill bit diameter and a depth equal to
10 mm.

Four different idealized mandibular cross sec-
tions were used. Cortical bone of 2mm thickness
with medium density (C1) or low density trabecu-
lar bone (C2), and cortical bone of 1 mm thickness
with medium density (C3) or low density trabecular
bone (C4).

Based in the literature (Davidson, 1999; Hillery,
1996; Mazzullo, 1991; Lin, 2007) the thermal prop-
erties for cortical and trabecular bone are presented in
table 2,

A solid mandibular cross-section with different
nodal positions, ncighbourhood to the drill hole
(t=0mm) and at a distance t=0.5 mm, 1s presented
in figure 4.

Six different positions are considered to measure
the thermal necrosis, two nodal locations in cortical
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Figure 4. Nodal positions for each model.

Nodal position - 1¢

Temperature, “C

Time, s

Nodal position - 11

60
Te 3 c
emperature, “C 4
e
=01
o C3
@ I 2 3 4 5 i 7 b 9 0
Time, &
Nodal position - 1T
o
k¢ 3
enpersture, *C —C4
55
50 -2
43 €l
40
-~C3
35 * - i
¢ 1 2 3 4 5 5 71 8 w0
Time, s

Figure 5. Time-temperature history for 1C, 11, 1T,

(1C, 20), trabecular (1T, 2T) and intermediate zone
(11, 21).

3.3 Numerical results

Figure 5 and 6 show different graphics with all time-
temperature history for all nodal positions. The grey
zone represents the bone damage on the threshold
of 55°C. Figure 5 represents the numerical results
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Figure 6. Time-temperature history for 2C, 21, 2T.

obtained in the neighbourhood of the drilling pro-
cess. The numerical results are obtained for each nodal
position (1C, 11, 1T) and for all studied cases.

The nodal positions in the models C4 and C2 get
the threshold value of damage after 7s. These mod-
els have an increase of temperature equal to 20°C.
In the models C1 and C3 only the cortical zone gets
the threshold valuc of bone damage after 9s. And they
have an increase of temperature equal to 15°C-17°C.

Figure 6 represents the second position of the nodal
temperatures in all studied cases.

Studied cases C1 and C3 have a different behaviour
in trabecular and intermediate zone with lesser
temperaturcs.

The effect of the cortical thickness doesn’t affect
with relevance the obtained numerical values. But the
density in trabecular bone interferes in all studied
cascs.

The medium density of the trabecular bone (C1 and
(C3) offers more thermal resistance than the lower bone
density (C2 and C4).




Table 3. Thermal necrosis occurrence, time s.

Nodal position

Inthe holet=0mm Distance t=10.5mm

Studied case  1C 1] IT 2¢ 21 2T
ClorC3 9.0 100 - - - -
C2orC4 0. TE TS - -

Table 4. Bone damage (%) at 1s of exposure 55°C heat.

Nodal position

Inthe hole t=0mm  Distance t =0.5 mm

Studied case 1C 1 1T 2c 2 2T
ClorC3 11.1 10,0 - - - =
C2orC4 143 133 133 — - =

Figure 7. Bone damage (= 0.25 mm) for cases C1 and C2.

=

Figure 8. Bone damage (t=10.25 mm) for cases C3 and C4.

At 0.5mm in front of the drill there is no bone
damage. The increase of temperature is equal of 13°C
for models C4 and C2 and 11°C for C1 and C3.

Based in figures 5 and 6, table 3 represents the
time instant that thermal necrosis occurs for each study
case.

Due the drilling process, the surrounding bone is
heated, and the temperature around the drilled bone
hole exceeds the critical imposed limit and it is equal
to 55°C. The result 1s the irreversible death of cells,
representing the thermal necrosis. Bone cell necro-
sis or damage, happens when receives heat during a
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Infrared thermal images without irrigation.

Figure 9.

period of time. The temperature threshold levels, for
heat induced injury, are time-dependent.

In this work, the damage could be calculated as a
percentage of bone damage when receives heat, as
proposed by (Fukushima, 2007). Bone cell necrosis,
or damage at 100%, occurs when it receives 55°C of
heat. Consequently, it is possible to conclude about the
amount of bone damage, caused during one-second of
exposure to 55°C heat, according an equation as the
following:

Damage (55°C)= (1/time) x 100% (5)

In our study, table 4 represents the amount of bone
damage, at one second of exposure 55°C heat.

The worst positions are neighbourhood to the drill
hole and for cases C2 or C4. For one exposure at 55°C
of heat, the amount of bone damage is equal to 14.3%.
The nodal positions at 0.5 mm, don’t present any bone
damage. Figures 7 and 8§ represent the extension of
bone damage, (ash zone) at the end of a drilling process
(10s) for all studied cases.

4 EXPERIMENTAL PROCESS

4.1

The results obtained with the experimental process are
show in figures 9 and 10.

Infrared thermal images
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Figure 10. Infrared thermal images with irrigation.

Two different types of tests were produced using
irrigation during the drilling process and without irri-
gation. The recorded temperatures are in the surface
of the pork mandible during the drilling process.

Figure 9 represents the infrared thermal images
obtained during the drilling process without irrigation.

Figure 10 represents two images obtained during
the drilling process with irrigation.

42 Experimental results

The increase of temperature is equal Lo almost 14°C,
relative to the initial temperature (20°C) when the
experimental test is without irrigation. With irrigation,
the increase of temperature is almost equal to 5°C,
relative to the initial temperature (20°C) of the park
mandible. Comparing the increase of the temperature
obtained in the experimental process without irriga-
tion, the range is similar to the obtained results from
numerical analysis.
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5 CONCLUSIONS

In this work two different methodologies are presented
to assess the thermal necrosis due a dental drilling

process.

The numerical model presents a methodology to
calculate the amount of bone damage. The parame-
ters selection (drill diameter and rotational speed) arc
important to increase a surgical planning definition
and the prevention of the thermal necrosis.

An experimental methodology could be used, as
recording the thermal images.

Comparing the increase of temperature between all
methodologies, the range is similar when using the
numerical model with higher bone density (C1 or C3)
and the drilling without irrigation in the experimental
process.

In conclusion, the numerical methodology could
be a technique to induce appropriate results, without
using in-vivo models.
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