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The objective of this vitro study was to determine the effect of polishing
performance of a universal ceramic polishing kit on the surface roughness of various
ceramics. The ceramic specimen size 5 x 7 x 4 mm of lithium disilicate glass ceramic (IPS e.max
CAD, lIvoclar Vivadent, Liechtenstein), translucent zirconia (VITA YZ XT, VITA Zahnfabrik,
Germany) and zirconia-reinforced lithium silicate (Celtra Duo, Dentsply Sirona, United States)
(n=8) were fixed with clear resin in PVC block, 14 mm in diameter. The specimens were ground
with fine diamond bur for 15 seconds to simulate clinical gross contouring.The two-step
polishing process started with coarse polishing (EVE Diacera H2DCmf) for 60 seconds and
followed by fine polishing (EVE Diacera H2DC) for 60 seconds. The surface roughness (Ra) of
specimens were measured after grinding process and every 15 seconds of the polishing
process. The Ra measurement was analyzed using a non-contact optical profilometer (Alicona
infinitefocusSL, Graz, Austria) at 50X magnification for quantitative measurements. The area of
measurement was perpendicular to the polished direction and 5 areas were measured in each
specimen. SEM micrographs were used for qualitative measurements of the surface. The force
in the polishing process was controlled to 1 N by a customed-made device. From one-way
repeated measures ANOVA, the result showed that when compared with the grinding step, the
Ra of all ceramic types was significantly lower after being polished by coarse polisher at 15
seconds. After all polishing process, VITA YZ XT exhibited the lowest Ra followed by Celtra
Duo and IPS e.max CAD, respectively. From one-way ANOVA, the results of A Mean Ra showed
that coarse and fine polishing bur was more effective in VITA YZ XT than Celtra Duo and IPS

e.max CAD, respectively.
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CHAPTER |
INTRODUCTION

Nowadays, esthetic becomes an important factor for dental prostheses.
Dental ceramic plays an important role in making fixed prostheses due to their
natural appearance like natural teeth. Dental ceramic products are inorganic
structures that have nonmetallic, low thermal, and low electrical conductivity

properties.(l’ 2

There are two major groups in dental ceramic that have different
compositions, characteristics, and indications: glass-matrix ceramics and
polycrystalline ceramics groups. In glass-matrix ceramics groups such as leucite-based
and lithium disilicate-based, provide excellent in esthetic and translucence.”
Polycrystalline ceramics groups, such as alumina and stabilized zirconia, provide
excellent mechanical properties but the disadvantage is opacity. Moreover, zirconia-
reinforced lithium silicate or ZLS has been introduced which compose of zirconium
dioxide diffused in the glass matrix phase to enhance mechanical properties and

enhance great esthetic due to the presence of a glass matrix phase.*

Although restorations from the laboratory process are well-polished, an
occlusal and proximal adjustment in the clinical situation is often required. Grinding
and polishing of ceramic are usually performed to provide proper contact, contour,
margin, and smooth surfaces. After grinding the restorations to a proper contour, the
outcome is the rough surface of the restorations due to the coarse abrasive particles
in a device which cause the opposing and adjacent teeth to wear.®’ Surface
roughness is an important property of restorations that affect bacterial colonization,
plaque accumulation, secondary caries, and wear of the antagonist.m Thus, polishing
after grinding the restoration is necessary to reduce the surface roughness and

provide smooth, shiny, and gloss restorations. The effectiveness of polishing devices
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depends on various factors such as polishing speed, polishing forces, mechanical
properties, and structure of the substrate being polished.®’ Since many types of all-
ceramic restorations have been widely used, the ceramic polishing kits are created
for their own ceramic groups. Porcelain polishing kits consist of silica-carbide as main
abrasive, while zirconia polishing kits consist of diamond particles as main abrasive
due to its high surface hardness. Because of the variety of ceramic polishing kits,
dentists seem have to buy each kit separately. Lately, manufacturers have provided
a universal ceramic polishing kit which can polish all types of ceramic restorations.
However, few studies have investigated the surface roughness of various ceramics
after polishing with a universal ceramic polishing kit with the same protocol. For such
reason, the aim of this study was to evaluate the surface roughness of various

ceramic types after polishing with a universal ceramic polishing kit.

Research question

1. Would polishing duration affect the surface roughness of each ceramic type

after polishing with a universal ceramic polishing kit?

2. Would various ceramic types affect the surface roughness after polishing

with a universal ceramic polishing kit?

Objective

To determine the effect of the polishing steps and ceramic types on the
surface roughness of various ceramic types after being polished with a universal

ceramic polishing kit.
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Hypothesis
Hypothesis 1

Null hypothesis

Ho: There is no difference in surface roughness of each ceramic type after
polishing with a universal ceramic polishing kit with different polishing
duration.

Alternative hypothesis

Hi: There is the difference in surface roughness of each ceramic type after
polishing with a universal ceramic polishing kit with different polishing
duration.

Hypothesis 2
Null hypothesis
Ho: There is no difference in surface roughness of various ceramics after
polishing with a universal ceramic polishing kit.
Alternative hypothesis
Hi: There is the difference in surface roughness of various ceramics after

polishing with a universal ceramic polishing kit.

Keywords

1. Lithium disilicate glass ceramic

2. Polishing

3. Surface roughness

4. Zirconia

5. Zirconia-reinforced lithium silicate

Type of research

Laboratory experimental research
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CHAPTER Il
LITERATURE REVIEW

Ceramics in dentistry

All ceramic materials have become widely used due to their biocompatibility,
color stability, chemical durability, wear-resistance, and esthetics. Moreover, they
provide good mechanical, physical, and thermal properties.”) Due to the problems of
layering porcelain chipping or delamination in multilayered prostheses, monolithic
prostheses have become widely used for all-ceramic restorations.” There are two
groups of all-ceramic systems which are glass-matrix ceramics and polycrystalline
ceramics which depend on the structure of the crystalline phase, fabrication method,

and the amount of glass phase.

In the glass-matrix ceramics group which composes of at least one crystalline
phase and glassy matrix phase, lithium disilicate-based glass-ceramics exhibit good
esthetic and mechanical properties when compare with mica-based or leucite-
based.® 1V Lithium disilicate glass-ceramics can be used as inlays, onlays, veneers
and full coverage crowns in both anterior and posterior teeth due to their strength.'?
Lithium disilicate (Li,Si,Os) was formed by the crystallization process of lithium
metasilicate (Li,SiO3) which reacts with glassy phase (SiO,) under proper sintering
temperature.”’ The crystalline phase has a needle-like shape with an interlocking

network in a glass matrix which can stop crack propagation.® 2 1?

In lithium disilicate glass-ceramics, IPS e.max (Ivoclar Vivadent, Schaan,
Liechtenstein) are widely used materials which can be divided into two forms: IPS
e.max Press and IPS e.max CAD. IPS e.max Press was released in 2001, which is a
castable ingot that uses a lost-wax technique to create the restoration. While in

2006, IPS e.max CAD has been introduced to process with CAD/CAM technology. IPS
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e.max CAD block is prepared in a partially-crystallize state which the crystalline
phase is lithium metasilicate embedded in a glassy phase. This state has the
advantages in that the block is easy to be milled and reduces the wear of the milling
machine tool. This milling process is known as “soft milling”. After milling IPS e.max
CAD to the desired shape of restorations, the post-sintering process is continued to
form a fully-crystallize state in which lithium disilicate is formed. Due to less time-
consuming process of CAD-CAM workflow, restoration from IPS e.max CAD block can

also be fabricated in a one-visit appointment and has been widely used nowadays."

12, 14)

In the polycrystalline group, stabilized zirconia is a widely used material due

(

to excellent mechanical properties with an acceptable appearance.">'® Zirconia is

compatible with human tissue and susceptible to low plaque accumulation.®” '@
Zirconia is polymorphic material that can present in three phases; monoclinic,
tetragonal, and cubic depend on the temperature. Monoclinic phase forms when the
temperature is between room temperature and 1167°C which provides lower
mechanical properties than the others. Tetragonal phase forms when the
temperature is between 1167°C and 2367°C and provides excellent in mechanical
properties. Cubic phase forms when the temperature is more than 2367°C and
provides average mechanical properties.”’ Due to the weak mechanical properties in
the monoclinic phase, conventional dental zirconia usually incorporated with 3mol%
of yttria to form partially stabilized tetragonal zirconia polycrystal or 3Y-TZP. 3Y-TZP
provides excellent mechanical properties and high fracture toughness due to
transformation toughening which is a process that stops crack propagation. This
process occurs when tensile stress is applied to zirconia which will locally change the
tetragonal form of zirconia into the monoclinic form which results in volume

expansion for 3 - 4% and then provide compressive stress around the crack tips."™ '
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2 The disadvantage of 3Y-TZP is opacity due to the high contents of alumina and
anisotropic of tetragonal phase which makes light scattering.?*?? To solve this
problem, 3Y-TZP usually use with layering-porcelain to improve esthetics but it can
cause porcelain-chipping or delamination of the restoration.?? So, monolithic zirconia
has been introduced to solve the zirconia substructure with a layering-porcelain
problem. Monolithic zirconia is widely used in many platforms such as crowns,

bridges, and implant abutments.”

To solve the problem of low translucency of 3Y-TZP which composes of a
tetragonal phase of more than 90%, the yttria content has been increased to provide
a more cubic phase.” Cubic phase has an isotropic property which decreases light
scattering and provides excellent translucency. Moreover, the cubic phase can
against low-temperature degradation (LTD) which makes it stable when exposes to
the oral cavity. Increasing 3mol% of yttria to 5mol% will produce 5Y-ZP which
compose of 50% of the cubic phase while 8mol% of yttria will produce a completely
cubic phase which has the most excellent translucency and optical properties.””
Although the cubic phase has excellent in esthetic this phase is brittle and has
weaker mechanical properties than the tetragonal phase.?? Thus, increasing yttria

compositions in zirconia restorations can provide translucency but decrease in

strength.

Due to the excellent esthetic in lithium disilicate-based glass ceramics and
great mechanical properties of monolithic zirconia restorations as mentioned above,
the zirconia-reinforced lithium silicate or ZLS has been introduced. Zirconia-
reinforced lithium silicate have lithium silicate as their major components in the
crystalline phase and add zirconium dioxide (approximately 10% by weight) into the
glass matrix.?” Lithium silicate crystals in ZLS shown smaller particles size 4-6 times

than lithium disilicate crystals in lithium disilicate-based glass ceramics. These smaller
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lithium silicate crystals provide high polishability, while zirconia fillers strengthen the
restorations by crack interruption.(g’ 28 Thus, zirconia-reinforced lithium silicate gain
both benefit in mechanical properties from zirconium dioxide and esthetic in glass-

ceramic.”?

Process for grinding and polishing

Wear is the process of material removal from the surface of a solid body as a
result of a mechanical process which causes surface defects, flaws, and roughness.
Wear can be classified into abrasive, adhesive, erosion, fretting and chemical types.(zg)
Grinding and polishing with dental polishing kits usually cause abrasive wear. Abrasive

wear is the process in which abrasive particles cause micro cuttings, microfracture,

fatigue, and detachment of grain as shown in figure 1. Scratches, grooves, and ripples

; (30)
are the phenomena caused by abrasive wear.
Direction of abrasion ® Direction of abrasion
=
—
a) Cutting b) Fracture
® Direction of abrasion Direction of abrasion
G =
= Grain about
Repeated deformations by subsequent grits = to detach
c) Fatigue by repeated ploughing d) Grain pull-out

Figure 1 Mechanism of abrasive wear®”

Abrasive wear can be divided into two types which are two-body abrasion
and three-body abrasion. Two-body abrasion occurs when there are two rubbing
parts involved in the process without any particles trapped between each part such
as dental polishing kits in which abrasive particles solidly fixed to the device. Three-

body abrasion occurs when there are free particles between each rubbing surface
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such as polishing pastes. Figure 2 shows two types of abrasive wear.® Two-body

abrasion provides ten times wear faster than three-body abrasion.®”

(30)

Figure 2 Two types of abrasive wear

Grinding and polishing procedures are important for both direct and indirect
restorations to produce good esthetic and lifelong restorations.”) These procedures
are important steps in dentistry because they decrease surface roughness which
prevents crack propagation and plaque accumulation, removes an excessive part and
refine margins of restoration, produces great esthetic and optical properties, makes
proper contact, contour and occlusion, and provide smooth surfaces in all surfaces
of restorations which reduce wear on opposing and adjacent teeth.® Grinding refers
to the process of gross contouring to provide the correct shape and dimensional
precision of restorations. Coarse abrasive grits bonded into the device were sunk into
a material to perform grinding. These scattering grits have a variety of shapes and can
deteriorate, chip, and fall off during grinding. Components of grinding devices such as
types of abrasive, grain size, grain concentration, coating, and bond can affect surface
integrity. Moreover, characteristics of the material such as structure, grain size, and
chemical composition can affect surface integrity too. Coarse particles on grinding
devices and large grain sizes of material usually provide a rough surface. The process
of grinding was shown in figure 3. Polishing refers to the process of removing surface
scratches or defects as result of the grinding process and making gloss and shiny

restorations. Polishing burs compose of finer abrasives than the grinding bur and
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perform only the top layer of the surface. Fine abrasive grits sustained in polisher to

provide micro-cutting edges on the material. Figure 4 shows the polishing process.“”

Wheel speed
> 3000 fpm (15 m/s)

v — ee- s

Bond

Grit

(31)

Figure 3 Grinding process

Nicro edips Nicro chips

Nicro chips

Figure 4 Polishing process®”

Effectiveness of polishing procedures depends on many factors such as
properties and structure of materials to be polished, the hardness between substrate
and device, compositions and size of abrasive particles in a device, polishing forces,
polishing duration, polishing speed, lubrication, etc.®’ Polishing ceramic specimens
with higher speed than recommendations by manufacturer produce smoother
surface than lower speed but decrease the strength of restorations due to crack
development.®? Heintze et al. (2019) stated that polishing forces varies among each
dentist and the same dentist with different time. Male dentists have higher polishing
forces than female dentists with statistically significant. About 75% of polishing time,
the polishing forces applied less than 2 N.? Siegel et al. (1999) stated that most

dentists applied forces about 100 grams at the bur tip.*” The shape of polishing
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instruments affects the polishing forces.®” Polishing with the smaller abrasive particle

sizes produces lower surface roughness values than bigger particle sizes.®?

Grinding and polishing burs

There are various types of ceramic polishing kits which commercially
available. Porcelain polishing kits such as Ceramiste and Ceramaster. Lithium
disilicate polishing kit such as OptraFine and Meisinger Luster for lithium disilicate.
Zirconia polishing kit such as Meisinger Luster for zirconia and Komet ZR polishing kit.
Due to the various types of ceramic polishing kits, universal ceramic polishing kits
have been introduced to polish various types of ceramics such as EVE DIACERA and
Jiffy Universal. These polishing kits vary among abrasive particle size, particle type,
particle shape, density, and types of a binder.®® Contents of each polishing kit was

shown in Table 1.

Sarikaya et al. (2010) stated that polishing kits and disks can produce more
smooth surface than polishing pastes alone or in combination with disks.®” Diamond-
impregnated abrasive polishing kits have more effective in reducing the surface
roughness than silica carbide-impregnated abrasive polishing kits due to the hardness
properties. Moreover, zirconia polishing kits have more effective than porcelain
polishing kits due to the proper density and size of the diamond particles in the
kits.®® %% Scherrer et al. (2020) found that there is no statistically difference in surface
roughness between lithium disilicate and zirconia crowns after polishing with two-
steps or three-steps polishing kits.*” Vichi et al. (2018) stated that VITA Suprinity
provides higher polishability than IPS e.max CAD due to the microstructure of
crystalline phase and zirconium dioxide dissolved in the glass phase. However, the

aforementioned research used different polishing kits on each material.*? Both two-
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steps and three-steps polishing kits significantly reduce surface roughness on zirconia

specimens.*?

Surface roughness

Occlusal adjustment and recontouring restorations in clinical situations of
direct and indirect restorations are essential steps. Occlusal grinding in ceramic
restorations always produce rough surfaces which continue to form micro-cracks.** *¥
Surface roughness is an important property of restorations. Surface roughness affects
the translucency of restorations. Awad et al. (2015) stated that in ceramic
restorations, a rough surface provides less translucency value than a smooth
surface.””’ Fracture toughness is also affected by surface roughness because in rough
surface presents superficial cracks which perform crack propagation.“®” Although
surface roughness does not correlate to flexural strength but relates to bacterial
colonization, plague accumulation, secondary caries, wear of the antagonist,

periodontal problems, discoloration, esthetics, and material properties.®* 7>

In ceramic restorations, stress concentration points occur at rough surfaces.”

Polishing and glazing are two options of surface finishing in ceramics prostheses to
reduce surface roughness.®? Appropriate polishing technique can provide a value of
surface roughness similar to glazing technique.® ** Moreover, some authors stated
that polishing glass-ceramic restorations provide lower surface roughness and
smoother than the glazed surface.***® Similarly, polishing zirconia restorations can
reduce surface roughness better than glazing.®” Glazed zirconia restorations tend to
wear the opposing antagonists more than properly polished zirconia.®” Glazed
zirconia restorations have a thin layer of 30-50 micron which after being opposed to
antagonists, this layer gradually disintegrates from restorations. Thus the rough

surface of zirconia restorations are exposed to antagonists.(58)
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Normally, enamel to enamel contact has a mean surface roughness of about
0.64 micron.®” Jones et al. (2004) stated that patients cannot be able to sense the
roughness of the restorations if the mean surface roughness less than 0.5 micron.®”
Quirynen et al. (1996) stated that the surface roughness threshold which susceptible

to plaque accumulation is about 0.2 micron.®*

Measurement of surface roughness

Measurement of surface roughness in dental material usually uses arithmetic
average roughness or Ra parameter. Ra parameter refers to the arithmetic mean of
the absolute values of vertical deviation from the mean line through the profile
within the measuring length. The formula to calculate the Ra parameter is shown in

figure 5, where Lis a sampling length and f(x) is a vertical deviation.?

L
v | Ra= 3 J, I(x) ldx

Figure 5 The formula to calculate arithmetic average roughness or Ra parameter(é‘”

The lower Ra value can prefer to the smoother surface.®” Measurements of
surface roughness can be divided into two types : 1) contact type and 2) non-contact
type
1) Contact type

This type of measurement has the instrument contacts to the surface of
material such as a mechanical profilometer. The principle of contact type is
electronic amplification. The tip of stylus contacts the surface of a material with a

small force and the vertical movement of the stylus is measured then transforms
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into an electronic signal by a transducer. The signal was amplified and displays the
surface roughness in the surface profile. Contact type sensitive to surface height. The
disadvantage of this type is the sharp or inappropriate size of the stylus tip can
damage the surface of the material, especially with the soft surface material.”
Moreover, in the area of deep scratches or narrow pit on the surface of a specimen,

the tip of the stylus can fails to detect the roughness.*® ¢”

2) Non-contact type

This type of measurement doesn’t contact the surface of a material. It uses
optical or microscopy imaging methods to measure the surface roughness such as an
optical profilometer. The non-contact type uses a light beam instead of the stylus tip
to create the surface profile. The advantage of this type is non-destructive to the
surface. Moreover, the non-contact type uses less time than the contact type. The
limitation of this type is artifacts. Non-contact type sensitives to surface qualities
such as optical constants, an inclination of surface, fine surface features that cause

diffraction, and deep valleys.®

Although the profilometer can measure the quantitative surface roughness in
the Ra parameter but still lack the qualitative of the material surface. Whitehead et
al. (1995) stated that Ra is a true amplitude parameter but doesn’t provide
information about the profile shape and morphology of the material.*® The different
materials that present the nearby Ra value can present different topographic

9 Scanning electron microscope (SEM) can provide the qualitative of

patterns.
surface material such as surface textures, microscopic and macroscopic surface. Using
of SEM, the specimens which are insulator need to be coated with gold or carbon

and must measure in vacuum situation.®” Using the profilometer and SEM together

can provide both quantitative and qualitative measurements of surface roughness.
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Table 1 The example of ceramic polishing kits and their details

Instrument Manufacturer Contents

Ceramaster Shofu Inc, Japan silica carbide-impregnated silicone
Ceramiste Shofu Inc, Japan diamond-impregnated silicone
OptraFine Ivoclar Vivadent AG, Schaan, synthetic rubber, diamond granulate, and

Liechtenstein

titanium oxide

Meisinger Luster for

lithium disilicate

Hager & Meisinger GmbH, Neuss,

Germany

NA

Meisinger Luster for

Hager & Meisinger GmbH, Neuss,

silicon dioxide matrix and diamond

zirconia Germany abrasive
Komet ZR Komet, USA NA
EVE DIACERA EVE Ernst Vetter GmbH, synthetic monocrystalline diamond in

Germany

polyurea binder

JIFFY UNIVERSAL

Ultradent, USA

multigrit diamond particles
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CHAPTER llI

MATERIALS AND METHODS
Materials used in this study

1. Lithium disilicate glass ceramic: IPS e.max CAD (lvoclar Vivadent) Shade A3 Low

translucent

2. Monolithic zirconia: Vita (ZahnfabrikH.RauterGmbH&Co) Shade A3 Extra translucent

(XT)

3. Zirconia-reinforced lithium silicate: Celtra Duo (Dentsply Sirona) Shade A3 Low

translucent

4. Fine diamond bur: Meisinger fine diamond bur (Hager & Meisinger GmbH, Neuss,

Germany)

5. Coarse polishing burs: EVE Diacera H2DCmf (EVE Ernst Vetter GmbH, Pforzheim,

Germany)

6. Fine polishing burs: EVE Diacera H2DC (EVE Ernst Vetter GmbH, Pforzheim,

Germany)

7. Custom device for controlling the force of burs

8. Optical profilometer (Alicona infinitefocusSL, Graz, Austria)

9. Scanning electron microscope (SEM) (Quanta 250 FEG, FEI, United States)

10. Micromotor (NAKANISHI INC, Japan)

11. Digital Vernier caliper (Digimatic, Mitutoyo, Japan)



12. Ultra-sonic cleaner (Bransonic model 5210, Branson, USA)

13. Low speed Saw (Buehler, USA)
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Specimen preparation

1. Sample size calculation

From the pilot study, the number of specimens calculated by using G*Power
program (y; = 0.672, Y, = 0.525, 0, = 0.083, O, = 0.085, & = 0.05, and 3 = 0.20)
resulted in sample size n = 7 for each group as shown in figure 6. Then the

adjustment of the sample size was made for 10% error resulted in n = 8 per group.
2. Specimen preparation

2.1. Ceramic specimen fabrication
Lithium disilicate glass ceramics block (IPS e.max CAD; Ivoclar Vivadent; shade
A3 low translucent), translucent zirconia disc (VITA YZ® XT ZrO,; VITA Zahnfabrik H.
Rauter GmbH & Co. KG; shade A3) and zirconia-reinforced lithium silicate (Celtra Duo;
Dentsply Sirona; shade A3 low translucent) were prepared in the laboratory in
according to the manufacturer’s instructions into a rectangular shape to a final
dimension of about of 5x7 + 0.05 mm and thickness of 4 + 0.01 mm as shown in
figure 7.
2.2. Block preparation
Lithium disilicate glass ceramic block (IPS e.max CAD) was divided and
prepared in the final dimension from the pre-crystallized or blue state. The sintering
process follows the manufacturer’s recommendations.*” The translucent zirconia
blank (Vita YZ XT) was divided and prepared in the green stage in an enlarged
dimension about 6.5 x 9 + 0.2 mm x 5.3 + 0.2 mm due to the 20% sintering
shrinkage. The sintering process follows the manufacturer’s recommendations.®”
Zirconia-reinforced lithium silicate block (Celtra Duo) was divided into final dimension
without sintering process due to the fully crystallization.” Digital Vernier caliper

(Digimatic, Mitutoyo, Japan) was used to measure each specimen’s dimension. All

specimens were cleaned in an ultrasonic bath (Bransonic model5210, Branson, USA)
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of distilled water for 10 minutes and dried with absorbent paper. Each specimen was

fixed with clear resin in PVC pipe as shown in figure 8.

Polishing procedure

In this study, a custom device for controlling the force has been used to
control the inaccuracy and instability of direct human forces. The device composes
of an electronic control panel, pressure gauge, direction control joystick, load cell,
handpiece-connector. A load cell is a transducer that converts the polishing force
into a measurable electrical output (pressure gauge). Direction control joystick can
control the specimen in both vertical and horizontal directions to provide the
desired polishing force. A slow-speed handpiece (NSK Nakanishi Inc., Tochigi, Japan)
was used to polish specimens. The polishing force was controlled to 1 N, according
to the pilot survey from 10 post-graduate students in prosthodontic department in
Chulalongkorn University. The polishing speed was followed the manufacturer’s

recommendation (Table 3).

The specimens were ground with Meisinger fine diamond bur (grit sizes 27-76
um) for 15 seconds to simulate clinical gross contouring and then measure for the
roughness value (Ra). The polishing process started by coarse polishing for 60
seconds and followed by fine polishing for 60 seconds. The polishing direction was in
forward-backward direction. The polishing bur was changed in every 4 specimens.
The Ra of each specimen was measured after grinding step and every 15 seconds in
coarse and fine polishing steps. Before the Ra measurement, the specimens were
cleaned with distilled water in an ultrasonic device for 5 minutes. The diagram is

shown in Figure 9.



G*Power 3.1

Central and noncentral distributions Protocol of power analyses

critical t = 2.1788
0.3
0.2
0.1 a
2
olb— v A ———r————————
-3 =2 =1 0 1 2 3 4 5 6
Test family Statistical test
ttests Means: Difference between two independent means (two groups)
Type of power analysis
A priori: Compute required sample size - given a, power, and effect size
Input parameters Output parameters
Tail(s) Two B Noncentrality parameter & 3.2737182
Effect size d 1.749876 Critical t 21788128
a err prob 0.05 Df 12
Power (1-B err prob) 0.8 Sample size group 1 7
Allocation ratio N2/N1 E Sample size group 2 7
Total sample size 14
Actual power 0.8515436

X-Y plot for a range of values

nl#n2

Mean group 1
Mean group 2

SD o within each group

° nl=n2
Mean group 1
Mean group 2
SDogroup 1
SD o group 2
Calculate Effect

0.5

0.672

0.525

0.083

0.085

Calculate and transfer to main window

Close effect size drawer

Figure 6 Sample size calculation in G*Power program

Figure 7 Prepared ceramic specimen
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.

5x7 x4 mm

. PVC mold D Resin

Figure 8 Ceramic specimen fixed in PVC pipe with clear resin

Surface roughness measurement

The surface roughness (Ra) of each specimen was analyzed using a non-
contact optical profilometer (Alicona infinitefocusSL, Graz, Austria) with 50X
magnification. The surface roughness of grinding and polished specimens was
measured in each step. In each specimen, five measurement areas (0.4x0.4 mm)
were measured which consist of the center of the specimen and 1 mm apart from
the center of the specimen in four directions. The area of surface roughness
measurement was perpendicular to the polished direction and provided 4 mm in
evaluation length, according to I1SO 4288 standards.™ For the control group, the

laboratory-polished specimens of each ceramic (n=3) were used.

Scanning Electron Microscope (Quanta 250 FEG, FEI, United States) was used
to provide qualitative information in randomly one specimen from each group. Using
of SEM, the specimens which are insulator need to be coated with gold or carbon

and must measured all specimens in a vacuum.?
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Ra, SEM

Figure 9 Diagram of experimental process in this study

Figure 10 Coarse and fine polisher of EVE Diacera polishing system
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Figure 11 Custom device for controlling the force of burs

Statistics analysis

Data were analyzed using SPSS Statistics for Windows, Version 22.0 (IBM,
Armonk, NY). One-way repeated measures ANOVA and Post-hoc comparisons by
Bonferroni test were used to determine the effect of each polishing duration on the
Ra in each step. One-way ANOVA was used for mean comparison of the Ra in all
polishing steps between ceramic groups. Paired samples t-test was used for
comparison in A Mean Ra between both polishing steps in the same material type
while one-way ANOVA was used for comparison in A Mean Ra between ceramic
groups within the same polishing step. A P-value < 0.05 was considered statistically

significant.
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CHAPTER IV
RESULTS

The results of surface roughness measurements are reported in Table 4.
the Shapiro-Wilk test at significant level of 0.05 showed a normal distribution of the
data. Each polishing duration in either coarse polishing or fine polishing steps
reduced Ra with no significant different in all three ceramic types. From one-way
repeated measures ANOVA, after polishing IPS e.max CAD with coarse polishing for 15
seconds, the Ra decreased significantly compared to grinding and continually
decreased after coarse polishing without significant difference. After fine polishing for
30 seconds, the Ra value began to be significantly lower than that of coarse polishing
at 15 second. In VITA YZ XT and Celtra Duo, coarse polishing after 15 seconds
showed significantly lower Ra than grinding. The fine polishing at 15 seconds began
to show significantly lower Ra than coarse polishing. VITA YZ XT showed the lowest

Ra after the final polishing, followed by Celtra Duo and IPS e.max CAD, respectively.

From the one-way ANOVA, ceramic types had a significant effect on Ra. After
grinding, VITA YZ XT showed significantly higher Ra than IPS e.max CAD and Celtra
Duo. While in fine polishing at 30, 45 and 60 seconds, VITA YZ XT showed
significantly lower Ra than IPS e.max CAD. When compared the roughness in the final
polishing at 60 seconds to the after grinding step, the total polishing process showed
more roughness reduction in VITA YZ XT than Celtra Duo and IPS e.max CAD

respectively as shown in Table 5.

The mean(+SD) Ra of IPS e.max CAD, VITA YZ XT and Celtra Duo from the
control group which was polished from the laboratory were 0.728(+£0.094) um,

0.617(+£0.025) um and 0.695(+0.081) um respectively.
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Table 5 A Mean(+SD) of Ra between both coarse and fine polishing steps compared

to erinding

Material types

A Mean Ra after coarse

polishing (um)

A Mean Ra after fine polishing

(um)

IPS e.max CAD 0.533 (+0.151)* 0.815 (+0.151)"
VITA YZ XT 0.987 (+0.417)%® 1.373 (+0.248)°®
Celtra Duo 0.631 (+0.199)*® 1.039 (+0.129)*

*Different small letter indicates significant difference between both polishing steps in the same

material type (P<0.05)

*Different capital letter indicates significant difference between material types within the same

polishing step. (P<0.05)

Coarse Polishing Bur

Fine Polishing Bur

Figure 12 Scanning electron micrographs (SEM) 1000X of coarse and fine polishers

From the SEM micrographs, the fine polishing bur exhibited the finer

microstructure than the coarse polishing bur as shown in figure 12. The filler size in

the fine polishing bur showed more homogeneous and smaller than those in a

coarse polishing bur which corresponded to the manufacturer’s data. The SEM

micrographs of the ceramic specimens were shown in figure 13. All ceramic

specimens showed scratches of the surface with groove pattern after grinding with




fine diamond bur. In all ceramic types, the surface showed shallower grooves after
coarse polishing, while they exhibited smooth surface after fine polishing. When
compared with control group, the specimens polished after fine polishing bur

provided similar surface texture.
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CHAPTER V
DISCUSSION

This study used IPS e.max CAD in low translucency (LT), VITA YZ XT (extra
translucent zirconia) and Celtra Duo in low translucency (LT) which provided similar
translucency level as found in the study of Sen & Isler that the extra translucent
zirconia had comparable optical properties to lithium disilicate glass ceramic with
low translucency and Awad et al. found that Celtra Duo in low translucency
provided comparable optical properties to lithium disilicate glass ceramic with low

%72 The translucency level of materials can affect the measurement of

translucency.
surface roughness from the optical profilometer due to the reflection of light, the
low translucency level provided more accurate measurement than the high
translucency level as experienced by the author. The pressure used in polishing
restorations by most dentists was about 100 grams or approximately 1 N at the bur
tip.®” Moreover, the pilot survey also found that 8 of 10 dentists applied forces
about less than 100 grams. Therefore, the polishing force was controlled to 1 N by a
custom device in this study. The coarse and fine polishing direction in this study was
perpendicular to the grinding direction. Thus, the polishing direction that is parallel or

oblique with the grinding direction can provide different surface roughness values

from this study.

Although the microstructural in IPS e.max CAD, VITA YZ XT and Celtra duo
were different, coarse polishing of all ceramic types required 15 seconds to exhibit a
significant smoother surface compared to grinding. However, fine polishing of both
VITA YZ XT and Celtra Duo required 15 seconds while IPS e.max CAD required 30
seconds to exhibit a significant smoother surface compared to a roughness at coarse
polishing at 15 seconds. From A Mean Ra after coarse and fine polishing, VITA YZ XT

exhibited the most roughness reduction followed by Celtra Duo and IPS e.max CAD,
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respectively. This can be explained by the larger grain size of IPS e.max CAD than
Celtra Duo and VITA YZ XT, respectively. The grain size of IPS e.max CAD consisted of
interlocked lithium disilicate crystals, 5 um in length and 0.8 um in diameter.”™ Some
needle-like crystals structure of IPS e.max CAD might be perpendicular the polishing
direction which required more duration to reduce roughness. The grain size of VITA
(72, 74)

YZ XT and Celtra Duo was approximately about 0.815 and 1 um, respectively.

Thus, the finer microstructure exhibited a smoother surface after polishing.*

The result that IPS e.max CAD exhibited the highest surface roughness after
final polishing compared with Celtra Duo and VITA YZ XT were similar to the study of
Vichi et al. (2018). They found that surface roughness of IPS e.max CAD did not
change significantly after polishing for 30 or 60 seconds, and IPS e.max CAD exhibited
higher Ra than VITA Suprinity which is zirconia-reinforced lithium silicate glass
ceramic.*? While in VITA YZ XT exhibited the lowest Ra after polishing with coarse
and fine polishing. More polishing duration consequentially smoothened the surface

" This can be explained due to the finer microstructure of VITA YZ

of the zirconia.
XT as mentioned above. Furthermore, the abrasive size in polishing burs used also
play an important role in polishing ceramics since the size of abrasive particles
affects the effectiveness of polishing procedures.® A universal ceramic polishing kit
used in this study was EVE Diacera which is a two-step polishing kit that consists of
EVE Diacera H2DCmf and EVE Diacera H2DC composed of polyurea as binder with
synthetic monocrystalline diamond sizes 25-35 um and 3-6 um respectively.(“)
Though the small grit size in fine polisher should provide a smoother surface from
coarse polishing burs, but it may not well effective to polish the former rough

surface of large ceramic grain size left from coarse polishing as found in the results of

IPS e.max CAD.
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After polishing, the surface roughness of all ceramic types was lower than the
control group as polished from the laboratory. The surface roughness of enamel was
reported approximately 0.64 um.®” Compared to our results, the step with fine
polisher on VITA YZ XT at 30 seconds, Celtra Duo at 45 seconds and IPS e.max CAD
at 60 seconds provided the Ra value near to this level. Therefore, after polishing all
ceramic types by a universal ceramic polishing kit could create surface roughness
near to enamel.

Further studies by comparing with more types of polishing burs such as
porcelain polishing kits, lithium disilicate polishing kits and zirconia polishing kits or
increasing the force or duration in polishing protocol may be advantageous.

Conclusions

Within the limitations of this study, it can be concluded as follow:
1. Coarse and fine polishing burs continually reduced the surface roughness of VITA
YZ XT, Celtra Duo and IPS e.max CAD when increasing duration.
2. After grinding, VITA YZ XT showed the greatest surface roughness. After coarse
polishing, surface roughness of all ceramic types did not significantly different. After
fine polishing, VITA YZ XT showed the lowest surface roughness, followed by

Celtra Duo and IPS e.max CAD.
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