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Preface 

8iodental Engineering 11- Natal Jorge et ai (Eds) 
© 2014 Taylor & Francis Group, London, ISBN 978-1-138-00131-2 

This book contains full papers presented at BIODENTAL 2012 - 2nd Intcrnational Conference on Biodental 
Engineering, which was held in Porto, Portugal, during the period 7-8 Deccmber 2012. The event had 2 invited 
lectures, and 46 contributcd prescntations originatcd from 8 countrics: Brazil, Croatia, France, Gennany, Iran, 
Po land, Portuga l and Spain 

The dentistry is a branch of medicine with its own peculiarities and very diverse arcas of aetion which mcans 
that it ean be eonsidered as interdiscipl inary field. The use of new tcchniqucs and tcchnologies is currcntly the 
subjcct of great interest, and this eonference was intended to be a privileged space for discussion among ali 
stakeholders. 

The purposc of these BIODENTAL Conferences 011 Biodental Engineering, initiated in 2009, is to solidify 
knowlcdgc in the ficld ofbioengineering applied to dentistry promoting a comprehensive forum for diseussion 
on the reeent advanees in the rclated fields in order to identify potential collaboration bctwcen rescarchers of 
di fferenl scienees. Heneeforth, BIODENTAL 2012 brought together rcsearehers rcprescnting fic!ds related to 
Biomcehanical disorders, Onhodontics, lmplantology, Acsthcties, Dental, MedicaI device, Medicai imaging. 

The eonference co-chairs would like to take this opportunity to express gratitude to ali sponsors, to ali mcmbcrs 
of thc Seientific Committee, to all Invited Lccturers, to ali Session-Chairs and to ali Authors for submitting and 
sharing thcir knowlcdge. 

R. M. Natal Jorge 
J.c. Rcis Campos 
João Manuel R. S. Tavares 
Mário A.r. Vaz 
Sónia M. Santos 
(Confcrcncc co-chairs) 
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umerical model ofthermal necrosis due a dental drilling process 

E,M.M. Fonseca, K. Magalhães & M.G. Fernandes 
Poly fecJm ic JlIsfiflll e ui Bragança, Bragança, Portugal 

M.r. Barbosa & G. Sousa 
Universiry of Mil/as Gerais. Belo J JorizOllle, Brasil 

ABSTRACT: Thc mai n goal of thi s paper is to prcscnt a numcricalmodel for studying lhe thcrmal necrosis 
due a dental drilli ng processo Thc f in itc c lcment melhod was used wirh Ansys program fo r the trans icnt thcrmal 
analysis. Also an experimental proccss Is explaincd 10 determine lhe Ihcrmal occurrcnce in a pork mandible. 
The increasc of tcmperature produccd during the dri lling is compared using the rwo ditTcrent methodoJogics. 
According lhe obta ined results, the Il umerical mode l cou ld bc a techniquc to induce appropriated results without 
using in-vivo modcl.s. 

INTROO UCTION 

When cutting tools, as drills, are used to cut a materia l, 
heal is produced and tcmperaturc incrcases Df bOlh 
lhe too l and material. The drilli ng paramcters (drill 
speed, drill depth, dri ll diameter, applied load and fccd 
rate) are important to determine the effcct on thenna l 
ncerosi::;. When the irrigntion is poss ible , the cffcc l 
is decreas ing the temperature ri se in bone (Davidson , 
1999) . Bone is a poer conductor 01' heat, and heat 
gencration 15 a COnlmon problcm during any typc o f 
drilJing (Hillcry, 1999). The va lue on lhe thrcsho ld 
of tempemture abovc which cel l necrosis occurs havc 
been prcsentcd by di ffc rcnt rcscarchcrs. Thc literatu rc 
::.hows that if lhe tempcrature ri ses abovc 55°C for a 
pe riod of longer than 30s, scrious bone damagc will 
be done (Hillery, 1999). 

1 MATERI ALS ANO METHOOS 

In order to model the lhcrmal nccrosis due a den ta l 
dril ling process, a f in ite element lllcthod was used with 
.--\nsys program and a comparison with all experimenta l 
methodology us ing a po rk mandible. Thc numcrica! 
analysis was conduc lcd with transient heat conduction 
by modcll ing the heat flux from the drill process, as 
reprcsented in figure 1. 

The f inile elemcnt mesh constituted by eortical and 
rrabecular denta l bone has a hole \\Iith diameter equa l 
to the cy lindrical paTlofthe dri\\ , figure 2. A so\id finitc 
element (Solid90) \Vith 20 nodes was used in Ansys 
program o A typicalmesh with an element length eq ual 
100.5 rnrn was chosen. An initia l ~boundary condition 
with a temperature TO = 37°C was eonsidcrcd in ali 
dental bone model. 
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Figu re I. Surgica l dlill frOIll :l i - Brasil. 

Figure 2. DiCrcrcm mcshes fo r al1 idcalized mandiblc. 

For experimental proeess. a pork mandiblc \\Ias sub­
mitted to a dri\ling with aconic c1rill bit and a rotational 
speed equal to 750 rpm. The initial temperaturc of the 
pork mandiblc is cqual to 20°C. 

Figure 3 shows the experimental setup used during 
lhe drilling. The experimenta l results are obta ined with 
a Fl ir infrared thermography camcra. 



Figure 3. Experimcntal sctup. 

3 NUMERlCAL MODEL 

3. Drilling paramelers 

Thc modelling of !leat propagation Irom dri 1i process 
was dcscribcd by a hcat flux density q reccivcd in the 
bone surfacc. 

The heat tl ux density is accord ing lhe following 
cquation (Basiaga, 20 11): 

q=P,JS (W/m') (1 ) 

where Pc = total cutting power, and S = surface arca. 
The total cutting power is a combination between 
the powcr derived from the feed component (P;") 
and the powcr derived from the cutting tarque (P",,). 

(2) 

The [ollowing express ions givc particular results for 
each relatian (Basiaga, 20 11): 

(3) 

P,It = M"x n x 2,,/60 (W) (4) 

where Vf = feed ratio speed (m/s), FI'" = axial cut­
ting force (N), Mil' = cutt ing tarque (Nrn), and 
1/ = rotational speed (rpm). 

According the refcrcnces (Hillery, 1999; H illcry, 
1996), using the samc drill bit diameter and geometry 
thcrc is an cxponcntial fa lling-offof the cutting torque 
trom 14.5 x 10- 3 Nm at 400 rpm to an asymptote of 
10 x 10- 3 Nrn at 2000rpm . And also an exponentia l 
falling-off of the thrust fo rce from 48 N at 400 rpm to 
an asymptote of23 N at 2000 rpm. 

In the surg ical proccss used in 3i - Brasil differcl1t 
steps for den tal drilling are considered, a lways with a 
spced rotatiol1 cqua l to 750rpm during 10 $: 

- 1 st stcp: il1itla l perforation with a spherical round 
drill to punch the position; 

- 2nd step: specific drill with a diameter d = 2 ITIIll; 
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Table I. The drilling parameters. 

Final conic dri ll bit 

d 
I 
VI 
Il 

Mw 
Frw 
q 

Tablc 2. Oone thermal properties. 

Propelties Bone Cl 

Density, kglm3 Cortical 
Trabccular 2200 

Conductivity, Cort ica l 
W /mK Trabccular 

Specific heat, Conica l 
J/kgK Trabecular 

Cortical thickncss, 2 
mm 

4.1 rnm 
IOmm 
50 mm/rnin 
750 rprn 
12.5 x 10- 3 Nm 
37.5N 
7.14 kW/m2 

C2 C3 

2 100 
1100 2200 
0.4 
0.5 
1260 
1490 
2 

C4 

1100 

- 3rd step: conic drill with ti = 3.2 mm and length 
f = IOlllm; 

- 4th step: conic drill with ti = 4. 1 111m and 
1= IOmm. 

This standard drill for the last step is always the 
most used. According thi s situation the parameters 
lIsed in lhe Illlmcrical si lll ulation corresponds to this 
slIrg ical drill \Vith straight shank, 4. 1 x 10 and a 
rotational speed cqual to 750 rpm. 

The fccd rate speed varies according the surgcon, 
and it was chosen a value cqual to 50 mm/min. 

Table I shows the parameters lIsed in lhe numerical 
simulation. 

3.2 Geometries m/d maleriai properfies 

The geometry cons idered in ali numerical s imulations 
represents a part ofa dental bonc with a hollow cavity 
equal to the drill bit diamctcr and a depth equal to 
IOmm. 

Four different idea lizcd mandibular cross scc­
tions were used. Cortical bone of 2 mm thickness 
with mcdium density CCI) or low density trabccu­
lar bolle (C2), and cortica l bone of I 111m th ickness 
with medi um density (C3) ar low density trabecu lar 
bone (C4). 

Based in the litermure (Dav idson, 1999; Hi!lery, 
1996; Mazzu llo, 1991; Lin, 2007) the thcrmal prop­
erties for cortical and trabeclIlar bone are prcsented in 
table 2. 

A so lid mandibular cross-section with d iffercnt 
nodal positions, ncighbourhood to the drill hole 
(t=Omm) and at a distance t =O.5mm, is presented 
in figure 4. 

Six differenl pos itions are considered to measure 
the therma l nccrosis, two nodal locations in cortical 
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Figure 4, Noda l positions for cach mode1. 
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Figure 5. Time-tcmpcruturc hi story fo r 1 C, 11, 1 T. 

(1 C, 2C), trabccular ( 1 T, 2T) and intermediate zone 
(l 1, 21). 

3.3 Numerical resulls 

Figure 5 and 6 show difTercnt graphics \Vith ali ti me­
te mpcraturc history fo r ali nodal pos itions. Thc grcy 
zone rcprcscnts lhe bone damage on the threshold 
af 55°C. Figure 5 represcnts the numerical results 
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f igure 6. Timc-tempcraturc history fo r 2C, 2J, 2T. 

obta ined in lhe neighbourhood of the dri lli ng pro­
cess. The nUlllcrical results arc obtained for each nodal 
pos ition ( I C, 11, IT) anti for ali studicd cases. 

The nodal positions in lhe models C4 and C2 gCl 

lhe thresho ld valuc of damage after 7s. These mod­
eis have an incrcasc of temperature equal to 20Q C. 
In the models C I and C3 only thc conical zone gClS 

the tb reshold va luc of bone damage after 9s. And they 
havc an incrcase oftcmperature eqllal to 15°C- lrc. 

Figure 6 rcprcscJlts the second pos ition oflh c nodal 
tcmpcratures in aI! stud ied cases. 

Studicd cases C I <"Ind C3 have a di ffe rent behaviollr 
in trabecular and inte rmediate zone wi th lesser 
temperaturcs. 

The clfee l of the cortica l thickness docsn 't affect 
with relevance thc obtaincd numerica l valucs. But the 
dell sity in trabccular bone interfe res in aU stud icd 
cases. 

Thc medium density o r thc trabecular bone (C I and 
C3) o lTers more thermal resiS lance than the lQ\.ver bone 
dcnsity (C2 and C4). 



Table 3. Thermal necrosis occurrencc, time s. 

Nodal position 

In lhe hole t = O mm Dislance t = 0.5 mm 

Studíed case I C II IT 

9.0 10.0 Cl ar C3 
C2 or C4 7.0 7.5 7.5 

2C 21 2T 

Tablc 4. Bonc damage (%) aI I s of exposure 55°C hcat. 

Nodal position 

Intheholcl=Omm Distancct = O.5l11m 

Sludied case I C 11 lT 

11.1 10.0 ClorC3 
C2 ar C4 14.3 I:U 13.3 

2C 21 2T 

Figure 7. Bonedal11age(I=0.25mm)forcasesCl andC2. 

C4 

Figure 8. Baile dumage (I = 0.25 mll1) for cases C3 and C4. 

At 0.5 mm in /"ront of the elrill there is no bone 
damage. The increase oftemperature is equal of l30e 
for models C4 and C2 and [ I °e for C I and C3. 

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

Due the drilling process, the surrounding bane is 
heated, and lhe telllperature araund the drilled bane 
hole exceeds the criticaI imposed limit and it is cqual 
to 55°C. The result is the irreversible death of cells, 
rcprcsenting the thermal necrosis. Bane cell necro­
sis ar damage, happens whcn reccives hcat during a 
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Figure 9. Infrared thermal images withoul irrigatian. 

pcriod of time. The temperature threshold leveis, for 
heat induced injury, are time-dependent. 

In thi5 work, the darnage cauld be calculated as a 
percentage of bane damage when reeeives heat, as 
proposed by (Fukushima, 2007). Bone cell necrosis, 
or damage at 100%, occurs when it receives 55°e of 
hcat. eonsequently, it is possible to conclude about the 
amount ofbone damage, causcd during onc-sccond of 
exposure to 55°e heat, according an equation as the 
following; 

Damage (55"C)~ (l/time) x 100% (5) 

In our study, table 4 rcprcscnts lhe amount ofbone 
damage, at ooe second of exposurc 55°e heat. 

The worst positions are neighbourhood to the dril! 
hole anJ for cases C2 or C4. For one exposure at 55°C 
ofheat, the amount ofbone damage is cqual 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 
( [ Os) for ali studicd cases. 

4 EXPERIMENTAL PROCESS 

4.1 Injrared thermal images 

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



Figure 10. Infrared ther111u l imagcs with irrigation. 

Two different types of tests were prod uced UStng 

irr igation duri ng the dri ll ing process and wíthout írrí­
gation. The recon.lcd tcrnperatures are in the surface 
or the pork mand ible during the drilling processo 

Figure 9 rcprcsents lhe infrarcd thermal images 
obta incd du ring lhe dri lling process without irrigatíon. 

Figure 10 rcpresents two images obtained duri ng 
the dri ll ing proccss with irrigatio n. 

4.2 Experilllellra[ results 

The incrcasc of tcmperature is equa l to almosl 14°C, 
rcla tive lO lhe in il ia l lern perature (20°C) whcn the 
experi mental test is wi tho ut irrigation. With irri gation , 
the inerease of tcmpcralurc is almost equal to soc, 
re lative lO the initia l tc mpcralurc (20°C) of lhe pork 
mand ible. Comparing lhe inercasc of lhe temperaturc 
obtained in lhe cxpcrimenlal proeess witho ut irriga­
ti on , lhe range is simi lar 1'0 the obtained results from 
nUlllerical analys is. 
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5 CONCL USIONS 

In th is work two d itTcrcnt mcthodolog ies are presented 
10 assess the thermal nccrosis due a dental drilling 

processo 
Thc nUlllerica l Illodcl presc nts a mcthodology to 

calculate the amo unt of bone damagc. The paramc­
ters selcc tion (drill d iamcter and rotational speed) are 
important to inerease a surgical planning dcfinitio n 
ano the prevention o rthc thcrma l ncc rosi s. 

A n ex perimenta l methodology could be used, as 
rccord ing the thcrmal images. 

Comparing the incrcasc o r tcmperature between ali 
methodologies, the ra nge is s imi lar when using the 
numcrica l mooe l with h igher bone dcnsity (C l ar C3) 
and the drilli ng wi lho ut irrigation in the experimental 
process. 

In conclusion, the numeri ea l methodology could 
be a tcc hnique lo induee appropriate results, without 
using in-vivo mode ls. 
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