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Abstract The aim of this review was to examine the impact of dental implant drill materials and
wear profiles on heat generation in the osteotomy sites as reported in experimental
studies and to critically appraise these studies. The research question was formulated
based on predefined patient, intervention, comparison, and outcome (PICO) elements.
A comprehensive electronic search was undertaken in Medline/PubMed Central,
Science Direct, and Google Scholar, using predetermined keywords, followed by a
manual search of the bibliography of the selected articles. The selection of the studies
for the critical appraisal part of our study was based on the criteria used to assess the
study designs such as study aims, outcome measure, clarity of method, sample
selection, randomization, allocation concealment, sample attrition, bias, method of
data analysis, and external validity. Increased heat generation was observed with both
ceramic and metal drills; the heat generation was proportional to drills’ wear. The
literature was inconclusive regarding the association between drill material and heat
generation. However, drill materials had a significant influence on the overall temper-
ature increase during osteotomy. The noncoated drills showed a higher wear resis-
tance, and it has been observed that using worn drills leads to more friction contact,
reduced drill cutting efficiency, and increased heat generation. Eleven in vitro studies
met the inclusion criteria, and showed a considerable methodological heterogeneity
and confounding factors, including drill geometry, speed and load, depth and
diameter, number of uses, irrigation protocol, study specimens, and the heat measur-
ing device. Besides, most of the studies have a potential operator and assessor bias, and
some have sponsorship bias. It is possible to conclude that the literature is not
conclusive on the effect of drill materials on heat generation during osteotomy.
Lack of standardization and uniformity in the study design, along with potential bias
in the study methodology can be the reason for the heterogeneity of the results.
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Introduction

One of the most important challenges in bone drilling during
osteotomy site preparation is heat generation and thermal
damages to the alveolar bone. This could be due to several
biomechanical factors such as the drilling protocol (technique,
force, speed, drill geometry, and irrigation),1 properties of the
drills,2 and properties of the bone.3,4 Investigations have
reported that temperatures of over 44°C lead to irreversible
damage. Drill wear is one of the important causes of the rise in
temperature during osteotomy, which needs to be controlled
to avoid thermal osteonecrosis.5 The elevated bone tempera-
ture constitutes a major cause of early dental implant failure
since it may lead to hyperemia, osteocyte degeneration, in-
creased osteoclastic activity, and necrosis, which ultimately
affects the regenerative capacity of thebone and consequently
endswith osseointegration failure.4Delayed healing, failure of
osseointegration, and necrosis of the bone were reported
during the osteotomy when the temperature exceeded 47°C
for more than 1minute.6 Therefore, for successful osseointe-
gration, the osteotomy preparation in low temperature is of
utmost importance.

For many decades, dental implant drills were made of
stainless steel because of their high cutting efficiency and
durability. Ceramic drills, which aremainly composed of 80%
zirconia oxide and 20% alumina oxide, were lately introduced
in the market. Combining zirconia with magnesium or
alumina stabilizes zirconia, resulting in better biomechanical
properties.7,8 Ceramic drills have the advantage of being
biocompatible, which reduces the chances of allergic
responses to metal during osteotomy preparation. They
show good resistance against high temperature, corrosion,
and wear/abrasion.9 Thus, they are expected to generate less
heat during implant site preparation.10 However, literature
on the use of ceramic drills in implantology is scarce and is
not conclusive on their advantages in lowering heat genera-
tion during drilling. Understanding whether drill material
can affect heat generation during osteotomypreparation is of
high clinical relevance as it can influence the implant success
and survival rate.

The effect of the drill material on heat generation during
osteotomy has been debated. Although some reports con-
firmed this, other research claims that the tool material does
not have a significant effect on heat generation during
osteotomy.11 Despite the advances in the manufacturing of
ceramic burs, only a limited number of studies have tried to
address such an important effect, and there is still a lack of
consensus when it comes to its dental applications.12 The
aim of this study was to explore the experimental studies in
the literature regarding the impact of drill materials and
their wear profile on heat generation in osteotomy sites, and
to critically appraise these studies.

Methods

Articles Search Strategy
The research question “Is there a difference in the amount of
heat generation using different drill materials for osteotomy

preparation?” was formulated based on predefined patient,
intervention, comparison, and outcome (PICO) elements that
are explained below. The search was undertaken in
Medline/PubMed Central, Science Direct, and Google Scholar
using the following keywords and Boolean operators: “im-
plant site preparation” OR “osteotomy” OR “bone drill�”AND
“ceramic drill” OR “zirconia drill” OR “zirconium drill” OR
“zirconia oxide drill” OR “Zircon� based drill” OR “Diamond
Like Carbon coated drill” OR “DLC coated drills” OR “black
diamond drill” OR “titanium nitride coated metal drills” OR
“tungsten carbide coatedmetal drill”OR “tin coated drill”OR
“stainless steel drill” OR “stainless steel drill” OR “titanium
drill” AND “heat generation” OR “thermal change” OR “ther-
mal osteonecrosis” OR “thermal variation” OR “intrabony
temperature” OR “temperature change.” The selection of
articles/studies followed the standardized staged process
of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) as illustrated in ►Fig. 1. First,
the abstracts of the initially selected articles were screened
by the authors SC and WK independently based on the
inclusion and exclusion criteria listed below to confirm the
articles’ relevance to our study. Any disagreement was dis-
cussed among the three authors and resolved. The full text of
the selected articles was obtained and read in full, also by
both reviewers SC and WK independently, to confirm the
selection of those articles. The bibliographies of the studies
were manually searched to identify any article that was not
captured by the electronic search. Four articles were found
relevant and selected for this review.

Inclusion Criteria
Included in this review were studies published on the influ-
ence of drill material on heat generation in osteotomy sites,
studies that answer the research question, and studies
including human, animal, or synthetic bone.

Exclusion Criteria
Case reports, case series studies, reviews, articles published
earlier than the year 2000, and publications in language
other than English were excluded from our review.

Critical Appraisal
Due to lack of standardized critical appraisal tools for in vitro
studies, our study selected appraisal criteria based on the
aspects that should be assessed in this type of study designs.
The aspects appraised were study aims, outcome measure,
method clarity, sample selection, randomization, allocation
concealment, sample attrition, bias, method of data analysis,
and external validity as presented in ►Fig. 2.

Results

The initial electronic search identified eight articles. One
article was excluded after abstract screening because it did
not report the measurement of heat generation in relation to
the different drill materials (►Table 1). The remaining seven
articles met the inclusion criteria and were selected. An
additional four articles were identified from the manual
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search of the bibliography of the 7 selected articles, resulting
in a total of 11 articles being selected for our review
(►Table 2). The article search strategy was designed to
capture articles that go back to the year 2000; however,
relevant studies were found only after 2010.

All the included articles were in vitro studies, of which 10
were performed on bovine bone specimens except 1 study
that was performed on artificially manufactured bone speci-
mens. Drills used in the studies were fabricated from differ-
ent materials such as stainless steel, ceramic, tungsten
carbide, black diamond, and diamond like carbon-coated
drills. Ten of the studies used thermocouples for tempera-
ture measurement placed close to the osteotomy at different
depths to measure the real-time temperature. In study
number 11, the temperaturewasmeasured using an infrared
thermometer. The studies evaluated other variables such as
drillwear, effect of depth, and irrigation. The rotational speed
and load used for osteotomy preparation was constant
during the experiments and was reported in all studies. All
selected articles observed an increase in the bone tempera-
ture while preparing the osteotomy sites. The overall tem-
perature increase varied distinctly among the studies, which
could be explained by the confounding factors in each study
(►Table 3). Most studies reported the bone baseline temper-
ature, while a few studies did not report the bone baseline
temperature and only compared the maximum temperature
reached by the different drill types.13–16

Discussion

Osseointegration is the direct functional and structural
connection between the surface of the dental implant and
the living bone. Heat generation during drilling to prepare

the implant site has a significant impact on the success of
osseointegration,3 because heat-induced bone injuries re-
duce the implant primary stability, leading to implant fail-
ure.17 Furthermore, if the bone is exposed during osteotomy
to a temperature exceeding 47°C for more than 1minute,
irreversible cellular damage will happen, and the bone will
be replaced with fibrous tissue.18 Drill materials can influ-
ence the heat generation during osteotomy. Therefore, the
selection of drills is of high clinical relevance as it can help in
implant osseointegration and increase their success and
survival rate. These studies have been performed in vitro
on a variety of bone models using different temperature
measurement systems (various thermocouples or infrared
thermography devices).

Composition of the Drills
Most of the included studies compared stainless steel and
ceramic materials along with some less common drill types,
such as tungsten carbide carbon, titanium nitride, and other
coated drills. In comparison between metal and ceramic
drills, the studies have reported contradictory findings.
Some found that stainless steel drills generate more heat
than the ceramic drills9,11,15,19; others showed no differ-
ence,12,14,20 while one study reported higher mean temper-
ature with ceramic drills than metal drills.16

The effect of drill coating was also examined. One study by
Allsobrook et al13 found that tungsten carbide-coated stain-
less steel generated less heat compared with the stainless
steel drills, while Hochscheidt et al reported that steel
diamondlike carbon coating showed highest temperature
than other drills fabricated from surface-treated steel, and
aluminum-toughened zirconium ceramic.21 A direct com-
parison between the study results is neither possible nor

Fig. 1 Flowchart of the articles search strategy.
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valid, as the wear resistance of pure zirconia, for instance, is
different to that of zirconium oxide coating. It is apparent
that drill materials had a significant influence on the overall

temperature increase during osteotomy, which may be re-
lated to a higher wear resistance of the noncoated drills, as
explored below.

Drill Wear and Number of Uses
It hasbeenobserved thatusingworndrills leads tomorefriction
contact, reduced drill cutting efficiency, and increased heat
generation. This may increase the possibility of bone necrosis,
irreversible cellular damage, and replacement of bone tissue
with fat tissue.20 Therefore, the number of drill reuse is an
important factor in heat generation during osteotomy.

The number of drill uses has varied among the reviewed
studies, but most of them have used the drills for 50 times,

Fig. 2 Traffic light system summarizing critical appraisal of the included articles.

Table 1 List of excluded articles

SN Study Database Article title

1 Batista
Mendes
et al10

PubMed Influence of implant drill
materials on wear,
deformation, and roughness
after repeated drilling and
sterilization
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and different conclusions were reached. Oliveira et al com-
pared scanning electron microscope (SEM) images of both
stainless steel and zirconia drills before and following 50
uses, and identified different patterns of wear.11 The ceramic
drills had slightly visible alterations on one edge of the drill

tip, contrasting with the stainless steel drill, which showed a
higher tip wear in both edges. However, none of the drills
appeared to present severe deformation or blunting after 50
uses. This is not consistent with Koopaie et al in which the
overall wear of the ceramic drills after 45 uses was about half

Table 3 Overall temperature changes during osteotomy

Author/Year Results

Sumer et al9 The mean temperature in the water bath was 30.1°C. The mean maximum temperature with stainless
steel drills was 35.05°C, whereas that with ceramic drills was 35.9°C

Allsobrook et al13 The mean temperature measured over the experiment was 20.0°C. The maximum temperature reached
was 27.7°C, and the temperature seldom varied 2°C from the initial temperature

Oliveira et al11 Mean baseline bone temperature for the stainless steel and ceramic drills were 21.59� 0.1 and
21.6� 0.1°C, respectively. The mean maximum increase in temperature was 1.64�1.11°C

Harder et al12 The baseline temperature was 23°C. The mean maximum intrabony temperature increased was 3.9°C

Moshiri et al19 Baseline temperature not mentioned. The mean maximum temperature was 33°C

Koo et al14 The mean internal temperature is 36.5°C and the surface temperature of 28°C (baseline temperature).
The mean maximum temperature recorded was 64.7°C

Hochscheidt et al21 Baseline temperature was 20.32°C and the peak temperatures reached were as follows, in sequence:
steel with a diamondlike carbon coating, 67.6°C at 5-mm drilling depth; aluminum-toughened
zirconium ceramic, 52.1°C at 13-mm depth; and experimentally surface-treated steel, 32.0°C at 13-mm
depth

Er et al20 The baseline temperature was 23–24°C, with the mean maximum bone temperature at 35.5°C

Koopaie et al22 Baseline temperature was 20°C. The mean temperature was 38.3°C

Scarano et al15 The steel drills showed a bone temperature of 42.45� 1.70°C, compared with the zirconia drills, which
reported average values of 40.80�0.85°C

Tur et al16 The maximum mean temperature increases for 16-mm drilling without irrigation was 27.20°C

Table 2 List of included articles in a chronological order

SN Author/year Database Article title

1 Sumer et al/2011 PubMed Comparison of heat generation during implant drilling using stainless steel
and ceramic drills

2 Allsobrook et al/2011 Manual search Descriptive study of the longevity of dental implant surgery drills

3 Oliveira et al/2012 PubMed Thermal changes and drill wear in bovine bone during implant site
preparation. A comparative in vitro study: twisted stainless steel and
ceramic drills

4 Harder et al/2013 Manual search Influence of the drill material and method of cooling on the development
of intrabony temperature during preparation of the site of an implant

5 Moshiri et al/2013 Manual search Evaluation the effect of drill type on heat generation in implant drilling site

6 Koo et al/2015 PubMed Effects of implant drill wear, irrigation, and drill materials on heat
generation in osteotomy sites

7 Hochscheidt et al/2017 Manual search Thermal variation during osteotomy with different dental implant drills: a
standardized study in bovine ribs

8 Er et al/2018 PubMed Improved dental implant drill durability and performance using heat and
wear resistant protective coatings

9 Koopaie et al/2019 Science Direct Comparison of wear and temperature of zirconia and tungsten carbide
tools in drilling bone: in vitro and finite element analysis

10 Scarano et al/2020 PubMed Infrared thermographic evaluation of temperature modifications induced
during implant site preparation with steel vs. zirconia implant drill

11 Tur et al/2020 PubMed Thermal effects of various drill materials during implant site preparation—
ceramic vs. stainless steel drills: a comparative in vitro study in a
standardised bovine bone model
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that of the tungsten carbide drills. However, the comparator
in both studies was different.22 The SEM images in the third
study by Allsobrook et al13 found that tungsten carbide drills
display least corrosion and wear and lowest mean drilling
temperatures after 20 osteotomies when compared with
stainless steel drills. Interestingly Scarano et al15 found
that in case of using zirconia drills, the outline of the implant
bed was well defined even after 120 osteotomies. Another
noteworthy finding is that by Koo et al14who found that only
the initial/pilot drills generate more heat after 50 uses.

Drill Geometry
The drill geometry is of critical importance to heat genera-
tion, and has been investigated inmany studies. Therefore, to
make a valid comparison between the studies, the geometry
of the drills used in the studies should be similar. Koo et al14

used drills of different shapes, which could affect the inter-
pretation of the data. The other studies either have used
similar drills or have not reported the design of the drills
used in their experiments.

Drill Speed and Applied Load
The speed and load used during osteotomy were also not
consistent among the studies. It has been established that the
increase or decrease in speed and load can affect the tem-
perature change during implant site preparation. Hence, the
results obtained in different studies are not comparable.
Furthermore, not all studies reported these parameters.
For instance, Koopaie et al22 and Er et al20 did not mention
the used load in the experiments, while Tur et al16 did not
mention both the speed and load.

Depth and Diameter of the Osteotomy
The temperature was measured in the included studies at
different depths and for different diameters of the final drill.
Koo et al14 suggested that the initial (pilot) drill should be
changed after 50 uses, as this drill leads to more heat
generation because it is the first drill to cut the bone in
the osteotomy compared with the following drills, but most
of the studies have measured temperature increase with the
final drill as it can provide accurate temperature change
because the thermocouple placement needs to be closer to
the prepared osteotomy wall.

Similarly, the temperature was measured for one particu-
lar depth in all the studies instead of measuring throughout
the osteotomy and the level of depth varies in each study.
Again, this raises similar doubts in the validity of comparing
the studies. Fewof the studies have found that the superficial
part of the osteotomy cavity generates more heat compared
with the deeper parts.12,15 The study byMoshiri et al19 found
that the temperature was higher at the depth of 6mmwhen
compared with that at 3 and 9mm. The authors observed
that this result is similar to other studies stating that there
will be more heat generation during the preparation of the
superficial part of the osteotomy site. The studies explained
this finding by stating that friction is higher in the superficial
part due to the higher content of cortical bone. This conclu-
sion contradicts with many previous publications on the

subject, which reported higher temperature while preparing
the deeper parts of the osteotomies due to ineffective cooling
with irrigation. These contradictory results again raise con-
cerns regarding the validity of the study methods.

Irrigation during Osteotomy
The use of irrigation has been proven to decrease the amount
of heat generation during osteotomy. Most of the studies
have used external irrigation with saline solution, but the
flow rate and solution temperature are either variant or not
reported, which can affect the rigor of the studies.

Study Models/Specimens
No human-based articles were identified, which may be due
to ethical reasons, since these experiments require an inva-
sive insertion of special equipment to detect the temperature
change. Most of the included articles have used bovine bone
for the experiment, which has been used successfully in
many studies to investigate heat generation in response to
implant site preparation. However, there is no standard
study model for conducting experiments on heat generation
during osteotomy.6 Thus, the studies have used different
parts of bovine bone like ribs, femur, and scapular bone to
conduct the experiment, which was considered to have a
similar density as the human bone. However, none of the
studies reported the bone density type, despite the signifi-
cant importance of bone density in heat generation and
thermal conductivity. The included studies have only
claimed that the density is comparable to that of the human
bone.

There are other concerns regarding the generalizability of
results obtained from dead bone. First, in addition to bone
density, thermal conductivity varies significantly between
live and dead bone. This can be due to the difference in
cellularity, water content, and fluid movement.23 Second,
dead bone can be fresh or frozen and thawed. It is of
paramount importance to know the baseline temperature
of the bone block prior to experiment to appreciate the exact
increase in the temperature during drilling. Ten of the
included articles have used bovine bone specimens, which
were frozen and then thawed in a thermostat-controlled
water bath or immersed in saline solution to minimize the
thermophysical and mechanical changes of the proteins in
the dead bones. This also maintained the internal tempera-
ture of the bone specimen before the start of the experiment.
Only one study by Moshiri et al19 failed to explain the
procedure used to maintain the bovine bones and the
baseline temperature in the experiment.

Temperature Changes Measurement
Thermocouples can detect only spot temperatures and not
the overall thermal profile. Therefore, factors like depth of
recording, distance of the sensor from the osteotomy site,
and material of sensor element can affect the overall results.
Nine of the included articles have used thermocouples for
measuring the changes in the temperature during implant
bed site preparation. But their use is not uniform, especially
in respect to distance of the sensor from the osteotomy,
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which ranges from 0.2 to 1.5mm. Sumer et al9 and Moshiri
et al19 have not even mentioned the distance. However,
Koopaie et al22 have used infrared thermometer for heat
measurement, which is considered a better option as it
provides the overall thermal profile with less degree of error.
On the other hand, Scarano et al15 used infrared thermogra-
phy for evaluating the change in temperature during implant
bed preparation. There is no study in the literature that
compares the accuracy of heat generation using both tech-
niques. Hence, determining a preference is still difficult.
Furthermore, despite the importance of calibrating the in-
strument before the experiment to verify the precision of
temperature recording (device reliability), only few of the
reviewed studies have reported undertaking this using a
proper method for calibration.

Study Bias
Blinding the operator and assessor is difficult in these studies
as the operator needs to see the drills while performing the
experiment and the assessor has to measure the heat instan-
taneously. Having said that, these types of bias can be reduced
by assigning different operators for each group along with an
independent assessor. None of the studies have performed
this,whichmakes themall prone to considerablebias. Another
important source of bias observed in these studies is sponsor-
ship bias. Some articles failed to acknowledge the source of
funding andtoprovidea clear statementonconflict of interest.

There are many confounding factors in studies evaluating
the heat generation during the osteotomy preparation. There-
fore, standardization and uniformity in the study design is
required to compare the results and tomakeavalid conclusion.
The present review attempted to standardize the processes of
identifyingandappraising the relevantarticles in the literature
despite the lack of standardized appraisal tools for in vitro
studies. Finally, a comprehensive evaluation of all the relevant
confounding factors within all the studies was conducted,
which helped identify the missing gap of knowledge in the
literature. The results of this study can be generalized to
clinical practice with caution as the included articles were in
vitro studies, with a significant dissimilarity between live
human and dead animal bone. This, besides the remarkable
heterogeneity and potential bias in the study methods.

Conclusion

It is possible to conclude that the literature about the effect of
drill materials on heat generation during osteotomy is not
conclusive. The lack of standardization and uniformity in the
study design, along with potential bias in the study meth-
odology, makes it challenging to draw concrete conclusions
based on thefindings. However, thefindings of this study can
still serve as a helpful guide for clinicians seeking to optimize
their approach to implant procedures.

Clinical Implications

The findings of this review emphasize the significant impact
of drill material andwear behavior on heat generation during

osteotomy. It is important for clinicians to be aware of these
findings, as they underscore the need to carefully inspect
wear patterns and consider the appropriate drill material
when performing osteotomy procedures. By taking these
factors into account, clinicians can help minimize the risk of
excessive heat generation, which can have a negative impact
on implant success rates and treatment outcomes.

Limitations of the Study

To minimize the effect of clinical heterogeneity and con-
founding factors on the study outcomes, this review focused
solely on benchtop research related to the subject. Therefore,
the generalizability of thefindings to clinical practicemay be
limited.

Conflict of Interest
None declared.

References
1 Chauhan CJ, Shah DN, Sutaria FB. Various bio-mechanical factors

affecting heat generation during osteotomy preparation: a sys-
tematic review. Indian J Dent Res 2018;29(01):81–92

2 Hein C, Inceoglu S, Juma D, Zuckerman L. Heat generation during
bone drilling: a comparison between industrial and orthopaedic
drill bits. J Orthop Trauma 2017;31(02):e55–e59

3 Mishra SK, Chowdhary R. Heat generated by dental implant drills
during osteotomy-a review: heat generated by dental implant
drills. J Indian Prosthodont Soc 2014;14(02):131–143

4 Trisi P, BerardiniM, Falco A, VulpianiMP. Effect of temperature on the
dental implant osseointegration development in low-density bone:
an in vivo histological evaluation. Implant Dent 2015;24(01):96–100

5 Augustin G, Zigman T, Davila S, et al. Cortical bone drilling and
thermal osteonecrosis. Clin Biomech (Bristol, Avon) 2012;27(04):
313–325

6 Möhlhenrich SC, Modabber A, Steiner T, Mitchell DA, Hölzle F.
Heat generation and drill wear during dental implant site prepa-
ration: systematic review. Br J Oral Maxillofac Surg 2015;53(08):
679–689

7 Bayerlein T, Proff P, Richter G, Dietze S, Fanghänel J, Gedrange T.
The use of ceramic drills on a zirconium oxide basis in bone
preparation. Folia Morphol (Warsz) 2006;65(01):72–74

8 Scarano A, Carinci F, Quaranta A, Di Iorio D, Assenza B, Piattelli A.
Effects of bur wear during implant site preparation: an in vitro
study. Int J Immunopathol Pharmacol 2007;20(1, Suppl 1):23–26

9 SumerM,Misir AF, Telcioglu NT, Guler AU, YeniseyM. Comparison
of heat generation during implant drilling using stainless steel
and ceramic drills. J OralMaxillofac Surg 2011;69(05):1350–1354

10 Batista Mendes GC, Padovan LEM, Ribeiro-Júnior PD, Sartori EM,
Valgas L, ClaudinoM. Influence of implant drill materials onwear,
deformation, and roughness after repeated drilling and steriliza-
tion. Implant Dent 2014;23(02):188–194

11 Oliveira N, Alaejos-Algarra F, Mareque-Bueno J, Ferrés-Padró E,
Hernández-Alfaro F. Thermal changes and drill wear in bovine
bone during implant site preparation. A comparative in vitro
study: twisted stainless steel and ceramic drills. Clin Oral
Implants Res 2012;23(08):963–969

12 Harder S, Egert C, Wenz HJ, Jochens A, Kern M. Influence of the
drill material and method of cooling on the development of
intrabony temperature during preparation of the site of an
implant. Br J Oral Maxillofac Surg 2013;51(01):74–78

13 Allsobrook OFL, Leichter J, Holborrow D, Swain M. Descriptive
study of the longevity of dental implant surgery drills. Clin
Implant Dent Relat Res 2011;13(03):244–254

European Journal of Dentistry Vol. 18 No. 1/2024 © 2023. The Author(s).

Heat Generation and Implant Drill Materials Chakraborty et al. 71



14 Koo KT, KimMH, Kim HY,Wikesjö UME, Yang JH, Yeo IS. Effects of
implant drill wear, irrigation, and drill materials on heat genera-
tion in osteotomy sites. J Oral Implantol 2015;41(02):e19–e23

15 Scarano A, Lorusso F, Noumbissi S. Infrared thermographic evalu-
ation of temperature modifications induced during implant site
preparationwith steel vs. zirconia implant drill. J ClinMed 2020;9
(01):148

16 Tur D, Giannis K, Unger E, Mittlböck M, Rausch-Fan X, Strbac GD.
Thermal effects of various drill materials during implant site
preparation—ceramic vs. stainless steel drills: a comparative in
vitro study in a standardised bovine bone model. Clin Oral
Implants Res 2021;32(02):154–166

17 Yoshida K, Uoshima K, Oda K, Maeda T. Influence of heat stress to
matrix on bone formation. Clin Oral Implants Res 2009;20(08):
782–790

18 Eriksson RA, Adell R. Temperatures during drilling for the place-
ment of implants using the osseointegration technique. J Oral
Maxillofac Surg 1986;44(01):4–7

19 Moshiri Z, Roshanaei G, Vafaei F, Kadkhodazadeh M. Evaluation
the effect of drill type on heat generation in implant drilling site.
Res J Med Sci 2013;7(5–6):118–122

20 Er N, Alkan A, Ilday S, Bengu E. Improved dental implant drill
durability and performance using heat and wear resistant protec-
tive coatings. J Oral Implantol 2018;44(03):168–175

21 Hochscheidt CJ, Shimizu RH, Andrighetto AR, Moura LM, Golin AL,
Hochscheidt RC. Thermal variation during osteotomy with differ-
ent dental implant drills: a standardized study in bovine ribs.
Implant Dent 2017;26(01):73–79

22 Koopaie M, Kolahdouz S, Kolahdouz EM. Comparison of wear and
temperature of zirconia and tungsten carbide tools in drilling
bone: in vitro and finite element analysis. Br J OralMaxillofac Surg
2019;57(06):557–565

23 Tehemar SH. Factors affecting heat generation during implant
site preparation: a review of biologic observations and future
considerations. Int J Oral Maxillofac Implants 1999;14(01):
127–136

European Journal of Dentistry Vol. 18 No. 1/2024 © 2023. The Author(s).

Heat Generation and Implant Drill Materials Chakraborty et al.72


