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ABSTRACT

Some research suggest that the good condition of the drills used in osteotomies for dental implants is
fundamental to a minimally invasive surgical technique, decreasing the temperature when preparing the
surgical area. Objective: Analyze the wear of the drills used in osteotomies for dental implants, comparing the
physical changes of the groups and types of coatings after their use, as well as evaluating the difference in
these changes with and without sterilization. Ninety-six drills were used, 48 of which were spear-type (24
steel and 24 Diamond like carbon (DLC)) and 48 helical-type (24 steel and 24 DLC), divided into four groups:
(G0), (G1), (G2) and (G3), with 0, 45, 90 and 135 osteotomies, with and without sterilization, evaluated by
scanning electron microscopy (SEM). In this study, were used bovines ribs, with dimensions of 20cm in
length, for osteotomies. Results: Wear of the drills after 90 osteotomies, p-value < 0.001; no evidence was
found about the wear related to the sterilization process; and better performance of the steel twist drills in
group G2 compared to the DLC twist drills in the same group, analyzed using the Mann-Whitney and
Friedman statistical tests, as well as Dunn's post hoc test. Conclusion: Considering the wear and tear on the
drills, their reuse is safe for up to 90 osteotomies.
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INTRODUCTION

The implantology is based on strong pillars, and in 2015, your consolidation will be 50 years,
serving as a pivotal tool for oral rehabilitation. Studies conducted on dental instruments used in
implants osteotomies describe the direct relationship between damages occurring in them and the
increase in surgical trauma, resulting in increase the local heat above 47°C, and this heat is hardly
dissipated due to physiological characteristics of the oral cavity bone, short bone with a considerable
cortical layer, leading to an increase of tissue necrosis area due to the low thermal conductivity,
resulting in greater local fibrosis and reduced initial implant stability (Barbosa, 2009; Carvalho et al.,
2011; Chauhan et al., 2018; Eriksson et al., 1996; Iyer et al., 1997; Mendes et al., 2014; Santos et al.,
2014; Sartori et al., 2012; Vasconcelos, 2012).

Considering the specific bone characteristics present in the oral cavity, the abundantly irrigate
is essencial in all the surgical process of osteotomies, as it has been observed and proven that profuse
irrigation tends to reduce the heat production, what is harmful to tissue healing process (Gehrke et
al., 2013; Omar et al., 2023; Tur et al., 2020).

However, the research conducted by Santos et al. (2014) and Migliorati et al. (2013) found
that even using the appropriate irrigation, the guided surgeries experience a higher temperature
elevation during the osteotomies compared to the conventional surgeries. Researchers attribute this
phenomenon of thermal elevation to the obstacle provided by the surgical guide, as well as to
artifacts or instruments used during the procedure, even with sufficient irrigation.

Strbac et al. (2014a, b) emphasize that irrigation should be done from the tip of the drills,
justifying that this is the best option for osteotomies with working lengths greater than 10mm.

Research by Scarano et al. (2011) revealed that another factor influences the increase in
temperature during osteotomies, increasing the possibility of tissue necrosis. They point to the shape
of the drills as this factor and state that conical-shaped drills promote lower milling temperatures
when compared to cylindrical-shaped drills.

There is a consensus that increased tissue necrosis results in longer tissue repair time at the
surgical site, and minimizing these negative effects also involves correct instrument maintenance. It
is clear that the quality of dental instruments is of paramount importance when aiming for greater
success in implant treatments (Bertolete, 2009; Comar, 2006; Cordioli et al., 1997; Junior et al.,
2007; Matthews et al., 1972; Paterno et al., 2011; Junior et al., 2007). In this sense, the most frequent
finding in the studies carried out is that the deformation of the drills is directly proportional to their
use (Chauhan et al., 2018; Mendes et al., 2014; Santos et al., 2014; Sartori et al., 2012).

The coatings of dental drills used in dental implant surgery also interfere in this modification
process, since depending on the material used in its composition, it will offer greater resistance to

corrosion and deformation resulting from use (Ciuccio et al., 2010).
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The aim of seeking high resistance in drills is to reduce wear by minimizing friction with
adjacent tissues. Diamond-Like Carbon, commonly known by the acronym DLC, stands out in this
universe of drill bit materials. This material has been widely used in medicine and dentistry due to its
biocompatibility, hemocompatibility and lack of cytotoxicity (Dearnaley et al., 2005; Roy et al.,
2007).

Attention is drawn to important assertions that have been widely discussed in studies on the
subject: heating of the bone as a result of osteotomy procedures can lead to necrosis in the cortical
area and/or affect the entire tissue region; the extent of necrosis varies according to factors such as
irrigation and temperature control; and the repeated use of drills during preparation of the recipient
site can increase wear, reducing drilling efficiency (Mendes et al., 2014; Santos et al., 2014; Sartori
et al., 2012).

Another important point that deserves consideration, as it is commonly approached
empirically, are the guidelines that underpin the surgeon's decision to replace the drills or surgical kit
(Sharma et al., 2014), especially in relation to a number of uses greater than 100 times. It is
necessary to understand the drill wear process in order to establish disposal parameters that minimize
the deleterious effects of inappropriate reuse (Mishra et al., 2014) or the mistaken disposal of still
viable instruments, which could increase treatment costs.

Therefore, in addition to researching the physical alterations of the drills due to use, an
investigation was also carried out into the physical alterations of the drills when they were subjected
to the cleaning and sterilization process. These reprocessing procedures are necessary to safeguard

against biological contamination.

MATERIALS AND METHODS
STUDY DESIGN

This descriptive experimental study used bovine ribs obtained from a butcher's shop, from a
previously slaughtered animal (Ercoli et al., 2004; Mendes et al., 2014; Queiroz et al., 2007; Sartori
et al., 2012), where 65 units were selected based on the following inclusion criteria: length of at least
20 centimeters, at least 1 millimeter of cortical dimension surrounding the specimen, width over 27
millimeters and thickness greater than 8 millimeters (Figure 1). The measurements were taken using
a digital caliper with a precision of 0.01mm (Model 500-144B - Mitutoyo - Brazil), and the ribs that

did not meet the inclusion criteria were discarded.
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Figure 1: A - Bovine rib 20.0mm; B- Cortical 1.0mm; C- Rib width; D- Rib thickness.

Source: Authors (2024)

This animal model was chosen due to its good bone density and balance between the cortical
and medullary portions, similar to the human mandibular bone (Mendes et al., 2014; Sartori et al.,
2012). The ribs had the soft tissue and periosteum removed, the epiphyses discarded and were
refrigerated at a temperature of 5°C.

It should be noted that the proposed project complies with Resolution No. 196, of October 10,
1996, of the National Research Ethics Council, and before being implemented, it was submitted to
the Animal Research Ethics Committee of the Bahiana School of Medicine and Public Health, under
number 0001/2014, and obtained unanimous approval for its execution without restrictions on May
22,2014 (Annex 1).

Before performing the osteotomies, the ribs were thawed by immersion in saline solution
(0.9% NaCl) and heated until their temperature was similar to the human body temperature of 37°C.

As a device for irrigation and milling, an electric motor (Surgic XT, Neodent, Curitiba, PR,
Brazil) was selected, consisting of an attached peristaltic pump, allowing the use of irrigation at a
speed of 1200rpm and a torque of 35N for the surgical preparation of the alveolus (Gehrke et al.,
2013), and a 20:1 reduction contra-angle (NSK, Suzano, Sdo Paulo, Brazil). Profuse external
irrigation with 0.9% sodium chloride solution (Segmenta, Ribeirdo Preto, Sdo Paulo) was carried out
throughout the preparation. Osteotomies were performed by a single calibrated operator. The contra-
angle was coupled to an adapted mechanical arm with vertical movement (Figure 2), which provided

constant guided pressure (Mendes et al., 2014; Sartori et al., 2012).
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Figure 2: A- Contra angle attached to the verticalizer; B- Steel and DLC drills; C- Drilling length 7.0mm.

|

Source: Authors (2024)

Ninety-six TitaniumFix drills (Sao Jos¢ dos Campos, Sdo Paulo, Brazil) were used, 24 of
which were steel spear drills, 24 steel spear drills with Diamond-Like Carbon (DLC) coating, 24
steel twist drills and 24 twist drills with DLC coating (Figure 2). The steel drills are characterized by
a steel structure and titanium nitride (TiN) coating, and the DLC drills have a stainless steel structure
and diamond-like carbon coating, both types of drill have a diameter of 2.0 mm and were used for
bone drilling at a constant depth of 7.0 mm (Figure 2).

As an evaluation methodology, the set of drills was divided into four groups:

Group GO (control), made up of 24 drills with a diameter of 2.0mm (06 Titanium Nitride
(NiT) coated steel spear drills, 06 DLC carbon coated steel spear drills, 06 steel twist drills with
Titanium Nitride coating and 06 steel twist drills with carbon DLC coating, which had never been
used in osteotomies, subdivided into subgroups GOA and GOB respectively without sterilization, only
cleaned with gauze and sterilized.

Group G1, similar to the previous group, represented 45 osteotomies subdivided into
subgroups (G1A and G1B), where the drills in the subgroup (G1A) were subjected to 90 perforations
without being sterilized, and those in the second subgroup (G1B) were sterilized.

Group G2 consisted of the same group of drills as the previous ones, which were used 90
times in osteotomies, also subdivided into subgroups (G3A and G3B), where the drills in subgroup
(G3A) underwent 90 perforations without being sterilized, and the second subgroup (G2B) was
sterilized.

Group G3, similar to the previous groups, was used 135 times in osteotomies, also subdivided
into subgroups (G3A and G3B), where the drills of subgroup (G3A) were subjected to 135
perforations without being sterilized and the second subgroup (G2B) sterilized.

The colors were assigned to the groups according to Table 1.
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Table 1: Colors referring to the groups worked on.
Gl

G2

G3

It is worth noting that the common characteristics between the groups were initially evaluated
using the control group (GO) as a reference, without any mechanical stress, and at the end of using all

the samples from the three groups, they were compared.

LABORATORY PROCEDURES

As a laboratory procedure, a sequence of milling groups was followed with simple
randomization, following the sequence of: first, a spear drill preceding all the milling, and then the
use of a twist drill. The spear drill aimed to traverse the external cortical bone to a pre-established
depth of 7.0mm in milling length, followed by a 2.0mm twist drill to a depth of 7.0mm, completing
the osteotomy (Figure 3). All the drills were subjected to microphotography.

Figure 3: A- Completed osteotomies; B- Posts identified by color, corresponding to the group.

After milling, each drill used was placed in a "post" and, after all the milling, they were
redistributed into their specific groups; in relation to the corresponding groups to be sterilized, they
were subjected to chemical processing and a specific sterilization step, completing the pre-

established sequence for each of the groups (Figure 3).

STERILIZATION PROCEDURES

With regard to the disinfection and sterilization process, according to the guidelines adopted
by the Bahian School of Medicine and Public Health (EBMSP), the instruments first go through a
pre-washing, decontamination and rinsing process. Pre-washing is initially carried out by manual
cleaning, which consists of immersing the material in a basket inside a container containing the
enzymatic detergent Liquizime-Ruhof (Mineola, New York, USA) for a period of 3 minutes. The

material is then washed with Atol neutral liquid detergent (Amparo, Sdo Paulo, Brazil) using brushes.
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The material is then rinsed and dried with clean cloths. At the end of these stages, the material is
placed for sterilization in individual packages, envelopes of surgical grade paper associated with
laminated polypropylene films (post). For the sterilization process, a moist heat autoclave (Cristofoli,
Campos Mourao, Brazil) was used at a temperature of 127°C, with sterilization cycles of 40 minutes

and 15 minutes of drying.

MICROSCOPY PROCEDURES

The drills of the control group, GOA and GOB, were submitted to microscopy, and the other
groups, after reaching the pre-established limit of osteotomies for each group and sterilization, were
sent to the Electron Microscopy Service of the Oswaldo Cruz Foundation (FIOCRUZ), Gongalo
Moniz Research Center. The drills were stabilized with double-sided carbon tape on the sample
evaluation table for analysis by scanning electron microscopy (SEM), JOEL JSM-6390LV, 3 nm
resolution at 30 Kv (high vacuum mode) and 4nm at 30Kv (low vacuum mode), with a microanalysis

system (Figure 4).

Figure 4: A- Processing program; B- SEM; C- 20X magniﬁcation, GOSE; D- 45X magnification, G1SE.

C L D
Fiocruz X45 500pum Fiocruz
Source: Authors (2024)

Word Distance (WD) = 38, Spot Size (exit from the column tip to the sample) = 40, and
Acceleration voltage = 8 were used as references, and 45x and 20x magnifications were made using
the Sem Main Menu program and photomicrographs of the respective images were taken (Figure 4).

The drills were analyzed and compared with the parameters extracted from the control group

(GO0). The qualitative damage parameters were established according to the table 2 below:
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Table 2: Qualitative damage parameters.

SCORE TYPE OF CHANGE CODE
0 No change AA (No Change)
1 Presence of grooves, cracks and delamination Al (Initial Change)
2 Presence of a crater AM (Media Change)
3 Shape Deformation AMX (Maximum Change)

STATISTICAL METHODS USED

The statistical analysis of the results obtained was carried out using the so-called "non-
parametric statistical tests", Mann-Whitney and Friedman for paired samples, which are tests to
define the level of similarity or difference between two moments in the same sample or population,
and Dunn's test was used for significant differences between pairs. This last test studies the
differences between two situations in the same population to assess significance.

The database was created in Excel 2003 and analyzed in R Software (version 3.1.2). A
descriptive analysis (median and quartiles) was carried out to identify the general and specific

characteristics of the sample studied.

RESULTS

Evaluating the overall level of wear of the drills after use, Friedman's statistical analysis and
the evaluation of significant differences between pairs using Dunn's post-hoc test showed that there
was physical alteration of the drills in group G3. A p-value <0.001 was obtained for the association
between group G3 and the other groups, determining that the drills in this group had suffered
significant wear (Table 3).

The table below shows the statistical significance of the physical changes suffered, both for
the G3A group drills used up to 135 times without being sterilized, and for those that underwent the
sterilization process (G3B), p < 0.001 comparing them with the other groups. However, no
significant changes were observed between the GO, G1 and G2 groups (Table 4).

The superscript letters a and b in Tables 3 and 4 indicate that there was no statistically
significant difference between the groups with similar letters, but between the groups with different

letters, there was a difference characterized by a p-value < 0.001.
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Table 3 - Correlation between drill wear and number of uses.

Variables Median Q1-Q3
Control 0d 0-0
Osteotomy 45 0@ 0-0
Osteotomy 90 0d 0-1,0
Osteotomy 135 2,50 1-3
p-valor <0,001

a,b Different letters indicate significant differences between pairs by Dunn's test.

Table 4 - Correlation between drill wear, number of uses and influence of sterilization

Sterilization
No Yes p-value
Variables Median! Q1-Q3 Median? Q1-Q3

Control o0a 0-0 0 0-0 1,000
Osteotomy 45 0a 0-0 0d 0-0,75 0,514
Osteotomy 90 0@ 0-0,75 0,58 0-25 0,242
Osteotomy135 ob 1-3 2,50 2,0-30 0,514

p-value <0,001 <0,001

.2 Different letters in the columns indicate significant differences between the pairs using Dunn's test.

a,b Different letters indicate significant differences between pairs according to Dunn's test.

Analysis of the SEM images showed that after 45 osteotomies there was little wear on the
drills; however, the LC drills showed signs of geometric deformation at the active tip, but this was
not statistically significant. Analysis of the microphotographs of the steel drills showed a more
regular surface image compared to the carbon drills. However, there were no statistically significant
differences.

The existence of physical change in the groups was confirmed after SEM analysis. This loss
occurred gradually after 45 osteotomies and was directly proportional to the number of perforations
made.

No wear was seen in the G1 group, while that seen in G2 was recorded mainly as cracks and
grooves. There were also no significant changes between the sterilization subgroups compared to the
non-sterilization subgroups. Cracks and grooves were observed in scanning electron microscopy by
checking for the presence of deformation zones in the samples. Substrate loss or delamination was
more strongly confirmed in the DLC twist drills of Group G3.

Further analysis of Table 2 allows comparisons to be made between drills from the same
group, evaluating their subgroups with the p-value of this comparison represented in the rows of the
table, and in the columns, a comparison between the times, also with the p-value recorded.

Some deformations were evident in the SEM, such as the deformation suffered by an LA drill
from G3, which revealed an active tip with maximum change in shape; and a carbon twist drill

showing craters, suggesting it was contraindicated for reuse (Figure 5).
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Figure 5: A- Carbon helical drill with crater-type wear; B- Steel spear drill with no wear; C- LA, G3 without sterilization
and with AMx deformation; D- Carbon helical drill G3 (135 perforations).
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Source: Authors (2024)

Between the steel and carbon twist drills after milling, regardless of sterilization, there was a
significant difference after the osteotomies applied in Group G2, where the HC showed evidence of

wear, and this obtained a p = 0.015 and p < 0.05. (Tables 5 and 6).

Table 5 - Correlation between helical drills and number of uses.

Type of drill
HA HC p-value
Variables Median Q1-Q3 Median Q1-Q3
Control 0 0-0 0 0-0 1,000
Osteotomy 45 0 0-0 0 0-0 1,000
Osteotomy 90 0 0-0 1 0,75-1 0,015
Osteotomy135 15 1-2,25 15 1- 2,25 1,000

The Evolution of Research in Health Science
Drills physical changes after osteotomies and sterilization



Table 6 - Correlation between helical drills and the number of uses without sterilization.

Type of drill
HA HC p-value
Variables Median Q1-Q3 Median Q1-Q3
Control 0 0-0 0 0-0 1,000
Osteotomy 45 0 0-0 0 0-0 1,000
Osteotomy 90 0 0-0 1 0-1 0,200
Osteotomy135 1 1-3 1 1-3 1,000

In the images of Group G2 (90 osteotomies), although there was no significant difference (p >
0.05) in most of the evaluations, there were areas where there was a process of delamination, which
is the physical separation of part of the metal of an instrument (Sastry et al., 2014) from the coating
on the surface of the HC drill, as well as signs of changes in the cutting edge of the HC drills when
compared to the HA, p < 0.05.

Evaluating the twist drill groups after milling without sterilization, in the table above, it can
be seen that there was no significant difference between the twist drills. However, there was a

specific change in the HC group after 90 osteotomies and sterilization, as shown in Table 7.

Table 7 - Correlation between helical drill coatings, number of uses and sterilization.

Type of drill
HA HC p-value
Variables Median Q1-Q3 Median Q1-Q3
Control 0 0-0 0 0-0 1,000
Osteotomy 45 0 0-0 0 0-0 1,000
Osteotomy 90 0 0-0 1 1-1 0,100
Osteotomy135 2 1-2 2 1-2 1,000

Comparing the coatings of the lanced drills of the proposed groups, no difference was found
between these types of drills, even after evaluation of the experiment with sterilization and statistical

analysis (Table 8).

Table 8 - Correlation between spear drills and number of uses.

Type of drill
HA HC p-value
Variables Median Q1-Q3 Median Q1-Q3
Control 0 0-0 0 0-0 1,000
Osteotomy 45 0 0-0 2 0-2 0,065
Osteotomy 90 0 0-0 2,5 0-3 0,065
Osteotomy135 3 3-3 3 1-3 0,394

With regard to the wear caused by the sterilization process, the DLC lance drills in G2
showed deformation of the cutting region and small areas with signs of coating loss on the active tip,

although this was not statistically significant (p > 0.05). (Tables 9 and 10).
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Table 9 - Correlation between lance drills, number of uses and sterilizations.

Type of drill
HA HC p-value
Variables Median Q1-Q3 Median Q1-Q3
Control 0 0-0 0 0-0 1,000
Osteotomy 45 0 0-0 3 1-3 0,100
Osteotomy 90 0 0-0 3 3-3 0,100
Osteotomy135 3 3-3 3 3-3 1,000
Table 10 - Correlation between spear drill coatings, number of uses without sterilization.
Type of drill
HA HC p-value
Variables Median Q1-Q3 Median Q1-Q3
Control 0 0-0 0 0-0 1,000
Osteotomy 45 0 0-0 0 0-3 0,700
Osteotomy 90 0 0-0 0 0-2 0,700
Osteotomy135 3 3-3 1 1-3 0,200
DISCUSSION

In a study similar to this one, carried out by Sartori et al. (2012), which aimed to
comparatively evaluate the deformation, roughness and loss of mass of three types of dental drills
made of different materials, all used in osteotomies for the installation of osseointegratable implants,
structural loss occurred from the initial group onwards, which differs from this one in that it was
visualized from G2 onwards.

The studies by Sartori et al. (2012), Mendes et al. (2014) and Santos et al. (2014) concur with
the statement that there is a correlation coefficient between the reuse of drills and their deformation.

With regard to the study by Sartori et al. (2012), they carried out visual verification tests
using SEM, which revealed areas of deformation in all the 2.0mm samples and irregular deformation
in the 3.0mm samples.

Sartori et al. (2012) concluded that in all groups there was a loss of cutting power after the
40th drill for 2.0mm drills; there were wear marks in all groups of 2.0mm drills when compared to
3.0mm drills, similar to the present study which observed initial wear from the 45th drill, in carbon-
coated drills, but without significance. Similarly, Chauhan et al. (2018) observed in their systematic
review that drills should not be used for more than 40 osteotomies, recommending the use of sharp
drills to minimize surgical trauma.

It can be seen that this maximum limit of drills varies greatly between studies, as cited by
Oliveira et al. (2012), Carvalho et al. (2011) and Allsobrook et al. (2011), where the limit is raised to
more than 50 drills, as they state that before this, there is no production of temperatures harmful to
bone tissue or even serious signs of wear and deformation of the drills.

Mendes et al. (2014) evaluated the influences on implants resulting from the wear,
deformation and roughness of the drills after repeated drilling and sterilization processes. For this

purpose, they used drills made of three different materials, which were grouped as follows: G1 -
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stainless steel; G2 - DLCoated (diamond-like carbon coated); and G3 - zirconia. These groups were
further subdivided into five subgroups 1, 2, 3, 4 and 5, which corresponded, respectively, to the
minimum use of drills 0 (not used), 10, 20, 30 and 40 times.

Subsequently, in the study by Mendes et al. (2014), the drills were washed with water, dried
with compressed air jets and sterilized in an autoclave at 127°C for 40 minutes. It is worth noting
that mass, SEM and roughness measurements were taken before and after the drilling procedure and
sterilization cycles in each of the groups and subgroups. The results of the study revealed that the
drills of the three groups, with their respective subgroups, did not show significant differences in
mass, however, in this study, the sterilization process took place after a series of five osteotomies.

Although greater wear processes were observed in the carbon twist drills than with the same
type of steel drill, this result contradicts what was found in a study by Allsobrook et al. (2011), where
the drills made with tungsten carbide coating obtained the following performance: lower drilling
temperatures, less plastic deformation and surface corrosion.

However, Mendes et al. (2014), in the SEM analysis, observed that all the drills showed signs
of wear characterized by damage to the cutting surface. At the end of the experiment, the author
concluded that, collectively, no significant differences were detected in relation to the mass and
roughness of the drills; however, repeated use of the drills increases wear, reducing cutting efficiency
and, consequently, increasing the heat of friction, similar to the present experiment.

With regard to the comparative analysis of the drills used in the preparation of the surgical
socket, the sterilization method proposed in this study is in line with the work of Ciuccio et al. (2010)
and Fais et al. (2011), who state, respectively, that the heat treatment applied to dental drills gave
them resistance to autoclaving and corrosion, and that the method proposed for cleaning and
disinfecting the instruments, studied and employed here, causes little damage to the cutting
efficiency compared to other methods.

According to Alevizakos et al. (2021), the sterilization process can affect the main cutting
edges of the drill; however, in order to gain a better understanding of the relationship between
implant holder preparation and the influence of sterilization on drill performance and wear, further
studies are required.

It was also evident in this study that there is greater change in spear drills compared to twist
drills. The same can also be confirmed in the study by Carvalho et al. (2011), where the greatest
thermal change was seen in the preparation of the surgical bed with the spear-type drill due to its
association with the wear suffered.

The research by Santos et al. (2014), which aimed to evaluate and compare bone heating, drill
deformation and changes in roughness after osteotomies for dental implants, used 20 rabbit tibias,

divided into two groups: CG - control group and GG - guided surgery. This GG group was
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subdivided into five subgroups called GO, G1, G2, G3 and G4, corresponding respectively to the
number of times the drill was used: 0, 10, 20, 30 and 40. In the study in question, after using the
drills, the thermal changes were evaluated and it was observed that there was a significant change in
temperature in GG and that the deformation of the drill was progressive, proportional to use.

At the end of the study, Santos et al. (2014) made the following extremely relevant
comments: they stated that the bone heating generated during osteotomy procedures can cause
necrosis in the cortical area and/or affect the entire tissue region; they stated that the extent of
necrosis varies according to factors such as the osteotomy, and that irrigation directly controls the
temperature; stated that the repeated use of drills during the preparation of the recipient bed can
increase wear, reducing the effectiveness of drilling and causing more friction; emphasized that the
guidelines that support the dentist's decision to replace the drill are still very empirical; and, finally,

concluded that guided surgery can limit irrigation within the active point of the drill.

CONCLUSIONS

Within the limitations of this study and based on the methodology followed, it can be
concluded that: The physical changes of the drills were significant after 90 osteotomies. The TiN-
coated steel twist drills in G2 showed lower levels of wear than the DLC-coated drills in the same
group. The sterilization process did not generate statistically significant changes in the groups

studied.
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