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Abstract
Background: Extending the lifespan and improving the physical properties of dental burs as the most
extensivly used instruments have been the subject of several studies. One of the proposed methods is
using surface coatings for the burs. Since the dental instruments are reused, they require sterilization.
One of the possible causes of the damage to dental burs is autoclaving process. This study aimed
to investigate sterilization (autoclave) effect on wear of diamond coated tungsten-carbide burs with
different thicknesses.
Methods: In this in vitro study, 40 tungsten-carbide dental burs (IQ DENT, Poznan, Poland) were selected,
out of which 20 burs were coated with 1.5-μm-like diamond particles, and 20 burs were coated with
3.5-μm by PVD method using Swin Plasma Coating Machine. Then, the burs were randomly divided
into four groups (n = 10) as follow: G1: 1.5 μm thickness coated burs without sterilization; G2: 3.5
μm thickness coated burs without sterilization; G3: 1.5 μm coated with sterilization; and G4: 3.5μm
thickness coated burs with sterilization. Their weights were measured before wear test.Wear test was
performed and then they were re-weighted. Data were analyzed using SPSS software (version 21) as
well as Two-way ANOVA and Tukey HSD supplementary tests (α = 0.05).
Results: Mean and standard deviation of the burs weights without sterilization in the control groups
were 7.31 ± 2.63 and 7.96 ± 1.61 mg, respectively; and mean and standard deviation of the burs
weights in the sterilization groups were 7.06 ± 0.98 and 7.12 ± 1.11 mg, respectively. The study results
showed that “sterilization application” and “thickness of coated layer” were the main factors and their
intraction had no statistically significant difference (P = 0.589).
Conclusions: The sterilization process had no effect on wear of diamond coated tungsten-carbide burs
with different thicknesses.
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Background
Due to the significant role played by dental burs in
dental processes – including restorative treatment,
oral surgeries, as well as praparation of access cavity in
root canal treatment, improving the physical properties
and extending the avarage lifespan of rotary cutting
instruments have been the subject of several research
studies (1,2).
Two of the most important physical properties of dental
burs are their cutting efficiency and wear (3). Wear is the
first and most important reason for reducing cutting
efficiency of a dental bur (4). It is believed that the bur
wear is the main cause of its destruction (5).
Using improper cutting instruments can cause heat and
vibration on the enamel and dentin and, subsequently,
lead to microleakage of the restoration and damage to the
pulp (6).
There are various methods to improve the physical
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properties of dental burs (7). The nanostructured coating
on dental bur is one of the most important applications of
nanotechnology in the 21st century, which can be adopted
as an effective method to achieve the given purpose.
This method, which requires applying a harder layer of
materials such as diamond coatings (DLC), has provided
a favorable opportunity with practicioners working in
medicine and dentistry (8). DLC technique was used
for the dental implants that have good wear resistance
and a low coefficient of friction and corrosion resistance.
Also, the cutting blades of the ultrasonic stainless steel
instruments pointed out that it has reduced the amount of
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material loss (MRR) consumed are prepared in according
technology (9,10).
The diamond-like carbon (DLC) coatings on the nickel
and titanium orthodontic wires improve abrasion and
corrosion resistance. In addition, these coatings also
prevent the release of nickel ions (11). We can also consider
the obvious effect of DLC coating on the function of new
generation of dental burs (12,13).
Reusing dental instruments is a vey common practice
in dentistry and, therefore, the instruments reasonably
require cleaning and sterilization after each time they
are used (14). However, the reliability of the sterilization
methods is a decisive factor for reusing the instruments
(15). The complex structure of burs may keep debries
and pathogen microorganisms residues on the surface,
which directly affects the cutting efficiency and acts as a
contamination or disease transmitter (1,12).
The most common sterilization methods are dry heat,
autoclave, and immersion in chemical solutions, all of
which have beoth some advantages and/or disadvantages
(16).
Autoclave is one of the most effective and safest
strilization methods, but it suffers from some disadvantages
including corrosion of steel parts, long process time, and
high cost (17).
Previouse studies have shown that sterilization processes
can affect the lifetime and performance of the cutting
instrument (3). Since there is no information available
about the effect of sterilization on the wear of tungstencarbide dental burs coated with DLCs particles, this study
aimed to evaluate the effect of sterilization on the wear of
these burs by using autoclave method.
Materials and Methods
Sample Preparation
In this invitro study, 40 tungsten-carbide fissural dental
burs (IQ Dent, Poznań, Poland) without defect and
cracks were selected. Each bur was first examined under a
stereomicroscope with 64X in order to find any probable
defects or cracks.
The burs were randomly divided into four groups
(N = 10): G1: 1.5 μm thickness coated burs without
sterilization; G2: 3.5 μm thickness coated burs without
sterilization; G3: 1.5 μm coated with sterilization; and
G4: 3.5 μm thickness coated burs with sterilization. The
parameters required to determine the sample size were
obtained using a pilot study (5 samples in each group),
then according to alpha error of 0.05 and power of 90%
and the minimum significant difference of 3 in each
group, 10 was estimated.
Coating Method
The samples were cleaned with detergent solutions in an
ultrasonic bath and, then, cleaned with acetone and 99%
ethyl alcohol. The burs were fixed on fixtures of the cell
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in the machine inside the vacuum chamber so that each
sample could rotate on both its central axis and the central
axis of the cell in the machin during the coating process
with speeds of 50 and 4 rpm, respectively. The distance
between the samples and the spattering source was set at
30 cm, and vaccum conditions were provided in chamber
up to a pressure of 3 × 10-5 millibars. The burs were then
heated by resistance heaters up to 350°C. Before initiating
the coating process, the surfaces were cleaned by the
ionized argon gas in order for removing possible surface
contaminations from the samples.
As for DLC coating, the argon penetration into the
chamber was halted until a vacuum of approximately
3×10-5 millibars was obtained and, then, acetylene gas
with a ratio of 8 to 2 was diffused for reaching to pressure
of 2×10-2 millibar. The chromium spattering process was
started and the crc-DLC phase coating was performed on
the bur surface. Then by increasing the amount of input
acetylene, the amount of chromium spattering decreased
while the amount of DLC phase deposition increased.
This process was continued for 120 and 240 minutes
in order to obtain a thickness of at least 1.5 and 3.5 μm
coating, respectively.
Wear Test
All burs were weighted by a digital caliper (Radwag,
ASR2) and recorded in mg. To perform the wear test, each
bur was placed inside a special pin on a stainless steel disk
and the machine was rotated automatically.
The parameters were set for a force of 500 N, speed of
1.5 m/s, radius of 15 mm, distance of 20 m, and 954 rpm.
The weight of each bur was re-measured and considered
as secondary weight. Values of wear were estimated by
calculating differences between primary wheights and
secondary weights.
Sterilization Method
Half of the burs coated with thicknesses of 1.5 and 3.5
μm by PVD method were placed in autoclave (Plus
Andromeda, Tecno-Gaz model, Italy) at a temperature of
134°C and a pressure of 15 lbf/in2 (pound per square inch)
for 30 minutes.
Stereomicroscopic Assessment
One sample drawn from each group was examined under
a stereomicroscope (Nikon Eclipse E600; Tokyo, Japan) at
×64 magnification.
Statistical Analaysis
The collected data were analyzed by SPSS software (version
21). Due to normaliry of the data, two-way ANOVA test
was used. Significance level was considered as 0.05.
Results
The results from Kolmogorov-Smirnov statistical test
http://ajdr.umsha.ac.ir
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revealed that the data were normal. The highest wear
occurred in the second group, and the lowest one occurred
in the third group (Table 1).
According to the results from two-way analysis of
variance tests for the studied groups, the factors of “coating
thickness” and “sterilization”, also, their interactions
showed no significant difference (Table 2).
Discussion
Since the dental burs are extensively used instruments in
dentistry, extending their lifespan and improving their
physical properties take on a considerable importance.
This study aimed to evaluate the effect of sterilization
(autoclave) on the wear of tungsten-carbide burs coated
with diamond-like particles.
Diamond coatings have been used in some dental
products due to their biocompatibility, high wear resistance
and coefficient of friction, low corrosion resistance, and
low Ni ion release (10, 11). The findings from some
studies have shown that the use of diamond coatings on
the tip of the bone cutting ultrasonic instruments reduces
the temperature and applied materials (9).
Nanostructured coatings are used in various methods,
including sputtering and vapor deposition. From among
various methods, steam phase deposition processes have
received special attention recently. These processes are
divided into two general categories: physical vapor deposit
ion (PVD) and chemical vapor deposition (CVD), which
are commonly used methods. In this study, vapor phase
physical deposition (PVD) is used. The PVD process is
directional in nature, and is performed at low temperatures
(8). According to the results from some studies, DLC
coating in the range of 0.7 to 3.5 μm has no negative effect
on the abrasion properties of Ti6Al4V biomedical alloy
(18). Ahmed et al applied a diamond coating on cobalt
tungsten-carbide tungsten using the HF-CVD method
and found that the thickness of the coating layer was
also higher due to the higher temperature of the milling
Table 1. The War Values in the Studied Groups (P = 0.05)
Thicknesses

Groups

1.5 (μm)

3.5 (μm)

Control

7.31±2.63

7.96±1.61

Autoclave

7.06±0.98

7.12±1.11

Table 2. Two-way ANOVA Test Between Study Groups (P>0.05)
Variance Source

Sum of Squares df Mean of Squares

F

P Value

Group

2.97

1

2.97

1.02

0.320

Thickness

1.26

1

1.26

0.43

0.515

0.3

0.589

Interaction effect

0.87

1

0.87

Error

105.133

36

2.92

Total

2278.49

40
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tip during the process. It was also confirmed by the size
of the larger crystals in the SEM images of the milling
tip. In addition, the stress calculations based on Raman
spectroscopy data showed a higher compressive stress in
the bur tip (7).
In the present study, DLC nano particles with thicknesses
of 1.5 and 3.5 μm were used to coat . The reason for using
two thicknesses could be explained by the findings from
some studies which have indicated that thicker coatings
display better abrasion resistance than thinner coatings
(14).
The most common methods of sterilization for
medical and dental instruments are dry heat, autoclave,
and immersion in chemical solutions, all of which have
some advantages and disadvantages (19). Autoclave is
one of the most effective and safest sterilization methods
due to its good permeability, high humidity, low cost,
low complexity, easy monitoring, short time cycle, fast
antimicrobial properties, and non-toxic characteristics
(12). To determine the effect of sterilization on the wear
of tungsten-carbide burs coated with diamond particles,
therefore, an autoclave at a temperature of 134°C and a
pressure of 15 P/I2 was used.
According to our study results, there was no significant
difference in the group types (control and sterilization).
Seemingly, sterilization caused no significant changes in
the wear rate of the coated burs, and protective effect of
the nanoparticle layer was not decreased by autoclaving.
The results from studies on the effect of the sterilization
process on the dynamic coverage of surgical and dental
burs are different and somewhat contradictory. According
to the results from some studies, despite different
sterilization methods including dry and without steam
(12), autoclaving with NaOCL (20), chemical sterilization,
autoclaving, dry heat and steam(15), and also frequency
of sterilization sessions, sterilization process does not have
an adverse effect on dynamic coverage and resistance to
the fragility of the burs (12,15,20,21).
In the present study, only the thickness of sterilized and
non-sterilized milling cutters in two different coatings
thickness was evaluated and, therefore, our findings were
consistent with the results from these studies.
On the other hand, a number of researchers have
reported that sterilization methods have a negative effect
on the structure and cutting capacity of the dental burs
(17,22).
Our study findings also showed that wear rate was not
dependent on “thickness” as a main factor. Thicknesses of
1.5 and 3.5 μm produced the same effect on wear of them.
Our study results were confirmed by the SEM images.
According to Figures 1-3, no difference was observed
between sterilized and non-sterilized coated bur edges.
The edges were neither sharp nor rounded. Sharp blades
are usaully pron to wear.
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Figure 1. The uncoated tungsten- carbide bur

Figure 2. The coated tungsten- carbide bur before sterilization

Figure 3. The coated tungsten- carbide bur after sterilization

Conclusions
Given limitations of this study, it was concluded that the
sterilization process had no effect on wear of diamond
coated tungsten-carbide burs with the studied thicknesses.
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