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enamel and polished/annealed monolithic zirconia crown on dental implant
after 6-month delivery. Advisor: Assoc. Prof. VIRITPON SRIMANEEPONG, D.D.S.,
M.Sc., Ph.D.

This study aimed to examine the opposing natural tooth wear between
polished and annealed monolithic zirconia crownon the dental implantafter 6-month
delivery. Seven patients who needed the dental implant treatment were randomized to
receive monolithic zirconia crowns (VITA YZ HT"™€ VITA Zahnfabrik, Germany). Total 10
zirconia crowns in 7 patients were included in this study. The samples of zirconia crown
were categorized into two groups based on occlusal surface modifications of the zirconia
crowns before delivery, including: Polished (Po) and Annealed (An). Each group
contained 5 samples of zrconia crowns limited to either molar and premolar
restorations. Control teeth were chosen from the opposite quadrant in the same dental
arch. After delivery, Full-arch were scanned for baseline data and rescan after 6 months
of delivery. The wear is quantified as the loss in height. The value was determined by
subtracting two scanned surface images using analysis software (Dental System 2018,
3Shape, Denmark). The mean amount of tooth structure loss for polished, annealed,
and the controls (CPo and CAn) were 28.08, 29.86, 31.76, 35.18 m, respectively.
Wilcoxon Signed Rank Test was used for statistical analysis. The results suggested the
amount loss of natural tooth structure opposed to either the polished or annealed
groups were significantly decreased when compared to the control teeth in each group
(p<0.05). In conclusion, both the polished and annealed monolithic zirconia crown on
dental implant can cause the antagonist wear of enamel less than the wear of natural

dentition against natural dentition.
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Chapter | Introduction

Background

Zirconia or zirconium dioxide (ZrO,) ceramic has gained its popularity in
restorative dentistry because it can provide both esthetics and strength. Zirconia is
the type of ceramic that does not contain glass. The zirconia atoms are packed into a
regular crystalline arrangement granting high mechanical strength.”’ Due to opacity of
zirconia, veneering ceramic was required for mimicking natural tooth. The chipping of
veneering ceramic has become a major clinical problem. Therefore, monolithic
zirconia was introduced to avoid this problem. Although monolithic zirconia
demonstrates superior mechanical properties and comparable esthetics compared to
conventional ceramic, its hardness can cause wear of opposing restoration and/or
tooth.”) The wear behavior of a material depends upon the type, microstructure,
surface roughness, strength of the restorative material and chewing force.* ¥ The
hardness and roughness of the material greatly exceeds that of natural dentition
which may cause the wear of opposing restoration and/or natural tooth structure.
Excessive wear can be caused by several factors such as the patients’ parafunctional
habit or the mismatch between hardness of the restorative material and the natural
tooth structure. Excessive wear may lead to supra eruption, traumatic occlusion, loss
of vertical dimension, periodontal breakdown and temporomandibular joint
dysfunction.’ According to the previous clinical studies, the amount of wear of
natural enamel against zirconia crown is controversial. Many authors believed that

well-polished restoration would result in lower wear to natural tooth structure”®

while others disagree.”

Although there were several studies focused on the wear potential of the
zirconia restoration to the natural dentition, none of the studies has yet investigated
the amount of wear of natural tooth structure opposing zirconia crown on dental
implant. The crowns on dental implants can be easily retrieved or replaced,

therefore, the restorations can be prepared in ways that cannot be performed in

routine clinical settings such as annealing the zirconia crown after the restorations



have been adjusted intraorally. The purpose of this study was to investigate the wear
behavior of an antagonist tooth opposing zirconia crown on dental implant and to
test the hypothesis that there is no significant difference in the change of enamel
loss when the occluding surface is polished or annealed monolithic zirconia crown

on the dental implant after 6-month delivery.

Research objective
To compare the amount of wear caused by enamel-enamel and
polished/annealed monolithic zirconia crown on dental implant-enamel after 6-

month delivery.

Research question
Is there a difference between the amount of wear caused by enamel-enamel
and polished/annealed monolithic zirconia crown on dental implant-enamel after 6-

month delivery?

Hypothesis

Ho: There is no significant difference in the amount of wear caused by
enamel-enamel and polished/annealed monolithic zirconia crown on dental implant-
enamel after 6-month delivery.

Ha: There is a significant difference in the amount of wear caused by enamel-
enamel and polished/annealed monolithic zirconia crown on dental implant-enamel

after 6-month delivery.



Conceptual framework

Monolithic zirconia materials
Wear potential of monolithic .
Composition > | M rin
zirconia crown
Microstructure method
Surface finish 4 Time of measuring

Surface roughness
Patient
habits

Mechanical properties

Crown and abutment design

Neuromuscular forces
Consumption (foods)
Occlusion

Tooth position

Lubricants

Research design
The selected opposing tooth of monolithic zirconia crowns on implant would
be examined the wear using intraoral scanner after delivery to the patient for 6

months to evaluate the amount of wear.

Expected outcome

The outcomes of this research could provide clinical explanations and better
understanding the effects of polishing and re-firing on the surface topography of
zirconia restorations to wear potential after being exposed to the oral environment

for a period of 6 months.

Research limitations

The sample size is limited by the variation in the patients’ intraoral
conditions. The results from both the polished and annealed group cannot be
compared to one another since the restorations were not placed in the same
subject. However, this research may serve as a guide for better understanding of the

wear potential in vivo.



Chapter Il Literature review

In the past, metal-ceramic restorations had been the first choice for esthetic,
durable, and fitted prostheses. Although metal ceramic restorations had been
popular from their predictable performance and reasonable esthetics, it had not
answered the demand for improved esthetics and biocompatibility of materials.
Because they have the bluish appearance problem of the surrounding tissue. All-
ceramic reconstructions have been introduced and have gained popularity, together
with a new processing technology i.e. computer-assisted fabrication systems [dental
computer-assisted design/ computer-assisted manufacturing (CAD/CAM)] that has
come to help the dentist to save the time. Because the optical appearance of
ceramic resembles the natural tooth substance. It is suitable for the crown in the

anterior regions of the jaws because of its low mechanical stability and brittleness.

9
Nowadays, high-strength ceramics have been developed for dental
reconstructions. Zirconia is the most high-strength ceramics not only flexural strength

but also fracture toughness. It has been used in the molar region.® %

Zirconia restorations

Dental ceramics are classified into three categories by determining the main
composition. First is predominantly glass which has a high glassy content. It is the
best in mimicking the natural tooth appearance. Second is particle-filled glass. There
are filler particles added to the glass matrix for improving the mechanical properties.
Last is polycrystalline. This type has no glass. Zirconia is one of the polycrystalline
ceramics which have been developed for dental reconstructions."” Zirconia has
three Crystallographic phases. According to the temperature change, there are three
crystallographic phases of zirconia that can be found. It is monoclinic at room
temperature - 1,170°c. It is tetragonal at 1,170 - 2,370°c and it is cubic at

2,370°c — melting point. The transformation of crystallographic phases causes the



volumetric change. The changes are increased about 2.31% and 4.5% on cooling

from Cto T and T to M respectively (Figure 1).1%1¥

4.5% 2.31%

monoclinic tetragonal cubic

Figure 1 The transformation of crystallographic phases causes the volumetric
change.

The types of zirconia ceramics can divide into four groups. The first is zirconia
toughened ceramics (ZT). This type of zirconia is combined with Alumina matrix in
order that its mechanical properties are improved.® In-Ceram Zirconia which 33vol%
of 12mol% ceria is added to In-Ceram Alumina as a stabilizer is the sample of

(18) |n-Ceram Zirconia can be produced either by slip

zirconia toughened ceramics.
casting or soft machining. Shrinkage is limited but porosity is increased when the slip
casting technique is used."? There is more amount of porosity when compared to
3Y-TZP dental ceramics."” This explains why 3Y-TZP has higher mechanical
properties compared to In-Ceram Zirconia. In contrast, Ce-TZP ceramics show more
resistance to low-temperature degradation and thermal stability.*® In-Ceram Zirconia
from soft machining has better mechanical property than In-Ceram Zirconia from slip
casting technique except for flexural strength and fracture toughness.”
Microstructure characterized of In-Ceram Zirconia is large alumina grain with small
zirconia grain. The crack pattern starts as a macrocrack. Then, the transformation
from T to M occurs and causes microcrack in the alumina matrix. This increases
fracture energy and causes increased toughness of In-Ceram Zirconia.??

The second is partially stabilized zirconia (PSZ). Tetragonal precipitates within
a cubic stabilized zirconia matrix is the microstructure of partially stabilized zirconia.
8 — 10mol% MgO is added for stabilization. Transformable t-phase is precipitated
after it had been sintered and cooled at a strictly controlled temperature. When T to
21)

M transformation occurs, fracture toughness is controlled by the volume fraction.!

It causes less stability and lower mechanical properties of a material.*?



The third is tetragonal zirconia polycrystal (TZP). To stabilize zirconia, 3mol%
yttria is used (3Y-TZP).*” This improves the mechanical property of zirconia such as
fracture strength (9 — 10 MPa/m? and flexural strength (900 - 1,200 MPa).?* 2> The
mechanical properties depend on its grain size which can be controlled by sintering
temperature and time. The appropriate grain size is 0.2 um. If the grain size is larger
than 0.2 um, it will be less stable and have a spontaneous transformation from T to
M. If the grain size is smaller than 0.2 um, the transformation will not occur. Thus,
fracture toughness is reduced. The restorations can be produced either by soft

13.29 Soft machining gives monoclinic-free surfaces of

machining or hard machining.’
the restorations unless they are adjusted by grinding or sandblasting. On the other
hand, hard machining causes a number of monoclinic surfaces of the restorations
that lead to surface microcracks, high sensitivity to low-temperature degradation and
low reliability.2 2"

The last is zirconia-containing lithium silicate (ZLS). 10wt% zirconium oxide
added to lithium silicate glass compositions acts as a nucleating agent. The
microstructure has two stages. The first stage that is easy to a machine is the pre-
crystallized stage. It contains only lithium metasilicate crystals. The other stage which
has a dual microstructure (very fine lithium metasilicate and lithium disilicate) is the
final crystalized stage. The final crystalized stage is the difference between
Zirconia-containing lithium silicate (ZLS) and lithium disilicate glass ceramics. Lithium
metasilicate is found only in Zirconia-containing lithium silicate (ZLS). This
development of ZLS gains not only superior optical properties but also better
mechanical properties.?’ Compared with leucite-reinforced glass ceramics, the
mechanical properties of ZLS are three times higher.?” Therefore, these materials are

fabricated as monolithic restorations.®”



Current status of zirconia restorations

To solve the chipping and delaminating of veneering porcelains, full-contour
zirconia restorations have been developed. Not only strength but also the optical
property is better. Compared with conventional Y-TZP, the translucency of
monolithic zirconia has been improved. There are several ways to achieve better
translucency of zirconia restorations such as modifying the microstructure of the
ceramic. The modifications include increasing in the density, increasing in cubic
zirconia, decreasing in alumina content, decreasing in grain size and decreasing in

3132 | the past, large grains were

structural defects and the number of impurities.
preferred. The Larger grains size, the smaller number of grain boundaries. That means
reducing of light scattering. In contrast, large grains of Y-TZP result in the weakness of
its mechanical properties and the stability of the tetragonal phase. For Y-TZP,
translucency gains from significant decreasing the grain size. When grain size is
decreased until reaching a critical value, the birefringence phenomenon is reduced.
This phenomenon occurs when Y-TZP has a large amount of tetragonal crystal phase
(>90%).%% * Tetragonal crystal phase has anisotropic behavior (different refractive
indexes) that causes significant light scattering. Another way to increase the
translucency is using a cubic zirconia. Since it has an optical isotropic behavior.®¥
However, zirconia has a high translucency. Its esthetic is limited by the color which is
a whitish shade.®® There are two methods to coloring zirconia restorations. First is
dip coating or immersion at the pre-sintered state. This method gives a
non-homogeneous final shade because the penetration of pigments is a certain
depth.®® The other method is a pre-colored zirconia pre-sintered block that gives
more homogeneous shade.®” Besides the mechanical and optical properties, there
are attractive topics involving the longevity of monolithic zirconia restorations. The
topics are the wear of the antagonists and the marginal adaptation. There are many
studies report that the antagonist wear is a physiological wear. Moreover, polished
surfaces of zirconia restorations result in lesser wear of enamel than glazed

5, 8, 37-46

surfaces.’ 'The evolution of CAD-CAM with advanced five-axis milling systems



improves the marginal adaptation of the monolithic zirconia. It shows an acceptable

marginal discrepancy.®”

Dental CAD/CAM as a new processing technology

In the past, a slip-casting technique was an only method to make the
polycrystalline ceramics. The restorations from this technique had many defects and
cracks in the microstructure.*® Presently, CAD-CAM systems have been used in
dentistry. They can produce restorations with greater reliability and better

%.50 There are two types of techniques for producing the restorations.

adaptation.
The first technique is grinding of pre-fabricated blocks. This technique has a
significant concern about the waste of materials. It causes approximately 90% of
prefabricated blocks as waste. They are not reusable. According to the type of
pre-fabricated blocks, this technique can divide into two methods. Two methods are
soft machining and hard machining. Pre-sintered blanks are used in soft machining.
Machining time of pre-sintered blanks is shorter when it is compared with hard
machining. After machining, Microcracks and surface defects have occurred but they
can be cured by the subsequent sintering process.®” Because of the sintering
process, it results in shrinkage of the restorations. These dimensional changes will

©2) In Hard machining, fully sintered blanks are used.

affect the fitting of restorations.
Precise shapes and contours of restorations gain from machining of fully sintered
blanks. This technique does not require additional heat treatment so the
manufactural time is reduced. Since it does not have subsequent sintering
procedure, the microcracks and surface defects of restorations have remained.
Because of the high strength of polycrystalline ceramics, the machining tools are
worn. Also, much more time is consumed in the machining process.®® Another
technique is additive manufacturing technology or addition CAD-CAM systems or
solid free-form fabrication. This system is a novel technology that defeats the
problem of material waste. Recently, there are three outstanding methods which are

selective laser sintering or melting, direct 3D printing and stereolithography. First is

selective laser sintering or melting. This technique is known as a manufacturer of



metal alloys. It is still in development for producing polycrystalline ceramics. When
the process starts, a thin layer of dispersed powder in the build chamber is
preheated below the melting point. Then, the laser scans a cross-section of the 3D
model and heats the powder to the melting point in order to fuse the particles
together. The laser then scans the next cross-section.®” This process is repeated for
each layer until all parts are completed. They are left to cool down gradually. Then
the excess powder is cleaned. This excess powder is able to re-use. Although
unfused powder is degraded by the high temperature, it can be refreshed with new
materials. Thus, this technique is one of the least wasteful manufacturing methods.
Second is direct 3D printing. This technique is the direct printing of a ceramic
suspension. Its procedure is similar to a traditional inkjet printer. It can create dense
green bodies with high resolution and produce complicated shapes. These dense
green bodies are ready for sintering.*™°® The third is stereolithography. This
developed technique can produce more complex ceramic pieces. Stereolithography
and 3D printing are alike. But the suspension that is used in this technique consists of
ceramic particles and resin components (acrylates or epoxy monomers).*” To shape
the solid object, the resin part is polymerized during printing. Then, this resin part is

removed in the sintering process.

Environment-induced changes of zirconia ceramics

There are two unique features that discriminate zirconia from other ceramics.
These features can occur because the crystallographic phase of TZP can change at
the room temperature. These are low-temperature degradation (LTD) and

transformation toughening.
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Effect of moisture and low temperature to zirconia

Kobayashi et al. (1981) described the process of low-temperature degradation
(LTD) or hydrothermal degradation. Slow tetragonal to monoclinic transformation
occurs at low temperature (150-400°c) which causes stress to the surrounding grains
and result in crack formation. The presence of water speeds up the surface
degradation by penetrating into the cracks. When the transformation progresses
microcracking, grain pullout and surface roughening occur.’% ¥

There are three factors influencing Low temperature degradation.®? First is
grain size. Critical grain size for tetragonal phase retention is depended on Y,03
content. The more Y,05 content, the larger critical grain size.®” If grain size exceeds
the critical value, the monoclinic phase increases. On the other hand, the grain size
that is smaller than the critical grain size causes no tetragonal-monoclinic
transformation to occur. Winnubst and Burggraaf reported that 3.5mol% Y-TZP with
grain size 0.1 pm was resistant to phase transformation.” For 3Y-TZP, Tsukuma et al.
reported that the critical grain size was 0.2 um. At the surface, there are yttrium
more than the interior grain. Thus, smaller grain size helps uniform yttrium
distribution occurred. The stress distribution of smaller grain size decreases more
rapidly so it is more stable.®® Not only grain size but also grain-shape affects the
stress levels. Spherical grains show a homogeneous stress level. In contrast, faceted
grains show stress at the edge. Round-edged grains have lower stress than sharp-
edged grains. Mecartney reported that glassy phase surrounding the grains reduced
the residual stress. It coated the grains in order to protect the grain-boundaries from
the water. The grain size is controlled by using the ultra-fine powder and lowering
the sintering ‘cempera‘ture.<63>

Second is stabilizer content. When Y,O5 level increases, the resistance to
tetragonal-monoclinic phase transformation of Y-TZP ceramics is increased. The
c-ZrO, level also increases. Because of the stability of c-ZrO, (do not change in
content and lattice parameter), phase transformation does not occur in this phase.*
%) The transformation rate is depended on the concentration of t- ZrO, on the

(66

surface.®® The t- ZrO, on the surface that is a transformable fraction of the

tetragonal phase. c-ZrO, or t’-ZrO, is a non-transformable fraction of the tetragonal
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phase.®” Schmauder and Schubert et al. reported that stress from thermal expansion
was Y,0; dependent. The free energy could change by the Y,0; content in two ways.
Firstly, it had less stress with higher yttria content when it was cooled. Lastly, the
stress increased with lower yttria content. Wang and Stevens reported that
chemically homogeneous TZP led to few nucleations and less opportunity for
transformation initiation. The chemically homogeneous TZP were narrow grain size
and narrow yttria distribution which came from low-temperature sintering and using a
homogeneous powder respectively.©? ¢ ¢

Third is composition. The impurity of base materials i.g. SO, and Al,O3
improve the aging resistance.®® Masaki et al. reported that high purity powders
inhibited transformation. The impurities that did not form solid solutions with ZrO,
caused thermal stress and strain which were transformation initiators."”

Low-temperature degradation (LTD) can inhibit by increasing Chemical free
energy, increasing Strain-free energy, increasing Surface free energy, Coating surface,
Surface engineering, controlling non-transformable tetragonal zirconia, controlling
density and controlling lattice spacins.

Increasing the yttria content also increases chemical free energy which
improves the stability of Y-TZP. The mechanical properties of Y-TZP are reduced by
over-stabilization of t-ZrO, phase. Alloying the Y-TZP with another stabilizing oxide is
another method to improve its thermal stability. According to Sato and Shimada, an
addition of CeO2 to the Y-TZP helps to eliminate the degradation process without
reducing the mechanical properties and also increases the elastic modulus.”* ™

For increasing strain free energy, Sato et al. found that addition of Al,O5 (5-
10wt%) to 3mol% Y-TZP decreased the surface monoclinic content and increased
the concentration of dispersed Al,Os. The AlL,O5 grains restrain zirconia grains’ volume
expansion which leads to the tetragonal-monoclinic phase transformation. The
addition of Al,Osis not a total prevention of transformation. It only reduces the rate
of transformation.”*™
For increasing surface free energy, the sintering temperature is reduced to

control the grain size. The sintering additives also are used for ensuring a small grain

size.*® ™ Sato and Shimada found that smaller grain size of the CeO,-alloyed Y-TZP
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decreased the surface monoclinic content and decreased the concentration of CeO,
required for total inhibition.™

The surface coating i.g. Al,O3is coated onto the surface of Y-TZP. It must be
stable and fully dense when it contacts the environment. The fractured coating
result in an attack of water vapor.®?

For surface engineering, a very fine-grained tetragonal phase is formed as a
surface layer on Y-TZP. So, the large grain sized Y-TZP which gives maximum
toughness is protected from aging-induced transformation.”

To control Non-transformable tetragonal zirconia (t’-ZrO,), Jue et al. reported
that the aging resistance of t'-ZrO, was gained when its surfaces had been
polished." The t’-phase is more resistant to aging-induced transformation than
t-phase, but the rate of the mechanism is similar.*”

The density can be controlled because the critical density is Y,05
dependence. If the density exceeds the critical value, the aging-induced
transformation will not occur."”

Kim and Jung reported that lattice spacing can be controlled. When the
critical value of lattice spacing is reached, localized lattice destabilization and
transformation occur. Yoshimura et al. found that the inclusion and exclusion of OH
in the lattice resulted in expansion and contraction of the zirconia lattice

respectively.®® Lee and Kim reported that the transformation was reversible upon

annealing over 1200°c. The micro-cracks were healed but the macro-cracks still

remained.’”

Effect of moisture and stress to zirconia

Kelly JR explained the transformation toughening process. When
Yttria-stabilized tetragonal zirconia polycrystal is subjected to mechanical and
thermal stimuli, the tetragonal to monoclinic transformation occurs. Since the
monoclinic phase occupies more volume than the tetragonal phase, this increase in

volume ceases crack propagations.’®
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The surface finish of zirconia restorations

Because hardness of zirconia is high (Hy 1,160-1,300), someone can
misunderstand that it is the cause of opposing enamel wear. This wear is depended
on the crystal grain size and surface roughness of zirconia which are in line with its
microstructure.” However, Seghi et al. suggested that the wear potential of a
material was not related to the hardness value of the material. Crystalline phase
might be responsible for the material’s abrasiveness.™ Seghi et al. (1991) and
Won-suck et al. (2002) also reported that there was a poor correlation between
hardness and abrasive potential.(4’ " Seghi et al. (1991) suggested that a lack of
significant crystalline phase of zirconia decreased the abrasiveness in spite of its high
hardness value. While pressable lithium disilicate material which was composed of
higher crystalline content (70% volume) caused increasing the abrasive potential of

79)

the material.”™ Mirror-polished zirconia can be done because zirconia has a fine and

homogeneous microstructure. The degree of polishing indicates the amount of
antagonist's wear. Highly surface finish means the least wear.

Smooth surface will be gained when zirconia has been polished. The more
diamond grain size decreases, the more glossiness increases. Glossiness implies

enough polishing. It increases rapidly when zirconia’s roughness is decreased less

than 0.3 Mm.@Grinding rotary instruments and Diamond polishing paste are used to
grind and polish of zirconia restoratives. The hardness of alumina and diamond are
higher than zirconia's hardness. Therefore, they are used as abrasive grains. Diamond
abrasive grains used for coating the grinding rotary instruments are fixed with metal,
glass, artificial rubber to a stainless-steel shaft i.e. Super Course, SinterDia, VitrifiedDia,
Aadva Point Zr, CeramDia, Porcelain Hi-glaze.”’ The larger diamond grain size is used,
the higher grindability achieved.®® The diamond grain size should be used from large
to small respectively.(é) Diamond grains and fine other oxides are also included in
diamond polishing paste such as DirectDia paste, Diapolisher paste that can be used
in the oral cavity and Other pastes that are used in laboratories. Plastic or rubber
cone and a soft brush are used with diamond polishing paste for polishing i.e. Super

snap buff disk, PTC Cup, Robinson brush. Super snap buff disk consists of TiO, and
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polyester. PTC Cup consists of TiO,, ZnO and artificial rubber. Robinson brush

consists of hard (horse hair) or soft fibers (sheep hair).’

Occlusal wear

Wear is a process that occurs when surfaces abrade against each other and a

d.®" % This process causes the loss of surface material. Wear can be

load is applie
divided into two types. First is two-body wear which occurs when there are two
surfaces abrade against each other. Another is three-body wear which occurs when
there are abrasive particles between two surfaces. Lubricants are important factors
that reduce the unintentional changes not only from two-body to three-body wear
but also from three-body to two-body wear. The amounts of lubricant affect the
efficiency of abrasion. Too much lubricant reduces the contact between surfaces
which results in the reduction of abrasive efficiency. In contrast, too little lubricant
also reduces abrasive efficiency but it increases a heat generation. The examples of

lubricants are water, glycerin, and silicone.®”

Wear mechanism and biomechanical factors

Delong (2006) described the wear mechanism according to the chewing cycle.
Chewing cycle is divided into three phases. The first is the preparatory phase. In this
phase, the jaw is positioned to contact the food bolus until the teeth contact the
food bolus. Commonly, there is not the occlusal force during this phase. The second
is the crushing phase. It is a three-body interaction between the teeth and food
bolus. This phase starts when the teeth first contact the food bolus until there is
tooth-to-tooth contact or jaw begins to open. The bolus is compressed, while the
masticatory force distributes to the surface of the bolus that contacts with the
maxillary and mandibular teeth. The bolus entraps the particles in the two body
surfaces and falls out. Thus, they become rougher and cause three-body abrasion.®
The last is the gliding phase. This phase does not always occur. It starts with

tooth-to-tooth contact which the bolus is completely penetrated. It continues until

jaw begins to open. This phase represents both two- and three-body wear
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mechanism (Figure 2).%? Chewing movement usually has saliva as a lubricant, the
masticatory force is about 3-36 N and sliding distance between contacting teeth is

about 0.9-1.2 mm.©>8%

Contact the bolus
(bolus is compressed)

Jaw opening movement “ Tooth-to-tooth contact

3 (complete penetration of the bolus)
Chewing cycle
1 = preparatory phase . Always occur

2 = crushing phase

3 = gliding phase . Do not always occur

Figure 2 The wear mechanism according to the chewing cycle.

The forces that are produced by masticatory muscle may be resolved into
reactive forces perpendicular and tangential to the occlusal surfaces of the teeth.
These forces cause the movement of the jaw and wear of the interacting
materials.®? The width of wear scar is directly proportional to frictional coefficients.®”’
The wear types between enamel and dental materials are abrasive wear, adhesive
wear, fatigue wear, and corrosive wear.®

Firstly, abrasive wear is divided into two types. The first type is two-bodies
abrasion. The two moving bodies are in direct contact. Depending on the angle of
attack and the angle of the asperities, on the coefficient of friction, the speed of
movement, the pressure, the distance and the difference of hardness between two
surfaces there are four models of two-body abrasion (Figure 3).%%8” When the
hardness of the two surfaces is different. The asperities of the harder surface will dig
into the more ductile surface. This mechanism called microploughing. Particles
create a principal furrow with symmetrical lateral borders and forms parallel grooves
according to the movement of abrasive particles. Then the mechanism ends up with
weakening, deforming, and removing some of the more ductile material which called
microfatigue. When the hardness of two breakable materials is similar. The

micro-asperities of the harder material slice cleanly through the more ductile
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material without causing plastic deformation. This mechanism called microcutting.
With strong pressure, the asperities can be detached in a process called
microcracking. The other type is three-bodies abrasion. The two bodies moving
against each other with abrasive particles interposed between them. The severity
depends on the size, the shape, and the hardness of the particles. There are two
models of three-body abrasion. (Figure 4) When the two bodies are far apart, the
particles are free to spread overall the two surfaces. Small particles can attack the
two bodies because they are not in contact. When the two bodies are close, the
abrasive particles are entrapped and fall out of suspension. If the particles integrated

into the surfaces, the wear will be the two-body model.®?

microfatigue | microfatigue

mnge / microcutting

9=

microcraquelage / microcracking

Figure 3 Two-bodies abrasion (Zum Gahr KH. Wear by hard particles. Tribology Int
1998; 31(10):587-96)
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Figure 4 Three-bodies abrasion (Mair LH, Understanding wear in dentistry, Compend

Contin Educ Dent 1999;20(1):19-30)

Secondly, adhesive wear can occur when two bodies slide against each other
with strong pressure. (Figure 5) It is found in metal and composite restoration. The
plastic deformation occurs when the surface asperities interact with each other. After
deformation, they can fuse with each other by a process analogous to cold welding.
Amounts of the transferred materials depend on the distance between the materials,
their rugosity, the pressure, the temperature or the environment.®® If the transferred
materials interpose itself between two bodies, a three-body abrasion process occurs.
Parafunctions produce this type of wear. The saliva acts as the lubricant. It reduces
the coefficient of friction. Furthermore, the bolus in three-body abrasion tends to

remove the fine covering of the transferred materials.®”

Figure 5 Adhesive wear (Mair LH, Understanding wear in dentistry, Compend Contin

Educ Dent 1999,;20(1):19-30)
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Thirdly, faticue wear occurs when one surface slides along another surface
with strong pressure (Figure 6). There are a compression zone and a tension zone.
The tension zone develops beneath it. This deformation causes inter-molecular
micro-cracks which spread in the sub-surface. When the fracture propagation reaches
the surface. The potions of material may break off and interpose themselves
between the two bodies, a three-body abrasion process occurs. Fatigue wear relates
to enamel contact with strong pressure. It does not relate to mastication. Enamel is
harder than dentin because it has a high degree of calcification. However, high
modulus of elasticity of enamel and its low elastic limit bring it at a greater risk of
fracture. Prismatic organization of enamel tends to block the propagation of
microcracks especially at occlusal where the prisms are perpendicular to the surface
and the calcification is maximal.®>*? When the microcracks provoke the
delamination of inter-prismatic and intra-prismatic substance.”® It will be stopped at

the dentinoenamel junction which acts as a barrier.”¥ This type of wear can be

81)

found in abfraction at cervical enamel.!

Figure 6 Fatigue wear (Mair LH, Understanding wear in dentistry, Compend Contin

Educ Dent 1999;20(1):19-30)

Fourthly, corrosive wear or erosion occurs when a chemical attack of acid or
chelation breaks inter-molecular bonds of dental tissue or restorative materials. It is
not a wear modality but it allows other wear mechanisms to occur. Then the surface
molecules will be swept away and the new surface will expose the corrosive
environment (Figure 7). The corrosive agents are both intrinsic and extrinsic. The

extrinsic agents such as foodstuffs, some medications and chemical elements in the



19

environment. The intrinsic agents are regurgitation, gastro-esophageal reflux, and
spontaneous vomiting provoked by chronic alcoholism or anorexia-bulimia. Saliva
carries phosphate and bicarbonate ion which help to increase the pH and form a

protein pellicle over the teeth. This protein pellicle can re-calcify the affected tooth

(81)

surfaces and limit the wear.

Stage précoce | Early stage

iy

Stage retardé | Late stage

Figure 7 Corrosive wear (Mair LH, Understanding wear in dentistry, Compend Contin
Educ Dent 1999;20(1):19-30).

a: Corroded areas not affected by surface friction.

b: Debris from corroded surfaces immediately after wear occurred.

c: Area just after wear occurred, susceptible to additional corrosion if re-subjected

to corrosive agent when surfaces separate.

Wear can occur when there are force and friction. Only crushing and sliding

phases of the chewing cycle have force and friction. Reduced contact area leads to

(82

the increase of shear stress on enamel which causes enamel wear.®? The wear

(95

between enamel mainly shows abrasive wear.”” Abrasive wear has rough parallel

furrows with granular debris in the wear scar, while adhesive wear shows smooth and
narrow wear scar. Moreover, fatigue wear shows the chipping flake and pit-like

structure in the wear scar (Figure 8)."
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Fieure 8 SEM images of the worn surface of enamel after wear test

Arrows show parallel furrows with granular debris, chipping flake and pit-like

structure in the wear scar.

Mastication is a three-body phenomenon. The diet acts as a lubricant so the
friction is lower than for enamel-to enamel. The properties of food can affect the
frictional coefficient and wear behavior of the teeth.®?

Li and Zhou (2002) suggested that saliva is an important factor that greatly
reduces the depth and severity of the wear scars by decreasing the frictional
coefficient.” ° According to their study, the surface hardness of glass or ceramic

decreases in a wet environment.*?
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Factors affectine enamel and ceramic wear

Mahalick et al. (1971) reported that the wear potential depended on
neuromuscular forces, lubricants, foreign bodies, patient habits and type of
restorative material used.””

In 2002, Won et al. suggested that hardness, frictional resistance, fracture
toughness, porosity, crystals, chemical degradation, and surface finish affected the
wear potential of the ceramic.”’) Wang et al. also reported that frictional coefficients
of enamel related to hardness, elastic modulus andsurface finishing of the materials,
while Seghi et al. suggested that the wear potential of a material was not related to
the hardness value of the material. Crystalline phase might be responsible for the
material’s abrasiveness.’” Wang et al. showed Empress glass ceramic, which has a
needle-shaped lithium disilicate crystalline grains embedded in a glass matrix, has a
high frictional coefficient. When the glass matrix is worn, lithium disilicate crystalline
grains are exposed. Thus, the surface roughness is increased.” Seghi et al. (1991) and
Won-suck et al. (2002) also reported that there was a poor correlation between
hardness and abrasive potential. 4 7

The position in the tooth and its histological structure of enamel affected its
properties. The direction of enamel rods referred to the strength of enamel. The
direction of enamel rods which parallel to the forces was better than the
perpendicular direction. Thus, cuspal enamel would stronger and could withstand

the force in a direction parallel to the enamel rods.®9% %

Methods of measurine wear

There are three methods for measuring wear. The first is the United States
Public Health Service (USPHS) method.®” Y This method is the non-parametric test.
Wear is classified into three categories. The first is “alpha” which means no wear.
The second is “bravo” that means visible wear with clinically acceptable. The last is
“Charlie” which means excessive wear and it must be restored. Advantages of this
method are that it is ready to use and does not require special equipment. However,

it is subjective and requires more chair-time in order to obtain the information.®?
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101,102) This method uses

The second is the Leinfelder et al. method.
calibrated standard casts that the occlusal surfaces of the casts were reduced by 0.1
mm. The prepared casts are used to compare with the replicas of the restoration.
Wear-surfaces are believed to be the primary cause of the loss of vertical dimension.
Advantages of this method are that it is not expensive and does not take a long time
to obtain the information. But the result tends to underestimate wear."®”

The third is 3D images. This is the best method for measuring wear. The
measuring system should be both accurate and precise. The accuracy of the device
should be at least one order of magnitude smaller than what is being measured.®?
Lambrechts (1987) reported the wear rate of enamel against enamel was 20-40 Um
per year."% This means that the measurement tool should have an accuracy of 2-4
Um or better. Another way, it is more practical to use the sensitivity of people. The
sensitivity of people to their occlusal changes which is described as an absolute
threshold is used as a baseline. The accuracy of the measurement tool should be
below this value. Jacobs et al. (1994) reported that mean absolute thresholds in
different materials were a range between 0.02-0.03 mm. Many subjects could detect

195 Thys, this means that the measurement tool should

foils as thin as 0.01 mm.
have an accuracy of 20 dm or 10 Um is preferred. Advantages of this method are
that the 3D databases are quantitative and accurate. It can be stored and used in
both the clinic and the laboratory. The 3D databases can be compared with

102

another."%? However, this method requires specialized hardware and software which

makes it expensive.®?

Values of wear can be determined by subtracting two scanned surface images.
The value is measured as a volume or depth. Volume is a function of two
parameters (depth and area). Thus, Measuring the volume is indirect wear
measurement. When wear occurs, the dynamic occlusal change also takes place. The
centric contacts move, the orientation of teeth to each other changes and the
contact areas are increased. Occlusal contact areas are different from wear region

areas. They are always less than or equal to wear region areas. Wear occurs in many

regions because the contact changes. Depth and area are difficult to combine many
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wear regions, while volume can combine them. Thus, the volume is preferred for
measuring wear. Depth is not a good parameter for comparing wear. The value is
depended on the measurement (where and direction). There is an effective method
to determine wear. Values of wear can be determined by subtracting two scanned
surface images. The shortest distance from each point is calculated. Then average
the absolute values of these distances and plus or minus the standard deviation. The
absolute values are used because the sign of opposite sides can cancel each other
which cause underestimate of the accuracy. This method gets the accuracy of the
result from the mean of multiple measures and gets precision of the result from
standard deviation. The problem with this method is that half of the distances are
greater than the mean. These are grouped in the region of wear. They overestimate
the error of the result. There is a way to report by using “sigma” value which is
related to the standard deviation. A 1 sigma value is the absolute distance that is
equal to or greater than 68% of the measured absolute distance. 2 sigma is greater
than 95% and 3 sigma is greater than 99%. This method is similar to confidence
intervals.®?

3D images can be divided into two groups, contact profiling system, and
non-contact profiling system. Contact profiling system is used for profiling the
topology of occlusal surfaces. Resolution depends upon the size of the stylus tip
which has diameter 0.1 mm or larger. Advantages of this group are that this system
has good accuracy. It is low cost and is not affected by surface material properties
(color and transparency). However, this system takes a long time and requires a rigid
surface. Another group is non-contact profiling system. This group can be further
divided into point, line, area and volume scanners. Point profiling system is similar to
contact profiling system but It uses light source or microscope focused on the
surface as a stylus. Advantages of this system are that it does not contact the surface
but it requires an opaque, diffuses reflecting surface. Resolution depends upon the
focus light source (less than 0.025 mm). Non-contact line laser system scans the
surface using the straight line projected on the surface. The disadvantage of this
system is that It has a lower resolution because it cannot focus as a single point.

Area scanner is similar to line scanner but It projects a pattern over the surface. The
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advantage of this system is that it is significantly faster than point profiling system.
However, it has lower resolution because it cannot focus as a single point. Volume
scanner is a CT based. Resolution is determined by voxel. The advantage of this
system is that the shadowing is not a problem but the system is expensive and the

subject is exposed to radiation.®?

Studies on the wear of antagonist zirconia

Friction study in arthroplasty

This research focuses on the wear of high-density polyethylene which was
used in the femoral head and cup of artificial hip joints.”” Kumar et al. (1990)
reported that hardness is not related to the susceptibility of wear. They found that

polyethylene rarely wears on zirconia.’%

Wear studies in enamel

In the 2000s, Zirconia came into the dental field. Although the conditions of
materials and the methods of use were unclear, there were some conclusions about
the antagonist wear against zirconia crown restoration.”’

Tambra et al. (2003) suggested that the IV gold caused less enamel wear than
polished zirconia.®

In 2008, there was the study of five materials about enamel antagonist loss
using a modified Leinfelder wear testing machine. Culver et al. reported that Cercon
and Lava (zirconia) caused more enamel loss than Empress (leucite-containing glass)
and MZ100 and Z100 (composite resin).®

In the 2010s, the development in polishing instruments and materials caused
the change in previous conclusions about the wear of enamel against zirconia.

Shar et al. (2010) studied enamel antagonist wear against between polished
and glazed zirconia using a modified Leinfelder wear testing machine. Although, they
suggested that the glazed zirconia showed less enamel loss than the polished

zirconia.” Jung et al. reported that mirror-polished zirconia caused significantly less of

enamel loss than glazed and porcelain-veneered zirconia.®® In the same year,
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Albashaireh et al. studied five dental ceramics’ wear against zirconia balls using
dual-axis mastication simulator. The five dental ceramics were e.max ZirCAD, e.max
Press, e.max ZirPress, Empress Esthetic, and e.max Ceram. They showed that zirconia
caused antagonistic tooth wear less than feldspathic dental porcelain. "

Sorensen et al. (2011) studied the enamel wear against the seven types of
materials using the Oregon Health &Science University (OHSU). These materials were
Omega 900, Empress, Bovine enamel, d.sign, Lava, Aquarius and Empress 2. They
showed that the polished Lava caused small enamel loss. It was similar to the gold
alloy (Aquarius).”’ In the same year, Basunbul et al. found that the polished Wieland
zirconia caused significantly less enamel loss than the glazed Wieland zirconia,
Ceramco porcelain, and Cerec Mark Il. They concluded that this occurred because of
loss of the glazed layer in the glazed zirconia, while the polished zirconia did not
change.®”

Wang et al. (2012) listed the wear potential of the dental materials against
enamel surface from highest to lowest by determined the frictional coefficient. The
wear potential decreased from zirconia with a rough surface, Empress glass ceramics,
veneer porcelain, zirconia with the well-polished surface, Ni-Cr alloy and Au-Pd alloy,
respectively. There was no significant difference in wear potential between veneer
porcelain and zirconia with the well-polished surface, as well as, Ni-Cr alloy and
Au-Pd alloy. Moreover, they found that Empress glass ceramics and veneer porcelain
showed abrasive wear style, while zirconia and Ni-Cr alloy showed fatigue wear
style.®) In this year, Yang et al. studied the loss of enamel against Zirkonzahn Y-TZP
(polished, stained, stained then glazed), Acura Y-TZP, Wieland Y-TZP, a feldspathic
porcelain by using the University of Alabama wear-testing device. The results showed
that three Y-TZP products caused significantly less antagonist wear than veneering
porcelain. This resulted from the homogeneous surface of Y-TZP. Moreover, they
found that stained and glazed Zirkonzahn Y-TZP was significantly more abrasive than
Y-TZPs without glazing.®’ Kim et al. (2012) also reported that polished zirconia caused
less enamel wear than feldspathic porcelain and heat-pressed ceramics. The wear

rate was associated with the roughness of the zirconia.**®
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In 2013, Janyavula et al. studied the loss of enamel against four types of
surface-treated zirconia (Lava). They found that highly polished zirconia caused less
enamel loss than glazed zirconia. They suggested that the surface of porcelain
restoration should be polished prior to glazing in the area where aesthetics is
crucial.®? In this year, Stawarczyk et al. also studied the enamel loss against the
three types of surface-treated zirconia (ZENOTEC Zr Bridge Translucent) and a base
alloy (Denta NEM, CoCr alloy) using a chewing simulator. They found that polished
zirconia had a lower wear rate than glazed zirconia, veneered zirconia and base alloy.
Not only enamel antagonists but also the material itself.“V

In 2014, Park et al. reported that polished zirconia caused the least volume
loss of enamel antagonist. In contrast to the stained and glazed zirconia which
caused the highest volume loss.*? Lawson et al. (2014) suggested that zirconia
caused less wear of opposing enamel than lithium disilicate ceramic. Moreover,
glazed zirconia caused more opposing enamel loss than polished zirconia.*”

Gauri Mulay (2015) studied weight of tooth samples against zirconia using a
two-body wear machine. They reported that polished porcelain inflicts lesser
damage to enamel than that of glazed porcelain. Therefore, he suggested that
polishing porcelain restoration might be a better option than over glazing.** In this
year, Kwon et al. study the wear of three types of materials (zirconia, gold, enamel)
against zirconia. They reported that zirconia against enamel caused the most wear
compared to opposing gold or zirconia. %

Rupawala et al. (2017) studied the wear of enamel against the different
ceramic systems using two-body wear machine and observed the phase
transformation of zirconia structure. They found that polished zirconia caused the
least wear to enamel antagonist when compared to lithium disilicate, porcelain fused
to metal and glazed zirconia. The wear potential of restorative material increased
from lithium disilicate, porcelain fused to metal and glazed zirconia, respectively.
Furthermore, there was no significant change in the phase from tetragonal to

monoclinic.®’
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In 2018, Esquivel-Upshaw et al. studied the wear of enamel against different
surface treated monolithic zirconia (polished and glazed) and metal-ceramic in
patients. They found that polished zirconia caused less enamel antagonist wear than
glazed zirconia. Furthermore, there were no significant differences in wear potential
of enamel, polished monolithic zirconia, and metal-ceramic to the opposing

enamel.*”

Wear studies usine steatite

Due to the clinical study about wear has a large variation of measurement
values and conditions. Steatite (MgO*SiO,) which has the wear behavior same as
human enamel is used as antagonist material in the laboratory. %1%

In 2011, Preis et al. studied the loss of steatite and enamel against five
zirconia and four veneering porcelains using a chewing simulator. They found that
zirconia caused less antagonist wear than porcelain."'® Furthermore, Kuretzky et al.
studied the enamel loss against four types of surface-treated zirconia (rough,
polished, glazed and veneered Lava) and e.max CAD using a longitudinal moving
notch device. The study showed polished zirconia caused the least wear.”

Kontos et al. (2013) studied the loss of steatite against five types of surface-
treated zirconia (glazed, polished, ground, sandblasted, as fired) using a chewing
simulator. The result showed that out of all the materials mentioned earlier,

polished zirconia caused the least wear.*

Digital and conventional impressions

The digital impression has many advantages compared with a conventional
technique. The advantages are the elimination of laboratory and clinical steps,
reducing the transport time between dental laboratory and clinic, storage of the
digital file, in-office milling of the final restorations and reduced patient
discomfort.!*>129 On the other hands, the disadvantages of the digital technique are

a costly equipment and a personal adaptation to the new technology.!*”
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According to Caputi S. and Varvara G., 2-step impression technique (putty
wash) demonstrated superior result in term of accuracy when compared to the
1-step impression (double mixed, single impression) and monophase technique.?
Moreover, Anshul Chugh et al. reported that providing a uniform and controlled wash
space when taking an impression gives a better marginal accuracy of the

122 Although the conventional impression materials have an excellent

restoration.
dimensional stability and a precision, there are many factors that affect the accuracy
such as temperature, duration before pouring, the surface wettability of the gypsum,

123, 124

distortion from disinfection procedure. ) Furthermore, laboratory procedures can

cause errors. 12> 126

Esquivel-Upshaw et al. (2018) suggest that the indirect technique that requires
a replica for measuring wear. Every step can produce the inaccuracies. The errors
come from the setting expansion of stone, the linear dimensional change of
impression and the accuracy of scanners or profilometer.*”’ Delong (2006) also
reported that direct scanning was superior to the indirect methods due to the
potential for improved accuracy and simplification in the number of steps.®?

Paul Seelbach reported that digital and conventional impression
demonstrated similar result in term of marginal accuracy. However, the study was
conducted in an ideal laboratory setting where no difficulties such as leaking of
gingival fluid or subgingival preparation were included.®?”

Chochlidakis et al. (2016) studied the accuracy between digital and
conventional impressions by using the information from both previously in vitro and
in vivo studies. They found that the restorations fabricated by digital impression
showed a smaller marginal gap than those fabricated by conventional impression.
This difference was not statistically significant. They also reported that a digital die
gave a smaller marginal and internal gap than SLA/polyurethane die. In the
conventional group, cast restorations gave the smallest internal gap compared to
restorations from CAD/CAM and pressing technique. In the digital group, CAD/CAM
restorations gave smaller marginal and internal gap than restoration from pressing

technique. The glass-ceramic restoration showed the largest internal gap in both

digital and conventional groups compared to zirconia and metal alloy restorations.
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While metal alloy restorations showed the smallest marginal gap followed by
glass-ceramic and zirconia restorations respectively. This difference in the internal g¢ap
was not statistically significant. Moreover, they reported that fixed partial dentures
showed smaller marginal and internal gap than single crowns in the digital group. In
contrast to the conventional group, single crowns showed smaller internal gap than
fixed partial dentures. This difference was not statistically significant. In the
conventional group, the polyvinyl siloxane impression material gave a smaller internal
gap value than polyether material. This difference was not statistically significant.**)
There were two in vivo studies showed that the zirconia-based ceramic
crowns fabricated using digital impression gave better marginal and internal fit than
zirconia-based ceramic crowns fabricated using the conventional technique.?8 1%
Interproximal contacts and marginal gap were also better than the conventional

group.(m)

Occlusal force distribution in dental implants

Rangert B. stated that implant occlusion should be biomechanically
controlled to achieve good clinical success and longevity. Vertical force should be

directed along the long axis of the implant body and lateral force should be

d (130

minimize " Improper occlusion in implants leads to biological and mechanical

(131

complications ™Y such as implant failure, early crestal bone loss, screw loosening,

uncemented restorations, fracture of porcelain, prosthesis fracture and peri-implant

disease (132, 133)

In natural dentition, periodontal tissues allow vertical movement range from

25-100 pm and 56-108 pm buccolingually.*” Implants attach firmly to underlying

bone which limits the vertical movement to 3-5 um and 10-50 pm laterally."?

Premature contact should not be in an implant. It causes excessive lateral

135, 136

loads which lead to the failure of implants." ) Because the surface area of a

premature contact is small, the magnitude of stress in bone increases. Moreover, the
contact often on an inclined plane so it also increases the tensile crestal stress."*)

The ideally occlusal contact of the crown on implant should be on a flat surface
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perpendicular to the implant body and positioned over the center of the implant
abutment.*> " A thin articulating paper (<25 [m) is used for initial implant
occlusal adjustment in centric occlusion (light tapping forces). The surrounding teeth
should be greater initial contact than implant prosthesis. At heavy occlusal load

position, implant and adjacent teeth are equal sharing of the load.* 1% 139
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Chapter Il Materials and methods

Armamentarium

1. Straumann bone level and tissue level implants (Placed by Department of
Oral Maxillofacial Surgery, Faculty of Dentistry, Chulalongkorn University)

2. Straumann cement-retained implant abutment (SynOcta/Variobase
abutment)

3. Monolithic zirconia crowns: (VITA YZ HTVM€ \ITA Zahnfabrik, Germany)

4. Intraoral scanner (TRIOS 3, 3Shape, Denmark)

5. Analysis software (Dental System 2018, 3Shape, Denmark)

Methodology

Ethics

1. Ethical permissions should be requested and granted from the Research
Ethics Committee.

2. Patients would be given an informed consent. Once the patient
understood agree to the agreements of the research procedures, only

then the research could be conducted with the patient as the subject.

Sample size determination

Many of the clinical studies used sample size range from 10-16 samples."” %

199.180 Therefore, in our current study, a sample size of 10 would be used which is

similar to the previous section of this study by Vatanasak W. and Wattanasermkit
K (141)
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Patient Evaluation and sample collection

This study was performed at the Graduate Prosthodontic Clinic, Faculty of
Dentistry, Chulalongorn University by one investigator. The protocol was approved by
the Research Ethics Committee, Faculty of Dentistry, Chulalongkorn University
(No.029/2019). After obtaining informed consent, 7 patients were referred for
prosthodontics restorations on implants which were placed by one oral surgeon at
the Department of Oral Maxillofacial Surgery, Faculty of Dentistry, Chulalongkorn
University. The patients’ medical history was recorded. Extraoral examination of the
head, face, neck lymph nodes, TMJ, and muscles of mastication was performed to
rule out the presence of factors in the exclusion criteria (Figure 9). Intraoral
examination of the dental conditions, present restorations, occlusal scheme, and soft
tissue conditions was conducted. The patients’ data was recorded using the
Department of Prosthodontic Patient’s Evaluation Chart. Ten samples included in this
study were categorized into 2 groups based on type of occlusal surface modification
of zirconia restorations before they were delivered. Each group contained 5 samples

consisting of restorations replacing either molars or premolars (Table 1).

Exclusion criteria

N

Patients with implant replacement not involving premolar and molar areas.

The area requiring implant placement is not able to accommodate cement-retained restoration.
Missing antagonist tooth or an antagonist tooth that has the dentin exposed.

Patients have no two non-restored or minimally restored teeth opposing each other.

Patients presented with symptoms of TMD.

Patients exhibiting or with a history of parafunctional habits.

Patients presented a clinical sign of tooth erosion and attrition.

Patients with systemic conditions at an uncontrolled stage.

© ® N o o s o0

Patients who have been administered bisphosphonate.

10. Patients who have undergone radiation therapy.

11.  Patients who are mentally challenged or psychologically ill.

12.  Patients who are not able and are not willing to comply with the agreement the research.
13.  Patients should have a clinical sign of Xerostomia.

14.  Patients whose teeth are missing or wearing removable partial denture.

Figure 9 Exclusion criteria
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Table 1 Samples are divided into 2 groups based on occlusal surface

modlification

Subject Tooth number Group

(Two-digit numbering system) Annealed Polished

1 15, 26 v

17, 24 v
16 v

35

26

16

~N[ OO AWV DN

NN

16, 24

Examination of the zirconia restorations

All zirconia restorations were properly adjusted using Diacera pre-polishing
bur (EVE, Germany) for gross adjustment. The restorations had good proximal contact
when tested with dental floss and were able to hold shim stock tightly when the
patients bit firmly. The occlusal and proximal contacts for the samples in Po group
were further polished with Diacera (medium and fine) at the speed of 10,000 rpm.
For An group, after adjustment with Diacera polishing kit at the speed of 10,000 rpm,
the samples were annealed at 1000°C in Vita Vacumat Premium 4000T furnace for 15
minutes before delivery. The protocol of this procedure was presented in the

previous study.*V
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Insertion and delivery visit

On the first day of delivery, full mouth Intraoral scans were taken as baseline.
An intraoral scanner (TRIOS 3, 3Shape, Denmark), calibrated according to the
manufacturer’s instruction, was used to scan maxillary and mandibular quadrants
where the restorations, opposing teeth and controlled enamel were located.
Occlusion was scanned in maximum intercuspation position. The accuracy and
precision of this type of scanner were reported to be 6.9+0.9 Um and 4.5£0.9 Um,
respectively from the American Dental Association (professional product review).
After 6 months of delivery, the patients were scheduled and recalled for an intraoral

scan (Figure 10).

Wear Analysis

To determine antagonist enamel wear, the baseline and 6-month scans were
superimposed using analysis software (Dental System 2018, 3Shape, Denmark). The
wear was quantified as the loss in height. The data were obtained by subtracting two
scanned surface images. A contact area on the occlusal surface of the opposing
tooth was selected. The field observation was limited to the area of 2*2 mm? on the
occlusal surface of targeted tooth locating the contact area at the middle of the field
of interest. The total area of 4 mm? was divided into small grids of 0.5x0.5 mm? each
(Figure 11). Total 25 points were measured in each samples. Analysis software was
used to inspect the differences in term of total tooth structure loss (height in dm)
where the lines that divided the grids met (Figure 12). The mean value was obtained
by averaging the absolute values of the different distances. The mean values with

standard deviations were used to calculate a sigma value (system accuracy).®?
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Patient evaluation

exclusion criteria

v v
(n=10} ‘ Zirconia crown delivery (n=10)
Polishing Polishing and annealing
[ ] [oven
‘ \
v v v v
6M CPo ‘ 6M CAn 6M 6m

[ The previous section of this study by Vatanasak W. and Wattanasermkit K. (2019)

B intraoral scanner will be used

Figure 10 The diagram showing enrollment, allocation and follow up of participant

2 mm

@ Red dot = contact area

© Orangedot = point of interest

Figure 11 The field observation on the occlusal surface of targeted tooth
The field observation was limited to the area of 2*2 mm? on the occlusal surface of
targeted tooth locating the contact area at the middle of the field of interest. The

total area of 4 mm? was divided into small grids of 0.5x0.5 mm? each
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Figure 12 Analysis software was used to inspect the differences in term of total

tooth structure loss
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Statistical analysis

The mean values for each data sets were used for statistical analysis. The
data were analyzed using statistical analysis software (SPSS 22.0, SPSS Inca, Chicago,
IL, USA). The data were tested for normal distribution by Shapiro-Wilk test. Statistical
analysis was performed using Wilcoxon Signed Rank Test with significant difference of

0.05.



Chapter IV Results

After 6 months of monolithic zirconia restoration delivery, the mean value for each

data sets were collected and analyzed. The mean amount of tooth structure loss for
Po, An, CPo and CAn were 28.08, 29.86, 31.76 and 35.18 Um, respectively. The
results suggested that the amount of tooth structure loss on both the polished and

annealed groups were significantly lower when compared to the control teeth of

each group (p<0.05) (Table 2).

Table 2 Comparison of groups for the mean amount of tooth structure loss after 6-month

delivery
Occlusal surface Polished (Po) ) Control Polished (CPo) l Annealed (An) Control Annealed (CAn)
modification
The mean amount of tooth structure loss in term of height (um.)
Sample
1 14.08 20.80 15.44 21.40
26 16 16 2%
2 28.16 40.40 26.24 33.24
35 a5 24 14
3 29.76 39.80 29.48 34.32
16 25 15 25
4 29.88 38.68 29.92 31.12
2 14 2 16
5 38.52 47.80 48.24 55.80
16 26 17 25
Mean 28.08 31.76 29.86 35.18
P-value 0.043* 0.043*

T The results compared the mean amount of tooth structure loss on both the polished and annealed

groups to the control teeth of each group

* Statistically significant.

Note: Numbers on the lower right corner of each cell indicate the number of tooth (two-digit

numbering system)
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Chapter V Discussion and conclusions

Discussion

After 6 months of monolithic zirconia crown delivery, the amount of tooth
structure loss on both polished and annealed groups were significant lesser than that
of each control group (p<0.05). Therefore, the null hypothesis was rejected. The
result of our study was in agreement with previous clinical studies by Nakashima et
al. In their study, the antagonist enamel wear of monolithic zirconia crowns was
observed. The results showed that there was a significant difference between the
antagonist wear of natural enamel and the ceramic restorations. The wear of the
tooth enamel opposing the zirconia crown was significantly lesser than that opposing

to natural dentition.*?

) However, some studies concluded that there was no
significant difference between the antagonist wear of natural enamel and the
ceramic restorations."** 1 | ohbauer U. and Reich S. reported that in the first two
years the monolithic zirconia restorations did not seem to be affected by wear.**”
Many clinical studies suggested that well-polished monolithic zirconia showed similar

or more antagonist enamel wear than natural teeth but less than metal-ceramics.**

19 However, some studies have concluded that the natural tooth opposing to
zirconia crowns showed less enamel wear than one opposing to feldspathic ceramics
crowns.® 38 19219 \iyndhe et al. concluded that molars have greater occlusal force
than premolars so the wear of molars was more than the wear of premolars.**
However, the results were uncomparable because some studies did not have the
control group and the testing methods were different. For example, there was a
study used the replicas which may create errors due to many reasons such as the
setting expansion of the stone (0.12%) and the linear dimensional change of the
impression (1.5%) resulting in inconsistencies or inaccuracies during the data
collecting process. These errors made a slight difference in the wear values

measured.®”



40

The wear rate of the restorative material should be equivalent to the enamel.
Lambrechts (1987) reported the wear rate of enamel against enamel was
approximately 20-40 WUm per year.'% Two years later, he studied the wear rate of
human enamel. The author suggested that the wear rate is higher initially and
maintained the same rate until the steady state is reached which resulted in a lower
amount of enamel wear. For molars, the amount of enamel wear is approximately
38 WUm during the initial state and 28 Um during the steady state. For premolars, the
amount of enamel wear is approximately 18 Udm during the initial state and 15 Um

199 Excessive wear can be caused by several factors such as

during the steady state.’
the patients’ parafunctional habit or the mismatch between hardness of the
restorative material and the natural tooth structure. Excessive wear may lead to
supra eruption, traumatic occlusion, loss of vertical dimension, periodontal
breakdown and temporomandibular joint dysfunction.®

The wear behavior of a material depends upon the type, microstructure,
surface roughness, strength of the restorative material and chewing force.“® The
hardness and roughness of the material greatly exceeds that of natural dentition
which may cause the wear of opposing restoration and/or natural tooth structure.
Since surface roughness is the cause of wear, polishing is recommended to prevent
antagonist enamel wear and maintain the structural strength of zirconia. The surface
roughness of zirconia after polishing could be less than 0.2 lm, which is similar to

147199 1 the previous study by Vatanasak W., the surface roughness

glazed zirconia.
of zirconia crowns (using the same samples as this study) was recorded. The mean of

surface roughness of polished and annealed groups are 0.56+0.24 ikm and 0.66+0.06

141

Hm, respectively.’*” The rate of wear is higher at the initial placement of a

restoration. However, the rate of wear decreases and becomes stable over time

19 This may be because of that the cusp

(approximately after 2 years of placement).
height becomes shorter and flatter due to more rapid wear during the initial phase of
placement. The flat occlusal surface represents a decrease in vertical height and an
increase in the base surface area.™™ The larger the base surface area, the lesser the

occlusal force per unit of surface area. When occlusal force per unit area is reduced,
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the loss in vertical height decreases.*® However, in our study, the opposing natural
tooth wear was observed for 6 months after the placement.

Based on the result obtained from the previously study by Vatanasak W.'*,
the mean surface roughness of polished zirconia was higher than the mean of surface
roughness suggested by Chong et al. (less than 0.2 um)(mg). The mean amount of
tooth structure loss on both the polished and annealed groups (28.08 and 29.86,
respectively) were within the normal range of the wear rate of enamel against
enamel (approximately 20-40 Um per year) as reported by Lambrechts."® According
to Chen et al,, the occlusal surface of the implant prosthesis should contact the
patient’s natural dentition only after the patient bite with maximum force in

@2 This may be the explanation of the result of

maximum intercuspation position.
this study. The fabricated zirconia crown on the dental implant does not contact the
natural dentition in the eccentric position. Naturally, in a normal chewing cycle, the
teeth rarely contact during mastication.®” Moreover, in the case of patient with
dental implants, more interocclusal space is available since the restoration only
lishtly contact the occluding tooth structure. This allows the food bolus to be freely
moving, which reduces the chance of trapping the food bolus between the occluding
surface, minimizing the wear potential.*?

Mohammadi-Bassir et al. studied the phase transformation of yttrium-
stabilized tetragonal zirconia after surface finishing. They reported that the surface
roughness increased significantly after grinding. Polishing and glazing decreased the
surface roughness. The authors reported that monoclinic (m) phase could be

192 Park et al. reported that there were no

observed after ¢grinding and potishing.(
significant changes in the phase of zirconia before and after polishing. The highest
amount of m phase (0.09%) was observed after polishing for 8 minutes."*® Many
studies showed that polishing processes did not cause phase transformations in the
zirconia samples.>*1*® Denry et al. studied the microstructural and crystallographic
changes of zirconia-based dental ceramics surface after grinding and reported that

when the surface zirconia is polished, either by grinding alone or by grinding followed

by polishing, its surface and subsurface are damaged. This process resulted in the
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formation of microcraters, grain pullout, and an increase in the amount of
rhombohedral (r) along with strained tetragonal (t) phase. Annealing the polished
zirconia can reverse the zirconia phase transformation. However, the surface damage
caused by grinding will remain and may lead to failure by crack propagation.>”
Vatanasak W. also supported that surface finishing and polishing can change the t
phase content but annealing at 1,000 °c for 15 minutes can increase the t phase

1% The r phase is formed on the outer surfaces of zirconia. When zirconia

content.
experiences mechanical stress, a phase transformation of t-to-r would occur. After
being annealed at 600° and 800°C for 24 h, r—-to-m phase transformation could occur
and the increase in annealing temperature can induce the m-to-t phase
transformation. In addition, the r-to-t phase transformation will occur after annealing
at 1000°C.*® Phase transformation may result in the increase of the surface
roughness due to many reasons that were previously mentioned."”” The surface and
subsurface damages caused by grinding may remain even after the restoration is
well-polished or annealed. The remaining surface and subsurface damages may lead
to crack propagation and result in roughening of the surface which accelerate the
antagonist wear. In the current study, the mean value of the amount of tooth
structure loss is similar in both polished and annealed group. However, the results
could not be directly compared since the samples from each group were in different
subjects.

Apart from beneficial properties of the zirconia ceramic, low-temperature
degradation (LTD) is one of its disadvantages. LTD may weaken the zirconia

159 Kobayashi

restoration, increase the surface roughness, and promote microcracking.
et al. described the process of LTD or hydrothermal degradation. Slow t to m
transformation occurs at low temperature (150-400°C) in humidity environment which
causes stress to the surrounding grains and result in crack formation.*® Rupawala et
al. suggested that the zirconia showed almost no t-to-m transformation after 10,000
cycles of wear in a wet environment.® However, there was no evidence of the
number of cycles likely to be experienced in vivo, but a provisional estimate of

d (160

approximately 10,000 cycles per year was suggeste ) The result from an in vivo

study by Vatanasak W. and Wattanasermkit K., which used the same subjects as the
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current study, suggested that the phase transformation of zirconia (t-to-m) might not
occur in the oral cavities after 6-month of usage. No significant change in the surface
roughness of the zirconia crowns were observed clinically. This current study

examined the opposing natural tooth wear after 6-month delivery, LTD might not be

involved.

Conclusion

Within the limitation of this study we can conclude that the monolithic
zirconia crown on the dental implant can cause little amount of wear of opposing
enamel in 6months after delivery. The monolithic zirconia crown in both the
polished and annealed groups caused lesser antagonist wear of enamel than natural
teeth (p<0.05). However, the results from both the polished and annealed group
cannot be compared to one another since the restorations were not placed in the
same subject. The further study may require placing both the polished and annealed
monolithic zirconia crowns in the same subject so the amount of tooth structure loss

can be directly compared.

Clinical implication

Monolithic zirconia crown is one of the suitable option that can be used on dental
implants in posterior teeth. However, proper polishing is necessary to reduce the

wear of antagonist tooth.
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STATISTICAL ANALYSIS

Descriptives

60

group Statistic Std. Error
enamel_wear Po Mean 28.0800 3.94374
95% Confidence Interval for Lower Bound 17.1304
Mean Upper Bound 39.0296
5% Trimmed Mean 28.2778
Median 29.7600
Variance 77.766
Std. Deviation 8.81848
Minimum 14.08
Maximum 38.52
Range 24.44
Interquartile Range 13.08
Skewness -.969 .913
Kurtosis 2.400 2.000
An Mean 29.8640 5.28684
95% Confidence Interval for Lower Bound 15.1854
Mean Upper Bound 44,5426
5% Trimmed Mean 29.6444
Median 29.4800
Variance 139.753
Std. Deviation 11.82173
Minimum 15.44
Maximum 48.24
Range 32.80
Interquartile Range 18.24
Skewness .796 913
Kurtosis 2.079 2.000
CPo Mean 31.7600 6.07194
95% Confidence Interval for  Lower Bound 14.9016
Mean Upper Bound 48.6184
5% Trimmed Mean 31.7511
Median 33.9200
Variance 184.342
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Std. Deviation 13.57728

Minimum 15.44

Maximum 48.24

Range 32.80

Interquartile Range 26.20

Skewness -.089 913

Kurtosis -1.941 2.000
CAn Mean 35.1760 5.63941

95% Confidence Interval for  Lower Bound 19.5185

Mean Upper Bound 50.8335

5% Trimmed Mean 34.7956

Median 33.2400

Variance 159.015

Std. Deviation 12.61011

Minimum 21.40

Maximum 55.80

Range 34.40

Interquartile Range 18.80

Skewness 1.264 913

Kurtosis 2.738 2.000

Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
group Statistic df Sig. Statistic df Sig.
enamel_wear Po .304 5 .148 .892 5 .368

An .298 5 167 921 5 .535
CPo .190 5 .200" .955 5 770
CAn .327 5 .086 .878 5 .302

*. This is a lower bound of the true significance.

a. Lilliefors Significance Correction




Wilcoxon Signed Ranks Test

Ranks
N Mean Rank Sum of Ranks
CPo-Po Negative Ranks 02 .00 .00
Positive Ranks 5b 3.00 15.00
Ties Oc
Total 5
CAn - An  Negative Ranks 0d .00 .00
Positive Ranks 5e 3.00 15.00
Ties of
Total 5
a. CPo < Po
b. CPo > Po
c. CPo=Po
d. CAn < An
e. CAn > An
f. CAn = An
Test Statistics?
CPo-Po | CAn-An
Z -2.023p -2.023b
Asymp. Sig. (2-tailed) .043 .043

a. Wilcoxon Signed Ranks Test

b. Based on negative ranks.
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