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INTRODUCTION
Edentulism is a condition that exists in all countries, however the tech-
nological advancement of Dentistry has enabled the development and 
emergence of many means of oral rehabilitation.1 With the clinical and 
scientific proof of osseointegration, dental implant treatment has been 
consolidated as a reality in the dental clinic. Thus, the search for osseoin-
tegration and preservation of peri-implant bone tissue has been intense 
in recent years.2,3

Many works in Dentistry in recent years have aimed toward improving 
bone regeneration and oral rehabilitation through techniques, procedures  
and materials placed on the market of Implantology. Industries are  
increasingly investing in innovation of products to ensure competitive-
ness and to remain on the market. A properly planned surgery with the 
proper choice of the implant type, surgical technique and appropriate 
biosecurity will likely achieve clinical success.4

Nowadays, various types and formats of implants are constantly released 
on the market. The development of new materials is due to the search 
for improving implants to prevent failures on osseointegration. There are 
several variables in implant failure prevention, such as surface modifi-
cation, implant material, implant geometry, training and professional 
technique. All these factors may decisively influence osseointegration.5

When the surgical bed preparation for installing dental implants with 
conventional surgical cutters is completed, the aggression of osteogenic 

cells, blood cells and undifferentiated cells is inevitable due to friction by 
bone compression which ends up causing osteonecrosis and cell death of 
important elements that may jeopardize the osseointegration.6,7

According to Nero et al.8 the temperature threshold that the bone tissue 
can reach is between 44°C to 47°C for one min. Some of the factors which 
influence increasing this temperature is the rotational speed and the drill 
drawing. A protocol held at low speed decreases the stress caused to the 
bone and the bone resorption is smaller. Therefore, the objective of this 
study was to evaluate different irrigation techniques in controlling bone 
temperature during osteotomies, comparing a conventional system to an 
experimental one for the installation of dental implants (INPI, BR 20 
2017 010735 9).9 

MATERIALS AND METHODS
Group division
A methodology similar to that of Nero et al.8 was followed in this study. 
The motor and contra-angles used for the perforations were both of the  
Driller brand, Brazilian industry. The surgical contra-angle was fixed  
to the equipment, always allowing the same angulation and the same  
reduction in all osteotomies.
This experimental model shows a lower area of contact and consequently 
lower friction during the making of the surgical alveolus. Also has better  
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ABSTRACT
Background: Many works in Dentistry have aimed toward improving bone 
regeneration and oral rehabilitation through techniques, procedures and 
materials of Implantology. Objective of this study is to comparethe heating 
intensity of bovine blocks, simulating surgical beds using different drills. 
Materials and Methods: We evaluated 24 blocks divided into 4 groups 
with different KOPP brand drill models: G1-Conventional drills without ir-
rigation; G2-Experimental drills without irrigation; G3-Conventional drills 
with irrigation; G4-Experimental drills with irrigation. Perforations were 
performed with depths of 1.0 and 5.00 mm, drill rotation speed of 150 rpm 
and torque of 45 N. Two K-type thermocouples were used to measure the 
temperature of the bone, with the first in the 1 mm deep perforation and 
the second in the 5 mm perforation. Results: In comparing the conven-
tional and experimental drills treated with the same kind of protocol there 
was no statistical difference in the depth of 1 mm (p> 0.05), however a 
statistical difference was observed at the depth of 5 mm (p< 0.05). When 
comparing the temperature of each drill there was statistical difference 

between the groups treated with no irrigation (G1 and G2) compared to the 
groups treated with the irrigation protocol (G3 and G4) and the last two had 
a significant reduction in the temperature of the two studied depths (p< 
0.001). Conclusion: The groups of the bovine blocks treated with irrigation 
showed lower temperature records when compared to the groups without 
irrigation protocol in both studied depths.
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cutting power at the end due to front and side edging. The macro struc-
ture of the drill has a chamfer of 180 degrees and undulations in the 
longitudinal direction (Figure 1).
The surgical motor was coupled to the contra-angle guaranteeing the 
same rotational speed (150 rpm) of the drills and the same torque. A 
total of 24 bovine blocks were donated, approximately 14 cm long 13 
mm wide, 20 mm high and approximately 2 mm cortical bone (Figure 2). 
The blocks were previously prepared and divided into four groups. We 
evaluated 24 bovine blocks divided into 4 groups, 6 blocks per group for 
analysis in triplicate, with different KOPP brand drill models (Brazilian 
industry), evaluated under rotation of 150 rpm: G1 - conventional drills  
without irrigation; G2 - experimental drills without irrigation; G3 -  
conventional drills with irrigation; G4 - experimental drills with irrigation.  
The perforations were performed with depths of 1.0 and 5.0 mm,  
rotational speed of the drill at 150 rpm and torque of 45 N.
Two K-type thermocouples attached to a portable digital thermometer 
(Tasi, model 8620) were used to measure the bone temperature and the 
thermometer was calibrated to measure the temperature at the depths 
of 1mm and 5mm. The edges of the thermocouples were stabilized with  
photopolymerizable resin. A thermostatic box was used so that the  
experiments were carried out at a temperature of 37°C and the blocks 
were 3/4 covered, thus simulating a moisture approximate to that of the 
oral cavity (Figure 3).
The data were tabulated in Microsoft Office Excel® software and exported 
to SigmaPlot version 11.0 software. The analyses were performed adopting 
a confidence level of 95% (P < 0.05). The data were expressed as means  
and standard error. The quantitative data were analyzed by the normality  
test and compared using the Student’s t-test and Chi-squared test, as ap-
propriate. 

RESULTS
When evaluating the mean temperature values at 1 mm depth in the 
different protocols (with and without irrigation), the mean tempera-
ture value in G1 was 25.95 ± 0.46°C. Maintaining the same previous 
characteristics except only changing the experimental drills (G2), the 
mean value was 25.22 ± 0.44°C. Furthermore, the mean value in G3 was  
21.01 ± 0.52°C and in G4 the mean value was 19.79 ± 0.48°C. When 
evaluating the mean temperature values at 5 mm depth in the different 
protocols (without and with irrigation), the mean temperature value in 
G1 was 30.59 ± 0.47°C. Maintaining the same previous characteristics 
except only changing the experimental drills (G2), the mean value was 
29.74 ± 0.41°C. In G3 the mean value was 27.27 ± 0.39°C and in G4 
the mean value was 24.91 ± 0.42°C. There was no statistical difference 
between the groups.

Figure 4: Average values of the block temperatures at depths of 1 mm and 
5mm at 150 RPM with and without irrigation with conventional drills and 
experimental KOPP brand drills.

Figure 1: Conventional and experimental drill designs, respectively. 
Left: Conventional drills; Right: Experimental drills.

Figure 2: Adaptation of bovine bone and marking of points to be pierced.
Preparation of the model to simulate the surgical bed.

Figure 3: Calibration of the depths and adaptation of thermocouples;  
Sample immersed in thermostatic water box and temperature record  
(below). 
Thermocouples and preparation of the bones.

Table 1 shows the intra and inter comparison of the block temperatures 
without irrigation with conventional drills. The minimum temperature  
at the depth of 1 mm occurred in the 3.0 mm drill = 24°C and the  
maximum in the 3.8 mm drill = 27.5°C, while the minimum temperature 
at the depth of 5 mm was 28.7°C in the 2.0 mm drill and 32.1°C in the 
4.8 mm drill. There was statistical difference between the temperatures in 
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minimum temperature at the depth of 5 mm was 22.3°C at the spear and 
26.1°C in the 2.8 mm drill. There was a statistical difference between the 
temperatures in the intragroup comparison of each depth (p< 0.001), but 
there was no statistical difference in the Intergroup analysis (P= 0.26).
Table 5 compared the different temperatures in the protocols with and 
without irrigation using each drill at the depth of 1mm. No statistical  
difference was observed when comparing conventional and experimental  
drills treated with the same protocol (p> 0.05). There was statistical  
difference (p < 0.001) when comparing the temperature of each drill  
between the groups treated without the irrigation protocol (G1 and G2)  
when compared to the groups treated with the irrigation protocol  
(G3 and G4). The last two had significant reduction in the temperature 
record of all drills.
Table 6 compares the different temperatures in the protocols with and  
without irrigation using each drill at the 5mm depth. There was a statistical  
difference (P< 0.05) when comparing conventional and experimental 
drills treated with the same protocol. There was also statistical difference 
(p< 0.001) when comparing the temperature of each drill between the 
groups treated without irrigation protocol (G1 and G2) when compared 
to the groups treated with irrigation protocol (G3 and G4). The last two 
had significant reduction in the temperature record of all drills.

DISCUSSION
The success of rehabilitation with implants in clinical practice is undeni-
able, however failures of multifactorial origin which are often combined 

the intragroup comparison of each depth (p< 0.001), however there was 
no statistical difference in the Intergroup analysis (p= 0.22).
Table 2 shows the different values in the experimental protocol without 
irrigation. The minimum temperature at the depth of 1 mm occurred in 
the 3.0 mm drill= 23.3°C and the maximum at the spear= 27°C and the 
minimum temperature at the depth of 5 mm was 28.0°C in the 2.0 mm  
drill and 31.1°C in the 4.8 mm drill. There was a statistical difference  
between the temperatures in the intragroup comparison of each depth 
(p< 0.001), while there was no statistical difference in the Intergroup 
analysis (P = 0.25).
Table 3 describes the temperatures in the irrigation protocol with  
conventional drills. The minimum temperature at the depth of 1 mm 
occurred in the 2.0 mm drill= 18.5°C and the maximum in the 2.8-4.8 mm  
drill= 21.8°C, while the minimum temperature at the depth of 5 mm was 
26.2°C in the 2.0 mm drill and 28.9°C in the drill 2.8 mm. (Table 3). The 
minimum temperature at the depth of 1 mm occurred in the 2.0 mm 
drill= 18.5°C and the maximum in the 2.8-4.8 mm drill= 21.8°C, while  
the minimum temperature at the depth of 5 mm was 26.2°C in the 2.0 mm  
drill and 28.9°C in the 2.8 mm drill (Table 3). There was a statistical  
difference between the temperatures in the intragroup comparison of 
each depth (p< 0.001), but there was no statistical difference in the Inter-
group analysis (P= 0.78).
Table 4 describes the values of the experimental protocol with irrigation. 
The minimum temperature at the depth of 1 mm occurred in the spear 
drill= 18°C and the maximum in the 4.3 mm drill= 22.1°C, while the 

Table 1: Description of the block temperatures at each depth at 150 RPM 
without irrigation with conventional KOPP brand drills.

Depth 1 mm* 5 mm* P**

Spear Drill 27.1 31.5

Drill 2.0 mm 25.0 28.7

Drill 2.8 mm 24.7 29.5

Drill 3.0 mm 24.0 29.0 0.22

Drill 3.3 mm 25.8 30.8

Drill 3.8 mm 27.5 31.3

Drill 4.3 mm 26.2 31.8

Drill 4.8 mm 27.3 32.1

mm= millimeters; values in degree Celsius (°C), * P <0.001; In-group Student’s 
t-test, ** Chi-square test between 1 mm vs. 5 mm depths.

Table 2: Description of block temperatures at each depth with 150 RPM 
without irrigation with experimental KOPP brand drills.

Depth 1 mm* 5 mm* P**

spear Drill 27 30.9

Drill 2.0 mm 25.3 28

Drill 2.8 mm 24.1 29

Drill 3.0 mm 23.3 28.3 0.25

Drill 3.3 mm 24.4 30.2

Drill 3.8 mm 26.2 30

Drill 4.3 mm 25.3 30.4

Drill 4.8 mm 26.2 31.1

mm = millimeters; values in degree Celsius (°C), * P <0.001; intragroup Student’s 
t-test, ** chi-squared test between 1 mm vs. 5 mm depths.

Table 3: Description of the block temperatures at each depth at 150 RPM 
with irrigation using conventional KOPP brand drills.

Depth 1 mm* 5 mm* P**

Spear Drill 18.8 26.2

Drill 2.0 mm 18.5 26.2

Drill 2.8 mm 21.8 28.9

Drill 3.0 mm 21.8 26.9 0.78

Drill 3.3 mm 21.8 26.7

Drill 3.8 mm 21.8 26.5

Drill 4.3 mm 21.8 28.3

Drill 4.8 mm 21.8 28.5

mm = millimeters; values in degree Celsius (°C), * P< 0.001; intragroup Student’s 
t-test, ** chi-squared test between 1 mm vs. 5 mm depths.

Table 4: Description of the block temperatures at each depth at 150 RPM 
with irrigation and experimental KOPP brand drills.

Depth 1 mm* 5 mm* P**

Spear Drill 18 22.3

Drill 2.0 mm 18.3 24.8

Drill 2.8 mm 19.5 26.1

Drill 3.0 mm 19.5 25.3 0.26

Drill 3.3 mm 19.5 25.2

Drill 3.8 mm 20.4 24.3

Drill 4.3 mm 22.1 25.5

Drill 4.8 mm 21 25.8

mm= millimeters; values in degree Celsius (°C), * P<0.001; intragroup Student’s 
t-test, ** chi-squared test between 1 mm vs. 5 mm depths.
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Faria13 evaluated the temperature generated during the preparation of the  
bovine bone tissue by comparing the Nobel and 3i connection systems. 
After perforations with drills of 2.0mm and 3.0mm diameter up to 
13mm depth, at a speed of 1500 rpm with intermittent pressure of 2kg  
under constant irrigation at room temperature (24±1°C), it was  
observed that the 2mm diameter connection system had better results 
in relation to minimizing the temperature increase; however, none of 
the drills exceeded the biological limit. Factors such as motor rotation 
speed, drill design and pressure should be controlled. In the intragroup 
analysis of each studied protocol herein, there was a statistical difference 
between the temperatures of the different drills at each depth (p< 0.001). 
However, there was no statistical difference in comparing the values of 
the different depths studied in the Intergroup analysis.
Geerts and Patel6 evaluated the temperature changes along the surface 
of the implant in vitro through thermocouples at ten min intervals and 
established that the temperature threshold that the abutment could reach  
is 47°C/1 min. In a total of 53 series of tests, the temperature of the  
abutment varied between 52.80°C and 71.72°C, having an association 
between the maximum temperature, the implant level and the temperature  
of the abutment. The threshold of 47°C/1min was reached 31 times at the 
implant level and the temperature was lower in areas farther away from 
the heat source. For an abutment temperature of 62.3°C there was a 50% 
chance that 47°C would be reached for 1 min at the implant level.
Gehrke et al.14 evaluated whether there were differences in temperature 
variation using only a single drill for the preparation of surgical drill and 
compared with the conventional drill sequence using various drills in  
bovine bone. Three groups were evaluated: one group using three  
consecutive 4.1mm cylindrical drills, one using three consecutive drills 
for a 4.3mm conical implant and a third group with only one drill for a  
4.2mm conical implant. The temperature in the cortical bone was  
measured through a thermocouple. The same experiment with external 
irrigation was repeated without irrigation, in which the protocol with 
only one drill showed no greater bone heating than the conventional one.  
When comparing temperature values when using each drill in the different  
protocols in the present study, the treated groups without irrigation had 
a significantly higher temperature than those with irrigation protocol 
(p< 0.001).

Table 6: Comparative analysis of the block temperatures at the depth of 
5 mm at 150 RPM with and without irrigation using conventional and 
experimental KOPP brand drills.

Depth Without irrigation With irrigation** p*

Co
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tio

na
l

Ex
pe
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l
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nv

en
tio

na
l

Ex
pe
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m
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ta

l

Spear Drill 31.5 30.9 26.2 22.3 < 0.001

2.0 mm Drill 28.7 28 26.2 24.8 < 0.001

2.8 mm Drill 29.5 29 28.9 26.1 < 0.001

3.0 mm Drill 29.0 28.3 26.9 25.3 < 0.001

3.3 mm Drill 30.8 30.2 26.7 25.2 < 0.001

3.8 mm Drill 31.3 30 26.5 24.3 < 0.001

4.3 mm Drill 31.8 30.4 28.3 25.5 < 0.001

4.8 mm Drill 32.1 31.1 28.5 25.8 < 0.001

mm= millimeters; values in degrees Celsius (°C), * ANOVA followed by the 
Holm-Sidak test when comparing intergroups; ** P> 0.05; ANOVA followed by 
the Holm-Sidak test in the intragroup comparison.

Table 5: Comparative analysis of the block temperatures at the depth 
of 1 mm at 150 RPM with and without irrigation with conventional and 
experimental KOPP brand drills.

Depth Without irrigation** With irrigation ** p*

Co
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na
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l
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Spear Drill 27.1 27 18.8 18 p< 0.001

2.0 mm Drill 25.0 25.3 18.5 18.3 < 0.001

2.8 mm Drill 24.7 24.1 21.8 19.5 < 0.001

3.0 mm Drill 24.0 23.3 21.8 19.5 < 0.001

3.3 mm Drill 25.8 24.4 21.8 19.5 < 0.001

3.8 mm Drill 27.5 26.2 21.8 20.4 < 0.001

4.3 mm Drill 26.2 25.3 21.8 22.1 < 0.001

4.8 mm Drill 27.3 26.2 21.8 21 < 0.001

mm = millimeters; values in degrees Celsius (°C), * ANOVA followed by the 
Holm-Sidak test when comparing intergroups; ** P> 0.05; ANOVA followed by 
the Holm-Sidak test in the intragroup comparison.

can occur, thereby causing damage to the professional and the patient. 
Among these failures, bone overheating stands out as well as poor case 
planning. This elevation in temperature occurs due to the friction of the 
surgical drill with the bone tissue and can cause damage to osseointegra-
tion and even necrosis when it crosses the limit between 44°C and 47°C 
for at least one min.10

Devices with thermocouple technology can be used to check the bone 
temperature after drilling.11 Thermocouples are electrical devices with  
great application in temperature measurement. In the study by Nero et al.8  
they were used to evaluate the temperatures in the medullary bone and  
cortical bovine during osteotomy with a 2.00 mm drill. External irrigation  
was used in the halves of the specimens, while double irrigation was used 
in the remaining which was more efficient in temperature control. In the 
present study, the groups treated with irrigation (G3 and G4) showed  
better temperature control when evaluating the mean values at the  
perforation temperatures of 1.00 mm depth (G1: 25.95 ± 0.46°C; G2: 
25.22 ± 0.44°C; G3: 21.01 ± 0.52°C; G4: 19.79 ± 0.48°C) and 5.00mm 
depth (G1: 30.59 ± 0.47°C; G2: 29.74 ± 0.41°C; G3: 27.27 ± 0.39°C; G4: 
24.91 ± 0.42°C). However, there were no statistical differences between 
the different groups.
Andriani Jr. developed a thermocouple technology device associated 
with a computerized system to evaluate the performance of irrigation 
systems (internal and external) during the preparation of the surgical  
bed for implant placement. The author evaluated 20 specimens of  
bovine bone associated with thermocouples placed at different depths 
and observed that the internal irrigation system generated lower heat 
when compared to the external irrigation system. In the present study, 
bovine bone was also used for presenting characteristics such as density 
and similar configuration to the human jaw.11 
Carneiro et al.12 evaluated the influence of the cut conditions on bovine 
bone, monitoring the temperature through thermocouples. The authors 
utilized a kit of uncoated dental drills using water for irrigation. In this 
study, helical drills produced lower temperature values. It is known that 
the vascularization around the implant is one of the main responsible 
factors for the success of osseointegration. Maintaining this tissue during  
the milling process is essential. Histological studies indicate that  
temperatures higher than 47°C can inhibit bone regeneration. 
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Soldatos et al.15 measured the temperature in the surgery of different  
implant designs, including a conical, a self-tapping conical and a parallel  
wall design. The drills were compared with and without external irrigation  
at rotations of 800, 1000 and 1200 rpm. The highest temperature was 
found with the initial drills for conical implants and the lowest for the  
initial drills for self-tapping conical implants. Irrigation especially  
influenced the self-tapping design. The authors concluded that different 
implant designs have different thermodynamic behaviors.
Strbac et al.16 evaluated changes in temperature during osteotomy in 
bone samples. For this purpose, 160 automatic intermittent osteotomies 
(10/16 mm deep drilling) were performed with 2 mm helical drills and 
3.5 mm conical drills with and without irrigation. In their study, it was 
observed that the greatest changes in temperature were during the drill 
removal with the influence of irrigation. According to the authors, the 
progressive increase in temperature may modify the mineral structure of 
the bone hydroxyapatite.
Several studies have shown that atraumatic surgical techniques that  
prevent the implant site overheating and primary stability are the two  
main factors involved in the success of osseointegration.17 Bone perfora-
tion is a highly contested topic due to the heat production caused by this 
procedure. Several factors interfere with bone drilling and it is essential 
to develop new technologies in order to control them.18

CONCLUSION
In the present study it can be concluded that the groups of bovine blocks 
treated with irrigation had lower temperature records when compared to 
the groups without irrigation protocol for both studied depths. 
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