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Dcntistry is a branch af rncdicine with peculiarities and diverse arcas af aClion, being commonly consid­
crcd as a vcry inlcrdisciplinary area. The developmcnt , validution and clinicai use af more competcntly 
techniqucs and tcchnologies have beco af great dcmand and intcrcSL 

The purposc af lhese BIODENTAL Conferences 00 Biodcntal Engincering, initiated in 2009, is to 
solidify knowlcdgc in the field cf bioengineering applied lO dcntistry promoting a comprehcnsive [orum 
for discussion 00 lhe receot advances in lhe related fields in arder to identify potential collaboration 
betwecn rcscarchcrs and enct-users [rem different sciences. 

This book contuios lhe [uH papers presenled at Lhe 3rd Intcrnational Conference on Biodental Engi­
neering (BIODENTAL 20 14), \Vhich \Vas held in Póvoa do Varzim, Porto, Portugal, in June 22- 23 . The 
conference had 2 Invited Leclures, and 72 contributed presentations, which \Vere sclected by lhe con­
ference scienlific committec. and originaled from 14 counlries: Belgium, Brazil, China, Chile, Ecuador, 
Fronce, Gcrmany, Grccce, Haly, Poland, Portugal, Romania, Spain and lhe United Stales of America, 

During BIODENTAL 2014, severaltopics and applications \Vere addressed, induding biomechanical 
disorders. orthodontics, implantology, aesthetics, dental rnedicine, medicaI devices and medicai imaging, 

The conference co-chairs \Vould like to take this opportunity to express their grotitude to the confer­
ence sponsors, ali mcmbers of lhe conference scientific commiltee, invited lecturers, scssion-chairs and to 
ali authors for submitting and sharing their knowledge, 
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The assessment of the generated temperature by the drill bit 
in the bone tis sue 

C.T. Sampaio, E.M. Fonseca & IE. Ribeiro 
/J/stifll((} Puliti!C1IiL'O de Bragança, Bragança, Porlllga! 

R. Cerqueira 
R/li Cerqueira Médü:o-De1llÚ'lll, Ce!orico de Bastv. Pvrlllgal 

ABSTRACT: This work aims lo evalualc lhe generated temperature in bone lissue during a drilling 
processo DiJTcrent clinic visits were earried Qul to follow-up a dental implantology and collcctcd thcrmo­
graphic images for reading the temperature generated during lhe drilling. Simullaneously ao experimental 
proccdurc was adoptcd with the acquisition af four blocks Df Sawbone.\' \vith sinúlar propcrties to lhe 
trabccular and cortical bone and diITerent densities. The goal cf tbis experiment rcsulted in a drilling 
process to assess lhe generated temperature on the drill and simultaneously on the bane material. The 
obtained results allow to conclude that a more dense material reaches highest values. Regarding the tern­
peratures recorded in the drill, the largest heating is also rccorded in denser bone. In clínical practice lhe 
temperature average in the drill are lowcr (nol exceeds 33°C) than the conducted in the experiments (42°C 
for denser cortical), since the process occurs with Ouids irrigation. 

INTRODUCTION 

Science and technology applicd to health are mcant 
to enhance the quality of the human life. In dental 
implants placement the variables that affect the 
bane drilling process are: speed, material , diam­
eter, length and geometry of the drill point, (Fon­
seca et alo 2014; Fonseca el al. 2013, Monteiro et alo 
2013). There are several researches on how to avoid 
adverse efTects on the bone patient structure. 

HiIlery's research supparled the earlier find­
ings of Lundskog highlighting that necrosis can 
be induced if the bane is cxposed over 30s at 
tempera-tures abovc 50°C (HilIery, 1999). In gen­
eral, lhe literature indicates that if the temperature 
rises above 55°C, in a period of 1,5 minules, several 
weeks will be needed for a new bane regeneration 
process (Sousa, 2009). In lhe process of drill­
ing lhe question is lhe need, or not, of irrigation 
processes. Augustín el al. 2008, studied the ther­
mal osteonecrasís and lhe bone drilling param­
eters. Thc study aimed to evaluate lhe inOuence 
of different parameters of drilling with increasing 
temperature of lhe bane. With this study it was 
possible to ascertain lhal when lIsing externai irri­
gation lhe tempcratures were lower, nol reaching 
lhe criticai lemperature (T> 55°C). Without irri­
gation, lhe temperalure for lhe same combination 
of paramelcrs was between 31 ,4--55,5°C. When a 
drill bit with a diameter of 4.5 mm was used to 
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drill with highcr speeds, temperatures abovc lhe 
criticai value were rccordcd. If lhe feed rate is high, 
a less temperature increased in the bone is verified. 
Thus, they were able to conclude that the external 
irrigation is the most important facto r of cooling. 
The increase in diameter and in drill speed caused 
an increase in the tempcrature of the bone (Augus­
lin et aI. 2007). According lo Salgueiredo et aI. 
2009, the use of irrigation processes can lead to a 
dccrease of tcmperaturc in lhe bane unti14 0c. 

The main goal of this work is to evaluale lhe 
developcd tcmperatures in bone tissue due to a 
drilling process, and vcrify lhe hypothesis of the 
thermal necrasis occurrence. Experimental meth­
ods were used in lhe laboratory bascd on the use 
of lhcrmography and lhermocouples during bone 
drilling in difTerent materials. The follow-up of 
patienls was also performed during the dental 
implants placement for data collecting from ther­
mographic images. 

2 MATERIAL AND METHODS 

2.1 Maleria! 

In this study for the experimental setup, four blocks 
fram Sawbones, a computer, a data acquisilion 
MGC PIus system, type K thermocouples, a vídeo 
camera, a thermographic camcra and a CNC pro­
grammed machine for drilling blocks were uscd. 



The drills used by CNC in experimental setup have 
ao angle af 118°, ance in the literature it is stated 
that lhe lower temperatures \Vere generated for 
drills with this value (Basiaga et aI. 2011), The four 
blocks [rem Sawhones with difTerent densities (+D 
and - D) have similar properties to lhe human bone 
(eortical C or trahecular T), Figure 1. 

Regarding lhe material dcnsities, the corti­
cal most dense has 800 kg/m3 and lhe less dense 
is equal to 80 kg/rnJ • The most densc trabccular 
material has a density Df 320 kg/m3 and lhe Iess 
with 120 kg/rnJ , 

2.2 Clillical componcnl 

Dental health professionals \Vha perform the drill­
ing process for placing a dental implant has a 
follow-up protocola0 lhe use af required drills. 
These drills have a specilic length and diameters 
depending ou the diameter and the Iength af the 
implant. 

The procedure used at lhe clillic wha collabo­
rated on this study was the following: firsl is per­
formed a drilling point with a drill ealled spear; 
then some perforations are performed with twist 
drills and different diameters, depending on the 
arca of lhe mandible/maxilla of each palient; after 
lhe open hole is plaeed the implant. The drilling 
speed is 800 rprn and the loeation of the mandi­
ble/maxilla with drilling is irrigated with saline at 
room temperaturc. During the clinical study a ther­
mographic camcra was used for temperature meas­
urement on the drill during the drilling processo 
Figure 2 represents an example of these images. 

Table 1 represents the temperatures obtained in 
the drill, during lhe follow-up for four patients. 

Analyzing the Table I the temperature of the 
drill was never greater than 32,7°C. Whereas the 
temperature generated in the bone is not higher 

Figure l. Blocks fram Sawbones (C+D, C-Df T +D. 
T-D), 

Figure 2. Dental c1inic and thermagraphy. 
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Tablc 1. Values of temperaturc af the drill bit De. 

Patient I 

29,1 
19,3 
30,0 
27.6 
27 ,0 
30,5 

Patient 2 

26,8 
19,1 
16,7 
26,6 
24,9 
25.1 

Patient 3 

29,3 
27,8 
28,9 
19,9 
29,9 
28 ,5 
32,7 
30,8 

Paticnt 4 

28,5 
28,4 
27,9 
26,4 
26,1 
28,1 
27,8 
27,8 
27,2 
26,8 

'f"t ll-ll l b .• mm.~m. __ m~mu~ummu. 

u .... _.. .0.... 00'0" · _ _ •• _. ..... • •• _ •••.• 

l3 [5 12 [4 fl 

~&B o 6 n ~ fi 

a .1 ....... 1 .. _ .. 1 .. --.. 1 ..... 1 ...... 1' _······1-b . mmu'; mm: _u. , . _ ; _uu_ : 'u'uu .. 
c · _~.~ ,.~ .... ,~ .... _ , . . -

Figure 3. Schema of the block sides. 

than the temperatura in lhe drill , it is concluded 
that never occurred thermal necrosis. 

2.3 Experimental setup 

A CAD drawing in SolidWorks was elaborated, 
with alI indications to be used during the process 
of drilling on lhe CNC machine, Figure 3. In each 
block, and on one side, 5 drillings are made with 
only one drill (Side A) and the opposite (Side B) 
are perforrned 5 drillings but for difTerent passages 
of drills. Figure 3 is a schcmatic drawing of the 
bloeks sides (Side A and B) where a, b and e repu 
resenl lhe lateral holes for lhermocouplcs and fl , 
f2 , D , f4 and f5 represent the sequenee af drilling 
during the processo 

The thermographic camera will analyze the tem­
perature during the drilling process on lhe bit, and 
lhe thermocouples wiU recording the temperature 
values in diJTerent materiaIs and positions. Figures 
bclow show different images of drillings in ditTer­
ent materials and the respective thermographic 
images. 



Figure 4. Drilling in lhe C+ D and thermography. 

Figure 5. Drilling in lhe C- D and thcrmagraphy. 

Figure 6. Drilling in lhe T+ D und Ihermography. 

Figure 7. Drilling in lhe T - D and thermography. 

2.3.1 Tell1perarurc allal)'sis 011 ,lte drill 
With the use or thc thcrrnographic camcra, tem M 

perature values were recorded in lhe drills at the 
end of the drilling, on the surface block. 

Table 2 shows the nurnber of samples, the rncan 
and standard dcvialion of lhe lcmperalures val~ 
ucs for difTerenl drills during the drill in difTerenl 
matcrials. 

Analysing lhe average values it tums out lhat 
ror material "C + D" the highcsl lemperature was 
rccorded using lhe driU with a diamelcr of 4 mm, folM 

lowed by the 2 mm and linally the drillwith 3 mm. 
Regarding material "C - D " the drill bit with a 

diamcter equal to 4 mm achieves the highcst tem per­
ature, but lhe drill with 3 mm registers a tcmpcrature 
slightly above the drill with a diameter of 2 mm. 
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Table 2. Tcmpcraturcs obtaincd in 3 phascs af drilling 
(Sido B). 

Drill bit diamctcr (mm) 

Material clt 2 ~3 $4 

C+D 
C-D 
T+D 
T-D 

(5) 39,20 ± 1,68 (5) 37,84 ± 2,07 (5) 48,04 ± 1,98 
(5)2I ,84±O,15 (5)2I ,90±O,36 (5)22,58 ± 0,84 
(5)24,30 ± 0,62 (5)24,52 ± 1,02 (5) 26.70 ± 1,J3 
(5) 22.28 ± 0.49 (5) 22,54± 0,80 (5) 23,44 ± 0,91 

Note: N = Samples: M = Avcrage; 50 = Standard 
Dcviation. 

Tablc 3. Tcmperaturcs obtuincd in ane phasc drilling 
(Sidc A). 

Material 

C+ D 
C-D 
T+D 
T-D 

Orill bit diamclcr (mm) 

(4) 66,80 ± 0,99 
(5)24,24±O,70 
(5)30,90 ± 2,13 
(5) 23,54± 1.16 

Note: N = Samples; M = Averagc; SO = $tundard 
Deviutian. 

In relalion lo lhe malerial "T + D ", lhe behav­
iour was similar to lhe "C-D " but with higher val­
ues, i.e, the deill bit with 4 mm has a lcmperature 
higher lhan lhe drill wilh 3 mm and this lempera­
ture higher lhan the drill bit with 2 Olm. 

The material "T - D " also has a similar behav­
iour lo lhe malerial "C- D" allhough wilh higher 
tcmperatures, lhe drill bit with 4 mm has lhe high­
esl lemporalurc followcd by lhe drill wilh 3 mm 
later by lhe 2 mm. 

In general , it is possible to amem lhat lhe highest 
rccorded temperature was when using a 4 mm drill. 

In Table 2 it can be seen that lhe highcr lcrn­
perature values are obtained with deill bit in lhe 
more densc material. In this material the drilling 
cITort is higher compared to a less dense material, 
which meaos greatcr chip amount. For lhe stand­
ard devialion, it lurns oul that has highcr values 
in lhe malerial "C + D". Also lhe drill bil with a 
diamcter af 4 mm has a standard deviation higher 
lhan lhe values of lhe rcmaining drills, exccpt in 
the denscr material. 

Table 3 sho\Vs lhe number af samples, lhe mean 
and lhe standard deviation of lhe temperaturc val­
ues obtained with a single drilling pass and with a 
diamctcr cqual to 4 mm for alI difTcrent materiais. 

Analysing lhe average values in lablc 3, lhe 
highest lcmperature rccordcd in the drill bit WilS 

in lhe malerial "C + D", followed by the malerial 



"T+O", "C -O" and finally the "T-O". Onee 
more, lhe denser material has lhe greater the tem­
perature value. However the material "T - D" has 
a density higher thao material "C -D", but as the 
first has a spongy structure there is a greatcr rclcase 
af temperature. With respect to the standard devia­
tion values, the highest value was recorded in lhe 
material "T+D", 

2.3.2 Temperallfre mwlysis in bone 
The use af thermocouples allows lO read and 
record the generated temperature in the material. 

As reprcsented in Figure 3, thermocouples \Vere 
placed at difTerent distances [rom the maio hole. 
The following figures show the results obtained 
with thermocouples, only to the hole 1 af alI 4 
blocks in question, considering the side B af lhe 
block lhat inc1udes lhe 3 drilling passes. 

Analyzing the figures 8 to 11 it is possible to 
check that the material with highest temperature 
values is the material "C+ D", followed by the 
material "T+ D", "T- D" and finally the 'IC - D". 
The material with highest density has high values 
of lemperatures. lt is verified that the drill bit with 
2 mm provides greater warming in material, this 
drill produces a greater eITort in relalion to the 
drills used subsequently. The results on eaeh bloek, 
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Figure 8. Material C + D, Side B. 
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side A, and for the thermocouples, considering one 
drilling phase, are prcsented in Figures 12 to 15. 
for hole 1 of each material as an cxample. 

On the drilling with a drill bit of 4mm, Figures 12 
to 15, it tums out that in material "T - D" there is 
a peak of high temperature. For the material struCM 
ture with several cavities ílnd low density, the therM 
mocouple may have come into contact with the bit, 
giving rise to this peak. Disregarding this elTcct, 
the material "C + D" presents the highest tempera­
ture, followed by the material "T + D" and finally 
the "C - D". Comparing lhe rcsults obtained in 
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the use af three drills for oDe passage, verifies that 
lhe dcnscr materials have higher lemperature with 
lhe drill bit Df 2 mm and less dense materiais have 
higher lemperature when using the drill with 4 mm, 
So it is possible to conclude that in denser materi­
aIs it is prcferable to use larger diameter af lhe drill 
bits and in less dense materiais srnaller diameler of 
drill bils. 

2.3.3 COJHparisoll be/ll'ee/l/nethods 
For the comparison betwecn lhe tWQ used experi­
mental methods lhe temperature charts behaviour 
were obtained, in the drill bit and in the bone, for the 
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differenl material densities. To proceed with temper­
ature registration in the drill bit, only the values out 
lhe drill bit were obtained with the thermogmphic 
cumera, Concerning the temperature in the bone, 
the average temperatures of the positions a, b and c 
(Figure 3) were obtained with the thernlOcouples. 

Analysing lhe graphs relating to materials with 
higher densities, Figures 16 and 17, "C + D" und 
"T + D", with 800 and 320 kg!m3 respectively, a simi­
lar behaviour was observed. Howevcr, in more dense 
cortical material, the temperatures were rccorded 
higher compared to lhe denser trabccular. 

With regard to materiaIs with lower density also 
there are a similar behaviour, Figures 18 and 19. In 
lhis case, malerial "C - D Uhas adensily of80 kg/mJ 

while lhe "T- D" has a densily Df 120 kg/mJ
• The 

method that has a greater variability is lhe meas­
urement of temperatures in drill bits. 

Analyzing the Figure 20 and lhe recorded 
temperaturc, material with a higher density, Le. 
"C + D", has the highest values. For lhe remaining 
materiaIs "T+ D" and "C+ D" lhe recorded tem­
perature are higher lhao of lhe lower density. It 
is possible to conclude lhat for more dense mate­
rial and without cavities, greater is the tempera­
ture recorded on lhe drill bit. This is juslified by 
the greater eiTort required by the drill bit during 
cutting and chip amount production, For recorded 
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Figure 16. Comparison 01' methods for material C+ D. 
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Figure 17. Comparison of mcthods for material T + D. 



Figure 18. Comparison of methods for material C- D. 
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Figure 19. Comparison of mcthods for material T- D. 
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Figure 20. Comparison of methods for ali materials. 

tcmperalure on lhe material lhere are some varia­
lioos. However in most cases the denser material 
presenls lhe highest lemperature values. 

3 CONCLUSION 

The results obtained in dental surgery show that with 
the use of irrigation and combining difTerenl drill­
iog paramelers, lhe lhermal nccrosis does nol occurs 
ooce lbe lempcralure did nOI cxceed lhe 32,7°C. 

Given Lhe experimental se tup, il is possible lo 
concJude thal lhe lemperalure increases in lhe 
driJI, is according lhe densily and lhe slructure of 
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the materiaJ, i.e., if lhe material is denscr, lhe tem­
peralure in the drill is highcr than lhe Iess dense 
material. If the material has cavities in its struclure, 
lhe temperature on lhe drill is not as high as in 
compacl material. As rcgards the evaluation of the 
tempcraturc in lhe material it is concluded that lhe 
malerial "C + D" has lhe highest values of tem per­
alure, followed by lhe malerial "T+D", "T-D" 
and linally lhe "C - D". 

Comparing the graphics related with the use of 
three driU bits for single drill, it is ve rified lhal lhe 
drill with 4 mm releases greater heat in less dense 
materiais and the drill with 2 mm relcases more 
hcat in denser materiais. 

Comparing the two rnetbods it is possible to 
observe that the temperaturc in lhe drill is always 
higher than lhe temperature of the material. Tak­
ing into aeeount lhe data provided by thermo­
grapltie eamera and lhe resllJts obtained with lhe 
thermoeouples, can be concluded lhat the thermal 
necrosis doesn't occurred, since the material lem­
peralure never bcen above 50°C. 
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