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Abstract

Objective The aim of'this in vitro study was to evaluate the influence of bone type, drill diameter, drilling speed, and irrigation on
heat generation while performing osteotomy for dental implants.

Materials and methods Six polyurethane foam blocks simulating type I (dense) and type IV (soft) bone were selected for the
study. Each block was subjected to two different experimental conditions for each drill (2- and 3.5-mm diameter): three sub-
groups were created: (a) revolutions per minute (50, 100, or 800 rpm) and (b) irrigation (with or without irrigation).

Results In 2-mm drill group, maximum temperature attained was practically identical: 23.73 +2.28 °C in the cortical bone and
23.74+2.03 °C in the cancellous bone. For 3.5-mm, groups showed similar results (25.01 +1.88 °C for cortical and 24.05 +
1.94 °C for trabecular bone). In any type of bone, the presence of irrigating fluid helped to control the maximum temperature
(p=0.001). When comparing the 2-mm and 3.5-mm drills, most differences were found at 100 rpm without irrigation (p < 0.001)
and at 800 rpm with irrigation (p = 0.001).

Conclusions Maximum temperature attained was always below the critical threshold that can cause osteonecrosis, showing that
both external irrigation with higher drilling speeds and no irrigation with lower speeds were effective methods to avoid excessive
heat generation.

Clinical relevance Despite being always below the critical temperature, bone type, drill diameter, drilling speed, and irrigation
must be considered temperature-influencing factors during implant osteotomies.

Keywords Dental implant - Implant drill - In vitro - Bone mineral density - Polyurethane foam

Introduction result in interposition of fibrous tissue at the implant-bone
interface, influencing the process of osseointegration, favoring

Osseointegration is the direct contact between the bone and  bone loss, and diminishing implant survival rate [3, 4]. Hence,

the surface of an implant without an intervening fibrous layer
[1]. As the bone has low thermal conductivity, during prepa-
ration of the implant site, attrition of the burs can cause
overheating and, consequently, bone necrosis [2]. This could

< Oscar Salomé-Coll
oscarsalomo @uic.es

Oral and Maxillo-facial Surgery Department, Universitat
Internacional de Catalunya, c/Josep Trueta s/n,
08195 Barcelona, Spain

Department of Periodontics and Oral Medicine, University of
Michigan School of Dentistry, Ann Arbor, MI, USA

an atraumatic surgical technique and initial stability of the
implant [5—7], which are directly related to the preparation
of the implant site [1], are required to avoid this phenomenon.
The bone structure determines the reaction against increase in
temperature. Medullary bone, due to its greater vasculariza-
tion, has better capacity to dissipate heat, whereas higher tem-
peratures could be attained while drilling in dense cortical
bone owing to the higher bone density and reduced capacity
for heat dissipation [8, 9]. The temperature should be main-
tained under 47 °C during preparation of the implant site, and
the drilling time should be less than 1 min [10, 11].

Several factors may affect temperature variations during
the preparation of the implant site, such as the drilling depth
[12], drill design and material [13—18], drill sharpness [19,
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20], drilling speed and pressure [21-23], bone density and
irrigation [24-26], and number of uses and sterilization pro-
cesses [27].

In external irrigation, the coolant contacts the sides of the
bur while drilling. By contrast, in internal irrigation, the cool-
ant flows internally through the hand-piece and drill, allowing
direct contact of the coolant with the internal working area. A
combination of both internal and external systems has also
been tested and described in the literature as a factor influenc-
ing thermal changes [28]. Apparently, the greater the depth of
drilling, the greater would be the heat generated, as the coolant
does not reach the deepest area of the prepared site [29].
However, there is a lack of literature analyzing the definite
relationship between the generation of heat and depth of the
osteotomy.

Many devices and techniques have been described to phys-
ically measure the amount of heat generated during prepara-
tion of the implant site. Infrared thermography is an indirect
method used to measure temperature by detecting changes in
the surface through a scale color [30, 31]. Another device is
the thermocouple; if it is placed adequately close to the work-
ing area, it can detect the difference in electric potential be-
tween two metals, being an extremely sensitive detector of
thermal changes [22, 26].

Therefore, the aim of this in vitro study was to evaluate the
influence of bone type, drill diameter, drilling speed, and irri-
gation system on heat generation while performing osteotomy
for dental implants.

Materials and methods
Study design

This study was performed on biomedical test blocks resem-
bling human bone (Sawbones®, Pacific Research
Laboratories, WA, USA). These blocks are manufactured
from solid and rigid polyurethane foam simulating type I
(dense) and type IV (soft) bone, according to the Misch’s bone
density classification [32]. The foam density is 0.08 g/cm’ for
density 1 (D4) and 0.48 g/cm3 for density 4 (D1), with a
compressive strength of 0.6 MPa for D4 and 18 MPa for
D1, and a compressive modulus of 16 MPa for D1 and
445 MPa for D4. The initial block dimensions were 130 x
180 x 20 mm. Thereafter, the blocks were sectioned into
smaller samples with dimensions of 130 x 16 x 10 mm. Six
blocks were selected for the study (3 D1 blocks and 3 D4
blocks). Each block received 12 osteotomies on each side,
resulting in a total of 288 osteotomies. The first osteotomy
was performed with a 2-mm diameter drill (2-mm phase;
n=144). Later, a 3.5-mm diameter drill was used in the same
preparation (3.5-mm phase; n = 144). The osteotomies were
performed 5 mm apart to not influence the temperature
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measurements of the surrounding osteotomies. This in vitro
study was approved by the ethical research committee of the
Universitat Internacional de Catalunya (CIR-ELM-2017-02).

The blocks were divided into two primary groups accord-
ing to bone density (cortical and trabecular bone), and each
block was subjected to two different experimental conditions
for each drill (2- and 3.5-mm diameter): (a) revolutions per
minute (50, 100, or 800 rpm) and (b) irrigation (with or with-
out irrigation), resulting in three subgroups per primary group:
(1) subgroup 1: 50 rpm and no irrigation; (2) subgroup 2:
100 rpm and no irrigation; and (3) subgroup 3: 800 rpm with
irrigation. Figure 1 shows the flowchart of group distribution.

Drilling procedure

A special machine with an attached implant motor designed to
produce continuous drilling motion was used for the study.
The device was coupled to a 20:1 reduction-speed hand-piece
with a predetermined load of 2 kg (SurgicPro, NSK Nakanishi
INC. Japan). A thermometer with an accuracy of 0.1 °C and
two thermocouples (DEM 106, Velleman®, Belgium) were
added to each block to register the maximum temperature
attained while performing the osteotomies (Fig. 2).

Twenty-four new drills from Straumann® (Straumann®,
AG, Waldenburg, Switzerland) were used in this study: 12
2.0-mm diameter pilot drills and 12 3.5-mm diameter helical
drills. Each drill was used only for one block side to avoid the
bias of drill wear. According to the study group distribution, if
saline irrigation was used (Braun, GmbH, Germany), it flowed
continually at a speed of 50 ml/min and at 21 °C (room tem-
perature). The temperature of the saline solution was evaluat-
ed every 5 min, and another saline source was added in case of
temperature increase of 1 °C.

Data retrieval

Two type K thermocouples and a digital thermometer with an
accuracy of 0.1 °C were inserted into two holes placed at each
side of an osteotomy, 1 mm lateral to the osteotomy level and
at 5 mm depth. The primary variable of the investigation was
the maximum temperature attained during each preparation,
which was recorded at two locations (buccal and lingual) in
degrees Centigrade. The data were entered in a Microsoft
Excel Office®2011 spreadsheet (Microsoft Corporation,
Redmond, USA). Sufficient waiting time, following each
osteotomy before the next drilling sequence, was allowed to
elapse until the temperature returned to baseline level (21 °C).

Statistical analyses
Statistical analyses were performed using the

Statgraphics®Plus 5.1 software (Statpoint Technologies,
INC Virginia, USA). The descriptive analysis of all variables
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Fig. 1 Flowchart showing the
number of blocks (7), number of
osteotomies (), and number of
temperature measurements (k)

Cortical bone:
n=3, m=72, k=144

—_
With irrigation;
n=3, m=24, k=48

r—l

No irrigation;
n=3, m=48, k=96

50 rpm; n=3,
=24, k=48

100 rpm; n=3,
m=24, k=48

included calculations of mean, standard deviation, minimum,
maximum, and median. The Kolmogorov-Smirnov test
rejected the adjustment of the temperature variable to normal-
ity; however, the large sample size allowed a parametric ap-
proach for achieving normality.

Regarding the inferential analysis, linear models of gener-
alized estimation equations were used because of the hierar-
chical design of observations: 2 measurements per perforation
and 24 perforations per block and drill. The dependent vari-
able was always the maximum temperature attained, and the
mean was compared for different levels of independent fac-
tors. In the first model, the effect of bone type was evaluated,
and thereafter, speed and irrigation factors were incorporated
into the model, estimating all the principal effects and interac-
tion. The Wald Chi-squared statistic determined the signifi-
cance of the factors. Multiple comparisons were corrected

Fig. 2 Specially designed device for measuring changes in temperature
during implant osteotomies

Total
n=6 blocks
m=144 perforations

k=288 measurements

r—J

—_—

With irrigation;
n=3, m=24, k=48

No irrigation; n=3,

m=48, k=96
800 rpm; n=3, 50 rpm; n=3, 800 rpm; n=3,
m=24, k=48 m=24, k=48 m=24, k=48
100 rpm; n=3,
m=24, k=48

using the Bonferroni criteria. The level of significance used
in the analyses was 5% (a = 0.05).

Results
Two-millimeter drills
Effect of bone type

The average maximum temperature attained was practically
identical in both block groups: 23.73 +2.28 °C in the cortical
bone and 23.74 +2.03 °C in the cancellous bone (p > 0.05).
Depending on bone density, means were slightly higher than
medians, suggesting that possible extreme cases had limited
influence in such large sample sizes on the general average
(Table 1).

Effect of speed and irrigation

In any type of bone, the presence of irrigating fluid controlled
the maximum temperature better than its absence. The average
maximum temperature attained depended specifically on the
used speed—irrigation combination and the type of bone where
osteotomy was performed (p = 0.001). In the cortical bone, no
considerable differences in temperature between working at
50 or 100 rpm without irrigation were evident. Compared to
the cortical bone, the temperature was significantly lower
while working at lower speeds without cooling (100 rpm) in
the trabecular bone (p = 0.001). At 800 rpm, bone density did
not affect thermal changes during implant osteotomy
(p> 0.05) (Fig. 3).

@ Springer



1050 Clin Oral Invest (2021) 25:1047-1053
Table 1 Mean, standard deviation, minimum, maximum, and median maximum temperature in degrees centigrade according to type of bone during
implant osteotomies with 2-mm drills

N Mean Standard deviation Minimum Maximum Median
Cortical 144 23.73 228 20.20 33.00 23.40
Trabecular 144 23.74 2.03 19.80 27.20 23.30
Total 288 23.74 2.16 19.80 33.00 23.30

Drills of 3.5 mm
Effect of bone type

The mean maximum temperature was 0.96 °C higher in the
trabecular-bone block than that in the cortical-bone block
(25.01 +£1.88 °C and 24.05 + 1.94 °C, respectively), although
the difference was not statistically significant (p > 0.05)
(Table 2).

Effect of speed and irrigation

Similar to the 2-mm drill, the presence of irrigating fluid con-
trolled the maximum temperature better than its absence, in
blocks of both densities. In the cortical bone, the temperature
was significantly higher while working at higher speeds
(100 rpm) (p = 0.02) compared to that while working at lower
speeds (50 rpm). In the cancellous bone, no significant differ-
ence in temperature between working at 50 or 100 rpm (p
< 0.05) was evident (Fig. 4).

The model showed that the average maximum temperature
attained depended specifically on the speed—irrigation combi-
nation and type of bone. In the cortical bone, the temperature
at 100 rpm was higher than that at 50 rpm. By contrast, in the
trabecular bone, both temperatures were approximately equal,
elucidating the influence of bone density. The reciprocal in-
terpretation is as follows:

— At 50 rpm without irrigation, cortical bone temperature
was significantly lower than trabecular bone temperature
(p< 0.001).

Maximum temperature (°C) according to the type of bone,
speed and use or irrigation
27,5

—8— 50 rpm - no irrigant

=E==100 rpm - no irrigant

—— 800 rpm - irrigant

20

Cortical bone Spongious bone

Fig. 3 Two-millimeter drills: maximum temperatures according to type
of bone, drilling speed, and irrigation
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— At 100 rpm without irrigation, cortical bone temperature
was significantly higher than trabecular bone temperature
(p=0.005).

— At 800 rpm with irrigation, no statistically significant
differences were found (p > 0.05).

Comparative evaluation between 2- and 3.5-mm drills

The temperature changes with the 2-mm diameter drills (phase
1) and 3.5-mm diameter drills (phase 2) are as follows:

The mean maximum temperature attained was similar in
different types of irrigation, speed, and bone. When compar-
ing the 2-mm and 3.5-mm drills, most statistically significant
differences were found during implant osteotomy in trabecu-
lar bone, at 100 rpm without irrigation (p < 0.001) and at
800 rpm with irrigation (p = 0.001) (Table 3).

Discussion

Studies have shown that bone temperature should be main-
tained at 47 °C during preparation of the implant site to avoid
bone necrosis [10], and several factors affecting temperature
changes during implant site preparation, such as drill design
and geometry [13], drilling speed and pressure [21-23], irri-
gation and bone density [24-26], should be considered prior
to implant osteotomies. This study revealed the variable influ-
ences of drill diameter, drilling speed, bone density, and irri-
gation on heat generation during the preparation of implant
sites in artificial bone blocks. Artificial bone blocks made
from polyurethane were selected considering that their me-
chanical properties are comparable to those of human cancel-
lous and cortical bone, according to the American Society for
Testing [33]. By contrast, other studies have used animal bone
such as bovine or porcine ribs and obtained reliable results
[17-19]. However, these animal samples might have discrep-
ancies in relation to size and/or percentage of trabecular and
cortical bone.

Although the use of thermocouples, which digitally
measure temperature changes, is still under discussion
[3], their values are influenced by the material of the
sensor, probe isolation, and/or recording depth. In this
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Table 2 Mean, standard deviation, minimum, maximum, and median maximum temperature in degrees centigrade (°C) according to type of bone

during implant osteotomies with 3.5-mm drills

N Mean Standard deviation Minimum Maximum Median
Cortical 144 24.05 1.94 19.70 28.80 24.30
Trabecular 144 25.01 1.88 20.30 28.20 25.90
Total 288 24.53 1.97 19.70 28.80 25.00

study, two type K thermocouples were used instead of one
to enhance the accuracy of temperature measurements and
were located adequately close to the working area, while
maintaining the minimum secure distance to prevent any
damage to the devices while drilling; however, the advan-
tage of one vs. two thermocouples still remains unclear.
Maintaining an accurate distance between the probes of
the thermocouple and heat source is necessary to obtain a
reliable and precise temperature record. Increasing this
distance from 0.3 to 0.7 mm from the edge of the
osteotomies has shown a decrease of 2 °C [20].
Accordingly, in this study, the thermocouples were posi-
tioned 0.4 mm from the osteotomies. For the 3.5-mm
osteotomies, the position of the thermocouples was al-
tered to allow the same distance of 0.4 mm.

Regarding the force applied during preparation of the im-
plant site, majority of the previous in vitro studies have ap-
plied constant loads by pneumatic systems or by applying
weights [28]. A 2-kg load exerting limited pressure to avoid
generation of excessive heat was selected, as recommended
by Tehemar [3]. However, continuous drilling protocol was
used, which does not correspond to the actual clinical proto-
col, and though the technique used was standardized, it could
have influenced the maximum temperature attained.

As the bone-drill interface is quite small, saline irrigation
can prevent overheating [3]. Drilling should be intermittent,
allowing saline to access the entire length of the osteotomy.
Additionally, this will permit the removal of bone chips, main-
taining the cutting efficiency of the drills [26, 31]. However, in
this study, as the osteotomies were performed with a calibrat-
ed load of 2 kg, continuous drilling was performed until the
preparation was complete.

Maximum temperature (°C) according to the type of
25 bone, speed and use of irrigant

~&— 50 rpm - no rrigant
25

=43 = 100 rpm - no irrigant
~—&— 800 rpm - irrigant

20

Cortical bone Spongious bone

Fig. 4 Drills of 3.5-mm: maximum temperatures according to type of
bone, drilling speed, and irrigation

The results of this study showed that differences in bone
density are one of the principal factors leading to temperature
changes. While using the 2-mm diameter drills, the two types
of bone showed no differences in the maximum temperature
attained. However, if the effects of irrigation and drilling
speed are considered, various conclusions can be drawn. Use
of a coolant provided better control of the maximum temper-
ature attained. Use of a coolant with higher speeds (800 rpm)
ensured better temperature control because of heat dissipation
by the coolant, although without statistically significant dif-
ferences. The relationship between drilling speed and irriga-
tion was also analyzed. Use of irrigation also ensured attain-
ment of lower maximum temperatures under high speeds. In
the cortical bone, higher temperatures were attained at
100 rpm than those at 50 rpm; however, in the trabecular bone,
temperatures at the two speeds were equal.

Critical evaluation of the results of our study shows the
following limitations. First, the temperatures were evaluated
at a single depth of 10 mm; no comparisons with superficial or
deeper depths were performed, which could have led to dif-
ferent results. Second, the drills were not sterilized between
the osteotomies, and the debris of bone blocks was cleaned
with saline solution. Some authors have shown that autoclav-
ing can reduce the cutting efficiency of drills, which might
influence the heat generation during drilling [20].

Conclusions

In this study, the maximum temperature attained was always
below the critical threshold that can cause osteonecrosis

Table3  Results of the Wald Chi-squared statistic of the linear model of
generalized estimation equations

p value
Cortical bone-50 rpm—no irrigant 0.703
Cortical bone-100 rpm-—no irrigant 0.051
Cortical bone-800 rpm—with irrigant 0.678
Trabecular bone—50 rpm-—no irrigant 0.482
Trabecular bone—100 rpm—no irrigant <0.001*
Trabecular bone-800 rpm—with irrigant 0.001*

*Values showing statistical significant differences (p < 0.05)

@ Springer
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showing that both external irrigation with higher drilling
speeds and no irrigation with lower speeds were effective
methods to avoid excessive heat generation. However, opti-
mum drilling parameters must be selected for routine clinical
practice to avoid or minimize the possibility of bone necrosis.
Use of irrigation with high speeds demonstrated better control
of the maximum temperature. However, the results of the
study should be interpreted with caution due to the in vitro
nature of this study and its inherent limitations.
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