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ABSTRACT

stone.

reduction of the sound, hard tooth substance.

Purpose: To compare the cutting efficiency and the smear layer of three different types of burs ceramic, tungsten carbide and diamond

Materials and Methods: 135 mica-based glass ceramics (Vita blocs Mark II) blocks were used to valuate cutting efficiency by weight
loss method. Five points from each type of burs: Cera Bur (komet, Brasseler, Germany): K59, Tungsten Carbide tapered Bur (komet,
Brasseler, Germany): H2 010 and diamond points (komet, Brasseler, Germany): 957AM 314 010, were used for cutting procedures. Each
bur had made 30 seconds duration cut, each bur was used three times. Cutting was performed under standardized protocol using a specially
designed machine for this purpose. Twelve unerupted human third molars were used to obtain Dentin slabs. Cutting was performed using
the same protocol and the smear layer created was observed by means of scanning electron microscope.

Results: The values of weight loss were: 0.18 = 0.08 gm, 0.40 + 0.07 and 0.50 + 0.07 gm for each bur respectively. Less dense smear layer
was observed with the Cera Bur when compared to the tungsten carbide and diamond burs.

Conclusion: The new tapered fissure ceramic bur can be considered a promising tool for minimally dentistry, while providing a minimal

Introduction

Despite substantial improvements in oral health during the
20th century, dental caries is still one of the most common
health diseases. According to Fusayama in 1979, carious dentin
consists of two distinct layers, the outer carious dentin, also
called caries infected dentin and inner carious dentin, also
called caries affected dentin [1,2]. The development of caries
removal techniques has become increasingly conservative and
biological, where the main goal is to remove the outer infected
layer and keep the inner affected one in order to prevent over
cutting of dentin. Such concept has been made possible by a
better understanding of the etiology and prevention of dental
caries. In addition, conservation of tooth structure during cavity
preparation has emerged as a result of the introduction of acid-
etching techniques, adhesive restorative materials, and the
development of new cavity preparations systems [3].

Differentiation of infected layer and inner affected one by texture
and color perception is very subjective and is affected by many
factors such as ambient light, hydration, as well as activity of the
lesion [4]. Caries detecting dyes have been used to spot carious
dentin that should be removed. However, due to lacking of
knowledge about remineralization process occurring in carious

lesion and the poor physical properties of available restorative
materials; cavities were treated by a destructive and aggressive
approach following the G.V.Black’s concept “Extension for
Prevention” [5,4].

Over the years, caries removal methods have been passed through
lots of innovations. Starting from the earliest attempt involving the
use of hand drill by James Morrison’s in 1871 till the development
of the modern high-speed drills. During these periods’ lots of
methods had been developed to provide a less invasive technique,
such as the air-abrasive technique, ultrasonic instrumentation,
enzymes, chemo-mechanical caries removal and polymeric bur
mounted on a low-speed handpiece with cutting limited to the
infected layer and the initial layer of affected dentin [7].

Although some of these methods are successful, yet a lot of
disadvantages have risen including loss of tactile sensation, and
the ability of alumina particle to remove sound tooth structure
rather than the carious substrate reported with airabrasion
technology; limited application, and the inability to remove soft
carious dentine were the main limiting factors regarding the
acceptance of ultrasonic cutting tips. In addition the slow actions
of chemo-mechanical approach limited its clinical use [8].
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Due to the drawbacks found in the previously mentioned
methods, development of new mechanical caries removal tool
might be of value. It started with the polymeric bur mounted on
a low-speed handpiece with cutting limited to the infected layer
but it was not that accurate in removal of the desired layer.9 It was
reported that the ceramic burs were as effective as conventional
tungsten carbide burs in dentin caries excavation [10].

According to Eick in 1972 and Nakabayashi in 1982, it was found
that the structural integrity and surface characteristics of the tooth
after caries removal greatly influence the adhesiveness of the
restorative material [2,11]. Therefore an ideal cutting instrument
must fulfill the requirements of carious tissue removal, resulting
in satisfactory morphology with minimum formation of smear
layer, so that the adhesive restorative materials can be properly
applied [12].

Based on the self-limiting concept, we are looking forward to
depend on intelligent cutting tool that can differentiate between
the carious infected and affected dentin. Therefore the aim of
the present study was to compare in vitro the cutting efficiency
of three different cutting points and their corresponding smear
layer.

Materials and Methods

Measuring the Cutting Efficiency

The cutting efficiency of a rotating dental instrument may
be considered as the ability of that instrument to remove a
maximum amount of tooth tissue with a minimum of effort and
time involved in the operation [13]. Closely related to the cutting
efficiency characteristic of the instrument is its functional life,
which may be considered as the time interval through which
the instrument may be used effectively to cut tooth tissue
[14]. Both the efficiency and the functional life of the rotating
instrument are no doubt interrelated, and both characteristics are
of significance to the practitioner in his effort to shape the cavity
with a minimum of time and effort [7].

Two tests were made in this study:

Cutting Efficiency

Cutting efficiency was measured by weight loss technique.
Special device was fabricated (figure 1) to standardize the speed
and the pressure of the cutting tip ceramic, carbide or diamond
using the same handpiece: T1 Control, ISO 3964, INTRAmatic
(Sirona, Germany). The aim of this device was to standardize all
the cutting parameters. The pressure was adjusted at (Bar 3); the
speed was operated at maximum torque, under a water flow of
25 milliliters per minute for all the specimens [15,16].
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Figure 1: The special fabricated device, to control the cutting parameters

Device Details: It is a single axis linear motion machine, which
is consisting of the following items:

1. DC motor with an integrated power screw.
2. Runner Block.

3. Linear guide.

4. Vise.

5. Base.

These items operate in the following manner:

e The Power screw converts the rotary motion of the DC
motor to a linear motion.

e The Linear guide provides an accurate smooth linear motion
to the Runner Block.

e The Runner Block is driven over the linear guide by the DC
motor through the power screw.

e The fixed vise holds the test sample.

e All these items are attached to a fixed base that provides the
portability of the whole machine.

Five burs were used from each type; each bur was used 3 times.
All burs were new and provided in ISO sizes: Cera Bur (komet,

Brasseler, Germany): K59 lot number 314.010. (Figure 2).
Tungsten Carbide tapered Bur (komet, Brasseler, Germany): H2
010 lot number 414461 and diamond points (komet, Brasseler,
Germany): 957AM 314 010. Each bur made a cut, of 30 seconds’
duration. The mica-based glass ceramics: 135 Vitablocs Mark 11
(Vita Zahnfabrik, Bad Séackingen, and Germany) were used as a
substitute for tooth structure in the cutting exercise. All blocks
weighted 3gm; they were weighted before and after cutting by
decimilligram balance (Mettler Toledo, USA). The handpieces
were sprayed with lubricant (KaVo, Germany) for one second
before each run. All burs were cleaned after each run in an
ultrasonic cleaner containing a powerful detergent: Microten
(Unident, Swiss) after cutting each specimen [17].
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Figure 2: Smear layer Examination

Twelve unerupted human third molars teeth were collected after
the patients’ informed consent was obtained under a protocol
approved by the UMKC adult health sciences institutional review
board. The teeth were suspended in jars containing 12% solution
of gelatin adjusted to pH 4 by adding 0.1 M lactic acid. The
acidified gel was renewed after one week. Teeth were removed
from the gel after two weeks, rinsed with water and air-dried. After
complete removal of enamel, dentin slabs, of approximately 2 x
2 x2 mm, were obtained. Complete demineralization was ensured
by the absence of Raman spectral features associated with the
mineral component. The specimens were cut using ceramic bur,
tungsten carbide bur and diamond stone respectively under the
same conditions in terms of pressure, speed and time. Then, the
dentin slabs were fixed at 23°C with 2.5% glutaraldehyde and 1%
alcian blue 8GX (Sigma- Aldrich, St. Louis, MO, USA) in sodium
phosphate buffer (pH 7). Fixation was continued in 1% OS04, and
total fixation time was 16 hours. Specimens were air-dried and
mounted on aluminum stubs. After sputtering with a 40 nm layer
of gold in a Balzers SCD 050 apparatus, the cut surfaces were
examined in a Jeol 6100 scanning electron microscope (Model
Philips XL 30) operating at 10-15 kV, under magnification of X
500 to observe the smear layer ultramorphology.

Results

Cutting Efficiency Results

The mean and standard deviation values of weight loss after
using ceramic bur were 0.18 + 0.08 gm, 0.40 = 0.07 gm after
using carbide bur and 0.50 + 0.07 gm after using stone.

ANOVA test showed that there was a statistically significant
difference between the groups (P-value < 0.001). Pair-wise
comparisons between the groups showed that there was no
statistically significant difference between carbide bur and stone;
both showed the highest weight loss. Ceramic bur showed the
statistically significantly lowest mean weight loss.

Table 1: Mean, standard deviation (SD) values and results of
comparison between weight loss in the three groups

Ceramic bur | Ceramic bur | Stone P-value
Mean | SD Mean |SD Mean | SD
0.18> 10.08 [0.40® |0.07 [0.50®° ]0.07 |[<0.001*

*: Significant at P < 0.05, Different letters are statistically
significantly different

Scanning Electron microscope Results
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Figure 3: For the ceramic bur, the smear layer present on the
dentin surface shows sporadic debris, scanty and non uniform
layer
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Figure 4: The carbide bur exhibited irregular, narrow grooves and
dentin micro-particles deposited together with the smear layer.
Several cracks were observed which might be due either the
effect of the cutting with bur, or as due to dentin dehydration or
specimen’s preparation
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Figure 5: The diamond bur created a thicker smear layer than
other burs, and formed a rough dentin surface with deeper and
uniform grooves. Smear layer is condensed, compact and thick

The thicknesses of smear layer and irregularity on dentin surfaces
treated with diamond burs were higher than those observed with
carbide burs. The smear layer seems to be well burnished to the
underlying structure.

Discussion

There has been continuous interest and research in dental cutting
studies guided by the vast developments in modern dentistry.
One of these is the invention of advanced cutting technologies
such as laser cutting and air abrasion. Although such advanced
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technologies have proven their efficiency and applicability in
many fields of dentistry, the dental hand piece and bur still remains
the favorite tooth preparation tool for the general dentist [18].
The second development has been the introduction of different
types of burs with wide variety of finishing instruments and burs
designed for specific purposes [15]. Among these inventions is
the introduction of tools, which are capable of removing infected
dentin, and sparing of dentin capable of remineralization [9].
Clinicians have used caries removal techniques such as chemo-
mechanical treatment and hand excavation, but these techniques
are not in general use. A rotary instrument that can be used
with limited cutting has conceptual appeal. In addition to the
conservation of tooth structure such rotatory cutting tool will
enable dentists to perform cutting procedures without damaging
the health of the vital tooth [10,19].

The testing protocol used in this study is a reproducible and
simple test method with good control of operating variables
[20]. The authors simulated the clinical situation by moving
the handpiece toward the substrate where Cutting was done
under a controlled rate of water spray, and the load on the
handpiece, which simulated that in clinical situation, was always
placed in the same location [21]. The position of the bur was
constant for each run-that is, parallel to the substrate and pulled
perpendicularly down onto it simulating clinical practice [22].

Since handpiece reliability and consistency of operation are
significant factors in cutting studies, the same handpiece was used
during all testing procedures together with the recommended
lubrication, to ensure consistent operation. Air pressure was
controlled to be fixed all over the study, thus eliminating the need
for external measurement or control of rotational speed [23].

Substrate selection is crucial to any cutting study. Ideally, dental
cutting studies should be performed on enamel, but a suitable
size single mass of enamel is relatively unavailable. In addition,
enamel has numerous and well-established inconsistencies
in physical properties and morphology that would introduce
uncontrolled variables into a research protocol [2,8].

Glass ceramics have been used in many studies to take advantage
of their consistent density, absence of porosity and availability;
for these reasons, the authors used a glass-ceramic substrate in
this study [19,18,23,24].

It is well established that debris accumulation may be more
detrimental to cutting efficiency than are wear and chipping
from the bur surface.13 For this reason each bur was cleaned
after each run in an ultrasonic cleaner containing a powerful
detergent.25 The ultrasonic cleaner has been chosen for debris
removal it was proven to be a reliable method to be used for
decontamination of infected dental instruments, specially the
ceramic ones as they are free of metal, therefore biocompatible
and corrosion-free [26,27].

In addition, the authors used a new bur after each testing to
ensure that none of the burs was chipped which may affect their
cutting efficiency.

The results of this study showed statistically significant
differences in cutting efficiency between the ceramic bur and

conventional diamond and carbide burs. However, these
study results showed no significant differences in the cutting
efficiencies between the diamond bur and the carbide one. The
lower cutting efficiency observed with the ceramic bur maybe
regarded to its design (Special blade design for smooth cutting),
figure 2, that has been developed for minimal invasion and
reduced cutting capacity thus providing a minimal reduction of
the sound, hard tooth substance.

Scanning electron microscope was performed to study the
substrate surface left after cutting by each of the used instruments.
It is well established in literature that the composition and
properties of the smear layer as shown in figures 3, 4, and 5 are
related to the substrate, type of the cutting instruments as well as
the cutting speed. The results of the present study showed that
the use of the diamond bur yielded a more compact uniform and
dense smear layer, the carbide bur resulted in a less compact
smear layer while the ceramic bur resulted in a non uniform
dispersed smear layer as shown in figure 3 [12].

However, the results of the current study conflict with other that
showed that the carbide burs have higher cutting efficiency than
the diamond burs. This conflict may be regarded to the difference
in testing parameters [19].

Conclusion

The new tapered fissure ceramic bur can be considered a
promising tool for minimally dentistry, while providing a
minimal reduction of the sound, hard tooth substance.
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