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Featured Application: The control of the effect of drills wear and corrosion related to clinical
use represents a critical factor in implantology, because it is strictly related to the bone cutting
precision and heat generation during site preparation.

Abstract: Background: Drills are an indispensable tool for dental implant surgery. Today, there are
ceramic zirconium dioxide and metal alloy drills available. Osteotomy drills are critical instruments
since they come in contact with blood and saliva. Furthermore, they are reusable and should be
cleaned and sterilized between uses. Depending on the material, sterilizing agents and protocols can
alter the surface and sharpness of implant drills. The hypothesis is that cleaning and sterilization
procedures can affect the surface structure of the drills and consequently reduce their cutting efficiency.
Methods: Eighteen zirconia ceramic drills and eighteen metal alloy drills were evaluated. Within
the scope of this study, the drills were not used to prepare implant sites. They were immersed for
10 min in human blood taken from volunteer subjects and then separately exposed to 50 cycles of
cleansing with 6% hydrogen peroxide, cold sterilization with glutaraldehyde 2%, and autoclave heat
sterilization. Scanning Electron Microscopy (SEM) and energy dispersion X-ray (EDX) microanalysis
were conducted before and after each cycle and was used to evaluate the drill surfaces for alterations.
Results: After exposure to the cleansing agents used in this study, alterations were seen in the steel
drills compared to zirconia. Conclusions: The chemical sterilization products used in this study
cause corrosion of the metal drills and reduce their sharpness. It was observed that the cycles of
steam sterilization did not affect any of the drills. Zirconia drill surfaces remained stable.

Keywords: implant drills; zirconium dioxide; sterilization; disinfection; cleaning; corrosion;
implant failure
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1. Introduction

Drill wear is a phenomenon determined by the detachment of particles during the preparation of
implant sites that can interfere with the process of bone healing. Considering that all materials are
subject to wear and chemical attack by disinfectants, it would be desirable to have a biocompatible drill
that is not susceptible to attack by the disinfectants used in clinical practice. The healing of peri-implant
bone is a complex phenomenon that involves the proliferation and differentiation of pre-osteoblasts
into osteoblasts. Periosteal and endosteal activity also contributes to the production of the osteoid
matrix, which is followed by mineralization and organization of the bone—-implant interface [1]. The
success of implant surgery depends on the bone and soft tissue healing after the process of implant site
preparation [2]. One of the key factors in implant success is to keep the osteotomy process as atraumatic
as possible for fast, optimal recovery and healing. One of the most important factors in minimizing
trauma during osteotomy is to control heat generation with irrigation, but also by utilizing drills that
will cut through bone in an efficient and minimally invasive manner [3,4]. Even after a single use,
drills will show signs of wear and start to lose their sharpness and cutting efficiency [5,6]. A slightly
damaged or dulled drill will not only lose its cutting efficiency, but also overheat bone, leading to bone
necrosis, poor healing, and an ill-defined osteotomy with a poor initial implant stability [7,8]. Among
the materials used for the manufacturing of implant drills is steel, whose structural integrity can be
affected by disinfectants and cleaning agents. When coming into contact with chemical disinfectants,
an oxidation process takes place on the drill, giving rise to corrosion products and the release of metal
particles and ions to the peri-implant tissues, which can cause inflammation, increased osteoclastic
activity, and subsequent implant failure [9,10].

The phenomenon and mechanism by which the reuse of an implant drill can be a source of metal
particles or ions in implant bed preparation have not been evaluated in the literature. Metal particles
and ions are known to induce osteolysis, so it is important to avoid potential sources of metal ions
and particles for the long-term survival of dental implants. The reuse of drills, repeated cleansing,
and sterilization causes them to lose their sharpness and trigger the corrosion process. As a result,
there is a loss of cutting efficiency, thus making it possible to leave metal particles and ions in the
bone. Furthermore, the loss of cutting efficiency increases the friction between the bone and drills and
elevates the osteotomy temperature, leading to bone cell death and implant failure. An alternative
drill material to steel is zirconium dioxide, also known as zirconia, which is a ceramic and belongs to
the category of materials called inert metal oxides. They are also used as dental implant materials [11].
Zirconia is bio-inert, and has excellent corrosion resistance, superior biocompatibility, high wear
resistance, and high fracture resistance values [12,13]. Repeated disinfection and sterilization cycles
can lead to undesirable changes in the physical properties of the instruments, such as a loss of structure,
sharpness, and corrosion [5]. The purpose of this study is to analyze the effects of chemical disinfection
and autoclave sterilization on zirconium oxide ceramic drills vs. steel drills by scanning electron
microscopy and energy dispersion X-ray microanalysis. The null hypothesis of this study is that there
will be no difference in surface alterations between zirconia and steel drills as a result of disinfection
and sterilization procedures.

2. Materials and Methods

In this study, a total of 18 drills of zirconia (Dental Tech, Misinto, Milan) and 18 steel drills were
used (Dental Tech, Misinto, Milan) (Figure 1).
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Figure 1. Macroscopic aspect of the steel drill (left) and zirconia drill (right) used in the present study.

Only 2 mm diameter helical conical drills were evaluated in order to analyze their response to
disinfecting and cleansing agents, as well as autoclave sterilization. The steel drills presented the
following chemical composition: 0.2% sulfur, 0.2% carbon, 0.6% silicon, 0.8% nickel, 1.2% molybdenum,
1.6% manganese, 16% chromium, 22% carbon, and balancing iron. The chemical composition shows
the typical characteristics of a stainless-steel alloy. The drills studied were all externally irrigated
and had three black laser markings with the function of guiding the surgeon in controlling the depth
during osteotomy. In this investigation, chemical agents such as glutaraldehyde 2% (Dimexid, Amedics
Ferrara, Italy) and hydrogen peroxide 6% (Sanibios, Noda, Balerna- Switzerland), were taken into
consideration, and the effect of sterilization cycles was also observed. The drills were not subjected
to the preparation of implant sites, but were immersed for 10 minutes in human blood taken from
voluntary subjects and then underwent cycles of immersion in disinfectants without being subjected to
autoclaving (approved by Inter Institutional Ethics Committee of UNINGA, No. 72105917.5.0000.5220).
Before immersion, decontamination, or sterilization, the drills were rinsed in running water and
scrubbed with a toothbrush made of nylon bristles in order to remove gross foreign material (e.g.,
organic material, clot). A total of 18 steel drills and 18 zirconia drills were used and allotted to 6 groups
of 6 drills, with 6 in steel and 6 in zirconia for each group. Then, implant drills were assessed before
and after the disinfection by Scanning Electron Microscopy (SEM). A disc of carborundum was used
to separate the blades from the grips of the drills to be observed by SEM. Ten flat areas of 200 pm to
150 pm in diameter were evaluated for each drill and an image in JPEG format was created (Figure 2).
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Figure 2. The flat area evaluated for each drill.

The drills were divided into the following groups:

Group 1: New non-sterilized Steel drill; Steel drills subjected to 50 cycles of 20 min sterilization
immersion in glutaraldehyde;

Group 2: Steel drills subjected to 50 immersion cycles of 20 min immersion cleansing in
hydrogen peroxide;

Group 3: Steel drills subjected to 50 cycles of heat sterilization in an autoclave at 134° C for 35 min
at a pressure of 1.1 bar; New non-sterilized Zirconia drills;

Group 4: Zirconia drills subjected to 50 cycles of 20 min immersion sterilization in glutaraldehyde;

Group 5: Zirconia drills subjected to 50 immersion cycles of 20 min for cleansing in
hydrogen peroxide;

Group 6: Zirconia drills subjected to 50 cycles of heat sterilization in an autoclave at 134° C for
35 min at a pressure of 1.1 bar (A-17 PLUS, ANTHOS, Imola, Italy).

All the solutions were poured into a plastic container in order to avoid interference between the
liquid and metal. In accordance with the Italian legislation DMS of 28/9/90, the drills were immersed
for 20 min in a liquid chemical sterilant. After 50 cycles of decontamination and cold sterilization
immersion, the drills were rinsed in running water and then in demineralized water. They were then
observed by a transmission electron microscope. The method of analysis followed the methodology
proposed by Scarano et al. [5].

Previously calibrated examiners compared the micrographs before and after 50 cycles of
disinfection and sterilization, respectively, with those obtained for the control group and assessed the
percentage of surface covered by damage.

2.1. SEM Observations

In order to evaluate changes in the surface topography, we used a scanning electron microscope
(SEM, JSM-6480LV; Jeol, Tokyo, Japan), with a solid-state backscattered detector operated at a 20 kV
accelerating voltage. Each drill was attached to an aluminum stub with sticky conductive carbon
tape. Images were taken in both secondary and backscattered electrons. The drills were mounted
on aluminum stubs and gold-coated in Emitech K550 (Emitech Ltd., Ashford, UK). Pictures were
recorded for each specimen to characterize the surface and presence of corrosion area. The pictures
were processed with Image]J (Image], U.S. National Institute of Health, Bethesda, MD, USA).
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2.2. Energy Dispersive X-ray Spectroscopy (EDX)

To detect possible drill alterations, the drills were examined before and after sterilization with
a scanning electron microscope/energy dispersion X-ray microanalysis (SEM/EDX) using scanning
electron microscopy (SEM, JSM-6480LV; Jeol, Tokyo, Japan) with the EDS QUANTAX-200 probe (Bruker
Nano GmbH, Berlin, Germany).

2.3. Statistical Evaluation

Free software available on the site http://clincalc.com/stats/samplesize.aspx, was used to determine
the number of drills needed to achieve statistical significance for quantitative analyses of drill surface
damage. A calculation model was adopted for dichotomous variables (yes/no effect) by applying the
effect incidence designed to caution the reasons, with values of 10% for zirconia drill and 95% for steel
drill, and the alpha was set at 0.05 and power at 70%. The optimal number of specimens for analysis
was six drills per group.

A normal data distribution was evaluated by the Shapiro-Wilk test and the differences between
the groups were analyzed by one-way analysis of variance (ANOVA) followed by a Tukey post-hoc
test. A p-value < 0.05 was considered statistically significant. Data processing and statistical analysis
were performed by Excel origin and SPSS software (SPS, Bologna, Italy).

3. Results

Scanning Electron Microscopy Analysis and Energy Dispersion X-ray Microanalysis.

3.1. Steel Drills

New Non-Sterilized Drill
The spectroscopic analysis showed that the flat area of implant drills was composed of
stainless-steel alloys with a high content of iron, nickel, and chromium (Figure 3).

Group 1

After 50 cycles of decontamination, the drills immersed in the glutaraldehyde showed traces of
corrosion with deposits on the bottom of the container and traces of a rust color. The drills appeared to
be macroscopically damaged and the laser depth markings were less distinctive, but still identifiable.
The areas of corrosion were mostly present especially near the laser markings (Table 1). In total,
21 + 3% of the drill surface in this group was covered by damage (Figure 4). None of the drills had
surface damage over 30% of the total surface. The spectroscopic analysis of the drill surface showed a
reduction in iron, nickel, and chromium and a comparable increase in oxygen (Figure 5).

Group 2

The drills immersed in hydrogen peroxide appeared to be macroscopically damaged, but the
damaged surface areas were smaller and the laser depth marks remained clearly visible. A total of
12 + 1% of the drill surface in the hydrogen peroxide group was covered by damage. No drill in this
group had damage above 20% of the surface (Figure 6). Additionally, in this group, the spectroscopic
analysis of the drill surface showed a decrease in iron levels and a comparable increase in oxygen.

Group 3

The steel drills that were subjected to 50 cycles of heat sterilization by steam neither caused areas
of corrosion nor altered the depth notches (Table 1) (Figure 7). The spectroscopic analysis of the drill
surface showed a smaller increase in oxygen and a decrease in the levels of iron, nickel, and chromium
(Figure 8).
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Figure 3. Spectra showing elemental peaks of the new drill surface.

Figure 4. Group 1. Aspects of the steel drill after 50 disinfection cycles with glutaraldehyde, where
zones of structural alteration can be observed.
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Figure 5. Group 1. The spectroscopic analysis of the drill surface after 50 disinfection cycles with
glutaraldehyde showed a decrease in oxygen, iron, nickel, and chromium.

Mag = 300X

Figure 6. Group 2. After 50 disinfection cycles with hydrogen peroxide, zones of damage by the
corrosive process were observed (arrows).
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Figure 7. Group 3. After 50 steam autoclave cycles, no areas of corrosion were observed.
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Figure 8. Group 3. The spectroscopic analysis of the drill surface after 50 steam autoclave cycles, where
no changes in iron, nickel, and chromium levels and a smaller increase in oxygen where observed.

3.2. Zirconia Drills

New Non-Sterilized Drill
The spectroscopic analysis of the new unsterilized zirconia drill surface showed that the flat areas
of implant drills were mainly composed of zirconia and carbon, oxygen, and aluminum (Figure 9).

Group 4

The zirconia ceramic drills observed after 50 cycles of immersion in the glutaraldehyde had
the same appearance as the new non-sterilized drills and did not have residues of organic material
(Figure 10). The spectroscopic analysis of the drill surface showed no change in the surface composition.
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Group 5

The zirconia ceramic drills observed after 50 cycles of immersion in the hydrogen peroxide had
the same appearance as the new non-sterilized drills and did not have residues of organic material
(Figure 11). The spectroscopic analysis of the drill surface showed no change in the surface composition.

Group 6

No damage was detected after 50 cycles of heat sterilization in the autoclave, and there was no
corrosion or alteration of the laser markings (Figure 12). No differences were observed between the
different disinfection liquid immersions (glutaraldehyde and hydrogen peroxide). The black notches
that showed the depth and the numbers printed on the drill shanks were intact and showed no signs
of damage.

The spectroscopic analysis of the drill surface showed no change in the surface composition.

cps/eV

301

25+

20+

0 2 4 6 8 10

Figure 9. The spectroscopic analysis of the new zirconia drill surface showed that the flat area of
implant drills was mainly composed of zirconia.
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Figure 10. Group 4. The zirconia drill viewed under a scanning electron microscope after 50 disinfection
cycles with glutaraldehyde. Sharp margins are free from defects.

Mag= 300X

Figure 11. Group 5. The zirconia drill after 50 disinfection cycles with hydrogen peroxide, where no
damage was observed on the cutting edges or deposits of other substances.
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Figure 12. Group 6. After 50 steam autoclave cycles, no areas of corrosion were observed.

Table 1. Summary of the drills surface area damaged by the testing processes. The disinfection
processes generated significant surface corrosion compared to the zirconia drills (p < 0.01). The
autoclave sterilization did not cause any alteration to the different drill surfaces.

STEEL DRILLS ZIRCONIA DRILLS
Group I Group II Group III Group IV Group V Group VI
(6 drills) (6 drills) (6 drills) (6 drills) (6 drills) (6 drills)
Mean 21% ** 12% ** No Damage ** No Damage ** No Damage ** No Damage **
SD +3% +2% - - - -
**p <0.01.

3.3. Statistical Analysis

The SEM results showed the drill surface covered by damage and corrosion percentages for the
steel drill. A statistically significant difference was found in the percentage of drill surface covered
by damage and corrosion on the zirconia drill compared to the steel implant drills (p = 0.000034)

(Figure 13).

Surface Damage
STEEL DRILLS ZIRCONIA DRILLS

30
25 Glutaraldehyde
Q
20
E HZOZ
5 15
% 10 L
= 5 Sterilization ~ Glutaraldehyde H,0, Sterilization
No Effect No Effect No No Effect
0 Effect
Group | Group Il Group Il Group IV Group V Group VI

Figure 13. Differences in surface alteration occurred in the different study groups.
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4. Discussion

In clinical practice, it is important to avoid cross-infection and it is for this reason that the
drills should be treated with disinfectant chemicals, thoroughly rinsed, and submitted to autoclave
heat sterilization.

In this study, we used two different disinfection chemicals, namely glutaraldehyde and hydrogen
peroxide, which both provide high-level disinfection. The outcomes of the present research showed
that zirconia drills are more resistant to the corrosive action of disinfecting chemicals. In fact, a
greater difference was found in the percentages of drill covered by surface damage. SEM analysis
demonstrated that repeated autoclave sterilization cycles had no effect on the zirconia and steel drills.

The purpose of the present investigation was to study the influence of disinfection and sterilization
on the implant drill surfaces. The authors hypothesized that zirconia drills may offer a greater resistance
to the action of disinfectants commonly used in clinical practice.

The contact with contaminated surfaces produces destructive hydroxyl free radicals that can attack
DNA, membrane lipids, and other essential cell components. Glutaraldehyde is a saturated dialdehyde
that has gained wide acceptance as a high-level disinfectant and chemical sterilant [14]. Aqueous
solutions of glutaraldehyde are “activated” by using alkalinating agents to bring the pH to values
between 7.5 and 8.5, which makes the solution sporicidal [15,16]. Glutaraldehyde (GAA) solutions
are used for the sterilization of medical devices, such as endoscopes and fibroscopes. Hydrogen
peroxide has good bactericidal, sporicidal, viricidal, and fungicidal properties [17]. However, both
glutaraldehyde and hydrogen peroxide are corrosive to steel instruments.

Implant drills are reusable medical devices and implant bed preparation with drills is an invasive
procedure involving contact of the drill with blood, bone, and other biological fluids. The major
risk of all such procedures is the introduction of drill particles and transfer of pathogens, potentially
leading to infection [18]. The main objective of disinfecting or sterilizing drills is to eliminate the
transmission of pathogens by means of contaminated medical and surgical devices (e.g., HIV, HCV,
Mycobacterium tuberculosis, and encephalopathies) [19,20]. Today, the disinfection of medical devices
such as implant drills is very important for preventing the emergence of transmissible spongiform,
such as the encephalopathies (TSEs), which is a prion protein less susceptible to denaturation by heat
and is responsible for disease such as variant Creutzfeldt-Jakob [21]. Therefore, the predicable cleaning
of implant drills is believed to be a key procedure for reducing the risks of onward transmission of
infectious diseases and pathogens such as human immunodeficiency virus (HIV), hepatitis B and C,
gram-negative and gram-positive bacteria, fungi, and preventing the risk of mycobacteria transmission.
In addition to microbial inactivation, the removal of organic or inorganic debris is crucial as it may
compromise subsequent disinfection or sterilization processes [22]. The cleaning of reusable implant
drills is also important in order to ensure drill longevity and efficiency in cutting bone, also making the
removal of organic and chemical residues important. The effect of liquid chemical sterilant depends on
cleaning to eliminate organic and inorganic material, an optimal pH, concentration, contact time, and
temperature are all paramount. During chemical disinfection, it is important that implant drills are
not mixed with other drills, or other instruments of different material composition in order to avoid
chemical corrosion. In this study, once chemical disinfection was completed, we proceeded to heat
sterilization at 134 °C (273 °F) for 35 min.

It is known that the effect of disinfectants and sterilization can influence the cutting efficiency
of drills [5,23]. The material that constitutes an osteotomy drill must also have a good resistance to
corrosion, which is one of the factors responsible for the loss of cutting efficiency. The drills used for
the preparation of implant sites must undergo decontamination and sterilization procedures before
being reused on another patient. After every use, reusable medical devices must be rinsed, cleaned,
and immediately immersed in an approved medical grade chemical disinfectant with a recognized
effectiveness against HIV in accordance with Italian legislation art. 2 Ministerial Decree 28.09.90 [24].
The Ministerial Decree (DMS) imposes a set of rules for the protection of professionals from a broad
range of infections in public and private health and care facilities. The objectives of these precautions
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are to prevent the transmission of pathogenic organisms through blood and biological fluids. The
cleansing occurs as a result of the chemical actions of a detergent that must be used at recommended
concentrations and contact times. It is necessary to frequently renew the solution in order to avoid the
accumulation of debris and contamination, which both decrease the detergent efficacy.

Implant surgical procedures expose patients, surgeons, and staff to potential cross-infections if
carried out without a series of cleaning and sterilization procedures aimed at preventing the spread
of pathogens. Bone drills are classified as critical surgical objects according to the classification
proposed by E.H. Spaulding [25] and from the DMS dated 28/9/90 as instruments that come in contact
with bleeding tissues and body fluids. For this reason, implantology drills must also be subjected
to decontamination and cleaning procedures using chemical substances before proceeding to heat
sterilization with saturated steam in an autoclave. All these procedures and protocols can alter the
cutting efficiency, as well as deteriorate the depth marks printed on the drills, thereby altering the
references that the surgeon has during surgery to check the working depth of the osteotomy. The
reduction in cutting efficiency has considerable repercussions for the preparation of the implant site
because a loss of sharpness and cutting efficiency of the drill results in a large part of the cutting energy
being transformed into heat. The consequences manifest themselves as poor organization of the clot,
delayed healing, and poor quality of the tissues that form at the bone—-implant interface [18,26]. As
reported previously in another study [18], implant osteotomy drills can be reused up to 50 times since
their loss of sharpness is directly proportional to the number of osteotomies made.

Chemical detergents can cause metal corrosion with alteration of the cutting edge of the drill
blades, which is a process that can worsen when the drills are submitted to saturated steam sterilization.
In the literature, there are several articles that have studied the degree of wear of osteotomy drills in
relation to their reuse [26,27]. On the other hand, there is no published work investigating the problem
of chemical decontamination or metal release in the bone from surgical drills. In the present work, we
chose to separately study the effect on bone drills of the two different chemical agents and the effect of
autoclave sterilization in order to understand which of these aspects of bone instrument care is the
most critical and potentially damaging to the drills.

We observed that all the disinfectants used were found to be potentially harmful to steel drills,
causing corrosion zones that worsened after each decontamination cycle, while the zirconia drills did
not show any structural damage, and the depth marks were preserved and remained clearly visible.
No damage was observed for the steel and zirconia drills when they were only subjected to autoclave
sterilization cycles. The results of the present study provide practical and valuable information that
can help conserve the cutting efficiency of the drills by preventing metal release and overheating of the
bone, both of which can increase the chances of implant failure [28].

Identifying factors and mechanisms with regards to implant failures should not be limited to
the implants, but should also include the host and the drills. Drills are one of the main components
of an implant procedure and play an important role in the success of an implant procedure [29,30].
Therefore, it is of primary importance to identify critical factors and develop appropriate therapies and
prevention strategies. It is extremely useful to know the histopathology (macroscopic and microscopic
aspects of the disease), the pathogenesis (source of the disease), and the physiopathology (mechanism
of the disease) of the complications of implant failures, as well as changes in the structure of the bone
drills during the processes of decontamination, cleaning, and sterilization.

From the results observed during this study, it is clear that the disinfectants used in clinical
practice are potentially harmful to steel drills by contributing to corrosion of their surfaces and the loss
of cutting efficiency.

5. Conclusions

The present study demonstrates that repeated immersions of steel drills in disinfecting chemical
agents result in corrosion on the surface of steel drills. Conversely, these chemicals do not have any
effect on zirconia ceramic drills, proving their inertness and structural stability, even in the harshest
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environment. Autoclave sterilization cycles have no effect on any of the drills. Cleansing, sterilization,
and maintenance of the drills are crucially important for patients” health and protection, but also for
the drills’ long-term durability and performance. It can be concluded that zirconia ceramic drills offer a
surface that is not affected by disinfecting liquids. The fact that zirconia is immune to corrosion attack
eliminates the possibility of the release of microparticles and ions in the peri-implant tissue during
osteotomy, thus minimizing the chance of aseptic osteolysis [31].
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