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ABSTRACT

KHIDHER L.B. The Evaluation of The Influence of Different Finishing Line Depth on Strength of
Cad/Cam Restorations, University of Van Yiiziincii Yil, Institute of Health Sciences, Faculity of
Dentistry, Department of Prosthodontics, A thesis submitted in conformity with the requirements
for the degree of Doctor of Philosophy; PhD Thesis,Van, 2019. The aim of this study is to evaluate the
effects of different shoulder finishing line depth (0.5 mm, 1.0 mm and 1.5 mm) on fracture strength of
coping design as one type of CAD/CAM restorations. Using Lithium disilicate (IPS e-max CAD; Ivoclar
Viva dent) and Feldspathic block (CEREC blocks; Sirona) materials for milling of three type of design
according to the finishing line depth (FLD), which was done with Cerec inLab software program
(Version, 4.2.0.57192) with 120 p cement film thicknesses. A total of 72 specimens of coping design
were prepared as monolithic crown on 72 novel nickel chrome dies. Each with a diameter of 8 mm and
height of 6 mm as they were used to support the restoration. 12 specimens of coping design for each
material and finishing line depth where prepared, to be in three groups according to FLD. Panavia V5
resin cement system where used as a luting agent for fixation of each coping restorations. For the
measurement of fracture resistance value, each sample where subjected to fracture test with a universal
test machine.It was found that Lithium disilicate crowns with 1.5 mm thickness of marginal design
showed the maximum mean value of fracture strength of about 2721 + 967 N among all the groups,
whereas, the minimum mean valueof fracture strength was recorded with Feldspathic one with 1296.7 +
642 N at the same depth of shoulder finishing line (1.5 mm). Kruskal —~Wallis and Mann-Whitney testsas
well as Annova test were performed to compare all groups with different P values. Concluded that the
effect of different depth of finishing line on the fracture strength of CAD/CAM restoration material was
evedent with variable results wich was related to different factors. As it is clear from the results of the
present investigation. Lithium disilicate crown material seems to be increased their strength to fracture as
the finishing line depth where increased. While in case of Feldspathic restorations, the strength where
increased from 0.5 mm to 1.0 mm depth of finishing line restorations, but the strength were decreased,
when the marginal depth increased to be 1.5 mm.

Key words: CAD/CAM, Shoulder, Finishing line, Fracture resistance, All ceramic
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1. INTRODUCTION

As the recent development and progress of science in various aspects. In respect
to digital technology, that had infiltrated most areas of daily life, including most fields
of medicine. Nevertheless, it had increasingly being introduced into the most field of
dentistry. Computer-aided design/computer-aided manufacturing (CAD/CAM)
solutions as apart from chairside practices becoming available for creation of crowns,
inlays, fixed partial dentures, implant abutments, and other dental prostheses. In fact,
CAD/CAM dental resolutions is considered as a sequence of digital devices and
software for almost all-automatic design and creation of dental restorations (Tapia et al.,
2015).

In contrast to the past when the strong material was associated with poor esthetic
restoration, the choice of clinicians nowadays is becoming very simple and easy when
selecting CAD/CAM materials, in order to achieve an excellent esthetic with strong
materials (Abdul-Azim et al., 2015).

Recently applications of various materials through CAD/CAM system for tooth
colored restoration have been quite widely practiced in dental clinic. Such as ceramics
(esthetic ceramic, high-strength ceramics, and zirconia), hybrid ceramics then
CAD/CAM composites, fiber reinforced resin, polymers, and metals, etc (Li et al.,
2014; Alghazzawi, 2016). In fact, throughout using such materials one may fabricate
many things, starting from single copings, crowns, temporaries, surgical guides,

dentures, orthodontic appliances, and complex full arch (Porto et al., 2016).

In parallel with increasing demands for more esthetic, wholesome and healthy
life, more attribution to biocompatibility of restoration material will remain the need
and request of both patients and the dentist. That’s why, at present, dental ceramics in
dentistry evidently become quite widely used, practiced and applied (Hussain, 2008 ;
Miyazaki and Hotta, 2011).



Actually, the fracture resistance of all ceramic materials including glass ceramic
in particular was and still is the main concern and worry of the dentists especially
during their practical uses and application of such materials (Kern, 2009). Recently,
clinical information and background knowledges about ceramic crown preparation had
got much more concern and attention (Schultheis et al., 2013; Belli et al., 2016).
However, fractures remain the main problem that facing patients with ceramic

restoration throughout clinical follow up processes (©ilo et al., 2014).

Other authors showed that, the stress concentrated at the marginal collar of fixed
dental prostheses (FDP) can be repaired by increasing the crown thickness, especially
at the depth of the finish line, which are then becomes a more essential matter for the
durability of all-ceramic restorations due to their brittle natures, and opposed to the
metal ones, which existing a ductility character at the marginal areas (Zimmermann et
al., 2017). Meanwhile, many researchers proclaimed that the design of the finishing line
of prepared tooth is one of the factors that play an important role in marginal adaptation

and fracture resistance of crowns (Beuer et al., 2008; Ozer et al., 2015).

Still, others suggest that adequate marginal and internal fit, as well as high
mechanical strength, and selection of reliable luting cement, are the most important
factors, in improving the prognosis of the prosthetic restoration, for example, a crown
(Ahlholm et al., 2018).

The present investigation was carried out in order to declare and evaluate the
important of the effect of finishing line depth on the strength of the two-selected
restoration material. The used materials were Lithium disilicate and Feldspathic ceramic
materials made by CAD/CAM system. Actually, these two materials are the most
widely spread and commonly used in dental clinic (Sakaguchi and powers, 2012).

The restorations were applied as coping design on nikel chrome dies made by
CNS. The only difference was in finishing line depth of the prepared designs. The
chosen finishing line depth applied for this study were 0.5 mm, 1.0 mm, and 1.5 mm
depth of shoulder finish line. The results have been discussed in detail, the illustrations

of the statistical estimation of the outcome results were compared and contrast.
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Undoubtedly, these finding will reduce the existing gap of the knowledge in this
line, meanwhile, may well be followed by more detailed studies and investigations on
this line of prosthodontic restorations for the other materials that have been and will be
used as direct or indirect restorations for the defected teeth in dentistry in coming years

and future.
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2. GENERAL INFORMATION
2.1. CAD/CAM System
2.1.1. Introduction and history of CAD /CAM system

The term “CAD/CAM” in dentistry is nowadays applied as a synonym for
prosthetic restorations, which are produced by “milling technology”. CAD /CAM is the
shortening of Computer Aided Design /Computer Aided Manufacturing; represent the
process in which digital images or copy of objects are formed as it is used for
designing and fabrication of prototypes or definite products by Computer Numerical
Control (CNC) (Beuer et al., 2008; Sakaguchi and Powers, 2012).

Pioneers who played a part in the generation of today dental CAD/CAM systems
were Dr. Duert and his friends; they were foremost in the scope of dental CAD/CAM
system (Miyazaki et al., 2009). In term of 1980, they had started with fabrication of
crown restoration. A serious of steps using an optical impression of the abutment tooth
in the oral cavity were applied, then designing an optimal crown with a considering of
functional movement, and then milling a crown. Numerically controlled milling double
machine have been used, and finally Sopha system were developed (Karaalioglu and
Yesil Duymus, 2008).

The significant evolution of dental CAD/CAM system appeared in 1985 by a
Swiss Dentist (Mormann) and Electrogenic Engineer (Dr.Brandestini) (Figure 1). Both
are researcher from University of Zurich. They were developers of the CEREC 1
(Sirona) machines (CEREC system), and it was known by computer—assisted CERamic
REConstruction that were widely recognized by CEREC (Kern, 2009; Kaur and Datta,
2006). They tried to get new technology in a dental office at the chairside of patients
through directly measuring the prepared cavity using an intra-oral camera that was
followed by designing and carving of an inlay restoration from a ceramic block, using a

compact machine set at chair-side (Celik et al., 2013).
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Figure 1. CERECL1 prototype in 1985

However, metal allergies had become a problem, especially in Northern Europe,
and a transition to allergy-free titanium was proposed, since the precision casting of
titanium was still difficult at that time. In nineteenth years Dr. Andersson the developer
of Procera system (Noble bio care), attempted to produce titanium copings by spark
erosion and inserted CAD/CAM technology into the process of composite veneered
restorations. This was the first application of CAD/CAM in a specialized procedure as a

component of a total processing system (Miyazaki et al., 2009).

Many teams carried out researches organized by industry, academia and the
government as one of a large-scale research and developmental project of NEDO (New
Energy and Industrial Technology Development Organization) in order to produce
acommercial system. In the University of Minnesota in United States and by Dianne
Rekow who was also aiding efforts in creation such system. Some groups in Japan, such
as Yoichi Uchiyama’s group at Hokkaido University as well as Takashi Miyazaki’s
group at Showa University, were also making researches and developments in
cooperation with different companies. Research and development was progressed by
these collections which resulted in CAD/CAM systems becoming available

commercially (Ueda and Yamaguch, 2017).
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In the term of concept, the development of chairside digital impression with
digital intraoral photography do offer accuracy and speed (Pradies et al., 2015).

As well as, the ability to indefinite storage of the captured information without
any material constraints (Mobaleghi et al., 2016). Thus a quickly and easily handover of
the digital images were performed from dental office to the laboratory and vice versa
(Lowe, 2008) (Table 1).

The evolution of this system was actually an innovation in dentistry, as it will
allow fabrication of ceramic restorations in the same day. Meanwhile proclaimed and
hastily spread CAD/CAM term to the dental profession. CAD /CAM restorations
provide a clinically precise digital impression. It captures the marginal detail and tooth
structure to the proposed restoration’s finish line for the master model and die(s). Since
then, many studies have confirmed the importance of accurate and precise dental
restorations using CAD/CAM technology (Pradies et al., 2015; Jonathan et al., 2014).

CAD/CAM dentistry does improve the method of clinicians’ providence of
indirect restorations to patients, with fabrication of adequately precise and accurate
design of tooth restorations. Later on, the increase chairside productivity and improve
clinic- laboratory communication through developing a processing center network, with
satellite digitizer globally for production of all ceramic frameworks. A number of
international companies today have introduced such systems to the market (Miyazaki et
al., 2009; Lowe, 2008).

Nevertheless, as computer technologies have become more powerful,
CAD/CAM systems also have become more progressed. These systems can now enable
dentists to harness the power of computers to design and fabricate aesthetic and durable

chair-side restorations (Michael et al., 2007).

A rapid evolution of this technology especially optical one as new intraoral
digitizer is now commercially worldwide available. The application of CAD/CAM
system is looking forward to shift quickly as well as intraoral scanner, which had been
available for practice in clinic at present. So eventually digital dentistry is a waited to be

a keyword for future of dentistry (Zarina et al., 2017).
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Good marginal integrity, with high mechanical strength of selected restorative
material according to the specific indication, as well as, the luting cement are the most
important factors in improving CAD/CAM restoration prognosis specially in prosthetic
restorations (Ahlholm et al., 2018).

Table 1. Timeline development of some CAD/CAM systems.

Year System/Scientist Company/Place

1970 Dureit and Preston University of Southern California, USA
1980 Mormann and Brandestini University of Zurich, Switzerland
1984 Sopha system Sopha bioconcept.

1985 Cerec 1 Sirona Dental Systems

1993 Procera Nobel Bio Care, Yorbia Linda, CA
1994 Cerec 2 Sirona Dental Systems

2000 Cerec 3 Sirona Dental Systems

2001 Cerec InLab Sirona Dental Systems

2002 Lava 3M ESPE, St. Pauel, MN
2008 E4D Planmecca, E4AD

2014 Cerec 4 Sirona Dental System
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Figure 2. CAD /CAM processes

2.1.2. CAD/CAM systems composition

CAD/CAM systems functionally composed of three major unites (Michael et al.,
2007):

First, (CAIl) Computer aided impression (Scaning) , (Data Collection Unites):

It is referred to computer surface digitization tool that transforms geometry to
digital data then can be processed by the computer. Data collection tools that measure
three dimensional the relation of jaw, tooth structures, then transform them into digital
data software, so when the data is obtained from the site of the preparation they will

convert them to realistic impression (Kalpana et al., 2015) (Figure 2).
A. Intraoral scanner

Intra oral scanner: which save the records of the prepared tooth, directly from
patients’ oral cavity, allowing them to instant designing and production of the dental
restoration. The scanning process is done with either LED based or laser based scanner

device which are considered to be a very correct scanning means (Parasher and Tarun,
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2014). Therefore, it minimizes the dental clinical steps, obtaining a digital impression
with reducing discomfort and the feel of gagging reflex. As an example Sirona
CAD/CAM system has CEREC omnicam as intraoral scanner for scanning of oral

structures as well as implant abutment (Kalpana et al., 2015; Kern, 2009) (Figure 3).

TRIOS 3®, 3 SHAPE ﬁﬁ —

CS 3600®, CARESTREAM

e
o
TRUE DEFINITION®, 3M ESPE

OMNICAM®, SIRONA

Figure 3. Examples of Intra oral scanners

B. Laboratory scanner:

The collection of the data is made either from the die stone model or instantly

from the impression records (depending on the system).

There are more than one laboratory scanners:

a) Optical scanner / 3D scanner

They use a light source “laser” which have been angled next to the sensor, this
angulation permits the coordination to determine 3-D information of the examined
typical in a sort of mechanism (Beuer et al., 2008; Miyazaki et al., 2009) (Figure 4).
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Figure 4. Optical scanner

b) Mechanical scanner

This is another scanning means; the model of stone is scanned by using of fine
ball “contact probe which is very fine to allow the capturing of all fine details of the
prepared tooth. Mechanical scanners are considered to be very accurate” and it involves
more scanning period to construct the fundamental 3D model. Procera Scanners from
Nobel biocare is an instance of mechanical scanner in dental clinics characterized by a
high scanning accuracy (Miyazaki et al., 2009) (Figure 5).
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Figure 5. Mechanical scanner

Second: (CAD) Computer aided design: (3D software program)

It is the stage of designing of virtual restoration, using software data, which in
term computing the millings parameters for fabrication of the restoration. It is provided
by the manufacturers for designing of variety of oral restorations (Kalayci and Bayindir,
2015).

Every Company has its particular software program that can be consumed to
fabricating numerous dental restorations with 3D technology (Beuer et al., 2008)(Table
2). The CAD software design has a previous loaded library providing various designs of
crowns, and bridge frameworks, inlays besides onlays, with full anatomical crowns.
Innovative software programs can manufacture supplementary types of dental
restorations, for example; abutments of implant, frameworks of removable partial

prosthesis, as well as, orthodontic appliances (Ueda and Yamaguchi, 2017).

Once the information is uploaded to the software program of CAD/CAM
system, the laboratory actions will be achieved successfully. Initially, a substantial die,

will be formed, and then heeled by die sectioning steps, and the marginal line will need
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to be evident. In conclusion, the final design of the selective dental restoration with their
detailed information have been described.

Table 2. Some example of software file format for standard computer aided design.

Format License Source

Auto CAD DXF(Drawing Exchange Format)
Auto CAD DWG(drawing )format

Autodesk Inc.

ANSI

IGES (Initial Graphics Exchange Specification) format ] ) .
American National Standards Institute

STEP (Standard for Exchange of Product model International Organization for Standardization
data/ISO 10303) (10S)

The CAD software system begins with planning a request of a model restoration,
that were installs on a prepared tooth, in relation to the marginal design with points of
contact to the opposing dentition. Then the clinician can regulate the restoration;

fissures, cusps, etc. (Alghazzawi, 2016; Ueda and Yamaguchi, 2017).

In former times, all companies had fabricated closed software design that is
compatible with their private individual system, but so they are not suitable for others.
Nowadays, manufacturers have been founded to produce open source information of
software programs, which give a permission of the uses of variable scanner devices with
different CAD systems.

Regarding to each individual company, which is considering to have its own
private confidence, to protect updates of their software programs by the others
(Miyazaki et al., 2009). The previous two-phase digital impression and design software
called CAD phase.

Third: (CAM) Computer aided machine: (Milling Device):

In the CAM phase, prosthetic restoration is manufactured from a solid block of
selected material. In this stage, milling process is carried out through computerized

electrically driven diamond disc or bars (Yeshwante et al., 2016 ; Alghazzawi, 2016).
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Milling center in the clinic or dental laboratories produce restoration directly
from the digital impression and restoration designed data, which have been milled
different materials such as composite, feldspathic porcelain, leucite-reinforced ceramic,
lithium disilicate ceramic, and zirconia in order to get final restoration (Ahlholm et al.,
2018).

Milling devices are distinguished by the number of milling axes that affect the

level of geometric complexity, which can be produced (Miyazaki et al., 2009).

Three-axis devises; with this type of milling process, three degree of
movement(x,y,z) in three spatial directions are present. They have no capability of
milling divergences and/or convergences. Three-axis device can turning the material
block that were used for milling by 180 degree through milling process, example of
three axis device: CEREC in Lab (Sirona) (Kalpana et al., 2015).

Four axis devices adding an ability to rotate the blocks of selected material
infinitely so enable the fabrication of prosthesis having a large vertical height
difference. For example, Zeno cad (Wieland-IMes) (Kalpana et al., 2015) (Figure 6).

Five axis devices add the ability to rotate the milling spindle, so very complex
geometries could be milled throughout this device, eg; iTero system (Sakaguchi and
Powers, 2012).

Figure 6. Illustration of five axis in milling device
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Milling variants

A) Dry processing

Dry processing application is mainly used with zirconia oxide blanks and low
degree of pre-sintering blocks, which offers several advantages such as less investment
costs for a milling device and there is no moisture absorption by the die of ZrO, mold,
as a result no any initial drying times for the ZrO, frame prior to sintering.

In contrast, the disadvantages of the lower degree of pre-sintering that leads to
increase shrinkage of the frameworks. However, some manufacturers offer the options
of milling resin materials with this type of milling process (dry milling) (Beuer et al.,
2008).

B) Wet milling

It is a process of milling that performed by diamond or carbide cutter which are
protected by using a spray of cool liquid in order to prevent overheating of the milled
material. This type of milling process is used for metals or glass ceramic materials to
avoid any damage of material throughout heat development (Beuer et al., 2008) (Figure
7).

Figure 7. Milling process of ceramic block
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2.1.3. CAD/CAM production concepts

Depending on the location of the components of the “CAD/CAM systems”,

three various production concepts are present:

1. Chairside production (Office System).
2. Laboratory production.
3. Centralized production center.

1- Chairside CAD/CAM production

In which the company has its own scanner with milling units, e.g.; Sirona, and
Planmeca. The whole CAD/CAM systems components are located in the dental clinic.
Production of dental restorations can be done at chairside with some laboratory
procedures. Here the digitalization instrument consist of an intra-oral camera, which
will replaces the conventional impression material and commercially offered by Cerec
system (Sirona) through selecting appropriate materials, the dentist can fabricate the
restorations and seat it in the oral cavity within a single appointment (Beuer et al., 2008)
(Table 3).

2- Laboratory production

With this system, the scanning of a stone cast or die of the prepared tooth
(conventional impression) will be send by the dentist to a dental lab (e.g.; Cerec-in Lab)
where as a master cast is fabricated. Most of this system produces copings which
require dental technicians treatment in order to add esthetic material e.g. porcelain for
getting an individualization and characterization of the restoration (Miyazaki et al.,
2009).
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Table 3. Some popular in Lab CAD/CAM system.

Name of the system Scanning method Restoration products
Dux (Titan) Contact probe Titanium substructures

Denti CAD Contact probe Ceramic ;inaly,onlay ,crown ,veneer
Cerecin -Lab Conact probe Ceramic ;inaly,onlay ,crown ,veneer

Decim Laser Ceramic coping

Cicero Laser Ceramic crowns

Lava laser Ceramic coping

Everest Optical Scanner Ceramic coping

3. Centralized production

In this system dental laboratory, use a network connection for fabrication of
frameworks of high strength material. Therefore, as the informations set produced in the
dental laboratory then will be send to the fabrication center through internet connection
for fabrication of the restoration with CAD/CAM devices. Procera system provided the
first application of this type of restoration production system (Beuer et a., 2008;
Yeshwante et al., 2016).
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Some examples of CAD/CAM system:

Procera all ceram system

This system was produced in 1994. It was the first system which obtain the out-
sourced fabrication through an internet link connection. In this system, the master die
have been scanned then the data will be sent to the processing center. Following the
manufacturing process, the coping will be return back to the lab for veneering (Mantri
and Bhasin, 2010) (Figure 8).

Figure 8. Procera digital processing device
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The iTERO

This system was developed in 2007, as one of the first digital impression system
for conventionally manufactured crown and bridges. It employs parallel confocal
imaging and captures 3D digital impression, a device projects red laser light to the teeth
surface so the reflected light transforms to be a digital data using an analog to digital
converter. These scanners are combined with a monitor in order to get 3-D colored
model of both arches. However, in this system the scanning is performed without using
of coating powder (Zarina et al., 2017). In fact, iTERO system, milling the models is
done with a five access-milling machine for fabrication of copying or full coverage
restoration (Lowe, 2008; Taneva et al., 2015) (Figure 9).

Figure 9. iTero intraoral digital scanner
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LAVA chairside oral scanner (LAVA, 3M ESPE):

Actually, it was introduced in February 2008. It includes a mobile cart with a
touch screen display. It has also a scanner with a camera at the end, that consists of
light-emitting diodes (LEDs) and lens systems (Zarina et al., 2017). Using an active
wave front sampling to capture the images at video rates. Then the scanned data are sent
wirelessly to the dental laboratory. In this system, there is availability to create
CAD/CAM copying design (Farah and Brown, 2009) (Figure 10).

Figure 10. LAVA system
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The E4D dentist

The E4D Dentist system had introduced in 2008. In this case, there is a use of
high-speed laser beam combined with a camera to get a serious of 3-D scans of the
tooth. E4D Dentist comprises a laser scanner, called Intra Oral Digitizer. In some cases,
not all, laser utilization allows scanning of different surface, types and colors without
the need of a contrast agent (powder). There is no need to widely opening of patient’s
mouth during scanning process; because of the small scanner device in this system. As
well as, in this system, detection of finishing line is done automatically then it marks on
the screen device. However, in this system milling machine will manufacture the
restoration which is selected from the chosen blocks of ceramic or composite in the
dental office (Zarina et al., 2017; Patill et al., 2018) (Figure 11).

Figure 11 . E4D Dentist system
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CEREC system

An acronym for Chair side economic reconstruction of esthetic ceramic is Cerec
(Kaur and Datta, 2006). The first sort of such system introduced was the CEREC 1 in
1987 and then improved to Cerec 2 in 1996. Nevertheless, the advanced 3-D Cerec 3
has been forwarded in 2000. Currently designed restoration is transmitted to milling unit
for fabrication with C4 model produced in 2014 as CEREC SW4.2.4. (Zarina et al.,
2017; Patill et al., 2018).

The CEREC bluecam has a blue Light Emitting Diode (LED). The camera
system do works by active triangulation techniques, which are used to take multiple
pictures, as it is stitched together to create 3-D model of the teeth. This system gives the
dentists the choice of either implementation in office through fabrication of the
restoration in the same day or sending the digital image directly to the laboratory. Full
contour crowns could be created in 6-12 minutes within milling. In fact, the earliest
models of Cerec system was produced inlays and onlays only, but the newly model, are
able to manufacture of veneer, single full crown as well as bridge and implant
restorations. The important of this system appears through is its ability to provide long-
lasting, tooth-colored prosthetic restorations in a single appointment (M6rmann, 2006;
Mantri and Bhasin, 2010; Kalayci and Bayindir, 2015) (Figure 12).

Cerec systems have several advantages over other systems; a) Preparation of
restoration may be made in one visit, so it will save both patients and clinician times.b)
It may not need interim restoration, so eliminate patient’s potential discomforts. c) As
the thermal expansion of tooth structure is similar to the thermal expansion of Cerec
materials (all ceramic), meanwhile no contraction and expansion of restoration material
with eating hot and cold food will be evident, as in case of metal restorations (Michael
et al., 2007). In spite of the postoperative sensitivity with CAD/CAM restorations is
between 0% to 13% that have been described and most of them was impermanent
(Michael et al., 2007). d) Finally, x-ray can penetrate CEREC materials so enhancing
the dentist to adequate examination of the tooth structure under the restorations (Kaur
and Datta, 2006).
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Figure 12. Cerec system with milling device.

The precision of the digital impression act as a foremost factor that has a
guidance on the fit of dental restoration. So in the first generation of CEREC system the
occlusal surface of restored teeth required selective adaptation. As it provided with a
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standard form of occlusal surface and the occlusal relationship was not taken in account.
However, the new version of CAD/CAM system with CEREC 4.4 software permit the
reconstruction of the occlusal morphological design based on the occlusal surface of the
arch. That is, mean more accurate results in comparison to the previous version (Bohner
etal., 2016).

It has been reported that regardless the data acquisitions are carried out either
precisely in the patient’s mouth (intra-oral) or indirectly from an impression and
fabricating a master cast (extra-oral). Clinical parameters, (e.g. saliva, blood,
movements of the patient....etc.), might effect on the reproduction of restored teeth
(Yeshwante et al., 2016).

Chairside CEREC (Sirona) and E4D technology machines become a very
popular method in prosthetic dentistry for creating good impressions. Reports of more
than 10 years follow up studies for each system have showed quit well out comes by
improving each technological enhancement (Sakaguchi and Powers, 2012).

Currently there are several sorts of CAD/CAM systems in the markets, and when
comparing and contrasting these systems, it will be evident and clear that CEREC C4
and E4D Dentist devices can offer the options of in-office design and milling. However,
they also allow for designing and milling by technicians in dental laboratory. In
contrast, the iTero and Lava COS devices are reserved as their production of digital
impression. It requires design and milling at the dental laboratory or milling center. So,
it is clear that all of these systems produce models from their digital files, whereas the

In-office milling system allows same-day restorations (Dwivedi et al., 2017).

2.1.4. CAD/CAM system classification
1) Close system. 2) Open systems.

According to data sharing, closed systems exhibit all CAD/CAM procedures;
including data collection device, computer generated design, and restoration

manufacturing by a same company. Furthermore, all the steps are unified into one
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system, and there is no exchangeability between other different systems from other
companies. In contrast, in the open systems allow the acceptation of the original digital
data by CAD software and CAM devices from other companies (Beuer et al., 2008).

2.1.5. The ideal properties of conventional impression

The following points should be considered:

1. The impression for prosthetic restorations should be accurate at the time of
impression procedure and should not be distorted prior to a master model and
die(s) fabrication.

. Dimensional stability of impression material.

. Short chairside time of impression procedure.

. Biocompatibility of impression material.

. Appropriate working and setting time for the given procedure.

. Adequate tearing strength of impression material.

. Adequate followability property of impression material.

. Hydrophilic property.
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. Ease of removal and elastic recovery, so that any deformation during removal
of the impression is reversed.
10. Acceptable smell, taste and texture of impression material.

11. Ease of storage is needed of impression (Lowe, 2008).

Dental Impression is regarded as one of the most important and critical tasks in
conventional dental treatment process. In good conditions, the difficulty in impression

procedure will be slightly diminished.

The difficulty of oral impression for prosthetic restoration is affected by many

factors such as:

e  General health condition of the patient.

e Oral care degree of the patient before the clinical treatment.

e The area of the marginal line after removal of the affected tooth structure (sub
gingival or supra gingival).

e Bleeding condition of gingival tissue.
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The intraoral scanner is a modern technology that is greatly related to reduce the
difficulty of conventional impression process. Nevertheless, because intraoral scanners
cannot scan the hidden marginal line behind the gingiva; therefore, it is necessary to

ensure that the cervical collar of the abutment tooth is in a visible condition.

However, in case of conventional impression technique, when using any
impression material, the marginal line cannot be seen directly in some cases ; because of
the overhanging of gingival tissue and bleeding, therefore, gingival retraction and
hemostasis are sufficiently performed then an impression material will flow to the

gingival pocket, so the shape of the marginal design will be change.

While in case of digital impression finish line, geometry cannot be measured by
an intraoral scanner if it is not directly visible. That is why it is regarded as one of the

major disadvantage of intra oral scanning process (Ueda and Yamaguchi, 2017).

2.1.6. The clinical performance of CAD/CAM restorations

e Hardware and software systems: The accuracy of digital impression devices,
milling process and their selective software program as a digital technigques play an
important role in efficiency of the result (Michael et al., 2007).

e Selective adhesion system: The efficiency of luting agent which create a force-
locked linking between the restoration material and underling tooth and/or implant
structure (Kern, 2009).

e Finishing performance: accurate finishing performance with their appropriate
occlusion.

e Operators induced variability: clinical skills and expertise with CAD/CAM
system (Palin and Burke, 2005).

2.1.7. The advantages of using CAD/CAM technology

1- Applications of new materials (High strength materials) that are expected to be used
for prosthetic dental restoration which have been difficult in processing them with

conventional technologies. Therefore, the challenges in application CAD/CAM
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processing system leading to successful uses of ceramic as well as metallic
materials.

Because of increasing demands of esthetic in every dental clinic, CAD/CAM
system provides a patient with restoration that have a natural appearance. As
ceramic blocks are available in a wide range of tints with their identical translucent
properties.

Time is important matter for both patient and dentist.

Reduced laboratories production time.

Impression free dentistry, offers many advantages for patients who often experience
of irritation, sensitivity and/or difficulty during conventional impression process.
As well as there is diminished chance of bacterial invasion, decreased pulpal stress
resulting from excessive cleaning, drying or trauma. So decreased the need for an
additional tooth manipulation saving patients discomfort.

Owing to the creation of full arch of precisely parallel preparation, the computer
can help to calculate and build the coping design adequately, and then can be
cemented to prepared tooth. Therefore, it results in developing of simple but high
performance measuring equipment.

Scanning the teeth and viewing the image on a computer screen will enhance the
dentist to review the preparations and impressions, then makes immediate
adjustments to the preparation or/and retake the impression if it is necessary, prior
sending to the millings unit or a laboratory. This review in seeing a preparation
multiple times and its normal size on a screen resulted an improvement in
preparations.

Providing a supplemental tool for dental laboratories with development of
CAD/CAM system.

With ceramic restoration wears well be in the mouth even for posterior region, it
cause minimal wear to opposing teeth in comparison to the conventional restoration

with amalgam or composite.

10- Another benefit include the possibility to storing of all scans on computer, whereas

the conventional stone models occupy space while can chip or fracture if stored
improbably (Almustafa, 2016; Boujoual et al., 2018; Miyazaki et al., 2009;
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Prajapati et al., 2014; Mobaleghi et al., 2016; Karaalioglu and Yesil Duymus,
2008).

2.1.8. Disadvantages and limitation of CAD/CAM systems

. One of the primary considerations in a CAD/CAM system is the length learning
time for practitioner needs; may range between a few days to several months.

Lack of the clinician’s confidence in using a computerized system is another
problem, which is potential for the dental.

The capital costs of CAD/CAM systems for production of this quality of
restorations.

. The color matching of the patient tooth with shade of selected ceramic may be a
challenge to the clinicians initially.

Most of CAD/CAM system depends on marginal design in digital impression
digitization, making it a challenging when the preparation margins have been place
sub gingival.

. The dentist may need to budget for monthly fees for technical support and software
up gradation since CAD/CAM systems is an ever-sophisticated technology.
Upgrades and updates are to be contemplated (Lowe, 2008; Davidowitz and Kotick,
2011; Prajapati et al., 2014).

2.1.9. Restorations with CAD/CAM technology

Inlays

Onlay

Crowns (permanent and interim)
Endo Crowns

Veneers

Fixed partial dentures

Implant abutments

Surgical guides

Partial denture

Complete Dentures
Maxillofacial prosthesis (Kalpana et al., 2015).
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2.1.10. Materials used for CAD/CAM systems

Metals: Nowadays, titanium, titanium alloys, as well as nickel chrome alloys are

processed using dental milling devices.

Resin materials: this type of materials used for crown and FPD frameworks as
provisional or interim prostheses, like Paradigm MZ100 (3M ESPE, St. Paul,
Minnesota, USA).

Silica-based ceramics: These sorts of blocks are presented by quite a lot of
CAD/CAM systems in order to fabricate different prostheses; inlays, onlays, veneers,

partial crowns, and full crowns.

Lithium disilicate ceramic and Glass ceramics blocks are useful samples for

chairside production.

Infiltrated ceramics: these are fabricated in a porous, chalky conditions after
that infiltrated with lanthanum glass. The whole blocks for infiltration ceramics

originate from the Vita In-Ceram system (Vita) and are available in three different

types:

A- Vita In-Ceram Alumina (Al203): Used for crown coping restoration for
anterior and posterior region.

B- Vita In-Ceram Zirconia (70% AI203, 30% Zr0O2): Suitable for customizing
copings crowns in the anterior and posterior region, especially for discolored
abutment teeth.

C- VITA In-Ceram Spinell (MgAI204): present with high translucent property
so it is recommended for the production of highly esthetic restoration anterior

crown copings, in particular on avital abutment as well as in young patients.

Aluminum Oxide (Al203): with this high quality of ceramic, the grounding
process has been done initially, followed by sintering in high temperature (1520°C).
Fabrication of copings or full crowns in anterior and posterior regions, as well as three-

unit FPD for anterior teeth can be obtained with aluminum oxide blocks.
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Yttrium stabilized zirconia oxide (ZrO2, Y-TZP): Zirconia dioxide is a high-
performance type of oxide ceramic with excellent mechanical properties. It is present
with high flexural strength and fracture toughness value compared with the other dental
ceramics. However, it is recommended for using this material, as framework for crowns

and FPDs, and it is appropriate for individual implant abutment (Zarina et al., 2017).
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2.2. Tooth Preparation Design

The main goal of this procedure is to make a place for the new restoration
(prosthetic crowns and conventional bridge) as it includes the removal of the structure
of teeth. However, the importance of tooth structures preservation guides to the
development of less invasive and ultra conservative dentistry, through production and
continuous introduction of new metal free restorative material and new adhesive
cement. This will offer more clinical reliability, through enhanced adequate mechanical
and physical properties of these restorative materials (Tsitrou et al., 2010). Meanwhile
tooth preparation for crown restoration is an essential and former stage to confirm good
biological, mechanical and aesthetic performance of the last restoration. Therefore, the

following points should be considered:

1. Amount of tooth reduction.
2. Finish-line form.

3. Preparation taper.

4. Line angle.

5. Surface texture.

6. Retention and Resistance.

2.2.1. Tooth reduction:

In order to form indirect restorations a substantial sufficient tooth structure
should be lessened throughout tooth reduction procedure. The restoration types will
adjust the number of tooth structure reduction that is required, which is regularly (0.5
mm - 2mm) for full coverage restorations. These considerations that can influence tooth
reduction amount, for instance; the place with the alignment of the tooth, situation of
the gingival margin, occlusal relationships, aesthetical requirement, the tooth

morphology and the position of smile line (Ricketts and Bartlett, 2011).

The metal casts are too mush firm, whatever thin sections was present with 0.5
mm marginal depth of the restoration is adequate for construction any metal dental
restorations; this is regarded as one of the most conservative full coverage crown

restoration (Shillingburg and Herbert, 2012). Nevertheless, because of its opaque color,
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it is just used for posterior region of the oral cavity. So porcelain material used to glued
to the metal crowns if it is used in all aesthetic zones, the requirement of the tooth
reduction is about; (1.5 mm — 2 mm). This range of thickness is necessary; because of
the metal framework should be enclosed with layer of porcelain, then a thin layer of
aesthetic ceramics have been added which enhance to inform a natural appearance.
Previously, all ceramic crowns porcelain jacket crowns require extensive tooth
reduction; (2 mm) to give a space for a bulky restoration in order to, resist the

mastication forces (Almustafa, 2016).

On the other hand, the amount of the tooth reduction depends on the thickness of
the selective restorative material, aesthetical and structural durability are obtained with a
minimum thickness when using new ceramic materials, which not require the presence
of metal substructure (Sannino et al., 2014). Although, statistically significant
difference between the amount of tooth structure loss for full coverage restorations had
not been evidence in zirconia full coverage preparations compared to PFM and Lithium
disilicate glass-ceramic full coverage crown in Ebrahimpours MSc thesis, but
statistically significant more preservative preparation tooth structure with zirconia full
compared to PFM and Lithium disilicate glass-ceramic full coverage crown preparations
(Ebrahimpour, 2017).

2.2.2. Finish line preparation

Tooth preparation for each crown restoration needs the choosing of a suitable
finish line. The form of marginal design will guides the restoration seating, the
thickness of luting cement material, marginal gap, and cementation process. Each type
of dental restorations; all metal, porcelain fused to metal, or all ceramic, suggest their

marginal design of finish line that have been used.

Most frequently used, marginal designs are: knife-edge, chamfer, deep chamfer,
shoulder and shoulder with bevel (Shillingburg and Herbert, 2012) (Figure 13).
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Figure 13. Types of finishing line.

Micro-leakage as a consequence of inadequate fit and cement dis-solution may
be related to many problems, like pulpal inflammation, plaque retention leading to

periodontal disease as well as secondary caries.

Many authors examined the effect of the marginal design of finishing line on the
occupation of indirect restorations in their researches (Table 4). Variable marginal
preparation design of finishing line ( knife edge, chamfer and shoulder), have been
demonstrated to evaluate their effect on the fracture resistance of restoration material

and specially when fabricated with CAD/CAM system.

As consequence of the information acquired from these studies, shoulder and
chamfer preparation finish lines have been recommended for all ceramic restorations
(Al-Joboury and Rasheed, 2015). Therefore, in case of root-canaled teeth, which were
compromised coronally, endocron preparation has been suggested with slight shoulder
marginal design (Beuer et al., 2008). Nevertheless, the previous study contradicted the
resulting data of another study that a shoulder, or heavy chamfer finish lines have been
recommended resulting in the best marginal fit (Al-Zubadi and Al-Shamma, 2015).
Therefore through reviewing different studies, related to the most preferable marginal

design that have been used (Table 4).
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Table 4. Some research on different finishing line types and thickness related to the

fracture strength of restoration.

Names of researchers /
year

Preferable Finishing line

Rammelsberg et al.,2000

Chamfer FL had better resist fracturing than shoulder FL
especially for posterior teeth.

Che et al., 2004

Shoulder FL is preferable than chamfer one.

Di-lorio et al., 2008

Shoulder FL is preferable than chamfer one.

Beuer et al., 2008

Shoulder FL is preferable than chamfer one.

Jalalian and Aletaha, 2011

Chamfer FL better resist to fracture than shoulder FL.

Cortellini et al., 2015

Using Knife edge/Chamfer FL / no effect of FL on fracture
strength.

Ahmadzadeh et al., 2015

Using Shoulder and chamfer FL / no effect of FL on fracture
strength.

As the marginal thickness increase, resistance to the fracture will

Olio et al., 2016 increase.
As the marginal thickness incr resistan he fr. re will
Zhang et al., 2016 insc:e;e arginal thickness increase, resistance to the fracture wi

Hatice Ozdemir, 2018 Shoulder FL is preferable than chamfer one.

However, no significant different statistically between shoulder and chamfer
finishing line have been considered with CEREC composite resin crown when it was

used for preparation of interim crown restoration (Kelvin et al., 2016).

Regarding, the location of the finish line which can be located even: Supra

gingival, with-gingival margin or sub-gingival. The supra-gingival one are
recommended (Ann et al., 2014). Since they have the less impacts on periodontal tissue,
which are considered in areas where aesthetical recommendation are not of importance,
and the core of the preparation tooth located supra-gingivally. Therefore supra-gingival
marginal preparation of each tooth with an adequate finish-line has a variety of
advantages such as protecting periodontal tissues, due to the simplicity of preparation
and easy to remove and clean any extra luting cement materials, finally, simple to check

and follow up the integrity of the dental restoration (Nugala et al., 2012).

The equi-gingival finish line: It believes to be used in situation, which enhances
the accumulation of plaque, so leading to patient suffering from gingival inflammation

followed by gingival recession. Although, restorations with smooth margins and highly
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polished materials present with CAD/CAM chains (Khuller and Sharma, 2009; Nugala
et al., 2012). The sub-gingival finish line used in certain situations with the need of

aesthetical and restorative considerations with selective patients (Nugala et al., 2012).

The evolution in dental materials, adhesive dentistry and resin cement,
frequently required where aesthetic demands have been increased (Aycan, 2018).
Especially in cases of patients suffering from problems with discoloration teeth,
wherever the need of perfect teeth preparation in the anterior region. Therefore, well-
fitting should be controlled to ensure the periodontal structure conditions. Even, though
in patients with a short length of clinical crown, preparation with such design of
finishing line positioned can increase the length of the prepared tooth. Therefore,

retention and resistance form will be improved (Almustafa, 2016).

Restoration of tooth with an extensive carious problems and/ or subgingival
tooth fracture, for providing a ferrule for endocron restoration (Sreedevi et al., 2015).
When considering the sub-gingival finish line, never be exceed the half of gingival
pocket (0.5 mm- 1 mm) with the biological respected (Nugala et al., 2012).

Inlay Onlay Crown

A\ A A A A A\

Figure 14. Some types of fixed restoration.

2.2.3 Retention and resistance form of restoration

Retention is a property of preventing dislodgement of restorations within their
path of insertion. Whereas, resistance is a form of prevention the removal of the

restoration by any type of oblique or horizontal forces.

For any indirect restoration to resist their dislodgment and removal, appropriate

occlusal-cervical dimension of the tooth in relation to the tapering measurement have
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been regarded as one of the important factors (Blair et al., 2002). There is a respective
relationship between the tapering degree of final preparation and the resistance to
dislodgement of their restoration prosthesis. As it is considered as the primary retention

or resistance form of a crown restoration (Shillingburg and Herbert, 2012).

Secondary retention form as well as secondary resistance form may existed in
areas with  poor primary retention, as in patients with short clinical crowns, through
adding pins and grooves to the existed preparation, and present in case of using new
adhesive cement with high quality, adequate quantity and a new technology with digital
impression using CAD/CAM systems. The retention and resistance form of a dental
restoration are related to the longevity of survival rate of each restorations (Sharma et
al., 2012).

2.2.4. Preparation taper

Convergence angle: refers to the angle between two opposing axial surfaces, and
it is an important characteristic factor, which enhance the retention and resistance form.
Formerly in 1923, Prothero et al reported that a tapering degree of 2-5° was the
optimum need when preparing each tooth for single restoration. Nevertheless, it was not
exposed to be in scientific revisions until 1950s, when others operated variable tapering
angles. They found that the retention of crowns by application of tensile forces, and
their conclusion did support the tapering degree of a range between 2° and 5° following

the recommendation of Prothero (Almustafa, 2016).

Although clinically it was very difficult to achieve and measure the tapering
angle, so the mean convergence of tapering angle of the preparation clinically were
ranged between 5° and 12° (Sharma et al., 2012). Therefore, it has also been found that
when tooth in posterior regions were prepared, they have greater tapering degree in
comparison with the teeth in anterior and premolar regions. This may be probably
related to the adversity in entrance and clinicians’ assessment, keeping away from

damaging neighboring tissue as well as closest tooth (Almustafa, 2016).
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2.2.5. Surface texture

Following finalization of the preparation procedure, the surface roughness of the
prepared tooth should be smoothed in order to be present without any undercuts or
revers beveling specially at the margin, which can improve marginal fit of the
restoration and enhance the adequate digital impression. However, others have shown
that surface roughness may help in increasing the retention form of the crown
restoration with a certain type of new adhesive cement (Ricketts and Bartlett, 2011;
Nejatidanesh et al., 2015).

After the tooth preparation have been completed and the tissue will be retracted
to visualize the tooth margins, the tooth should be dried up and be ready for scanning.
Although in some scanning system there is a use of an oxide powder on the prepared
tooth to remove optical high light reflect from the surface of the preparation and to
enhance to scan with adequate quality of measurement. The Scanner device use either a
serious of static images or a stream of video images to capture the geometry of the tooth
preparation as well as their surrounding structure in the oral cavity including neighbor
teeth and or opposite dentition (Sakaguchi and Powers, 2012).
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2.3. Ceramics:
2.3.1. Introduction and history

The origin of Ceramic word is keramos (Greek word) which means potter’s
clay, it is a man-made material which was resulted from mixing and burning of
different metallic and nonmetallic elements. Metal oxide is the main component of
ceramic which is produced by an oxygen unions with metals elements such as;
aluminum, calcium, titanium magnesium, potassium, Lithium sodium, tin, zirconia,

and non-metal elements such as silicon, fluorine, boron (Tutal et al., 2015).

Ceramics came to be used in dental clinics to serves such purposes; to
watchful practitioners in dentistry to the truth of the using ceramics, since former
time, performed the adoption of ‘high technology’ versus ‘craft art’. The
reinforcement concept of improved ceramics is a second purpose, which are solving
specific problems and increasing the proficiency of the restoration. As well as
providing a gentle background to the science of ceramics (Kelly and Benetti, 2011).
As one go back to the history it become evident that ceramic have been used in
dentistry for more than 100 years (Gracis et al., 2015). A French dentist De chement
invented the first porcelain tooth material in 1789 to be introduced to dentistry. In
1808 ceramic teeth “terrametallic” patented by Italian dentist Fonzi that were held in
place using platinum pins or frame. As developed and improved version of platinum
teeth in 1837. In 1903, Charles Land presented the first ceramic dental crown (El —
Dessouky, 2015). In contrast, first commercially available dental ceramic crown was,
introduced in 1963 by Vit Zahnfabic (Raghavan, 2012).

In general, ceramic restorations have been limited to anterior regions prior to
the production of monolithic Lithium disilicate and zirconia restorations. So
nowadays, these types of restorations have no limitation of where they can be used as
a restoration in the oral cavity (Helvey, 2013). At present study Feldspathic and
Lithium disilicate ceramic blocks are used as an examples of ceramic material made
by CAD/CAM manufacturing system, however the clinical success of such materials
have been well documented by many authors and dentists. (Yalim and Turker, 2012;

Cetindag and Mese, 2016; Zimmermann et al., 2017).
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2.3.2 Ceramic composition

There are 3 basic components in the structure of the ceramics that are used in

dentistry; feldspar (75-85%), quartz (Silica, sand) (12-22%) and kaolin (3-5%)
(Anusavice et al., 2013b).

>

Feldspar material consists of the combination of potassium alumina silicate;
(K20AI2036Si02) and sodium alumina silicate; (Na20AI2036Si02).Which
gives transparency to porcelain. As they melted in firing process, a yellow
feature of them is a result of their combination to kaolin and quartz (Karadag,
2018).

Quartz is made of silicon dioxide which protects the form of porcelain
material from shrinkage during firing process and stabilize their performances.
(Saint-Jean, 2014).

Kaolin (AI2032Si022H20) is an aqueous aluminum silicate structure. It
gives a shape to the porcelain clay and gives opaque property to the porcelain
restorative materials (Anusavice et al., 2013b).

Other compounds, such as potassium oxide (K20), magnesium oxide (MgO),
barium oxide (Ba20), sodium oxide (Na20) are glass-modifying agents. They
are used to decrease the melting point of glass material. And as the ceramics
used in dentistry need to be highly resistant to flow during firing, these
compounds are used in order to decrease the melting degree through sintering
process (Anusavice et al., 2013b).

The viscosity and hardness of ceramic can be increased with aluminum oxide
(AI203).

Heat-resistant components such as titanium (Ti), iron (Fe), manganese (Mn),
copper (Cu), cobalt (Co) and nickel (Ni) are used to give a color to porcelain.
(Karadag, 2018).

Opacification agents such as titanium oxide, and zirconia oxide are also used.
(Saint-Jean, 2014)
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2.3.3. Classification of dental ceramic

Commercially the availability of quite many types of dental ceramic, each

having it is own specific physical properties, clinical use and production method make

the classification of ceramic in dentistry becomes a very difficult task. Due to vast

modification and because of continuous improvement made in ceramic production and

in its composition. As a consequence dental ceramic have been categorized in

distinctive ways in literatures (Raghavan, 2012).

Nevertheless, the general idea of some classification of ceramic in dentistry

has been outlined down below:

1. Microstructural classification: (Raghavan, 2012).

3.

Class 1: Glass/based system; mainly silica.
Class 2: Glass/ based system; mainly silica with filler, as they are usually
crystalline; for example leucite to be:
A. Low to moderate leucite-containing feldspathic glass.
B. High leucite ;approximately 50%, containing glass, glass ceramic.
C. Lithium disilicate glass-ceramic.

Class 3: is a crystalline-based system with glass fiber , mainly alumina.

Class 4: is a polycrystalline solid for e.g.; alumina and zirconia.

Based on their application in dentistry : ( Sakaguchi and, Powers, 2012):

A. All-Ceramic crown, including veneers, onlays, inlays and that are used in
fixed partial prosthesis.

B. Ceramics used for metal-cermic crowns.

C. Ceramic used as orthodontic brackets, dental implant abutments, and

ceramic teeth for complete removable dentures.

Based on firing temperature: (Lino Carracho, 2011) :-
A. High fusing greater than 1300 C°.

B. Medium fusing 1100 C°-1300 C°.

C. Low fusing 850 C°-1100 C°.

D. Ultra-low fusing less than 850 C°.
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4. Based on the composition (Schmalz and Arenholt-Bindslev, 2009) as
illustrated (Figure 15).

Al,0,(30um grain size), though potassium feldspar
(K,0AIl,046Si0,)and sodium feldspar (Na,0Al,056Si0,)

Silicon Dioxide  Glimmer(in glass ceramic)
(SiOy) — Leucite (K,0Al,0,4Si0,) (in glass ceramic)
(Feldspar-based) Lithium oxide (in glass ceramic)

Lithium disilicate (in glass ceramic)

ﬁ:ugﬁnum Oxide(Al,Og)Aluminum(@- | anthanum  glass  (low  viscosity
203) __ infiltration cast as matrix within the

Magnesium-Aluminum Spinel (MgAl,O,) sinter scaffold; In-Ceram systems),

Main Magnesium-Aluminium Spinel (MgAl,O,) Zr0, as additive to Al,O; powder
Compound
Yttium oxide (Y,0
Zirconium dioxide . .( 209 . .
(Zro,) = Yttrium-stablized tetragonal zirconia polycrystals

(YTZP)

Calcium Phosphate

Hydroxyi apatite (HA)

Tricalcium phosphate (a-TCP,3-TCP) == Animal Implantation
Tetracalcium phosphate (TTCP)

Mixtures

Figure 15. Classification of dental ceramic according to composition.

2.3.4. Ceramic properties

Ceramic become quite popular and widely used in dentistry (Thompson and
Rekow, 2004), as they are highly advantageous (Al Mously et al., 2014). It is
considered as a choice material, because of their low cost and availability (Li et
al.,2014). However common important characteristics of restoration with ceramic
system are their proportion of glassy phase with their amount of porosity, and both of
them influence the optical and mechanical properties of the final restoration (Denry
and Holloway, 2010). Mechanical properties of different ceramic material and tooth
Structure have been referred to by (Guess et al., 2011) (Table 5).
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2.3.5. Mechanical properties of dental ceramics

An improvement in all-ceramic restorations through increasing the
mechanical property of the material is one of the main goals of dental clinicians
(Danzer, 2014). However the relation between the mechanical properties of dental
ceramic, and its clinical performances may influenced by a lot of variables (Ertiurk et
al., 2015). Some of these properties, are strength and fracture toughness. Which have
been regarded as, the first parameters need to be understudied by the clinical
potentiality and the limits of a ceramic material in dentistry (Lino Carraco, 2011).

Stress is defined as the internal reaction of the material to the extrinsic forces.
Therefore leading to elongation, compression, shear, torsion or bending and in brittle
material as it increased resulted in fracture of the material (Powers and Wataha, 2013).
There are different type of stress; compression, tension or shearing ,twisting moment,
bending moment (Sakaguchi and, Powers, 2012) .In general dental ceramic present
with week tensile strength in related to the compressive strength that explain its
reaction at the tip of the cracks by deformation and fracture of the restoration (Gliler et
al.,2012). Therefore, tensile strength is considered more meaningful compared to
compressive strength when testing this property in brittle dental material such as,

ceramics (Danzer, 2014).

Strain is defined as the amount of deformation (change in the length) per
original length of the material body when subjected to the external forces or load

which usually reported as a percentage (Anusavice et al., 2013b).

Elastic limit is described as the maximum stress that the material can resist
without any permanent deformation means illustrate the elastic behavior of the
selected material (Homaei et al., 2016). Whereas the yield strength of any material is
defined as the amount of the stress at which the material deform permanently; plastic
manner. Both are regarded as the most important properties through its definition of

transitional grade from elastic to plastic behavior (Johansson et al., 2014).

Strength in dental material is referred to the ultimate stress value necessary to

cause the fracture or plastic deformation of such material (Anusavice et al., 2013).
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As they affected by the size of flaws, and the defects if it was present on the

surface of the selected ceramic material (Burke, 1999).

The fracture toughness is defined as the mechanical resistance of the material to
crack propagation and the resulting catastrophic failure. (Duan and Griggs, 2015).
Unlike strength, which depends on the size of the initiating cracks present on the
surface of that particular specimen (Nordahl et al., 2015). Fracture toughness is thus
considered a more meaningful property than strength when validating a material’s

suitability for structural components (Hussain, 2008 ; Alkadi and Ruse, 2016).

In spite of the presence of adequate statistical design (De Jager et al., 2005),
still cracking as well as fracture of brittle ceramic components have been recorded
(Pieger et al., 2014). Through reviewing and well discussing the theory of different
type of stress and their consequences, by Danzer in 2014, the methods of increasing

the material strength, in order to, prevention of an unexpected failure of components.
Different stress categories include (Danzer, 2014):

A. Hidden stresses: Caused by thermal strain discrepancy, by contacting
B. Component’s quality and their surfaces and edges.

C. Appropriate handling of ceramic materials.

2.3.6. Factors related to the fracture and fatigue of ceramic restoration

In fact they come under different chatagories such as: (Weyhrauch et al., 2016;
Lameira et al., 2015; Zahran, 2013 ; Tiirkoglu et al., 2010)

> Factors related to the restoration, which are:

e Composition of ceramic materials.

e Finishing and glazing

e Crown dimension and geometry

e Core/veneer thickness

o Different ceramic mechanical and physical properties.

e Internal fit of the restoration.
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> Factors related to the oral environment:

e Oral fluid
e Change in temperatures

e Occlusal forces.
» Factors related to the supporting structure (Ayad, 2008):

e Modulus of elasticity

e Preparation characters

» Factors related to the luting agent:
e Adhesion mechanisms
e Cement layer thickness.
e Mechanical properties of selected cement material.
¢ Efficiency of bonding between cement and ceramic.

o Efficiency of bonding between cement and supporting structure.

Actually, it have been referred to that, material thickness has a primary important
effect on fracture resistance of ceramic restoration (Miyazaki and Hotta, 2011; Zhang et
al., 2016). In fact, the strength of restoration material is one of the preferred parameters
applied by dentist in order to select clinical indication of the needed restoration
(Zimmermann et al., 2017). They pointed out that fracture resistances of all ceramic
restoration are affected by the following four parameters which are restoration design
(Whitton et al., 2008), tooth preparation, cementation (Cubas et al., 2011) and material

thickness.

2.3.7. Indications and contraindications of ceramic restoration:

Ceramic restorations are considered as the best, in resembling the appearance of
natural teeth (Awada and Nathanson, 2015). Therefore, it is indicated where
predictable performance and esthetic needs (Anusavice et al., 2007). While the
contraindication of using such type of restoration is, first; the limited inter-occlusal
distance; in case of deep overbite and, short clinical crowns as well as in patients with

supra erupted of the opposing tooth (Conrad et al., 2007). Second one is areas of heavy
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occlusal forces, especially in cases with para-functional habits such as, bruxism due to
brittle nature of ceramic material. Third, is in the patient with inability of maintenance
of dry field with cementation process. The fourth contra indication is tooth with deep
sub-gingival preparation which is not considered as an absolute contra indication (Al
Dehailan, 2009).

2.3.8. Advantage and disadvantages of ceramic restorations:

Indirect all-ceramic restoration requires at least two appointments to be
achieved as well as additional fees, making them to be more expensive. Brittleness of
ceramic material needs appropriation with adequate thickness to avoid fracture of
restoration in the future. Then wearing of the opposite dentition as well as repairing of
the fractured restoration is difficult. All these factors regarded to be the main

disadvantage of ceramic restorations (Al Dehailan, 2009; Addreescu et al., 2017).

Nevertheless, in spite of presence of disadvantages of ceramic restoration, still
they do exhibit many great noticeable advantages such as realistic appearance,
biocompatibility and well tolerated by surrounding periodontal tissue, as well as if they
well polished and glazed, reduce the dental plaque adherence, and color stability is
regarded as one of the important advantage of ceramic restorations (Aboushelib et al.,
2016 ; Tiu et al., 2015).

52



Table 5. Mechanical properties of different ceramic material and tooth structures.
(Guess et al.,2011).

Modulus | Hardness | Toughness Strength CTE°C

Material (GPa) GPa) | (MPam®) | (MPa) | xx10° | TMngCC)
Vitablocks
(feldspathic) 45 NA NA 154 9.4 780-790
Lava Ceram 78 53 1.1 100 10.5 810
IPS e.max ceram 60-70 5.4 NA 90 9.5 750
IPS e.max ZirPress 65 5.4 NA 110 10.5-11 | 900-910

(flour-apatite

Dicor 75 3.4 1.4 290 9.8 850
Empress esthetic 16.6-
(Leucite) 65-68 6.2 1.3 160 175 625
IPS e.max Press 10.2-
(Lithium disilicate) % 58 2.75 400 10.5 915-920
IPS e.max CAD 10.2-
(Lithium disilicate) % 58 225 360 10.5 840
2053
In-ceram Alumina 280 20 35 500 7.2 melting
point
Procera Alumina 340 17 3.2 695 7.0 1600

Cercon 210 12 9 1300 10.5 1350
IPS e.max

Zir CAD 210 13 55 900 10.8 1500
Lava 210 14 5.9 1048 10.5 1480
DSC Zirkon 210 12 7 1200 104 1500
2706

In-Ceram YZ 210 12 59 >900 10.5 melting
point
Procera Zirconia 210 14 6 1200 104 1550

Prettau Zirkon

Zirkonhzahn 210 12.5 NA 1000 10 1600

Dentin 16 0.6 3.1 - 11-14 -

Enamel 94 3.2 0.3 - 2-8 -
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2.3.9. Chairside CEREC CAD/CAM materials

CEREC means; Chairside Economical Restoration of Esthetic Ceramics or
Ceramic REConstruction. According to this description, this system is mainly based on
chairside treatment which is very comfortable to the clinician and the patient when
completing the restoration process in a single appointment (Franklin, 2015). Some of
these are referd to down below as:

» Esthetic ceramics:(Feldspathic)
Feldspathic ceramic:

Are available in market with a brand name of Vitabloc Mark Il (Vident) and
CEREC Blocs (Sirona Dental), which contains a glass phase that allowing them to be

etched and adhesively bonded for better retention.

Vita Mark | (VitaTM Mark |, Vita Zahnfabrik, Bad Sackingen, Germany): They
were introduced to dental markets as first CAD/CAM restorative materials in 1985
.These blocks were contain fine grains of feldspathic ceramic, having a flexural
strength of 120 MPa. That was used for veneer, onlay, and inlay restorations. Whereas
Vita Mark Il introduced in 1991, present with flexural strength (100 MPa -160 MPa),
which was considered suitable for monolithic anterior crowns as well as inlays, onlays
veneers fabrications. CEREC Blocs entered the market in 2007 (Fasbinder, 2009), as
they manufactured by Vita Zahnfabrik. However, there are two types of CEREC Blocs:
One is CEREC Bloc C in monocolor that is highly translucent and used especially for
inlays and partial crowns production. The other one is CEREC Bloc PC; polychromatic
which is suitable for producing of posterior crown restorations. They are available in 6
shades and 3 chroma; degree of color. (T) For translucent one, (M) for medium one, and

(O) for opaque color (Blylkbayram et al., 2016).
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» Esthetic ceramics (leucite-reinforced)

Pro CAD:

ProCAD (lvoclar-Vivadent, Schaan, Liectenstein), introduced as a first leucite-
reinforced glass-ceramic blocks for CAD/CAM system in 1998. Nine shades presents
with either high translucency ;(HT) or low translucency ;(LT). The structure of this
material when examined, it was similar to the heat pressed ceramic Empress TM;
(Ilvoclar Vivadent) (Sen ve Tuncelli, 2017).

Express CAD:

It was introduced in 2006. Express CAD has 45% leucite with particle size about
1-5um that resists the machining damages. As they recommended for single tooth
restoration, it has three forms: polychromatic, high and low translucency (Susic et al.,
2017).

Paradigm C:

Introduced in 2006, as a new material, by 3M ESPE that was a glass ceramic
block made out of a two phase leucite-reinforced ceramic. The indications of this
material were the same like Paradigm MZ100, which present with six different shades
(Fasbinder, 2009).

» High strength ceramics

IPS e.max:

Is a Lithium disilicate glass-ceramic blocks used for CAD/CAM restorations. It
was introduced in 2006. It has flexural strength (350-450 MPa) which is higher than

leucite reinforced dental ceramics (Fasbinder, 2009).

Lithium disilicate-based glass-ceramics, in order to extend the indication range
of glass-ceramics beyond to the anterior teeth, that showing significantly higher strength

and fracture toughness compared with the leucite type glass-ceramics.

This material demonstrates significantly higher crystal content (up to 70 %)

compared with that of leucite glass-ceramics. Therefore, the high degree of interlocking
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crystals, which exhibits strength of 350 MPa and a fracture toughness of 2.5 MPa. This
material (IPS e.max Press, Ivoclar Vivadent AG) suitable for fabricating crowns and
frameworks for three-unit bridges, using the well-established press technique. These
products are subsequently coated with a fluoroapatite glass-ceramic in order to resemble
the optical properties of natural teeth (Li et al., 2014). The reliability of this material
was shown by several in vitro and in vivo studies (Alghazzawi et al., 2012;
Baladhandayutham et al., 2015 ; Saglam, 2017).

Nevertheless, it shows preferable machining properties. In its intermediate stage,
the material has a bluish color and exhibits very low chemical durability. However,
these properties change significantly during the crystallization process at 850 °C in
which the Lithium meta silicate is transformed into a durable Lithium disilicate glass-
ceramic with a selected dental color. Solid-state reactions significantly improve the
chemical durability of the material and impart the tooth-like optical properties
(Ritzberger et al., 2010).

» Composite resin (final restoration)

Paradigm MZ100 (3M ESPE):

It was introduced in 2000 as resin based composite with 85% zirconia silica
ceramic by weight. It is an aesthetic material with improvement in their physical
properties as well as clinical performance. The indications of this material were veneers,

crowns, inlays and onlays (Gracis et al., 2015).
» Composite resin (temporary restorations)

Vita CAD-temp (vident):

It is highly cross-linked microfilled polymers, which is available as big size of
blocks, in order to be used for preparation of multiple units of fixed prosthetic
restorations. It comes with four shades (Fasbinder, 2009).
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2.4. Dental Cements

All indirect dental restorations for adhesion to the tooth surfaces do require
choosing correct dental luting cements. It is one of the important steps of prosthetic
restorations, as it will result in the long-term success of the restorations (Ladha and
Verma, 2010).

Loss of the retention of prosthetic dental restoration generally lead to a failure of
the crown and/or fixed partial denture (Paul, 2015). ‘Luting’ a word was originated
from a Lutum; which is a Latin word meaning mud. The luting cement will create a link
between a restoration and prepared tooth surface. It will bond them together with
different form of surface attachment either; mechanical, chemical, or micromechanical
even may be through combination of them. Whereas, the Bond term means attraction
reaction between two different surface which may be through a chemical or physical
interaction. However Cement; is a common term of joining medium that enhance the
adhesion or micromechanical locking between several surface to be connected together
(Paul, 2015).

As Malment and Scransky in 2001 stated that, “A luting agent might not only
attach a restoration to a tooth but also act as a physical shield to mask the weak qualities
of dentin and other low modulus materials which is used as cores” (Malament and

Socransky, 2001).

With a significant progress in development of bonding techniques, that expected
to be a field of great interest in dentistry in the near future. Increase of both the strength
of ceramic through reduced fracture rate and survival rate of ceramic restorations is
evident. Cementing with resin luting agents which provide a chemical bond between the
cement and the tooth surface together with the salinization of the glass material have

been well developed (Davidson, 2001).

Some of an over view of luting cements have been summarized according to the

date of their production in (Table 6).
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Table 6. List of development of luting agent in dentistry

Cement Year

Zincoxide euginol 1875

Zinc phosphate 1880

Silicate cement 1940

Zinc Polycarboxylate 1968
Glass-ionomer cement 1969
Composite resin cement 1975

Resin cement 1986

Resin modified glass ionomer cement 1990
Poly—Acid Modified composites (compomer) 1993
Self-etching 2000

Self adhesion resin cement 2004
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The cement properties generally include (Gresnigt et al., 2016):

Its biocompatibility to teeth structure and its surrounding soft tissue.

Having adequate mechanical properties involving; high bonding, tensile, shear
and compressive strength to the underlying tooth and/or implant structure.
Sufficient physical property as adequate resistance and retention strength, low
solubility and viscosity, good working and shot setting time and radiopaque
character.

Having good marginal sealing properties to prevent or reduced marginal
leakage.

Should not be soluble in water or oral fluid and should not absorb water
(Rosenstiel et al., 1998; Rickman and Satterthwaite, 2010).

4
Luting Agent
According To Their
Longevity
I .
Temporary
(Provisional ) Permenent
Cement (Definitive) Cement

Zinc Oxide Euginol Luting Bonding

Zinc Phosphate Resin Cement
Zinc Poly Carboxilate

Glass lonomer
Resin Modified

Glassionomer

Figure 16. Classification of luting agent according to their longevity
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2.4.1. Types of cement
»  Zinc phosphate cement:

Have a long-term successful rate with a history of more than a century.

This type of luting agent will provide retentive seal through mechanical bonding .in fact
the surface area of tooth structure, tapering and length of preparation design show a
critical role in success of such restoration fixed with zinc phosphate cement.

Zinc phosphate cement produced by mixing of liquid (phosphoric acid) and powder
(zinc oxide and magnesium oxide).

It has moderate compressive strength (62-101) MPa and low tensile strength (5-7) MPa
(Paul, 2015; Alakhras, 2011).

» Zinc polycarboxylate cement:

These cements as a water bases cement type used permanently for retention of
crowns and bridges. These kinds of cements are not as solid as zinc phosphate cement,
but they are fewer irritating to the pulp. The main things of zinc poly carboxylate
cements are moderate viscosity, moderate strength, fitness to bond to enamel, and mild
acidity. Mixed polycarboxylate cements appears to be very viscous (thick), nevertheless
it flow readily when used to the surfaces to be cemented. The compressive strength of
poly carboxylate cement is not as much of glass ionomer cement; however, it provides
clinically satisfactory retention for well-fitting restorations. These cements are slightly
acidic (low pH) when first mixed, although the acid is softly dissociated. Histologic
results are like to those of zinc oxide-eugenol cements, but further reparative dentin is
complying with the zinc polycarboxylate. Zinc poly carboxylate cements bond well to
sand blasted gold alloys, while clinical studies have not appeared better-quality

retention with these cements. Some characters of this type are:

It was invented since 1968.

It was first cement exhibit chemical bond to the tooth structure.

It is produced from mixing of liquid (polyacrylic acid) and powder (zinc oxide and
magnesium oxide).

Compressive strength (67-91) MPa and low tensile strength (8-12) MPa.
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Because it may undergo plastic deformation under loading after setting the use of zinc
poly carboxylate cement is confined to single crown or short fixed bridge, so it has

limited use in general (Paul, 2015).

> Glass ionomer cement:

These kinds of cements are water-based cements used for last cementation of
crows and bridges. Minimum requirements are explained by the American nation
standards Institute- American Dental Association (ANSI-ADA). The value of
compressive and tensile strengths of glass ionomer cements are the same as those of
compomer, high hybrid ionomer, and zinc phosphate cements. The cement has the
nonirritating values of zinc polycarboxylate cements. On the other hand, a calcium
hydroxide based is suggested for pulpal protection when the ionomer cement is benefit
from a deep cavity. Because of fluoride incorporated in the powder, the cement has an
anti-cariogenic effect as it is leached out. Retention of glass ionomer cements is

primarily micromechanical, while some chemical bonding occurs.

It has a character of fluoride release

Its role is to adhere to the tooth structure by ionic bond formation between tooth —
cement.

It can be produced through mixing of liquid (polyacrylic acid and tartaric acid) and
powder (alum inosilicate and fluoride)

It has moderate compressive strength (85-126) MPa and low tensile strength (6-7)
MPa (Paul, 2015).

» Hybrid ionomer cement:

The second types of cements (resin modified glass ionomer cements) are water-
based cements designated for permanent cementation of alloy crows and bridges to
tooth arrangement and core buildups, cementation of posts, and bonding of orthodontic
appliances. There are more than one inventions are not mentioned for cementation of
lower-strength all-ceramic inlays, onlays, or crowns for the reason that their water

sorption, which leads to leads expansion and can reason cracking of the ceramic
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rebuilding. Hybrid ionomer cements can be used for cementation of zirconia all-ceramic

crowns and bridges.

The cost for compressive and tensile strength of hybrid ionomer cements are the
same as those of glass ionomer cements. Hybrid ionomer cements have no considerable
solubility when checked by lactic acid erosion. The fracture toughness is larger than that
of other water-based cements but lower than that of resin cements. Fluoride release is
similar to the glass ionomer cements. The first pH is about 3.5 and step-by-step rises.
These cements have least postoperative feeling. The bond ability to moist dentine is

14MPa and is much higher than that of most water based cements.

» Resin modified glass ionomer cement:

e It is formed by replacing some of polyacrylic acid in conventional glass ionomer
liquid with polymerizable functional methacrylate monomers

e It has higher compressive and tensile strength than conventional glass ionomer
cement type.

e Will bond to the tooth structure chemically by ionic bond and hybrid layer bond.
(Alakhras, 2011).

» Zinc oxide eugenol:

Cements are oil based cements obtundent (sedative) influence on the pulp and
are mainly suitable for cementation on arranged teeth with exposed dentinal tubules the
adding of strengthening agent to zinc oxide eugenol cements has developed in
permanent luting cements. Temporary cements are not so strong but are useful for short-
term cementation of temporary stainless steel crowns and permanent restorations. Zinc
oxide non-eugenol cement are additionally oil based cements used for little term
cementation of temporary acrylic crowns and finished cast restorations. They are weak

and certainly prepared for the casting.

The moderate strength and how acidic quality of the zinc oxide—eugenol cements
are important properties. The permanent zinc oxide-eugenol cements are not as forceful

as other cements but have been appeared to be clinically productive for last cementation
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of crowns and bridges that have suitable retention. The temporary cements are not
stronger, a described feature for cementation of impermanent crowns or for temporary
cementation of finalized crowns and bridge restorations that must be separated without
difficulty.

The pH of the zinc oxide-eugenol cements is neutral. For the reason that the
sedative quality of these cements, they do not need a protective varnish or cavity liner.
Retention is the product of micro-mechanical interlocking of the restoration and ready
tooth.

> Resin-based cements:

The introduction of Maryland bridge (rochette) by Shembish et al 2016 resulted

in development and progression of resin based luting material (Hussain, 2008).

Resin cements have the ability of sealing the small cracks of an intaglio surfaces
of ceramic restorations, so improve their ceramic strength. Ceramic-resin bonding agent
successfully achieved with a pretreatment of (silica-based) ceramics with acid etching,

which is followed by salinization.

Some studies in 2003 showed that using resin cements in the dental treatment
increase the retention to be a double in cases with indirect dental restoration when
compared with the zinc phosphate and the conventional glass ionomer cement (Zidan
and Ferguson, 2003).
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2.4.2. Types of resin cements
1- Esthetic resin cements:

These cements are tooth-colored or translucent resins existing in a difference of
shadows, and they are used for bonding of all-ceramics and indirect composite
restorations. These cements involve a bonding agent for adhesion to tooth arrangement
and divide primers for bonding to ceramic substrates. These cements present with
medium to high strong point as well as with a little film thickness. The radiopacity is

necessary, for cementation of an inlay (Figure 17).

The latest investigation suggests that the microfilled resin cements have more
wearing resistance than hybrid resin cements. Light-cured the resin cements with an
extended effective period, while exposure to sun or flurescent light can initiate
polymerization process. High bond strengths of esthetic resin cements to tooth structure

and ceramic substrates (Jetti et al., 2015).
2- Adhesive resin cements:

These types of cement are used for bonding of most alloy and ceramic
restorations; including implant-supported crowns, veneers and bridges, as well as
indirect resin restorations. Adhesive resin cements have radiopaque character therefore,
requiring less film thickness. However, little working period is associated with this type

of cement.
3- Self-adhesive resin cements:

Self-adhesive resin cements remove the need for split primers for bonding to
tooth, alloy, or ceramic substrates. These cements bond to tooth structure and other
things with low to medium bond strengths. They usually are not as solid as esthetic and
adhesive resin cements. Properties determined after these cements are light activated are

commonly higher than when they are self-cured.
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4- Temporary resin cements:

These types of cements are used for temporary cementation of crowns. Removed
the problem related to the potential infection of teeth by their eugenol content.
Temporary resin cements are generally simple to combine and clean up and have low-

to-medium compressive strength (Figure 16,17 ).

J Examples of Resin-Based Cements |

Temporary
Resin

Resin H Compomer

Calibra Esthefic
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Resin Cement

u Permacem —_—
¥ Automix R TR
Telio Link
ReleyX Veneer "*i”lnhm" ‘vlaxcem i System: |
Auturmx ElitE -~ . I )

Temp-Bond

U Adhestve Besin |
Clear

Panawal-"fl{l' | [ SpeedCem speed{;m | | Principle ‘
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Panawa V3 | Rely Unicem
2 Automix

Figure 17. Classification of resin based cement
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3. MATERIAL METHOD

3.1. Devices and Materials

The procedures and materials that have been used with in the present project
which is under the title of “the evaluation of the influence of different finishing line
depth on strength of CAD/CAM restorations” have been carried out and performed
within the scientific laboratory and prosthodontic department of Faculty of

Dentistry/Van Yuzuncl Y1l University, Republic of Turkey.

All the row materials and the tools of the laboratory that have been used in the
present study were listed, illustrated and tabulated down below in (Figures 18-42) and
(Tables 7 and 8).

Whereas only for die material fabrication the used Computer Numerical Control

machine (CNC) was from a private shop in industrial area of Van city (Figure 18).

|

Figure 18. CNC machine
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Table 7. Materials used in this project

Name of Material

Name of Country and Factory That Made The Machine

IPS e.max®CAD

Ivoclar Vivadent, LIGHTENSEIN LT A2/C14

CEREC Blocks

Sirona Dental Systems ,GERMANY

Panavia v5 adhesive resin
cement system

Kuraray Noritake Dental Inc.Japan

KaVo Basic study model

KaVo Dental GmbH, Biberach, GERMANY

50 mikron AI203 kum
Korox,Bremen,
GERMANY

Korox, Bremen, GERMANY

Dental wax Q Wax Dental Wax

Auto polimarized acrylic
resin

Self-curing cold cur acrylic ,IMICRYL,Turkey

Table 8. Names of equipments used in the present study

Names of Equipment

Name of Country and Factory That Made The

Machine
] . . Sirona Dental systems GmbH, Bernsheim
Cerec AC with Omnicam, CAD Units
GERMANY
Sirona Dental systems GmbH, Bernsheim

Cerec MC XL, CAM units

GERMANY .model:6092162 /D3439

Programat EP 3000

Ivoclar Vivdent,Schaan,LIECHTENSTEIN

Sand blasting Machine

Rotaks-Dent/Istnbul, Turkiye

Dental Microscope

Leica M320 for dental

Shimadzu Autograph-X Universal test machine

Shimadzu Corporation, Kyoto,JAPAN

Led curing unit

Elipar Freelight 2, 3M ,USA,

Incubator

Mermmert 30-750
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Two materials have been selected to be used in the current investigation.
Feldspatic Ceramic (CEREC Bloc ceramic for CEREC (Sirona) with 14 A2C CEREC
Block C) and Lithium disilicate glass ceramic blocs (IPS e.max CAD (lvoclar-
Vivadent) /LT A2/C14) (Figure 19) have been used in the present in-vitro study (Table
7,8).

Figure 19. Shows the Lithium disilicate and Feldspathic blocks used in the present

project.

They were chosen to fabricate posterior single full-contorted flat coping crown.
Milled by CAM ( Sirona Dental Systems, CEREC MCXL, GmbH, Bensheim,
Germany) (Figure 12). A digital impression was taken using CEREC 4 software
(Version,4.2.0.57192).

3.2. Specimens Preparation:

Preparation of seventy two die models were obtained from nickel chrome
material for the present study, by the aid of computer numerical control machine

(CNC), in order to simulate a mandibular 1st molar tooth as a novel design. Preparation
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samples were standardized with a height of 6 mm and 8 mm occlusal diameter. The
preparation angle of the entire wall was set up to 6 degree.

Figure 20. Sample of die specimen with three different finishing lines

In the present in vitro investigation all samples were prepared with a
circumferential, each one with 94 degree axiogingival internal line angle shoulder finish
line with different depths. Using a computer numerical control machine (CNC) shoulder
finish line, designs were prepared with 3 different depth of 0.5 mm, 1.0 mm, 1.5 mm
(Figure 20). Each group of twenty—four (24) specimens was divided to two sub groups.
Twelve (12) specimens for each of the two materials for every group of three finishing

line depth that were used in the present project.
3.3. Imaging and Coping Crown Fabrication:

One specimen from each group of standard die (0.5 mm,1.0 mm and1.5 mm)
have been chosen, in order to be fixed in the KaVo Basic study model (KaVo dental
GmbH, Biberach, Germany) by wax (QWAX DENTAL WAX) in the region of the first

mandibular molar.
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Figure 21. Two digital images of die specimen

Feldspatic Ceramic (CEREC Bloc ceramic for CEREC (Sirona) with 14 A2C
CEREC Bloc), and Lithium Disilicate glass ceramic blocs (IPS e.max CAD (lvoclar-
Vivadent)/ LT A2/C14) have been chosen as the model material for the glass—ceramic
crown in the present study. All materials were milled using a CAM machine (Sirona
Dental Systems. CEREC MCXL, GmbH, Bensheim, Germany) (Figure 21).

Then after a digital impression was taken by using CEREC 4 software
(Version,4.2.0.57192). An optical impression of each type of master die was made with
CEREC intraoral scanner (CEREC Omincam) from each chosen study model. The
coping crowns were then fabricated. Later, it finalized to be even and line up with its
selected master die in order to precise their position (Figure 21).
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Figure 22. CEREC imaging device used in this project

The restoration parameter applied was 120 um for spacer (Renne et al., 2015).
Whereas the radial wall thickness was entered to be only 2mm, as the occlusal wall
thickness, for each one of the sets. All coping crowns were fabricated by the repetitive
machining of the same design for each type of blocks; Feldspathic one (n=12) for very
selective one of the three finish line (0.5 mm and 1.0 mm and 1.5 mm) Lithium
disilicate (n=12) for every finish line depth (0.5 mm,1.0 mm and 1.5 mm).

71



Figure 23. Digital images of coping design

The used CAD files of each design were imported into a milling machine
(Sirona Dental Systems, CEREC MCXL, GmbH, Bensheim, Germany) (Figure 22).

Figure 24. Sagittal and inner view of one coping sample
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However, the period of milling procedure to be completed was at least 15 min
for each one of restoration material; (Feldspathic and Lithium disilicate blocks).

The CAD/CAM crowns had been fabricated in accordance to the manufacturer’s

instructions, to produce optimum sequels.

All monolithic crowns were manufactured in such a way to produce the same

shape and size to ensure standardization of specimen parameters (Figure 25).

Figure 25. View of coping crown on nickel chrome die
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Figure 27. View of measurement of the depth of finishing line
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For every completed prepared crown measuring and rechecking of collar depth,
wall thickness, height and diameter were carried using dial caliper.

A dial caliper was used to measure and check the depth of collar and wall

thickness of each completed crown (Figure 27).

Figure 28. View of all 72 samples

Following milling, and cleaning procedure all restoration crowns were examined
thoroughly for defects, cracks or voids using a compound dental micro scope with 2.5x
magnification (Dental Microscope Leica M320 for dental) (Figure 29,30). Any defected
specimen or doubtful ones has been discarded and excluded from the experiment, then

after replaced with new ones (Magne et al., 2015).
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Figure 29. View of sound crown in relation to the defected one

Figure 30. Leica dental microscope

The crown fitting surfaces and the dies were well cleaned with 70% alcohol.
Then after they were dried with air blast in order to remove any leftover of the Cerec
powder or dust particles.
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Figure 31. Evaluation the position of each coping crown

Finally, all the examined restoration were placed and arranged on a firing tray
(Figure 32). They were sintered in a furnace for 25 min at 830°C temperature for

Lithium disilicate copings groups.

—

Figure 32. Programat EP300
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3.4. Arrangement of the Set Groups

All seventy two coping crowns was divided in to two groups each with thirty —

six as explained in the following Twelve crowns of each of feldspatic and Lithium

ceramic sets were seated on every one of die specimen with their identified finishing
line depth (0.5 mm,1.0 mm and 1.5 mm) (Table 9).

Group A = 0.5 mm shoulder finishing line depth and their Feldspathic coping

crown (n=12), numbering from no.1 to no.12 with Lithium disilicate coping

crown (n=12), numbering from no 13 to no. 24.

Group B = dies with 1.0 mm shoulder finishing line depth, and their Feldspathic

group coping crown (n=12) numbering from no.25to no 36, Lithium disilicate

coping crowns (n=12) numbering from no.37 to no 48.

Group C = dies with 1.5 mm shoulder finishing line depth and their Feldspathic

coping crowns (n=12) numbering from no.49 to no. 60, Lithium disilicate group

coping crowns (n=12) numbering from no.61 to no.72 (Figure 28).

Table 9. lllustrate working plan of the 72 ceramic specimen dealt with during the

present investigation.

Group* [ Group symbol for | Group Symbol for Type of Ceramic | Depth of The
No. crown depth ceramic type material Crown Wall
Feldspathic glass
1. F1 . 0.5mm
ceramic
A
Lithium disilicate
2. L1 ) 0.5 mm
ceramic
Feldspathic glass
3. F2 . 1.0 mm
ceramic
B
Lithium disilicate
4, L2 ) 1.0 mm
ceramic
Feldspathic glass
5. F3 . 1.5 mm
ceramic
C
Lithium disilicate
6. L3 . 1.5 mm
ceramic

* Each group composed of 12 ceramic specimens.
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Prepared teeth were assigned into six groups of twelve each according to crown
type and the depth of coping collar. (Table 9), as follows:

1. Group F1: Shoulder finishing line with feldspathic glass ceramic, and a depth of 0.5
mm.

2. Group L1: Shoulder finishing line with Lithium disilicate ceramic, and a depth of
0.5 mm.

3. Group F2: Shoulder finishing line with feldspathic glass ceramic, and a depth of 1.0
mm.

4. Group L2: Shoulder finishing line with Lithium disilicate ceramic, and a depth of
1.0 mm.

5. Group F3: Shoulder finishing line with feldspathic glass ceramic, and a depth of 1.5
mm.

6. Group L3: Shoulder finishing line with Lithium disilicate ceramic, and a depth of

1.5 mm.

3.5. Surface Treatment and Cementation Process:

Pre cementation process each die were embedded and mounted in self-acrylic
resin (Epovia, Cray valley) in a one inch diameter PVC tube (Figure 31). The die was

placed in such away to be 2mm above the surface of the resin.

Figure 33. View of controlling the adequate positioning of each die in acrylic
resin using bubble level tool
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Figure 34. All 72 Die samples; Blue one (0.5 mm), Red one (1.0 mm), Black one (1.5 mm)

According to the manufactures instruction of Panavia V5 brochure the surface of
each die was roughened by sandblasting from distance of 10 mm at 2.5 bar (Cortellini et
al., 2015). The abutments were air-abraded with alumina particles coated with silica 50
nm for 20 seconds with sandblasting machine (Korox Bremen, Germany) then cleaned
and dried.

The cementation surfaces of each coping crowns were etched with hydrofluoric
acid gel 5% (Ivoclar Vivadent) with small brush for 20 seconds. The inner surfaces then

thoroughly rinsed with water and dried.

Figure 35. Acid etching process of each sample
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Then, one coat of CLEARFIL™ CERAMIC PRIMER PLUS which contains the
adhesive monomer MDP and MPS silane monomer was applied on the cemented

surface of coping crowns and on the die surfaces, leaved for 20 sec and dried.

Figure 36. Panavia V5 adhesive cement system

Resin cement (Panavia V5, kuraray noritake Dental Inc., Okayama, Japan) was
injected to the inner surface with an applicator tip provided with in cement Kit,

according to the manufacturer’s recommendations.

The coping crowns were cemented and initially seated on their metal dies using
standardized constant pressure of 1kg was applied for cementing of CAD/CAM coping

crown using customized metallic appliance for 5 minute (Elsaka, 2014).

Excess cement was well removed from the margins by Tack-curing method with
dental explorer through application of light from dental device LED curing unit (Elipar
S10, 3M ESPE, Seefeld, Germany). Later on, each specimen was cured again for 40 sec

from each side to ensure that the polymerization was completed.
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Figure 37. All 72 samples after cementation

All Cementation procedures were performed at room temperature according to
the manufacturer’s instructions. After cementation and before starting the experiment
the specimens were place in distilled water for at least 24 hours in incubator prior to

fracture testing.
3.6. Fracture Tests:

The samples were mounted in a universal testing machine (ShimadzuAGS-x,
Japan) (Figure 39). Then after each spacimen was placed and fixed in matrix to
maintain identical loading position during the fracture strength test. Bubble level tool
was used to level the crown surface to the floor in order to control the parallelism, and
ensure centralized location of fracture load on each of the sample spacimen on the
center of occlusal surface of each crown.
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Figure 38. Universal test machine

A total of 72 sample specimens were tested in 6 groups (n=12 for each group).
On the bases of the three selected finish line depth of crown shoulder margin (0.5
mm,1.0 mm,1.5 mm) and ceramic type of material- (feldspathic glass ceramic, and 2-
Lithium disilicate ceramic ) (Table 9).

Fracture load test have been performed in the scientific Laboratory of
Prosthodontic Department /Faculty of Dentistry/Van Yizinci Yil University.
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Figure 39. View of one sample positioned in fracture machine test

The load was applied at a straight angle in reference to the long axis of the
restoration center using a stainless hexagonal steel road on the center of each occlusal
surface of the coping crown, with a crosshead-speed of 1.0 mm/min.
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Figure 40. Showed sample during fracture process

The procedure (load application to the long axis of the spacemen) where carried
out until catastrophic failure occurred using low speed video recorder to ensure and

determined the exact fracture with load magnitude.

Figure 41. Showed sample after fracture.
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Catastrophic failure was determined as the appearance or exhibition of visible
cracks, load drops or acoustic events of chipping or fracture.

Figure 42. Different fractured mode of coping crowns
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Statistical Analysis

Descriptive statistics for the studied variables (characteristics) were presented as
median, mean, standard deviation, minimum and maximum values. Kruskal-Wallis and
Man- Whitney U tests were performed to compare groups. Bonferroni comparison test
was used to determine different groups. Statistical significance level was considered as
5% and SPSS (version: 23) statistical program was used for all statistical computations.

Alternatively, Kruskal-Wallis test were used to determine if there are statistically
significant differences between two or more groups of an independent variable. The test
was used to determine different groups and the statistical significance level was
considered as 5%. Also, the SPSS (version: 23) statistical program was used for all

statistical computations.

The fracture strength values were analyzed with the one-way ANOVA,; in order
to verify whether statistically significant differences were found among the
experimental groups. Bonferroni comparison test was used to determine the different
groups. Ultimately, the analyses level of significance was set at a=0.05. Accordingly,

Microsoft Excel 2010 has been used to determine the figures.

P-value were applied to compare the fracture load strength between the two
material having same finishing line depth and within the same material having different
finishing line thickness. Finely the comparison were made between Lithium di silicate
restoration and Feldspathic ceramic with different finishing line depth of each.
Nevertheless, P can take any value among 0 and 1. Values close to 0 point out that the
detected modification is improbable to be due to chance, while a P value close to 1
means aproposal of no change among the groups other than chance. Statistical program
was used for all statistical computation. A statistical test were performed in order to
determine any relation and difference between the two materials (feldspathic glass
ceramic, and Lithium disilicate ceramic), in respect to applied force and finish line
depth, (0.5 mm, 1.0 mm, and 1.5 mm).

The coefficient variance was also calculated for each one of the six group of the

specimen according to equation C.VV= standard deviation/mean x 100%.
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4. RESULT

Results of the present investigation have been tabulated in (Table 10) .The unit
value used for fracture strength was in Newton .Two materials has been used Lithium
disilicate (LITH) and Feldspathic ceramic (FSC) throughout the current study. The data
represents the outcome results of each of the three depth of finishing line concerned (0.5
mm, 1.0 mm, and 1.5 mm). The absolute minimum value of the whole fracture strength
data was only 513 N that recorded for Feldspathic ceramic with 1.0 mm depth of
finishing line where as the maximum strength value of 4518N found with Lithium 1.5

mm finishing line depth.

The range of variation of FSC was as follow; 1873N, 2028N, and 1296 N for 0.5
mm, 1.0 mm, and 1.5 mm finishing line respectively. Whereas the range of variation of
LITH was 1527 N, 2489 N, and 2721N for 0.5 mm, 1.0 mm and 1.5 mm depth of
finishing line. The result shows that the mean value of fracture strength for FSC unlike
LITH was not linear when it plotted against depth of finishing line. All the outcome
results of primary and row data that have been achieved throughout the current
investigation were dealt with statistically as well (Figure 43).

The detail of statistical analysis outcome for the concerned variable in this
project are presented as median, mean, standard deviation, minimum and maximum

value, Co-efficient of variant and p-values which have been illustrated in (Table 11,12).

In respect to feldspathic crown, the results are shown in (Table 13 and Figure
43). However these tables and figures illustrate minimum, maximum and mean strength
value in respect to the three finishing line depth that were taken in consideration
throughout present project. However, as far as Lithium disilicate crown is concerned,
the result of present investigation are tabulated in (Table 14 and Figure 44). It represent
the concerned related variance in respect to the three finishing line depth the minimum,
maximum and mean values of strength at each of the three thickness (0.5 mm,1.0 mm

and 1.5 mm) .
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Table 10. Fracture strength value in Newton of both materials used (Feldspathic and
Lithium disilicate) according to the depth of finish line (0.5 mm, 1.0 mm, 1.5 mm).

NO.of FSC LITH 0.5 FSC 1.0 LITH FSC 1.5 LITH 1.5

sample | 0.5mm/N mm/N mm/N 1.0m/N mm/N mm/N
1 1543.5 1275 1716 4334 1297 1972
2 1654 1616.5 1779 1338 1239.5 3539
3 1501 834.2 2346 1639.5 2979.5 4518
4 1227 941 1422 1695.5 651.7 2897
5 2337 11725 2773 4172 847.2 2737
6 3233 1160.5 2977 2744 2134 1454
7 1868 1681 1952.5 1820 1116 3360
8 1995 865.6 513 1430.5 1015 3783
9 2090.5 3173 2408.5 2504 903.5 2882
10 1824.5 1482 1730 2580.5 984 1892
11 1365.5 2277 1674 1671 1261 2195
12 1837.5 1855 3046.5 3940 1132.5 1424.5

Mean 1873 1527 2028 2489 1296.7 2721
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Table 11. Statistical measurement (median, mean, standard deviation, minimum and
maximum value as well as co-efficient of variance and P value.*LITH=Lithium
disilicate/*FSC=feldspathic *FLD= finishing line depth.

i < <
§ = thit?:r;jlj g Mean 5 S Std. Coefficients | P-
S 3 in mm 5 3 3 Deviation Of variation | Value
= . S 3 3
0.0028
1 FSC_05 1831 1873 1227 3233 530 0.097
FSC_1.0 1865 2028 513 3046 724 '
- 0.0036
0.0036
2 FSC_1.0 1865 2028 513 3046 724 0314
FSC_15 1124 1296 651 2979 642 '
- 0.0049
0.0028
3 FSC_05 1831 1873 1227 3233 530 0589
FSC_15 1124 1296 651 2979 642 '
- 0.0049
0.0057
4 LITH_0.5 | 1378 1527 834 3173 674 0917
LITH_1.0 | 2162 2489 1338 4334 1100 '
0.0044
0.0044
5 LITH_1.0 | 2162 2489 1338 4334 1100 0029
LITH_1.5 | 2809 2721 1424 4518 967 '
- 0.0035
0.0057
6 LITH_05 1378 1527 834 3173 674 0.445
LITH_1.5 | 2809 2721 1424 4518 967 '
- 0.0035
0.0028
7 FSC_05 1831 1873 1227 3233 530 0.952
LITH_0.5 | 1378 1527 834 3173 674 '
0.0057
0.0036
8 FSC_1.0 1865 2028 513 3046 724 0.065
LITH_1.0 | 2162 2489 1338 4334 1100 '
0.0044
0.0049
9 FSC_15 1124 1296 651 2979 642 0407
LITH_1.5 | 2809 2721 1424 4518 967 0.0035 '
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Table 12. Continuation of statistical measurement (median, mean, standard deviation,
minimum and maximum value as well as co-efficient of variance and P
value.*LITH=Lithium di silicate/*FSC=feldspathic *FLD= finishing line depth.

- Material
@D
3 with S = = = std. | Coefficients |
= . S @ 2 = L L S
% FLD in § 8 g g Deviation | of variation "Ci
o 3 3 L
@ mm.
0.0028
1831 1873 1227 3233 530
10 FSC_0.5 0.368
2162 2489 1338 4334 1100
LITH_ 1.0 0.0044
0.0028
1831 1873 1227 3233 530
11 FSC_0.5 0.281
2809 2721 1424 4518 967
LITH 1.5 0.0035
0.0057
1378 1527 834 3173 674
12 LITH_0.5 0.457
1865 2028 513 3046 124
FSC_1.0 0.0036
0.0057
1378 1527 834 3173 674
13 LITH_0.5 0.321
1124 1296 651 2979 642
FSC 15 0.0049
0.0036
1865 2028 513 3046 124
14 FSC_1.0 0.183
2809 2721 1424 4518 967
LITH_ 1.5 0.0035
0.0044
2162 2489 1338 4334 1100
15 LITH_1.0 0.627
1124 1296 651 2979 642
FSC 15 0.0049
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Table 13. Fracture strength value (Newton) in respect to feldspathic restoration with
different marginal thickness of 0.5 mm, 1.0 mm, and 1.5 mm.

Finishing line
depth of FSC in Mean /N Minimum/N Maximum/N
mm

FSC 0.5 1873 1227 3233

FSC 1.0 2028 513 3046

FSC 1.5 1296 651 2979

m Mean /N
3500 O Minimum/N
3000 ® Maximum/N
2500
2000
1500
1000
Maximum/N
500
o Minimum/N
Mean /N

FSC 1.0

FSC 15

Figure 43.The relation between mean minimum and maximum value of Feldspathic
restorations with the three finish line depth
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Table 14. Fracture strength value (Newton) in respect to Lithium disilicate restoration

with different marginal thickness of 0.5 mm, 1.0 mm, and 1.5 mm.

Finishing line
depth of LITH in Mean /N Minimum/N Maximum/N
mm

LITHO0.5 1527 834 3173

LITH 1.0 2489 1338 4334

LITH 1.5 2721 1424 4518

H Mean /N
Minimum/N
5000 1 _
® Maximum/N
4500 -
4000 -
3500 -
3000 -
2500 -
2000 -
1500 -
1000 Maximum/N
500 -
Minimum/N
0

LITHO5 Mean /N

LITH 1.0

LITH15

Figure 44. The relation between mean minimum and maximum value of Lithium
disilicate restorations with the three finish line depth.
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In respect to the finishing line 0.5 mm for both materials (LITH and FSC) used
in the present experiment (Figures 48) shows the difference in the mean and median
fracture strength values of the two materials used as it was only 346 N(1873- 1527
=346) and 453 N (1831-1378 = 453) respectively. In fact, values was higher, in general
in case of Feldspathic restoration in comparison to Lithium disilicate whenever
considering 0.5 mm finish line depth. However, when taking 1.0 mm finishing line
depth as constant for comparing both materials the difference between their fracture
strength values was 461 N (2489-2028 = 461 ) and 297 N (2162-1865=297) for mean
and median respectively but in other way round. A higher value recorded with Lithium
disilicate indicating that Lithium disilicate is stronger than feldspathic in case of 1.0 mm
depth of finish line. Nevertheless, in case of Lithium disilicate and Feldspathic with1.5
mm depth of finishing line the difference become much wider as it exceed 1400N
and1600N for mean and median values respectively, as illustrated in (Figure 48). The
results clearly indicate that parcel out values of fracture resistance of Lithium with 1.0
mm finishing line depth in contrast to Feldspathic with depth of finishing line 0.5 mm
was much higher when applying mean and median values as it was 636 N and 331N
respectively. However, as the depth line of Lithium increases to 1.5 mm, the strength of
CAD/CAM material had also increased as well. Different values of 848N and 1078N in
estimating mean and median categories was obtained through out present investigation.

In general, Lithium disilicate in this comparison appears to be stronger than
Feldspathic in cases, 1.0 mm and 1.5 mm .However the result shows completely
different outcome whenever 0.5 mm depth line taken in consideration for both
materials. While, Feldspathic did reflect stronger fracture strength in comparison to
Lithium dislicate in case of 0.5 mm depth of finishing line (Table 15 and figure 15). The
point that should be refer to here is that the result indicates that Feldspathic with depth
of 1.5 mm need less power to fracture in comparison to Lithium 0.5 mm whenever

using the difference in values of mean and median in comparison (Table 11,12).
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Table 15. The statistical estimation of fracture strength value of LITH coping crowns

with 0.5 mm FLD in relation to the three finishing line depth of FSC coping crowns.

F'”'Sh'f‘g line Mean /N Minimum/N Maximum/N
depth in mm
LITHO0.5 1527 834 3173
FSC 0.5 1873 1227 3233
FSC 1.0 2028 531 3046
FSC 1.5 1296 651 2979
® Mean /N
Minimum/N
® Maximum/N
3500 A
3000 -
2500 -
2000 -
1500 -
1000 Maximum/N
500 - Minimum/N
0 Mean /N
LITH 0.5 FSC 0.5 FSC 1.0 FSC 1.5

Figure 45.Mean, minimum and maximum value in Newton (N) of fracture strength of
LITH 0.5 mm and the three finish line of FSC.
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Table 16. The statistical estimation of fracture strength value of LITH coping crowns
with 1.0 mm FLD in relation to the three finishing line depth of FSC coping crowns.

F'”'Sh”?g line Mean /N Minimum/N Maximum/N
depth in mm
LITH 1.0 2489 1338 4334
FSC 0.5 1873 1227 3233
FSC 1.0 2028 531 3046
FSC 1.5 1296 651 2979
m Mean /N
Minimum/N
® Maximum/N
4500 -
4000 -
3500 -
3000 -
2500 -
2000 -
1500 - . A\ Maximum/N
1000 1 £-> M Minimum/N
500 -
0 Mean /N
LITH 1.0 FSC 0.5 FSC 1.0 FSC 15

Figure 46. Mean, minimum and maximum value in Newton (N) of fracture strength of
LITH 1.0 mm and the three finish line of FSC .
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Table 17. The statistical estimation of fracture strength value of LITH coping crowns
with 1.5 mm FLD in relation to the three finishing line depth of FSC coping crowns.

F'”'Sh'F‘g line Mean /N Minimum/N Maximum/N
depth in mm
LITH 1.5 2721 1424 4518
FSC 0.5 1873 1227 3233
FSC 1.0 2028 531 3046
FSC 1.5 1296 651 2979
® Mean /N
Minimum/N
5000 B Maximum/N
4500
4000
3500
3000
2500
2000
1500
1000 Max N
500 aximum
0

Minimum/N

LITH15 Mean /N

FSC 1.0

FSC15

Figure 47. Mean, minimum and maximum value in Newton (N) of fracture strength of
LITH 1.5 mm and the three finish line of FSC.
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M Mean strength/ N ® Median strength/N

FSC 0.5 LITHO.5 FSC 1.0 LITH1.0 FSC 1.5 LITH15

Figure 48. Variation between mean and median strength for the six samples

Values of mean and median obtained from fracture strength of the CAD/CAM
material was shown in (Figure 48) it reflect that both parameters have the same trend
,but with different segments , in general values obtained from mean was less than that

obtained from median calculation (Table 18) .

Values of standard deviation of all results are summaries and illustrated in
(Figure 49). It shows that the value of standard deviation varied from 674 N to 1100 N
in respect to Lithium as the figures was observed to be higher in 1.0 mm depth line
where as the range of standard deviation in case of Feldspathic was between 530 N and
724 N, in fact its appear that the range was much wider (more than double) in case of
Lithium when compared with that of Feldspathic.
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Std. Deviaition

967
674 724 642
530 I |

FSC 0.5

LITHO0.5 FSC1.0

FSC 1.5 LITH15

Figure 49. The Std. Deviation of FSC and LITH of three different finishing lines

As far as standard deviation is concerned

the estimated number for both

material used in the present investigation (Lithium disilicate LITH and Feldspathic

ceramic FSC) each with 0.5 mm,1.0 mm and 1.5 mm depth of finishing line were
performed and illustrated in (Tables 11-18 and Figure 43-50 ).

Table 18. The mean and median strength value of the two materials used in the present

study.
Material Mean strength/ N Median strength/N
FSC 0.5 1873 1831
LITH 0.5 1527 1378
FSC 1.0 2028 1865
LITH1.0 2489 2162
FSC 1.5 1296 1124
LITH15 2721 2809
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The variation of the mean strength and median strength of both materials with
different marginal thickness is shown down below. Nevertheless; (Figure 51) illustrate

the results of the six samples taken in consideration throughout present investigation.

300 272.1

248.9
250

202.8
00 | 187.3

152.7

150 129.6

100
57

44 49

35

0

FSC0.5 LITHO.5 FSC1.0 LITH 1.0 FSC1.5 LITH 1.5

m Mean strength*10  m Co efficient of variation%

Figure 50. Showing mean strength of used materials (Lithium and Feldspathic) and the
co-efficient variance of the three finishing line.

Independent-Samples Kruskal-Wallis Test

5.000,00
4.000,00 T
o o
3.000,00 T *
2.000,00— —Ll =
— = - —
1.000,00 %
0,00 T T T T T T

FSC05 LITHO.5 FSC1.0 LITH10 FSC1l5 LITH15

Figure 51. lllustrate the result of different strength of both materials in
accordance to different finishing line.
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This line .
This whisker shoysihe  Sowsthe - chowsthe  This whisker
shows the (ower quartle median upper shows lhe
lowest value quartie hightest value
\ Y i /
N L X \I | |/1’ L1
The wiath of the box
shows the
interquartie fange

Figure 52. lllustration of independent samples of kruskal-wallis test.

Outliers:
When collecting data, often a result is collected this seems "wrong". In other
words, it is much higher or much lower than all of the other values. Such points are

known as "outliers".

Lower quartile: it is the first quartile Q;.

Upper quartile: it is the third quartile Qs.

The difference Qs — Q; is called interquartile range (IQR).
Upper outlier data value is > 1.5 IQR
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5. DISCUSSION

The duration of dental restoration was and still is one of the main goals of
clinician and dentists to be achieved. However, changes in life style in all aspects
(increase consumption of acid drink, carbonate and sticky food), as well as increasing
the average of caries teeth which have become a major dental problem, all these did and
still do contribute in increasing demands and requests for direct or indirect restoration
(Gupta, 2016).

Miyazaki and Hotta in 2011 had pointed out the foremost reasons and
suggestions for restoring or replacing missing teeth through summarizing it, as repairing
one or more than one of these issues; aesthetic, mastication function, speech, occlusal
stability, periodontal splinting, filling of competence, orthodontic retention, protection

of weekend teeth and restoring occlusal vertical dimension.

Whenever one reviews the literature on fracture strength of restoration, it
became clear that all CAD/CAM ceramic crowns besides reflecting excellent esthetic
appearance will also go through successfully for restoring posterior as well as anterior
teeth (Silva et al., 2017). However, clinical success of both Lithium disilicate and
feldspathic material (both of which used in the present study) have been demonstrated
through several previous studies (Reich and Schierz, 2013; Otto 2015). Even though
fracture possibility of ceramic restorations, still remain the main concern and worry of
the dentist, in spite of all known positive properties of ceramic material (Campos et al.,
2015).

The objective of the present in vitro study is to investigate the effect of different
marginal thickness on fracture strength of ceramic CAD/CAM restoration. Using 0.5
mm, 1.0 mm, and 1.5 mm 90-degree shoulder finishing line as a single variation among
the samples to compare the effect of these marginal collar design measurements on
fracture strength of two CAD/CAM restoration materials that were chosen (FSC and
LITH). Almost all previous studies on the sequence of the value on the fracture strength
had shown that to be generally around 1000 N (Sagsoz et al., 2016), however higher
values close to 4000N have also been recorded (Glleg, 2017).
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Seventy two specimens of ceramic have been prepare to be used in the present
investigation 36 feldspathic glass ceramic and 36 Lithium disilicate ceramic to be ready
for fracture strength test with three shoulder finishing line depth of 0.5 mm,1,0mm and
1.5 mm .12 specimens for each of the two materials used were prepared for each depth

of finishing line to making the total of 36 for each materials.

The result of the present investigation showed that the standard deviation of
fracture load was relatively high between all selected group (Figure 49), especially, in
Lithium disilicate with 1.0 mm shoulder finishing line which represented with the
highest value of about 1100 N, but it is decreased to be 967 N in same material with 1.5
mm, and 674 N in Lithium disilicate with 0.5 mm shoulder finishing line, but in
Feldspathic the standard deviation was 642 N, 724 N, 530 N for 1.5 mm, 1.0 mm, 0.5
mm shoulder depth of finishing line respectively. For that reason several aspect of this

study should be discussed

The recorded values in the present study for median fracture strength of FSC
were found to be 1831 N, 1865 N and 1124 N for finishing line depth of 0.5 mm, 1.0
mm and 1.5 mm respectively. In contrast, 1378 N, 2162 N and 2809 N was recorded in
respect to LITH, here the value increased as finish line depth increased. In general, it
appears that the fracture strength value was higher with LITH in comparison to the
sequence for FSC apart from 0.5 mm depth of finish line (Table 18 and Figure 48).

The concerned studied variables were represented as median, mean, standard
deviation, minimum and maximum value, co-officiant of variants and P-values, the
outcome results of the statistical analysis of this investigation are illustrated in detail
within (Table 11, 12).

In order to apply the statistical methods for the outcome results of any
experiments, one should examine the data and finds out those results in numbers, which
are either quite close with each other or otherwise. When they are close to each other,
means they are parametric, therefore the type of statistical analysis methods that should
be applied will be generally A-NOVA or T-Test. Such methods depend on finding out
the mean of data, which is in fact, an arithmetic mean value. This can be estimated as
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following calculation: Total of all observed data divided by the number of observation,

as following example:
Data: A, B.C, D, and E
NO. Of observation = 5
The mean = (A+B+C+D+E)/5

However, if the outcome results were not close to each other or non-parametric
other statistical methods will be applied to achieve the analysis outcome such as
Kruskal Wall and Man-Witny method .In non-parametric data arithmetic mean should
be replaced by the median value in order to be used in statistical calculation. In fact,
median value will be calculated and achieved after rearrangement of the resulted data
ascendingly or descendingly. Then after the extreme number or numbers will be
omitted to achieve the median value as following example: if the obtained data were 30
, 3, 65, 20 It will be rearranged as: 3, 20, 30, 65 Then when omitting the two extreme
numbers (3 and 65) the result will be (20+30)/2=25 That represent the median value.

In the present project, because the results come out not so close to each other, in
other word they were close to non-parametric distribution. Nevertheless, both mean and
median values were calculated and applied for statistical analysis of the outcome results.
In fact, both values were found out to be quite close to each other in both parametric
(mean) and non-parametric (median) tests (Table 18).

When taking mean value in consideration results of the present study indicates
that fracture strength value increases by a value of about 155 N as the finish line depth
raise up from 0.5 mm to 1.0 mm depth in case of FSC. In contrast, when using median
values in consideration, still the difference can be observed with same trend and the
increased value was about 34 N. Therefore, it can be proposed that as the finish line
depth increases the strength of material will also increase regardless applying arithmetic

mean or median values (Figure 48).

In fact, such proposal or phenomena can be observed from the results when
considering the other two depth of finish line (1.0 mm and 1.5 mm). The difference of
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the strength in case of FSC was about 732 N and 741 N when using mean and median
values (Figure 48).

At last when comparing the results of Feldspathic ceramic coping with finish
line depth 0.5 mm with that of 1.5 mm using mean and median values of fracture
strength, the difference did appear to be 577 N and 707 N respectively reflecting an
inverse relationship with thickness of finishing line in case of feldspathic (Figure 48 ).

In summary, the trend of difference shows that as the depth line increases, the
value of fracture strength decrease. This was quite evident in case of 1.0 mm to 1.5 mm

depth and 0.5 mm in comparison to 1.5 mm finish line in FSC.

In contrast the relationship was found to be opposite in case of 0.5 mm and 1.0
mm FSC as it was found from the obtained results of present investigation, regardless

using the obtained value from mean or median (Figure 44,45).

However, all these recorded variation statistically found to be not significant
when considering the outcome results in respect to LITH.It becomes evident that as the
depth increases, the mean value of fracture strength also increased, the values were
1527 N, 2489 N, and 2721 N for 0.5 mm, 1.0 mm and 1.5 mm depth line respectively.

This trend of increase can also be noticed when considering median values as well.

Actually the parcel out mean value of fracture strength between 0.5 mm and1.0
mm finish line depth was 961 N for LITH, whereas a strength value of 783 N was
recorded when median value have been considered, however the difference between the

other two sets (1.0 mm and 1.5 mm) was 647 N for mean and 232 N for median.

In contrast, when the marginal thickness of Lithium raised up to 1.5 mm, the
different in the mean and median value of the two elements was 693 N and 903 N
respectively. Nevertheless, the strength increased when finishing line depth increased,

meanwhile in this case, Lithium appears to be stronger than feldspathic restoration.

Finally, the sequence of difference between 0.5 and 1.5 mm was much more as

the parcel out value exceeded 1000 N for both mean and median measurement.
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Therefore, a clear positive relationship between depth of finishing line and the
fracture strength was found and recorded throughout the present project for Lithium
disilicate, as shown in (Figure 44 and Table 14). This was reflected in maximum and

minimum value as well as in mean value.

As a matter of fact ,in case of the constant finishing line depth the present result
showed clearly the influence and effect of material type on the fracture resistance of

CAD/ CAM restoration, particularly when 1.5 mm depth line were considered .

When one focus on (Table 15 and Figure 45). It became evident that the fracture
strength value of Lithium with depth of finishing line 0.5 mm was less than strength of
feldspathic with 0.5 and 1.0 mm finish line depth. Regardless taking mean or median
value in consideration as in both cases quite close different results was found 500 N and
487 N .In other word feldspathic with 1.0 mm depth line appears to be stronger than
Lithium of 0.5 mm depth of finish line.

Actually as the Lithium one depth line increases to 1.0 mm (Figure 46, Table
16) in comparison to constant depth line of 1.5 mm of feldspathic. The recorded
different values were found to be 1193 N and 1038 N for the mean and median values

respectively.

However the trend of the increase value of fracture strength in case of Lithium
jumps to 2809 N and 2721 N and the different with that of 0.5 mm raises up to 1431N
and 1184 N as the finishing line depth expanded to 1.5 mm (Table 17 and Figure 47).
Therefore, clearly results indicate that Lithium disilicate showed to be stronger in one
hand and as the depth line value increases it become much more stronger this was

evident in the present results.

It’s clear that feldspathic with1.5 mm marginal thickness reflects the least mean
strength 1296 N and least median strength 1124 N among all feldspathic samples,
whereas same material with 1.mm marginal thickness showed the highest mean strength
2028 N and highest median value of 1865 N. Conversely, LITH with 0.5 mm depth of

finish line showed the least mean strength of 1527.7 N and least median strength of

106



1378N. In contrast, LITH with 1.5 mm marginal thickness had the highest mean
strength of 2721 N in parallel, highest median strength value was 2803 N.

Therefore, it is quite clear from the outcome results that the strength value with
Lithium is more than double of that of feldspathic when both materials have the same

marginal thickness (1.5 mm).

It was found that minimum value was at 0.5 mm depth of finishing line for both
material used whereas the maximum value of standard deviation were recorded at 1.0

mm depth of finishing line.

Nowadays, in parallel with huge invasion of modern technology to almost all
aspects of our life style, in order to assist, accelerate, and ease getting any things or to
achieve the needs as soon as possible, throughout applying modern and advanced
technological methods (Dwivedi et al., 2017). However, during 20th century both dental
material and dental technology as well as manufacturing dental devices have been
progressed remarkably (Rajan et al., 2015). At present time of days , application of
computer aided design and computer aided manufacturing CAD/CAM system do ease
the fabrication of implant and crown frameworks using different materials in prosthetic
dentistry (Lan et al., 2016). So progressively become one of these applied sciences that
used in different part of dentistry (Rocca et al., 2018).

Actually, CAD/CAM unit is still not so cheap to purchase and use. Nevertheless,
it is expected an expansible development in the utilization of such technology in

prosthodontics dentistry in the near future (Yeshwante et al., 2016).

However, the performances of restorations which is the outcome of CAD/ CAM
systems that have been quite well developed recently, particularly during last decades as
it has dramatically progressed to inform their role in superior clinical results which is
becoming quite evident (Davidowitz and Kotick, 2011;Sakaguchi and Powers, 2012;
Dwivedi et al., 2017).

Others in 2016 proved that the differences in fitness of CAD/CAM restorations
are related to the gap parameters from the digital design and related to the actual
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properties of the CAD/CAM system (Brenes et al., 2016). Therefore, it is possible to
fabricate restoration with an appropriate marginal fit as they expected from the
conventional one having clinically acceptable results (Abdul-Azim et al., 2015).
Limited number of clinical studies and the diversity of the results between the different

CAD/CAM systems and the variety of protocols does not allow definitive conclusion.

Several advantages can be drawn from including CAD/CAM dental technology,
3-D scanning and the use of mill materials for all-ceramic restorations. Even though
clinical studies have shown that marginal fit of CAD/CAM restorations is compared to
conventional restorations the fabrication of dental restorations is still a complex task
that requires experience, knowledge and skills (Azuma et al., 2017).

Incorporation of new systems and materials bring many concerns regarding
system implementation, capabilities and mechanical properties of the different
materials. One of the biggest problems that still remain in CAD/CAM dental systems is
the accuracy of each step in the CAD/CAM chain, from digital impression to the milling
step (Mormann, 2006).

Nevertheless Mou et al in 2002 ,have referred to that, improvements in the Cerec
2 and Cerec 3 systems over Cerec 1, overcame some problems associated with
resolution and milling precision and thus increased the accuracy of the marginal fit of
Cerec restorations. However, the active triangulation principle remains a feature of both
Cerec 2 and Cerec 3. In fact, Mormann, in 2006 showed that the internal gap for a Cerec
2 anterior crown has been reported as 141 + 21. Thus, internal fit remains a weak point
of Cerec restoration because the internal configurations of these restorations are based
on images scanned from the Cerec camera, and the distal shadow problem seems to be
unavoidable ( Mou et al., 2002).

However since for the best of our knowledge the evaluation and comparison
have not been performed yet, so it is not available, meanwhile in the present study C4
was applied as a more advanced form of CAD/CAM generation. Using computer aided
manufacturing is dependent on the calibration of hardware with software in the
workflow. Furthermore, the virtual configuration of the die spacer between the tooth
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and the restorations is essential for the accuracy of the marginal adaptation, as it has to
be calibrated for each one of the systems (Miyazaki and Hotta, 2011).

Taneva et al 2015 referred to that although there are no universal standard for
defining models accuracy still in orthodontics generally accepted that the measurement
accuracy up to 0.1 mm is adequate for clinical dental purpose so it does not compromise
diagnostic value of model. In fact throughout the present work although great concerned
were given in preparing monolithic restoration as accurate as possible however still if
any variation occurred, may will not exceed 0.1 mm, which is found to be acceptable

clinically.

In accordance with many dental researchers who pointed out clearly the longer-
term survival rate of CAD/ CAM single restoration (Nejatidanesh et al., 2015; Belli et
al., 2016 ). They were found that such clinical technology do assist both patients and
clinicians to get much more realistic and esthetic appearance as well as good strength.
Ultimately, enhance the dentist to carry out more investigations in this line of research
(Bohner et al., 2016).

The increasing necessity of patients and dentist for highly aesthetic and strong
metal-free restoration, lead to greater attention to this aspect of science which had
increased and further development on all ceramic systems which already have been
quite well improved and progressed (Conrad et al., 2007).

As a matter of fact, so far, there is no material to be ideal in all aspects to the
natural structure of teeth, nevertheless physical and biological properties of ceramic
have exhibited a significant improvement throughout last few decades (Danzer, 2014).
Recent development in all ceramic crowns for aesthetic and durability is the result of
such progress. Farther scope of research in future on dental ceramic can be directed to
be stronger and much better ceramic restoration outcomes. Definitely, a huge progress
in the field of dental ceramics is expected and will appear in the lines of form, function
and aesthetic with improvement in their physical and mechanical properties (Al
Dehailan, 2009).
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As many authors confirm that, there are four main factors, which have been
identified to effect on the fracture resistance of all ceramic restorations, they include
material thickness, tooth preparation, restoration design, and cementation (Schultheis et
al., 2013). The ideal combination of these factors will result in an increased fracture
resistance of all CAD/CAM restoration material (Rekow, 2006; Zimmermann et al.,
2017).

In accordance of recommendations of many dental researchers on preparation
design of all CAD/CAM ceramic restoration that 360 degree shoulder or chamfer
preparation is considered to be an appropriate marginal preparation geometry for all
ceramic restoration, this marginal preparation (finishing line) should be without any
divergence (reverse bevel), which making a preparation border hardly detected by
CAD/CAM scanner device (Beuer et al., 2008).

While the effect of various preparation designs on the fracture resistance of
zirconia crown copings have been dealt with in detail by Beuer et al., in 2008, they
concluded that in spite of limitation of their investigation, still they showed that
shoulder preparation immerged as the most recommended design for both mechanical

and periodontal points of view (Beuer et al., 2008).

As a matter of fact different type of marginal design have been applied for dental
restorations, nevertheless, the three known type of finishing line (knife edge, chamfer,
shoulder) is shown in (Figure 12). These three types have been already applied and used

throughout in vivo and in vitro investigations (Reich et al., 2008; Di-lorio et al., 2008).

However during the end of last century Doyle et al 1990 have reevaluate the
effect of finishing line on surface fracture resistance of almost all ceramic crowns. They
showed that the strongest Dicor crown restoration was that which was prepared with 1.2
mm shoulder finishing line, in contrast chamfer-finishing line produces the weakest
restoration when cemented to metal dies. (Doyle et al., 1990) quoted from (Al-
Makramani et al., 2011).

Accordingly Di-lorio et al., (2008) in their invitro study on the effect of margin
design on the fracture resistance of Procera All ceram crowns clearly showed the
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presence of relationship between the finishing line depth of zirconia cores and their
resistance to fracture, however Di-lorio, and his friend stated that shoulder margin could
improve the biomechanical performance of posterior single crown restoration. Their
reports indicates that the load of fracture for procera (alumina based) crown with

shoulder finishing line was significantly higher than chamfer preparation.

Cho and his friend in 2004, have carried out a comprehensive study on the effect
of finishing line variants on marginal accuracy and fracture strength of ceramic
optimized polymer fiber—reinforced composite crowns (FRC). In their in vitro study,
they evaluated the fracture strength of Ceromer FRC crown with respect to various
types of finish lines. Their result indicates that marginal adaptation of crown with
shoulder finish line was significantly better than that of crown with chamfer finish line,
before and after cementation. In their study they had used four metal dies with only two
depth of finish line (0.9 mm and 1.2 mm) for chamfer one and (1.2 mm) depth for
shoulder, as well as round shoulder. They reported that the mean fracture load of all
crowns regardless of finish line design was 1646N. In contrast to the present outcome
result, which was between the mean fracture resistance value of LITH coping crowns
1527 N and mean fracture strength of FSC restorations 1873 N both with the same 0.5
mm depth of shoulder finishing line.

Jalalian and Alataha in 2010 reviewed and studied also the effect of two
marginal designs (chamfer and shoulder) on the fracture resistance of all ceramic
crowns. As a matter of fact, it is known that one of the major problems, one might face
in ceramic restoration process is the probability of fracture, against the occlusal and
lateral forces .However they carried out an in vitro study, in order to estimate the effect
of the two marginal design on the fracture resistance of all ceramic restoration. The
result of their investigation was that fracture resistance of chamfer samples and shoulder
samples were 610.18 N and 502 N respectively. Statistically significant different
between the two groups was observed; they showed presence of a clear relationship
between fracture resistance and marginal design of alumina cores. It showed less value
when compared to the present result values, in spite of selecting shoulder finishing line.
They had predicted from their results that chamfer margin could improve the

biomechanical action of posterior single crown alumina restoration. They related the
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reasons of that, to the strong unity of chamfer margin, as they concluded that design
with a chamfer margin present with more fracture resistance of restoration material than
that of shoulder margin one. Meanwhile they showed that good fitness on the occlusal

surface would increase the strength resistance against fracture.

Jalalian and others in 2011 had furthermore studied the effect of preparation
design on the fracture resistance of zirconia coping crowns with CAD/CAM systems.
The purpose of their in vitro study was mainly to compare the effect of two marginal
designs (chamfer and shoulder) on the fracture resistance of zirconia coping restoration.
They found that fracture resistance of chamfer margin was more than shoulder one, as
the strong unity of chamfer margin has a curved and round internal angle, therefore it
reflects more marginal fitness, so it will spread the load. Such case does not appear in a
shoulder margin. Finally, the conclusion of their results indicates clearly that marginal
design has an effect on fracture resistance. Such finding may be compared and
contrasted with undergoing investigation. As a matter of fact, the results of the present
project indicate that Lithium disilicate has a greatest strength value in finishing line
depth 1.5 mm in comparison to 0.5 mm and 1.0 mm finishing line depth as it had
increased linearly. But, such phenomena was not evident with feldspathic material as
the strength was increased from a restoration with 0.5 mm to 1.0 mm, but it is decreased
in restoration with 1.5 mm depth of finishing line (Table 11,12). This led to assume that

assorted results come with various materials.

Although this phenomena was not evident statistically through Al Makramani et
al in 2011 work, they urged and explained the reasons, to be due to less stress
concentration on the axial wall in shoulder one compared to chamfer margin. However,
strength of ceramic restorative material has been dealt with in detail by others, as they
studied the resistance load to fracture of Turkom Cera in Ceram and Procera All-Ceram.
In their investigation all ceramic coping cemented to extracted teeth using resin luting
cement have been evaluated. They found that there is no influence of finishing line
design on the fracture of Turkom Cera ceramic coping, in fact they declared and
reported no evident of significant difference between shoulder and chamfer margin
(Malament and Socransky, 1999; Al Makramani et al., 2011).
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Nevertheless, many other authors showed no effect of different finishing line
design on the fracture resistance of Dicor crown luted with resin cement (Malament and
Socransky, 1999). As it was reported in their investigations, the effect of finishing line
form and luting agent on the fracture strength of Dicor crown (glass ceramic crown). In
accordance with, Bernal et al in 1993, they have state that no any difference in the
fracture strength in relation to the type of finishing line used was detected throughout

their study.

The strength of all ceramic restoration in relation to the different finishing line
recently seems to be the concern of most clinicians in different parts of the world as
Cortellini and others from Brazil in 2014. They reported that pressed Lithium disilicate
crown might not require invasive finish line preparation, since finish line type does not
impair the strength of restoration material. Their study on durability of Lithium
disilicate crown bonded on abutment with knife edge and large chamfer finish line after
cyclic loading. No significant fracture strength found with Lithium disilicate ceramic
crowns bonded on the teeth with knife edge finish line in comparison to that bonded to
teeth with large chamfer one of marginal design. They evaluate the effect of fracture
strength of Lithium disilicate crown in relation to two type of finishing line, as there
were adhesively bonded to their abutment ,the mean result of fracture strength of
Lithium disilicate crowns with knife edge group was of 1655 N + 353 and with a
chamfer group was 1618 N £ 263. Hence, they concluded that there is no effect of
finishing line design when using Lithium disilicate material as a restoration. However,
the value in general was less, in comparison to the present investigation outcomes. As
the value was about 1378 N = 674 in preparation design of margin with 0.5 mm
shoulder finishing line depth, while the value increased to 2809 N + 967 in 1.5 mm
group of finishing line depth with the same material. Finally, they stated that clinical
studies should be carried out on the longevity of Lithium disilicate FDP that should
reported on the association between incidence of failure and finish line type employed.

Conversely, to the previous research of Cortellini et al in 2014, Zhang and his
colleges in 2016 found that marginal thickness of prosthetic restoration has more

significant effect on fracture strength of restoration material. They used glass simulated

113



dental crowns as a novel restoration with chamfer design of finishing line with 0.8 mm

and 1.2mm depth in comparison.

Kelly in 2011 had put forward a number of proposal and recommendations for
dentists; all of which are in relevant to investigations on all ceramic restorations. As in
vitro investigations, using of the die material with elastic modulus similar to dentin, so
preparation of the teeth or dies according to clinical guidelines and use of all-ceramic

crowns with clinically relevant dimensions.

To evaluate maximum resistance of CAD/CAM restoration to fracture, different
die material have been used to be resemble to tooth form and shape (Zahran, et al.,
2008; Sagsoz, et al., 2016). But it seem that it is impossible to achieve standardization
similar to that of natural teeth because of their different size and mineralization
percentage of each teeth, anatomical configuration, pulpal size variation with different
age stages and internal cracks. As well as there are few other parameters that have their
effect on the results of investigations in case of using natural teeth, such as storage

process of extracted teeth and the extraction conditions of selected teeth (Burk, 1999).

Therefore, all these factors are playing a major role in the possibility of the tooth

fracture throughout fracture testing procedure (Kwon et al., 2013).

Since, the selection of the die material may influence the maximum loading
force on restoration material to resist fracture of the prosthesis, as Nemane and his
friends from India in 2015 have stated, that Gavelis GR et al in 1981 showed that most
significant source of variation between the results of previous in vivo studies seems to

be from casting variability.

Nowadays, it is clear that the preparation design is one of the main factors that
affect the fracture of ceramic restoration. In present study, shoulder finishing line was
selected rather than chamfer finishing line as recommended by Nemane et al (2015),
they suggested that the occlusal seat of the restoration will be effected by different
finishing line design and they found that the preparation of tooth structure with shoulder
finishing line present more adequate seating in comparison to chamfer or feather
finishing line. However, they used a stainless steel die material with a diameter of
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10mm, height of 6mm, and tapering degree of 5 degree using full cast metal crown as a
restoration in their investigation (Nemane et al., 2015).

In fact most of all-ceramic restorations are subjected to fractures during their
function in oral cavity (Al-Joboury and Al-Rasheed, 2015; Dibner and Kelly, 2016), so
in order to minimize these common clinical complications, many dental studies have
been carried out in in vitro on CAD/CAM restorations (Cho et al., 2011; Anusavice et
al., 2013).

As many studies reported that, the occlusal force during mastication and
swallowing process is about 40 N, even though it reaches the maximum value in
posterior regions with a range between 150 N and 665 N. While the occlusal forces in
patient with removable partial denture is between 65 N and 235 N .In cases with
complete denture ,the force of occlusion in molar and bicuspid region are 100 N , but
with incisors are 40 N. As a general, it becomes higher in male and younger cases
(Sakaguchi and Powers, 2012). However, the present investigation reflects values
higher than those of clinical values in both selected materials and with various depth of

selected finishing line.

In the present investigation, although the experimental condition was different
from Kellys advices, since the elastic modules of the die material that was used
approached (218 GPa). However, in this figure (this experiment) was almost 20 folds
higher than that of natural dentine structures with elastic module which was only 12
GPa. In the current study, metal (nickel- chrome) was used as a die material in order to
get closer standardization of the results that cannot be achieved by using natural teeth as
die of underlying restorations as there had been referred to, previously.

Considering, other factors, which effect on the result of in vitro fracture tests, by
using, die material having higher elastic module than that of dentin which is resulted in
false true result in comparison to that of in vivo investigations. But because the inner
surface of all ceramic restoration shows higher share strength when underling die
material present with elastic modulus near the dentine, vice versa results appear when

using metal die. It shows lower share strength due to stable form of underling metal die.
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Therefore, the tooth structure under the restoration will be subjected to many
deformations, which should be considered in evaluating the strength value of restoration
material (Yuce et al., 2012).

In the current study, all underlying defect factors that may affect on the result of
the test have been excluded, rather than finishing line differences. So the value for
evaluation of fracture strength in present study a part from finishing line difference, no
effect of any other factors have been considered, such as fracture of underlying die
material or deformation of supporting structure. So present results reflect maximum
value of fracture strength of LITH and FSC, which were 4518 N and 3233 N

respectively.

In fact, although Sagsoz et al in 2016 have shown type of die material do not
effect on fracture strength of CAD/CAM restoration, however, when Lithium disilicate
material used for their investigation. The mean fracture strength value of monolithic
crown were 595 N ,606 N, and 578 on resin die ,nickel-chrome die ,and dentin
respectively which found out to be less than present minimum fracture strength value
as it was 834 N with 0.5 mm depth of finishing line using same material. However,
Aksan in his specialty thesis in 2017 found out the maximum mean fracture strength of
monolithic Lithium disilicate crowns with undelaying titanium abutment as787.80 +
120.95 N in comparison to titanium based zirconia abutment with 623.93 £ 97.44 N,
whereas Bio HPP hybrid abutments was 602.93 + 121.03 N (Aksan, 2017). In contrast,
the present investigation figures were higher in respect to both the median and mean
value of Lithium disilicate coping crowns with all the three different finishing line depth
of 0.5 mm 1.0 mm and 1.5 mm

Whereas Sakoguchi and his college’s in 2013 referred to that crown cemented
on resin die do reflect more fracture resistance than that cemented over metal die
regardless the type of restoration material. Other authors documented that even though
natural teeth restoration could not be achieved, neither by using metal nor resin dies
(Kowon et al., 2013).
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Even though, the strength of all ceramic restoration does not depend only on the
fracture resistance of used material. Others like Yegin in 2017, in here PhD thesis
evaluate the stress distribution of different restoration material to the underlying
structure. When, she select Lithium disilicate material as a monolithic crown restoration
using Finite element analysis method, she concluded that the restorative material type
do not affect the stress distribution on underling implant component, especially in case
of monolithic restoration with Lithium disilicate material that reduce the stress on
underlying implant and bone structures, resulted in a fracture strength of mean value of
2891.88 N £ 410.12 and when comparing with present results, it seems to be close to
Lithium disilicate coping design used in this study with a finishing line of 1.5 mm
which presented with mean fracture strength of about 2721 N + 967, as see in (Table
11).

Accordingly, Jager et al 2005 studied the influence of design parameters on the
finite elements analysis (FEA), they determine the stress distribution through
CAD/CAM produced ceramic crowns, they reported and recommended that cement
layer thickness with different finish line should be as thin as possible, meanwhile they
refer to that complete ceramic crown may increase the resistance and longevity of
restoration. They also stated that for full ceramic crown in posterior region, specific
design roles should be followed. They showed that FEA utilizing CAD/CAM data could
be used as a successful tool for developing a design guideline for all ceramic

restoration.

When reviewing the relevant literatures, it become clear that quite many
researchers have called for farther work and research to be carry out to investigate the
seating pressure applied and it is impact on different types of CAD/CAM restoration
through using various type of luting cements with distinct viscosities (Dwivedi et al.,
2017).

In fact, pulp necrosis after crown placement, have been stated to be a significant
factor, for the failure of restoration process (Decerle et al., 2014). The prediction of
cement micro fracture under crowns using 3-D FEA techniques have been dealt by

(Kamposiora et al., 2001) in order to, test the effect of crown margin type, cement type,
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cement thickness, loading direction and loading magnitude on the stress level and
distribution with in luting cement, which might lead to micro fracture .they found out
that stress at the margin of crown with chamfer marginal configuration were higher than
those with shoulder margin. They also reported that stress under oblige stressing were
greater than that of under axial stressing, meanwhile cement thickness minimally

affected stress level and distribution.

On the other hand, other authors’ conclusion was that chamfer margin design
could cause greater stress near the margin Komsara et al., in 2000. Ultimately, the
cement does face a risk of micro fracture, and then increase the possibility of crown
failure. In contrast, they propose that glass ionomer and composite resin cement possess

more mechanical properties to resist micro fracture in comparison to others.

In order to evaluate the effect of different thickness on marginal adaptation of all
ceramic restoration to be sustain for a long period in the oral cavity in case of having
appropriate mechanical, biological, and esthetical properties, as it was referred by
Jalalian et al (2014), who stated that increasing marginal core thickness can decrease the

marginal gap in all ceramic crown.

While regarding the marginal gap, as they increased, decreasing in the fracture
strength of the restoration have been happened (Maghrabi, 2010). In fact the acceptable
marginal gap clinically is 120° regardless using conventional impression method or by
the aid of different CAD/CAM system in digital impression method (Renne et al.,
2015).

An in vitro study of Habekost et al in 2007 on tensile bond strength and flexural
modulus of resin cement showed that the mechanical properties of resin cement can
influence the fracture resistance of teeth restored with ceramic inlay, they concluded
that cement with higher elastic module had showed better resistance to restoration
failure. It was shown that the use of resin cement with a feldspathic ceramic has been
considered as an essential factor for the success of restoration, due to some reasons that
could contribute to such achievement, transmission of the force from restoration to the

underlying resin cement and may increase crack riding that caused by acid etching their
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by avoiding crack propagation of restoration material, that indicate generally cement
with high flexural module will have better resistance to fracture.

While, in case of using resin die, quite many references indicate that it may be
quite close to natural teeth in their elastic module sequence as it (11.5 GPA) in hybrid
resin composite die, as an example in comparison to elastic modules of natural teeth
which is in arrange of (5.2-19.3 GPa) which was shown by Bindl and his friends in
2006. They examined the fracture strength of Lithium disilicate and feldspathic ceramic
as a monolithic crown restoration with thickness of 1.5 mm as a uniform thickness of
both occlusal and lateral wall using three different cement as a luting agent that present
with different elastic module and resulted that Lithium disilicate crowns mean fracture
resistance value were 2082 N when cemented with zincphosphate one and the value
were increased to be 2389 N as they cemented with adhesive resin cement (Panavia F2).
The same were happened in mean fracture strength of feldspathic once luting by
zincphosphate in comparison to resin one, which was increased from 1270 N to 2392 N
(Bindle et al., 2006).

In the present study, Panavia 5 resin cement were used which has a high flexural
module that enhance increasing resistance of restoration to fracture as Lithium disilicate
and feldspathic ceramic were used with the finishing line thickness were 1.5 mm the
mean fracture strength were 2721 N and 1296 N respectively .

Therefore with the development and improvement of adhesive bonding
technique resin cement, can seal small crack of intaglio surface of ceramic restoration
and improve ceramic strength, ceramic-resin bonding is successfully achieved through
pretreatment of silica based ceramic with acid etching following by silanization
(Nejatidanesh et al., 2015). As the elastic modulus of feldspathic ceramic is 45 = 0.5
mm GPa after milling, the elastic modulus of Lithium disilicate is 95 £ 5 GPa after
crystallization and as the elastic property of ceramic material are influenced by the
composition and processing method, so these differences influence the stress
concentration at the bonding interface between tooth and restoration. The lower elastic
modulus of the restoration resulted in higher stress concentration at the bonding

interface (Anusavice et al., 2013).
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Furthermore, the cement thickness also regarded to be one of the important
factor that influence the duration of restoration as well as fracture strength of
CAD/CAM restoration, as Vurge¢ from  Ataturk university in his uzman thesis
(specialist) in 2016, when he compare the fracture strength of three different material
with their different cement thickness using resin cement, the conclusion was that the
fracture strength will increase the group of 50 um cement and decreased when used

200um cement thickness.

Regarding the selection of adequate cement material present with good bonding
strength property which is having a major role in successful of the final restoration as
well as the surface treatment of applied material prior to the cementation. As they have
an importance in good adhesion Cakir in 2017 in his thesis concluded that best result
was obtained from using silane and adhesion both rather than using one of them (Cakir,
2017).

In dentistry, tooth fracture against the occlusal and lateral forces, was and still is
one of the main problems facing ceramic restoration prosthesis in clinical practice (dilo
et al., 2016), have carried out an in vitro study, in order to compare and contrast the load
at fracture of monolithic and bilayer zirconia crowns, with and without a cervical
zirconia collar. They obtained result of significant difference in the load at fracture and
fracture modes, among the tested groups. They found out that restoration with cervical
zirconia collar needs higher load to fracture, in comparison to core veneer design, in
contrast the load was lower than the monolithic crowns as they were present with
highest value of fracture strength among their groups of about 6517 N. Finally,
according to their results they reported that crown wall thickness as well as marginal
crown design does effect on the fracture of crown restoration (Anusavice et al., 2013 ;
@ilo et al., 2016). Same result was concluded from Kara specialist thesis in 2016 as she
compared between monolithic and veneering restoration, and she proposed ceramic
restoration with monolithic crown rather than bilayer one as their were presented with

higher resistance to fracture (Kara, 2016).

When non-metallic crowns undergo fracture, the fracture typically originates

from flaws or defects in the intaglio surfaces. Subcritical crack growth follows, which is
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enhanced in the aqueous environment. Ceramic materials are particularly susceptible to
the tensile stresses, and mechanical resistance is also strongly influenced by the
presence of superficial flaws and internal voids. This phenomenon may be influenced
by different factors such as marginal design of the restoration, residual processing
stress, magnitude and direction and frequency of the applied load, elastic modulus of the
restoration components, restoration—cement interfacial defects, and oral environmental
effects (Al-Joboury and Al-Rasheed, 2015).

The introduction of computer-aided design/computer-aided manufacturing
CAD/CAM technology in dentistry enabled dentists to use new treatment modalities
and changed the design and application limits of all-ceramic restorations as the demand
for esthetics in the posterior region of the mouth has increased. Recent monolithic
restorations have provided functional, biocompatible, and esthetic demands with
superior mechanical properties than conventional porcelain restorations. The strength of
an all ceramics restoration depends not only on the fracture resistance of the material,
but also on a suitable preparation design with adequate material thickness. It was
proposed that both shoulder chamfer and deep chamfer finishing lines are considered to
be adequate for the fracture strength of all-ceramic restorations (Al-Joboury and Al-
Rasheed, 2015).

Kostur in 2016 in her PhD thesis confirmed that the fracture strength will
increase with increasing thickness of restoration when she compare the different
between three different material (Hibrid ceramic, Resin ceramic and zirconia) with three
different thickness (0.5, 1.0, 1.5 mm). Furthermore, Zimmermann and his friend in
2017 proposed the same hypothesis when they work on Lithium disilicate and
feldspathic material in their investigation when they evaluated the maximum fracture
load needed to fracture of the restoration in related to the thickness of material, when
they used 0.5 mm, 1.0 mm and 1.5 mm thickness as whole thickness from the margin to
the occlusal wall making a comparison between 4 types of CAD/CAM crowns (Lithium
disilicate and Feldspathic were among their group). Over SAL die material with elastic
module of 2.5 GPs, and shoulder finishing line where designed for the margin which
was increased their depth as the thickness of the restoration material were increased and

adhesively cemented over the die. Resulted in maximum fracture strength of crowns
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made by Lithium disilicate one with 1.5 mm thickness with about 1240.8 N and 634.8 N
for Feldspathic with the same thickness while the others present with less value of
facture strength to be less than 1000 N. So in comparison with the present result which
were less than mean value of fracture resisistance of the present investigation of both
materials, as the restoration thickness were 2.0 mm as a hole. Rather than Sorrentino
and other authors in 2016 when they evaluate the occlusal thickness of CAD/CAM
monolithic crown in related to the fracture strength in posterior region and even it was
0.5 mm can resist the occlusal forces with clinical acceptable value in case of using

zirconiua material.

In general almost all previous experiment were carried out using 1.5 mm
thickness or less for either occlusal or wall of their restoration(Magne et al.,2015;
Zimmermann et al.,2017) and, the outcome results was generally below 1000 N.
Anyhow, during the present investigation the chosen thickness used was 2 mm for
occlusal and wall thickness ,such thickness (2 mm) was also proposed and applied by
Vichi et al in 2000 for Lithium disilicate. Vichi et al in 2000 had performed a
comprehensive study on the influence of ceramic and cement thickness on the masking
of various opaque posts .They demonstrate that whenever ceramic thickness was 1.0
mm all other variables were visually detectable whereas for thickness of 1.5 mm color
difference decrease and most variance could only be detected through laboratory
instrument, however for ceramic thickness of 2.0 mm. No detection of any clinical
relevant deference was recorded, therefore in the present investigation on CAD/CAM
restoration that involve full coverage crown, inlay, onlay, endocrown and implant
restoration, a wall thickness of 2.0 mm were applied throughout the present experiments
which was the need of masking of underling supporting structure (vital tooth structure,

tooth with root canal restoration and posted tooth and or implant abutment).

Shahrbaf et al (2014) concluded that teeth restored with crown of flat occlusal
preparation design do reflect the highest fracture strength. They used maxillary second
premolar as it was prepared for all ceramic restoration with a standard preparation of
anatomical tooth reduction, and a Novel design with a flat occlusal design, they used
feldspatic CAD/ CAM material as a restoration with CEREC 3 CAD/ CAM system.In

accordance to that, the present investigation also revealed the same phenomena when a
122



restoration on a novel flat occlusal surface of nickel-chrome dies made by using
feldspathic and Lithium disilicate with CEREC 4 CAD/CAM system, resulting high
value of fracture resistance of both materials than what was expected. As well as
Abdullah and lbraheem (2017) in their investigation concluded that the shoulder margin
preparation with flat occlusal restoration provide a better in compared to the deep
chamfer (Abdullah and Ibraheem, 2017).

Regarding the coverage angle Zhang et al in 2016 found that the marginal
thickness has more significant effect on the fracture strength of restoration material than
the coverage angle (when they used chamfer finishing line with a depth of 0,8 mm and
1.2 mm) as well as adhesively bonded crown have highest fracture resistance value than

conventional cementation procedure.

The point that should be referred to from the present results is the recording and
observing of higher value of fracture strength, as matter of fact values exceeding 4000N
was observed ,meanwhile maximum recorded value for Lithium throughout the present
study was 4518 N at 1.5 mm depth line whereas in case of feldspathic material the value
did not exceed 3233 N .this indicate that the type of material have its effect on the load
of fracture strength as it has been referred to by many other authors (Zahran et al.,
2013).

As Giileg in her uzman (specialist) thesis is in 2017 she conclude that material
with high elastic modulus and high mechanical property have higher fracture strength
which is about 3098,4 N £667,7 with IPSe-max in comparison to Vita Enamic one with
a fracture strength of 1978.71 N +364.05 and the same result of our investigation with a
mean fracture strength of Lithium disilicate with 1.0 mm and 1.5 mm to be 2489 +1100
N and 2721 £967 N while with a feldspathic one with same thickness are 2028 + 724 N
and 1296 + 642 N.

However, clinically crown failure due to fracture as reported by (Qilo et al.,
2014) is start from crack initiation from the margin of the restoration. Whereas, in most
in vitro studies reports indicate that fracture occurred due to frictional effect between
the applied force and surface of restoration materials. In order to produce a condition
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resemble to the oral cavity, many authors proposed the use of an adjective (elastic or
aluminum foil) between the applied surface and restoration surface that is as they

mentioned will cause the spread of the force along the surface.

Therefore, when placing a piece of rubber layer or aluminum foil which was act
as stress barrier between the applied force and the restoration surface (Rammelsberg et
al., 2000). In the present investigation, the resistance force was increased unexpectedly
to more than 5000 N, when placing such barrier material. Hence ,such proposal was
neglected throughout the present experiment .Mean while the fracture test were
performed using a destructive applicant (rhombohedral pyramid diamond tip), till the
fracture resulted, without any adjustment between applied load and the crown surface ,
however still high value of strength were observed in comparison to the previous

studies.

Otherwise, many authors declared that further clinical investigation are
requested and necessary to verify the previous hypotheses. Nevertheless, results of the
present investigation come in accordance to the previous studies. Since the mean value
was ranged from 1378 N to 20721 N using 90 degree shoulder finishing line regardless
to the marginal thickness used(0.5 mm,1.0 mm,1.5 mm) for both used material (Table
11, 12).

However, clinically crown failure due to fracture as reported by (d@ilo et al.,
2014) is start from crack initiation from the margin of the restoration. Whereas, in most
in vitro studies the report indicate that fracture occurred due to frictional effect between
the applied force and surface of restoration materials .in order to produce a condition
resemble to the oral cavity many authors proposed the use an adjective (elastic or
aluminum foil) between the applied surface and restoration surface that is as they

mentioned will cause the spread of the force along the surface.

So, the results of the present investigations shows that shoulder finishing line 1.5
mm for Lithium disilicate material is more adequate to the fracture strength in respect to
all other ceramic restoration. Anyhow, the mean value of fracture strength varied with
thickness variation, in case of feldspathic greatest value was with 1.0 mm depth line
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(Figure 43 and Table 13). Nevertheless, the value increased linearly from 1855 N to the
maximum mean value of 2721 N for Lithium when contrasting 0.5 mm, 1.0 mm, and
1.5 mm 90 degree shoulder finishing line (Table 14 and Figure 44). In fact, whenever
comparing and contrasting values of fracture strength of the two material used in the
present study, it can be deduce that adequate and greatest value were found in case of
Lithium with 1.0 mm as well as the peak was in 1.5 mm. Actually, no significant
different value have been recorded between the two material; feldspathic and Lithium in
case of practicing 0.5 mm marginal finishing line, as the fracture strength value were
1831 N and 1378 N for feldspathic and Lithium respectively, and present with highest
value of fracture strength of FSC in related to the LITH which may be due to adequate
bond strength of FSC to the underling metal die in the present of Panavia V cement

material. .

The outcome of the present results have been illustrated and tabulated in the
form of graphes and tables, using both mean and median values however, the results in
both case seem to be close, similar and have the same trend (Figure 49). The estimated
values of standard deviation of both materials in respect to all finishing line applied in
this study is shown in (Figure 49) as well as, the effect of finishing line on the fracture
resistance of the two material groups dealt with in this project ( when it is expressed as
mean and median ) shows clearly that there is an influence of finishing line depth on
forces needed to fracture particularly in Lithium. Mean and median load of the two

material used are shown (Figure 48).

The present study shows clearly the influence of different finishing line depth on
fracture strength particularly in Lithium. However, the effect was not evident clearly in
case of feldspathic material since the following outcome of the result appeared as
followings for the depth line 0.5 mm,1.0 mm,and 1.5 mm the mean value of fracture
strength was 1831 N,2165.8 N and 1296.7 N respectively, that’s mean more suitable
finishing line for this material is 1.0 mm rather than 0.5 mm and 1.5 mm finishing line.
In contrast, a quite clear liner relationship between finishing line depth and the fracture
resistance was evident in case of using Lithium disilicate. All these factors confirm the
result of the present investigation with high value of fracture strength of used such

materials.
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6. CONCLUSION

. The maximum fracture strength mean value in case of Lithium disilicate crowns
were presented with 1.5 mm shoulder finishing line of 2721+967 N and
decreasing to be 2489+1100 N with 1.0 mm finishing line depth, then the
minimal fracture strength value in the same type of material are present with 0.5
mm shoulder finishing line with 1527+ 674 N. Therefore, give a result of
increasing the strength of such material linearly as the finishing line depth
increased.

. The maximum mean value of fracture strength in case of feldspathic ceramic
was presented with 1.0 mm depth of finishing line was 2028+ 724 N , Followed
by 1873+530 N to be a mean value of fracture strength feldspathic with 0.5 mm
depth of finishing line specimens and the absolute minimum mean value was
found with 1.5 mm depth of shoulder finishing line, as it was only 1296 +642 N
.In conclusion the increasing was linearly from 0.5 mm to 1.0 mm, and
decreased in case of 1.5 mm conversely.

In comparison between the two material the resulted data in general gave a
maximum fracture strength value to Lithium disilicate material with 4518 N
which is present with elastic modulus of 95 + 5 GPa ,whereas the minimum
fracture strength value comes with feldspathic restoration with 513 N that have
elastic modulus of 45+0.5GPa.So concerning the mean and median fracture
strength value of both material with the three different finishing line ,they were
in the limitation of clinical occlusal force.

Both types of CAD/CAM material (Lithium disilicate and Feldspathic) are
considered as promising prosthodontics restoration alternative to the previous
metal ceramic restorations in posterior region, in addition to their esthetical and
biomechanical properties, they were presented with a good mechanical
properties that can withstand the occlusal forces in the oral cavity.

In relation and comparison to the previous studies, present work indicates and
supports other investigation suggestion that different material can be used in

evaluating the effect of different finishing line depth on fracture strength of
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strength of different CAD/CAM materials as well as various cement material to

be used as a luting agent on different die structure in the future dental studies.

Limitations of the study and recommendations for future research

Within the limitations of this study and advanced innovation in the field of
digital dentistry, future study could be modified to provide a more precise, accurate
answer to researcher questions. Therefore, the study could be conducted with extracted
human teeth or on implant abutment that would be a better simulation of a clinical

setting.

Researches should be carried out to consider the accuracy of diverse types of

digital impression systems and further materials in order to be compared and contrasted

To allow and support analysis of survival and endurance of the restoration and
assessing with the satisfaction of the patient and dentist is important to be considered in
the long term. The audit showed that, at Prosthetic Clinic of Dental Faculty of Van
Yuzuncu Yil University, both dentists and dental students are acceptable with
feldspathic and Lithium disilicate restoration, this was monitored by a high standard and
quality of the impression ensuring in dentists and patients being highly contented with
the final CAD/CAM outcomes.
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7.OZET

Khidher LB. CAD/CAM Restorasyonlarinda Farklh Basamak Genisliklerinin
Dayamim Uzerine Etkisinin Incelenmesi, Van Yiiziincii Y1l Universitesi Saghk
Bilimleri Enstitiisii, Dis Hekimligi Fakiiltesi Protetik Dis Tedavisi Anabilim Dal,
Doktora tezi, Van 2019. Bu ¢alismanin amaci CAD/CAM sistemi ile iiretilen koping
dizaynin farkli basamak genisliklerine (0.5 mm, 1.0 mm ve 1.5 mm shoulder) sahip olan

restorasyonlarin kirilma dayaniminin etkisinin incelenmesidir.

Bilimin ¢esitli alanlarindaki son geligsmeler dijital teknolojide kendini gostermis,
ve bu teknoloji tibbin bircok alam1 dahil giinlik yasamimizin bircok alaninda
kullanilmaya ve hatta dis hekimliginin ¢ogu alaninda da giderek yogun bir sekilde ilgi

gormeye baslamistir.

Hasta bas1 uygulamalarinin bilgisayar destekli tasarim/bigisayar destekli iiretim
CAl CAD/CAM c¢ozimleri; inley, kron, koprii, implant abutmenti ve diger dental
protezlerinin yapiminda yaygm bir kullanim alani bulmaktadir. CAl CAD/CAM
sisteminin, dental restorasyonlarin otomatik olarak tasarlanmasinda ve {iretilmesinde

kullanilan bir dizi dijital cihaz ve yazilimdan olustugu diisiiniilebilir.

Dayanikli materyallerin kullanildig1 restorasyonlarin, zayif estetik goriiniime
sahip oldugu distiniildigii eski donemlerin aksine giiniimizde CAl CAD/CAM
materyalleri ile hem dayanikli hem de iistiin estetige sahip restorasyonlarn {retimi
miimkiin hale geldigi i¢in dis hekimlerinin se¢imi olduk¢a kolaylasmistir.Son
zamanlarda dis renginde restorasyonlar iiretebilmek i¢in ¢esitli materyallerin CAl
CAD/CAM sistemiyle birlikte kullanilmast dental kliniklerde olduk¢a yaygin hale
gelmistir. Ornegin seramikler (estetik seramikler,yiiksek dayanmimli seramikler ve
zirkonya), hibrit seramikler ve CAlI CAD/CAM kompozitleri, fiberle giiglendirilmis

rezinler, polimerler, metaller vb.

Ancak tam seramik materyallerin ve cam seramiklerin kirilma dayanimlar1 géz
oniinde bulunduruldugunda dis hekimleri bu gibi materyalleri klinik uygulamada
kullanmaktan kaygi duymaktadirlar. Son zamanlarda seramik kron hazirhig: ile ilgili

klinik ve temel bilgiler ¢ok daha fazla dikkat ve ilgi ¢ekmistir. Bununla birlikte klinik
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takipler, seramik restorasyon kullanan hastalarda karsilagilan en biiyiik sorunun
meydana gelen kiriklar oldugunu gostermektedir. Zimmermann ve arakadaslarinin
yaptigi calisma 2017, sabit protezlerde marjinal bolgede goriilen streslerin, kron
kalimliginin  6zelliklede basamak genisliginin  arttirilmasiyla  azaltilabilecegini

gostermistir.

Marjinal alanlarda esneklik (duktilite) gosteren metallere gére kirilgan yapisi
olan tam seramik restorasyonlarin dayanikliligi i¢in bu daha 6nemli bir konudur. Bunun
yani sira ¢ogu arastirmaci, kesilen disin basamak tasarimini Kronlarin marjinal
uyumunda ve kirilma direncinde 6nemli faktorlerden biri oldugunu bildirmistir. Diger
arastirmacilar ise protetik restorasyonlarin prognozunu iyilestirmede yiiksek mekanik
dayanikliligin yani sira yeterli marjinal ve internal uyum ve iyi bir yapistirict siman

seciminin en dnemli faktorler arasinda oldugunu 6ne stirmektedir .

Bu arasgtirma, basamak genisliginin, secilen iki restorasyon materyalinin
dayanim tizerindeki etkisinin 6nemini degerlendirmek amaciyla yapilmistir. Materyal
olarak CAl CAD/CAM sistemi kullanilmak {izere lityum disilikat ve feldispatik
seramikler tercih edilmistir. Bu iki materyal dental kliniklerde en yaygin kullanilan
materyallerdir. Bu materyallerin kullanimlar1 ve uygulamalar1 arastirilmis ve sonuglar
mevcut projede sunulmustur. CNC de elde edilen nikel krom day iizerinde kronlarin
iretimi i¢in kor tasarimlar1 yapilarak, sadece basamak genislikleri arasinda farkliliklar
olacak sekilde uygulama yapildi. Belirlenen shoulder basamak genislikleri sirasiyla; 0.5
mm, 1.0 mm ve 1.5 mm’dir. Sonuglar detayl bir sekilde elde edilen istatistiksel verilere
gore tartistlmistir. Elde edilen bulgular arastirilan konu hakkindaki bilgi eksikligine 151k
tutacag1 gibi, diger dental metaryaller ile daha detayli ¢alismalarin yapilabilmesinde

imkan sunacaktir.

Dislerin kron harabiyeti, klasik tedavi yontemleriyle bir dereceye kadar restore
edilebilmekte ve fazla madde kaybi nedeniyle olusan eksiklikler sabit protetik
uygulamalarla giderilebilmektedir. Boylece hastada kaybedilen estetik, fonetik ve

cigneme ihtiyaglarinin saglanmasi miimkiin olmaktadir.
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Dis hekimliginde, hizla artan materyal bilgisi, bu bilgilere dayali in vitro
uygulama gereksinimini arttirmaktadir. Agiz iginde kullanilan materyallerin stres
kosullarinda degisimleri, restoratif materyallerin se¢imine, bunlarin &zelliklerine, ve
klinik gereksinimlerinin kombinasyonuna baghdir. Oral kavitede kullanilan bir

materyalin buradaki kuvvetlere dayanabilmesi i¢in yeterli direncte olmasi gerekirlidir.

Bilgisayar simulasyonlar1 yoluyla kontrollii iiretimden elde edilen basarili
sonuglar, dis hekimligi alanindaki restorasyonlarn da bilgisayar destekli olarak
tiretilmesi fikrinin olugsmasini saglamistir ve bilgisayar destekli dental tasarim (CAl
CAD-Computer Aided Design) gelistirilmistir. Hem ¢alisma yOntemlerinin
kolaylastirilmast hem de daha yeni ve daha iyi materyallerin kullanilabilmesi i¢in CAl

CAD/CAM sistemlerinin kullanimi olduk¢a onemlidir.

Dis hekimliginde, estetik ihtiyaglarin karsilanmasi i¢in gelistirilen tam seramik
restorasyonlarin yapiminda farklt metodlar kullanilmaya baslanmistir. Bilgisayar ve
otomasyon teknolojisinin ilerlemesi ile birlikte dis hekimliginde restorasyon yapim
yontemleri degismektedir. Ozellikle bilgisayar tasarimla iiretimde yiiksek kalitede
materyallerin kullanilabilmesi ve ortaya ¢ikan diisiik maliyet tedavide yeni olasiliklara
imkan tanimmstir. BOylece geleneksel Ol¢ii alma yontelerin kullanilmasi yaninda,
bilgisayar destekli tasarim CAD ve bilgisayar destekli tiretim CAM adi verilen CAI
CAD/CAM sistemler, gelismistir.

CAM (Computer Aided Manufacturing — Bilgisayar Destekli Uretim); 6lgiilen
ve planlanan veriler kullanilarak bilgisayar yardimiyla iiretimin yapilmasi anlamini
tagir. Dis hekimliginde restorasyonlarin otomatik olarak yapimi ilk olarak, CAI
CAD/CAM sisteminin kurucusu olarak kabul edilen Francois Duret tarafindan 1971

yilinda gergeklestirilen sistemle giindeme gelmistir .

CAl CAD/CAM sistemleriyle ilgili ¢alismalar, 1979 yilinda Heitlinger ve
Rodder tarafindan, 1980°de ise Moermann ve Brandestini tarafindan ger¢eklestirlmistir.
Ik dental CAl CAD/CAM sistemi, 1983 yilinda, Fransa’da Garanciere konferansinda
sunulmustur. Klinik ortaminda hazirlanan, herhangi bir laboratuar islemine tabi

tutulmadan sekillendirilen ve agizda uygulanan ilk kuron protezi 1985’te yapilmustir.
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Geleneksel 6l¢ii yontemlerini ortadan kaldirmak, yapilacak restorasyonun dogal
anatomisine, fonksiyonlarina ve preparasyonuna gore bilgisayar yardimiyla tasarim
yapmak, masa basinda yiiksek kalitede restorasyon iiretebilmek (mekanik direng, yiizey
kalitesi, kenar uyumu) ve daha iyi bir estetik saglamak amaciyla CAI CAD/CAM

sistemleri gelistirilmistir.

Procera, Cercon, Cicero ve Cerec gibi cesitli CAl CAD/CAM sistemleri, inley,
onley, kuron ve sabit parsiyel protezlerin yapimu icin gelistirilmistir. Cerec sistemleri
hem laboratuvarda hem de ofiste kullanilabilen sistemlerdir. Kullanicilarin tasarim
Uzerinde yapabildikleri degisimler, farkli CAl CAD/CAM sistemlerinde farkli
oranlardadir; daha gilincel olan bir¢ok sistemde dis hekimi tasarimin hemen her
ozelligini degistirme giiciine sahipiken, ilk sistemler kullanicinin yapacagi degisimlere

neredeyse hig izin vermemistir.

Bunun yaninda optik veri transferi birimleri gibi, tasarima ait yazilimlar da ilgili
sisteme Ozeldir ve farkli sistemler arasinda yazilim uyumu gozlenmez. Restorasyonun
tasariminin tamamlanmastyla, CAD yazilimi1 sanal modeli CAM birimine iletir ve
restorasyonun tiretimi baslatilir. Glinlimiizde kullanimda olan ¢ogu sistemde genellikle
su sogutmast altinda, metal veya seramik bloklarin, ¢esitli sekil ve boylardaki elmas

disk ve gesitli frezler ile asindirilmasi yoluyla istenen restorasyonlar elde edilir.

Seramik, silikat yapisinda topraksi bir materyal olup kelime olarak Yunancada
"¢Omlek" anlamini tagiyan, "keramos" kelimesinden tiirevlenmistir. Seramik, inorganik
ametaller icin kullanilan genel bir isimdir. Bu grup, silikatlar, camlar, nitritler, metal
oksitler ve ¢imentolar1 da igermektedir. Birbirleri i¢inde ¢6ziinmeyen elementlerin

diisiik 1s1da eriyerek sekillendigi seramik materyali ise porselen olarak tanimlanir.

Dis hekimliginde ise porselen terimi i¢in dental seramik kavrami da
kullanilabilmektedir. 1965 yilinda, Mc Lean ve Hughes, esas1 %40-50 oraninda aliimina
kristalleri ile gili¢lendirilmis jaket kron yapimini gelistirerek giiniimiizde kullanilan tam

porselen yapilarin temelini olusturmuslardir.
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Parsiyel kuronlarda (inley, onley, laminate, rezin baglantili kuronlar), tam

kuronlarda, konvansiyonel koprilerde, post-core' larda, implant sistemlerinde, ve ¢ene-

yiiz protezlerinde kullanilabilir.

Tam seramik restorasyonlarda basarisizligin nedenleri:

» Hekime ve laboratuara bagli olanlar:

Seramik restorasyonda dis desteginin yetersiz olmasi.

Hatal1 yiizeyler olusturan seramik kalinligindaki ani degisimler.
Seramigin diizensiz bi¢imde pisirilmesi ve kondensasyonu Kkritik
noktalarda mekanik kusurlara yol agar. Termal sok ile meydana gelen
mikro catlaklar ve aksiyolingual kenardaki biylik hava boslugu kiriklara
sebep olur.

Duzeltilmeyecek derecede maloklizyona sahip bireylere restorasyonun
uygulanmas.

Disleri sikma (Bruksizm) gibi asir1 basing olusturan, mandibulanin
parafonksiyonel hareketlerinin varligi

Travmatik zararlar.

Tam seramik restorasyonlarda dayaniklilig: etkileyen parametreler:

» Hekim,laboratuar ve materyale bagl olanlar:

Destek dis dokusu ve preparasyonun sekli.
Restorasyonun uyumu ve formu.

Siman ozellikleri.

Materyalin mekanik 6zellikleri.

OKliizal temaslar sebebiyle olusan stres dagilimi.
Yapim teknigi.

Materyalin kalinligi.

Isisal hareketler sebebiyle biriken stresler.

Vitrifikasyondan sonra cam yapisi nedeniyle seramikler tamamen kirilgandir.

Kayma ve dislokasyon olugmaz. Sikistirma dayanimi yiiksek oldugu igin teorik olarak
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basma kuvvetlerine karsi direncleri fazladir. Cekme ve makaslama kuvvetlerine karsi
direnici ise oldukg¢a azdir. Normal bir porselenin iginde kiigiik diizensizlik, ¢atlak ve
porozite mevceuttur. Bu yiizey bozukluklar1 diiz hattan sapma gosteren catlaklara sebep
olabilir. Bu yariklar gerilimin yogunlasmasindan kaynaklanir. Plastik deformasyon ile
metallerde bu gerilim giderilebilir fakat porselenler olduk¢a kirillgan materyaller

oldugundan gerilim bosalmasi imkansizdir.

Eger malzeme bir ¢cekme gerilimi altinda degilse yogunlagmis gerilim, porselen
govdesinin dayanikliligini kolayca asacagindan ¢atlagin derinligi artar. Catlagin
derinligi arttik¢a gerilim yogunlugu da artar ve kolayca kirillgan bir yap1 meydana gelir.
Bu durum seramik govdelerde ¢okca olusan patlayic bir kirilmayr agiklar. Ote yandan
sikistirma kuvveti altinda ¢atlak kendiliginden biiyiimedigi i¢in gerilime ¢ok daha iyi bir

sekilde diren¢ gosterir.

Stres (Gerilim): Bir maddeye uygulanan kuvvet sonucunda bu etkiye karsi birim
alanda meydana olusan tepkiye stres denir. Basing ve stresin birimleri ayni olmasina
ragmen basingta temel olarak sikigsma tipi kuvvetlerin varligi s6z konusudur. Uygulanan
kuvvet sonrasinda sikisma (compressive stress), gerilme (tensile stress) ve makaslama

(shear stress) olmak iizere ti¢ farkli sekilde stres meydana gelebilmektedir.

Strain (Gerinim): Uzerine kuvvet uygulanan bir cisimde bir deformasyon
meydana gelir. Cismin bir strese maruz kalmasi sonucu cismin her birim uzunlugunda

olusan degisim gerinim olarak ifade edilir.

Oral kavitede protezin yapisini meydana getiren materyallerde yorulma olusur
ve kirillma ya da asinma buna bagl olarak gerceklesir. Dolayisiyla arastirmacilar, protez
yapiminda tercih edilen materyallerin aralarindaki ya da i¢ yapilarindaki farkliliklarin
tespiti ve yorulmaya karsi dayanikli olan materyallerin belirlenmesi igin laboratuarda

yorulma testleri iizerine yogun olarak ¢aligmaktadirlar.

Temel materyal oOzelliklerinin elde edilmesi ya da kullanim Omiirlerinin

arttirtlmas1 ve Ozel tasarimlarin degerlendirilmesine yonelik verilerin saglanmasi
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amaciyla testler uygulanmaktadir. Bunlardan birisi de okliizal yilizeye ylikleme

yapilabilen ¢igneme simulatdrii test cihazlari ile gergeklestirilebilir.

Cam ve seramikler kirilgan materyaller olduklarindan doly1, yapimlar1 sirasinda
onceden olusmus defektler icerebilirler. Bunlar g¢atlak gelisimi i¢in zemin hazirlar.
Kritik stresin derecesi ve c¢atlaklarin boyutu bu materyallerin kirilma direncini belirler.
Kirilma degerinin altindaki degerlerde catlaklar korunabilir fakat bu degeri asan
streslerde katastrofik bir catlak gelisimi gergeklesir. Ozellikle silika iceren camlar ve bu
materyaller durgun bir yorulmaya maruz kalmaktadirlar. Bunun yaninda, ¢atlaklar daha
stabil bir sekilde de meydana gelebilir. Cesitli kristalin seramiklerde dongtisel yorulma
etkileri gézlenmektedir. Materyal her ne kadar plastik 6zelligi tasimasa da, dongiisel
stres uygulamasi esnasindaki basarisizlik siirecleri, benzer stres degerlerinde statik

yorulmaya gore daha az olmaktadir.

Kuron preparasyonlarinda basariyr belirleyen en Onemli asama dislerin
kesimidir. Kesim agamasinda genel kurallarin yani sira islemi kolaylastiran ve daha iyi
sonug elde edilmesini saglayan ayrintilar bilinir ve uygulanir ise basariya ulasmak daha
olas1 hale gelecektir. Kuron kenarlar1 diseti seviyesine gore disetinin altinda, diseti
seviyesinde ve disetinin iizerinde olabilir. Kuron kenarlar estetik agidan dogal disin
mukoza icersinden ¢ikis goriintiisii (emerge profile) elde edilmek istenilen, 6zellikle 6n
bolgelerde veya dis renginin koyu oldugu ve restorasyon ile renk degisikligi hedeflenen
olgularda. Hazirlanma seklinde anatomik sinirlart izlemek Onemlidir. Aksi halde
rahatsiz olan disetinde ilerleyen donemlerde boyutsal degisiklik olacagindan kenar
acikligi problemi ile karsilagilabilir. Tim seramik restorasyonlarin basarisinda
biyouyumluluk, estetik, dogal goriiniim ve diisiik plak birikimi gibi 6zelliklerin yaninda
bir digeri de klinik olarak uzun 6miirlii olmasidir. Restorasyonun uyumu direkt olarak
disin preparasyonu ve restorasyon yapimi i¢in kullanilan sistemin hassasiyeti ile
iligkilidir. Basamakl1 preparasyonlar basamak tabani ile disin dikey duvari arasindaki
actya gore iki ana grupta siniflanabilirler: genis ag¢1 yapan sev (chamfer), dik a¢1 yapan

omuz (shoulder).

Ozdemir ve Aladag (2018), dis preparasyonu ve marjinal basamak dizayninin

protetik restorasyonlarda kullanilan materyallerin kirilma dayaniminda 6nemli rol
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oynadigim1 ve oldugunu belirlemislerdir. Preparasyon sirasinda olusturulan basamak,
cigneme kuvvetinin dise dengeli dagilmasini saglarken, kronun statik dayanikliligini da

arttirir.

Bu amag dogrultusunda, restorasyonlari tasarlayip tiretmek i¢cin CAl CAD/CAM
(Cerec AC) sistemi kullanildi. Feldspatik cam seramik (Cerec Blocs), lityum disilikat
(e.max CAD) materyalleri kullanilarak 120 p siman film araliginda 12’ser adet 6rnek ile
6 arastirma grubu olusturuldu. Restorasyonlarin alt yap1 dayanaklari olarak 72 adet
nikel krom metal day, 12’ser adet 0rnek ii¢ farkli basamak genisliklerinden hazirlandi
(0.5 mm, 1.0 mm ve 1.5 mm). CAl CAD/CAM sistemi ile kirtlma dayanimi testi igin,
tiretilen restorasyonlar, koping olarak kullanilan daylar (izerine PanaviaV rezin simanla
simante edildi. Tim Ornekler universal test cihazinda dayanmimlari Ol¢iilmek iizere

kirilma testine tabi tutuldular.

Bulgular: (F1 Grubu) 0.5 mm basamak genisligine sahip feldispatik cam
seramikten liretilen materyaler ortalama olarak 1873 N kirilma dayanimina sahipiken
(L1 Grubu) 0.5 mm basamak genisligine sahip Lityumdisilikat materyaller 1527 N

ortalama kirilma dayanimi gostermistir.

(F2 Grubu) 1.0 mm basamak genisligine sahip feldispatik cam seramikten
tiretilen materyallerin ortalama kirtlma dayanimi. 2028 N iken (L2 Grubu) 1.0 mm
basamak genisligine sahip Lityumdisilikattan Gretilen materyalerin ortalama kirilma

dayanimi 2489 N bulunmustur.

(F3 Grubu) 1.5 mm basamak genisliginde feldispatik cam seramikten dretilen
materyallerin ortalama kirtlma dayanimi 1296 N olarak bulunuriken (L3 Grubu) 1.5 mm
basamak genisligind Lityumdisilikattan dretilen materyallerin ortalama kirilma
dayanimi 2721 N dur. Sonuglar istatistiksel olarak (Annova, Mann-Whineytest, ve
Kruskal-Wall’s) testi ile test edilmistir.

Tim kirllma dayanimi verilerinin mutlak minimum degeri, 1.0 mm basamak

genisligine sahip feldspatik cam seramik i¢in kaydedilmis olup, 513 N' dur. Maximum

135



dayanim degeri ise basamak genisligi 1.5 mm olan lityum disilikattan elde edilen

seramik materyal i¢in bulunan 4518 N' dur.

Calismada Lityumdisilikat materyallerin 1.5 mm basamak genisliginda kirilma
dayanimin ortalama degeri, 27214967 N olarak bulunmus iken 1.0 mm basamak
genisliginde 2489+1100 N'ye diismiistiir, 0.5 mm basamakli genisliginde ise minimum
kirilma dayanimin degeri 1527+674 N olarak tespit edilmistir. Sonug olarak, basamak
genisgliklerinin artmasi, lityum disilikattan Gretilen materyallerin kirilmaya dayanimini

dogru orantili olarak artirmistir.

Feldspatik cam seramikten 0.5 mm basamak genisliklerinde Uretilen
materyallerin ortalama kirima dayanimi 1873 + 530 N olarak bulunurken 1.0 mm
basamak genisliklerinde Feldspatik cam seramikten uretilen materyallerinki ortalama
2028 + 724 N olarak bulunmustur, 1.5 mm basamak genisliklerinde Feldspatik cam
seramikten Uretilen materyallerde ise 1296 + 642 N kirilma dayanim degeri 6lgtilmiistiir.

Sonug olarak, kirilma dayanimi artis 0.5 mm basamak genisliklerinden 'den 1.0 mm
basamak genisliklerinde dogru orantili olarak artarken 1.5 mm genisliginde dayanim
kuvvetinde azalma tespit edilmistir.

Tartisma ve sonug:

Dental restorasyonlarin hastalar tarafindan uzun siire kullanilmasi dis hekimlerinin
her zaman ana hedeflerinden biri olmustur. Ancak, hayat tarzindaki degisiklikler beslenme
aligkanliklarini etkilemis, asitli icecek, yumusak-yapiskan gida tiiketiminin artmasi sonug
olarak dental curiklerin biyik bir problem olarak karsimiza ¢ikmasi direkt ve indirekt

restorasyonlarin kullaniminin artmasina neden olmustur.

Yasamimizin hemen hemen tiim alanlarina girmis olan modern teknoloji ile birlikte,
ileri teknoloji yontemlerini kullanarak en kisa surede, kolay ve hizli bir sekilde ihtiyac

duydugumuz iirtinlerin elde edilmesini saglanmaktadir.

Bu gelismelere paralel olarak o6zellikle 20. yiizy1l boyunca, dental materyaller ve
teknolojideki gelismeler ile dental cihaz iiretiminde dikkat ¢ekici ilerlemeler kaydedilmistir.
Gunumuzde CAI CAD/CAM sistemi uygulamasi ile protetik tedavilerde farkli materyaller
kullanilarak implant ya da kron alt yapisi tiretmek artik daha kolaylasmistir. Bu sistem
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giinimiizde dijital dishekimligi adi ile dis hekimliginin farkli béliimlerinde kullanilan
uygulamali bilimlerden biri haline gelmeye baslamistir. Ancak yinede yakin gelecekte

protetik tedavilerde bu teknolojinin kullaniminda biiyiik oranda bir gelisme beklenmektedir.

Bu gelismeler dogrultusunda, son zamanlarda gelistirilen CAI CAD/CAM sistemleri
ile liretilen restorasyonlarin performansi 6zellikle son 10 yilda carpict bir sekilde ilerleme

kaydetmis ve klinik basaridaki rolleri hakkinda 6nemli kanitlar elde edilmistir.

Bunun sonucu olarak, son birkag on yillik siirecte dental CAl CAD/CAM
teknigi lizerine yapilan arastirmalarda biiyik ve hizli bir artis olmustur. Bu yeni
teknoloji oniimiizdeki yillarda indirekt dental restorasyonlarin iiretilmesinde geleneksel
teknik ve materyallerin yerini alma potansiyeline sahip olabileceklerdir. Bununla
birlikte her yeni teknoloji gibi CAI CAD/ CAM sistemler’de yiiksek maliyete sahiptir.

Nitekim, dislerin dogal yapis1 géz Oniinde bulunduruldugunda her acidan ideal
olabilecek hicbir materyal yoktur, yine de bu konuda seramiklerin fiziksel ve biyolojik
Ozellikleri son yillarda 6nemli 6l¢lide gelistirilmistir. Tam seramik kronlarda estetik ve
dayaniklilik iizerine elde edilen basarilar bu gelismelerin bir gostergesidir. Gelecekte
dental seramikler lizerine daha kapsamli ¢alismalarin yapilmasi daha dayanikli ve iyi
seramik restorasyonlarin ftretilmesine imkan sunacaktir. Siiphesiz, Oniiniimiizdeki
yillarda dental seramikler alaninda biiyiik bir ilerleme kaydedilecektir. Gelistirilmis
fiziksel ve mekanik Ozellikleri ile birlikte dental restorasyonlarda form, fonksiyon ve

estetik cizgide beklenen basariy1 saglayacaktir.

Bu galismanin ana amaci, CAl CAD/CAM den iki farkli materyal (feldspatik
cam seramik ve lityum disilikat ile {i¢ farkli tam basamak (0.5 mm,1.0 mm ve 1.5 mm)
genisliginde iretilen koping kronlardaki kirilma dayanimi (zerine olan etkisinin

incelenmesidir.

Mevcut arastirmanin sonucunda kirilma dayanimin standart sapmasinin, segilen
tim grup arasinda (0.5 mm, 1.0 mm, ve 1.5 mm) basamak genisliginde lityum
disilikatta sirastyla 1100 N (1.5 mm), 967 N (1.0 mm) 674 N (0.5 mm) iken feldspatik
cam seramikte bu oran 1.5 mm 642 N ,1.0 mm 724 N ve 0.5 mm 530 N olmustur. Bu
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nedenile ¢esitli parametrelerde (day,materyalligin 6zelligi siman c¢esitiligine ve siman

araligin etkisi v.b) tartistlmalidir.

Feldispatik restorasyonlar icin mutlak kirilma dayanimi varyasyon araliginin
500 N civarinda oldugu saptanirken, kaydedilen en diisiik deger 0,5 mm'lik basamak
genigligindedir. Kaydedilen en yiksek deger ise 1.0 mm basamak genisligindedir. Buna
karsilik, lityum disilikat, yaklasik 700 N oldugundan daha genis bir varyasyon araligi
sergilemistir ve bunun i¢in kaydedilen maksimum deger, 1.5 mm basamak
genisligindedir. Bu nedenle basamak genisligi LITH ta 700 N'yi astig1 i¢in FSC'ye
kiyasla daha genis bir varyasyon aralig1 gosterdigi sonucuna varilirken, en az varyasyon

FSC'de gbzlenmistir.

Bu ¢aligmada FSC'nin kirilma dayanimi i¢in kaydedilen degerlerin sirasiyla 0,5
mm, 1,0 mm ve 1,5 mm'lik basamak genisligi icin 1831N, 2165N ve 1296N oldugu
bulunmustur. Buna karsilik lityum disilikatta siras1 ile basamak genisligi arttikca
1378N (0.5 mm), 2487N (1.0 mm) ve 2721N (1.5 mm) degerlerde artmistir. Genel
olarak, kirilma dayaniklig1 degerinin, 0,5 mm basamak genisliginde farkli olarak, FSC

dizisine kiyasla daha yiliksek oldugu goriilmektedir.

Bununla birlikte, sonuglarin birbirine yakin olmamasi veya parametrik olmamasi
durumunda analiz sonuglarmma ulagsmak i¢in Kruskal Wall ve Man-Witny gibi diger
istatistiksel yontemler uygulanacaktir. Parametrik olmayan verilerde, aritmetik
ortalama, istatistiksel hesaplamada kullanilmak i¢in ortanca(medyan) deger ile

degistirilmelidir.

Bu aragtirmada, sonuclar birbirine ¢ok yakin ¢ikmadigindan, baska bir deyisle
parametrik olmayan dagilima yakin olduklarindan, sonuglarin istatistiksel analizi i¢in
hem ortalama hem de medyan degerleri hesaplanmis ve uygulanmistir. Her ikKi
degerlerinin tablo 12 ve 13 'deki hem parametrik (ortalama) hem de parametrik olmayan

(medyan) testlerde birbirine oldukc¢a yakin oldugu goriilmektedir.

Birgok aragtirma sonucuna goére yazarin onayladigi gibi, tim seramik
restorasyonlarin kirilma direncine etki ettigi tespit edilen dort ana faktdr vardir, bunlar

malzeme kalinlig1, restorasyon hazirlama yontemi, restorasyon tasarimi ve simantasyon
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olarak siralanabilir (Schultheis ve ark., 2013). Bu faktorlerin ideal kombinasyonu, tim
CAl CAD/CAM restorasyon materyallerinin kirilma direncinin artmasina neden

olacaktir (Rekow, 2006; Zimmermann ve ark., 2017).

Cesitli preperasyon dizayinin zirkon kullanarak uretilen restorasyonlar dan
kirllma dayanimi iizerine genis bir sekilde etkisinin oldugu bildirilmistir. Tam
basamagin restorasyonun mekanik dayanimi ile diseti i¢in uyumlu bir marjinal

preparasyon geometrisinin diseti sagligi1 agisindanda kullanilmasi 6nerilmistir.

Bununla birlikte, gecen yiizyilin sonunda, Doyle ve arkadaslar1 (1990), basamak
genigliginin hemen hemen tiim seramik kronlarn yiizey kirilma direnci iizerindeki
etkisini yeniden degerlendirmistir ve 1.2 mm tam basamakli olarak dicor kronlardan
tiretilen ve metal day lizerine simanta edilen restorasyonlarin ayni materyallerin izerine
chamfer dizaynli basamak restorasyonlara gore kirilma dayanimi daha yiiksek olarak
bulmustur (Doyle vd, 1990 Al-Makramani vd 2011)'den alintilanmastir.

Buna gore Di-lorio ve ark., (2008), marjnal tasarimin Procera All ceram
kronlarmin kirilma direncine etkisi konusundaki laboratuvar ¢alismalarinda, Alumina
kronlarin basamak genisligi ile kirilma direncinin arasindaki iligkinin varligini agikca
gostermistir. Ancak Di-lorio ve arkadaslari, tam basamagin arka tek kron

restorasyonunun biyomekanik performansini artirabilecegini belirtmistir.

Cho ve arkadaslar fiberle giiclendirilmis seramik igerikli kompozit kronlarin
marjinal netligi ve kirilma dayanimi iizerine g¢esitli basamak simirlarinin etkisini
kapsamli bir sekilde incelemislerdir. Bu invitro ¢aligmada Ceromer/ FRC kronlarin
kirilma dayanimi gesitli basamak sinirlart ile degerlendirilmistir. Calisma sonuglarina
gore shoulder basamakli kronlarin marjinal adaptasyonu, chamfer basamakli kronlara
gore daha iyi ¢ikmistir. Bu ¢calismada dort adet metal day ve iki farkli basamak genisligi
(0.9 mm ve 1.2 mm) ve shoulder, chamfer basamak tipi olusturulmustur. Calisma
sonucu basamak tasarimina bakilmaksizin ortalama kirilma yiikii 1646 N bulunmustur
(Cho ve ark., 2004). Mevcut calismanin aksine shoulder tipi ayni1 basamak genisligine
sahip (0.5 mm) kronlarda ortalama kirilma dayanimi LITH i¢in 1527 N, ve FSC igin
1873N bulunmustur.
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Jalalian ve Alataha 2010°da tam seramik kronlarin kirilma direnci iizerine iki
marjinal tasarimin (chamfer ve shoulder) etkisini arastirip incelenmislerdir. Bununla
birlikte bu arastirmacilar tam seramik restorasyonlarin kirilma direncine iki marjinal
tasarimin etkisini incelemek i¢in ¢alismislardir. Calisma sonucu kirilma direnci chamfer
basamakli 6rneklerde 610.18 N, shoulder basamakli 6rneklerde ise 502 N ¢ikmustir.
Istatiksel olarak iki grup arasinda fark 6nemli bulundu, Alumina korlarin marjinal
tasarimu ile kirilma direnci arasindaki iliski oldukca net ¢ikmustir. Shoulder basamak
sinir1 secilmesine ragmen sonu¢ mevcut degerlere gore kiyaslandiginda diisiik ¢ikmaistir.
Bu sonuca gore chamfer basamak tasariminin posterior tek alumina kronlarda
biyomekanik 6zellikleri arttirdigt 6ne siiriilmiistiir. Bu arada kirilmaya kars1 dayanim

direnci okluzal yiizeyin iyi uyumu ile de artacagi bu ¢alismada gosterilmistir.

Jalalian ve arkadaslarinin (2011) de yaptiklari ¢alisma, CAl CAD/CAM sistemi
ile dretilen zirkonya kopinglerin kirilma direncine preparasyon tasariminin etkisi
tizerinedir. Bu invitro ¢alismanin amaci iki basamak tasarimin (chamfer ve shoulder)
zirkonya kopinglerin kirilma direnci lizerine etksini karsilastirmakti. Calisma sonucunda
chamfer basamakli restorasyonlarin kirtlma direnci daha iyi bulundu, bunu da chamfer
basamagin egimli yuvarlak i¢ agisina dolasiyla marjinal uyumun daha iyi olmasina ve
boylece gelen kuvvetleri daha iyi yaymasina bagladilar. Boyle bir durum shoulder
basamakta gdzlemlenmemektedir. Sonu¢ olarak marjinal tasarim kirilma direncini
etkilemistir. Bu bulgu, yiiriitiillmekte olan arastirma ile karsilastirilabilir. Nitekim bizim
calismamizin sonuglarinda en yiiksek dayanim degeri 1.5 mm basamak genisligine
sahip lityum disilikatlarda gozlemlenmis, basamak genisligi 0.5 mm’den Imm’ e
ciktikca dogrusal olarak artmustir (Tablo 10,11). Fakat feldspatik restorasyonlarda
basamak genisligi 0.5 mm’den Imm’e c¢iktikca dayanim artmis, 1.5 mm basamak

genisliginde ise azalmistir.

Al makramani ve ekibinin 2011 de yaptiklar1 ¢alismada her ne kadar istatiksel
olarak bu sonug goriilmese de agiklamay su sekilde yapmaktadirlar; chamfer basamakla
kiyaslandiginda shoulder basamakta aksiyal duvarlara daha az stres yogunlagmis
olabilir. Bununla birlikte seramik restoratif materyallerin dayanim1 da detayli bir sekilde
ele alinmis, Turkom Cera ve Procera all-Ceram’in kirilma direngleri incelenmistir.

Aragtirmalarinda bu seramik kronlar ¢ekilmis dislere rezin siman ile yapistirilmistir.
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Arastirma sonucunda basamak tasariminin Turkom Cera kronlarinin kirilma dayanimi
Uzerine bir etkisinin olmadigini tespit etmisler, shoulder ve chamfer basamak

tasariminin arasinda énemli bir farklilik olmadigini rapor etmislerdir.

Bunun yaninda,bir baska ¢alismada rezin simanla yapistirilan Dicor kronlarin
kirilma direnci iizerinde basamak tasariminin etkisinin olmadigi savunulmustur
(Malament ve Socransky,1999). Onceki calismalarla birlikte Dicor kronlarm kirilma
dayaniminda basamak sinirinin ve yapistirma ajaninin etkisi gosterilmistir. Buna karsin,
Bernal vd 1993 yilinda yaptiklar1 aciklamada, basamak sinirinin tipine goére kirilma

dayaniminda bir fark gézlemlenmedigi belirtilmistir.

Son zamanlarda, farkli basamak smirlari ile iligkili olarak tam seramik
restorasyonlarin dayanimi hakkinda diinyanin farkli yerlerindeki bir ¢ok Klinisyende
endise olustugu goriilmektedir. Cortellini ve arkadaslarinin (2014) yaptig1 caligmaya
gore preslenerek hazirlanmig lityum disilikat kronlar igin invasiv basamak siniri
olusturmaya gerek olmayabilir ¢iinkii basamak sinir tipi dayanimi etkilememektedir.
Yiikleme siklusunden sonra knife edge ve genis chamfer basamak sinirina sahip
abutmentler lizerine yapistirilmig lityum disilikat kronlarin kirilma dayanimi {izerine

olan ¢alismalar1 sonucunda 6nemli bir farklilik olmadig tespit edildi.

Cortellini ve arkadaglarimin 2014 yilinda yaptigi daha oOnceki arastirmalarin
aksine, Zhang ve arkadaslar1 2016’da protetik restorasyonlarin marjinal kalinliklarinin
kirlma dayanimi tiizerinde daha oOnemli bir etkisinin oldugunu sdylemislerdir.
Caligmalarinda yeni bir restorasyon materyali olarak cam igerikli dental kron

kullanilmis ve chamfer tipi basamak genisligi 0.8 mm ve 1.2 mm ile kiyaslanmuistir.

Iki farkli basamak tipine iliskin lityum disilikat kronlarm kirilma dayaniminm
degerlendirildigi calismada abutmentlere adezivle yapistirllmig Orneklerin ortalama
kirtlma dayanimi sonuglart knife edge basamakli gruplarda 1655 + 353 N, chamfer
basamakli gruplarda 1618 + 263 N bulunmustur. Bu sonuca gore lityum disilikat
restorasyon materyali olarak kullanildiginda basamak tasariminin etkisinin olmadigi
ortaya ¢ikmistir. Bununla birlikte genel olarak elde edilen degerler, mevcut galisma

sonuclarimiza kiyasla daha azdir. Shoulder 0.5 mm basamak genisliginde bu deger 1378
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N £ 674 iken, basamak genisligi 1.5 mm’e ¢iktiginda bu deger 2809 N + 967’a
yiikselmistir. Sonug olarak, basarisizlik oranlar1 ve basamak tipleri arasindaki iliskiyi

belirlemek i¢in klinik ¢aligsmalar takip edilmeye devam edilmelidir.

Day materyalinin se¢imi, protezlerin kirilma direncinde restorasyon materyaline
yiikklenen maksimum kuvvetleri etkileyebilir, Nemane ve arkadaglarinin 2015°te
yaptiklar1 caligmada belirttikleri gibi, Gavelis GR ve arkadaslarinin (1981) yaptig
onceki invivo calismalarinin sonuglar1 arasindaki varyasyonun en 6nemli nedeninin

dokiim degiskenliginden kaynakli oldugu ortaya ¢ikmaistir.

Gliniimiizde, basamak tasariminin seramik restorasyonun kirilma oranlarimi
etkileyen ana faktorlerden biri oldugu agiktir. Bu ¢alismada Nemane ve arkadaglarinin
(2015) Onerdigi tlizere chamfer basamak yerine shoulder basamak tipi se¢ildi. Onlarin
calismasinda restorasyonlarin okluzal uyumunun farkli basamak tasarimlardan
etkilenecegi One siiriilmiistiir ve chamfer basamak tipine gore dis kesiminde shoulder
basamak tipi daha fazla yiizey alan1 sagladigi goriilmiistiir. Ekip bu g¢alismalarinda
paslanmaz ¢elik day kullanmislar, capin1 10mm, yiiksekligini 6 mm olarak
ayarlamiglardir, kronlarin1 da full dokiim metal seklinde tiretmislerdir (Nemane ve ark.,
2015).

Tam seramik restorasyonlar oral kavitede her fonksiyonda kirilma ihtimali ile
kars1 karsiyadir (Al-Joboury and Al-Rasheed, 2015; Dibner and Kelly, 2016), dolasiyla
kirik gibi komplikasyonlari en aza indirmek i¢in CAl CAD/CAM restorasyonlari

tizerine in vitro ¢aligmalar yapilmistir (Cho ve ark., 2011; Anusavice ve ark., 2013a).

CAIl CAD/CAM restorasyonlarinin maksimum kirilma direncini degerlendirmek
icin yapilan bir ¢alismada, dis yapisina ve sekline benzer, farkli day materyalleri
kullanilmistir (Zahran, ve ark., 2008; Sagsoz, ve ark., 2016). Ancak her bir disin farkli
ebat ve minerallesme oranlari, anatomik konfigilirasyonu, farkli yas evrelerinde pulpal
ebat degisimi ve olusan i¢ catlaklar nedeniyle dogal dislere benzer bir standardizasyon
elde etmek imkan siz gibi goriinmektedir. Ayrica, ¢ekilen disin saklanmasi ve segilen
dislerin c¢ekim nedenleri gibi dogal dislerin kullanilmasi durumunda incelemelerin

sonugclari tizerinde etkisi olan birka¢ baska parametre daha vardir (Burk, 1999).

142



2011°de Kelly tam seramik restorasyonlar {izerine uygun in vitro arastirmalar
yapma konusunda bir takim 6nerilerde bulunmustur. Elastikiyet modiiliisii dentine yakin
day materyali kullanmak, ornekleri kesim prensiplerine gore yapmak ve uygun klinik

boyutlarda tam seramik kronlari iiretmek bu 6neriler arasindadir.

Bu calismanin laboratuar sartlar1 Kelly’nin tavsiyelerinden farkli olmasina

ragmen, day materyalinin elastikiyet modiiliisii 218 GPa’ya yaklasmuistir.

Caligmada elastikiyet modiilii 12GPa olan dogal bir dise gore 20 kat daha
yiiksektir. Caligmanin sonuclar1 c¢ekilmis dislerde yakalanamayan standarizasyon

saglansin diye metal day tercih edildilmistir.

Invitro kirma testlerinin sonucuna etki eden diger faktdrler goz oniinde
bulunduruldugunda, invivo ¢alismalarla kiyaslandiginda day materyali daha yiiksek bir
elastikiyet modiiliisiine sahip olmasi1 sebebiyle art1 eksi sonuclar elde edilir. Fakat tam
seramiklerin i¢ ylzeyinden Otirl alttaki day materyalinin elastikiyet modulusi dentine
yakin oldugunda yiiksek makaslama kuvvetleri olusurken tam tersine metal day
kullanilirsa alttaki metal daymn stabilitesinden kaynakli daha diisiik makaslama
kuvvetleri olusur. Bu nedenle restorasyon altindaki dis yapisinda deformasyonlar
olusmakta, bu da restorasyon materyalinin dayanim degerini etkilemektedir (Yucel ve

ark., 2012).

Bu calismada basamak genisliklerinin farkliliklar1 haricinde test sonuglarini
etkileyen tim olumsuz faktdrler goz ardi edilmistir. Dolasiyla sonug¢ degerleri
etkileyecek herhangi bir faktor, alttaki dayin kirilmasi gibi veya destekleyen yapinin
deformasyonu gibi olgular goriilmemistir. Sonug olarak LITH ve FSC de maksimum

kirilma degeri sirasi ile 4518 N ve 3233 N ¢ikmuistir.

Bazi arastirmacilar, CAl CAD/CAM restorasyon materyali olarak lityum
disilikat kullandiklar1 caligmalarinda, day materyalinin kirilma dayanimi tizerinde
harhangi bir etki olusturmadigini sdylemislerdir. Rezin day, nikel-krom day ve dentin
kullanilan ¢alismalarda monolitik kronlarin ortalama kirilma dayanim degerleri sirasiyla
595 N, 606 N, ve 578 N ¢ikmistir ki bu sonuglar ¢aligmadaki 0.5 mm basamak

genisligine sahip kronlarda ¢ikan en diisiik kirilma degerinden 834 N daha azdir
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(Sagsoz ve ark., 2016). Aksanin 2017’deki tez ¢alismasida monolitik lityum disilikat
kronlarin titanyum abutmentler iizerine yapistirdigi calismada maksimum ortalama
kirilma degeri 787.80 = 120.95 N, titanyum altyapil1 zirkonyum abutmentlerde 623.93 +
97.44 N ve Bio HPP abutmentlerde 602.93 + 121.03 N degerleri ¢ikmistir. Bu sonuglar
basamak genislikleri 0.5 mm, 1mm ve 1.5 mm olan lityum disilikat kronlarimizdan daha

diisiik medyan ve ortalama degerlerdir.

Aksine Sakoguchi ve ekibinin 2013 yaptig1 calismada rezin day ve metal day
tizerine kronlar1 yapistirmis, rezin day kullanilan 6rneklerde daha yiiksek kirilma direnci
gozlemlemislerdir. Yine de diger arastirmacilar dogal dis yapisini yansitmadiktan sonra
metal ya da rezin day kullanmanin 6nemli olmadigini vurgulamislardir (Kowon ve ark.,

2013).

Buna gore, tam seramik restorasyonlarin dayanimi sadece kullanilan materyalin
kirilma direncine bagl degildir. Diger arastirmacilar gibi Yeginin de 2017°deki tez
calismasi farkli restorasyon materyallerinin alt yap1 tizerindeki stres dagilimi lizerinedir.
Monolitik lityum disilikat kronlar, sonlu elemanlar analizinde (FEM) incelendiginde
restoratif materyal tipinin alttaki implant parcalart lizerindeki stres dagilimina etki
etmedigi sonucuna varmistir. Lityum disilikattan yapilmis monolitik restorasyonlarin
implant ve kemik dokusu iizerindeki stresi azalttigi bulunmus ve ortalama kirilma
dayanim degeri 2891.88 N =+ 410.12 ile sonu¢lanmistir. Bu sonug¢ caligmamizda
basamak genisligi 1.5 mm olan lityum disilikat kronlarin ortalama kirilma dayanim

degerine 2721 N + 967 sayisal olarak yakin ¢ikmustir.

Ayn sekilde, Jager vd. 2005, tasarim parametrelerinin sonlu elemanlar analizi
(FEA) uzerindeki etkisini incelemis, CAl CAD/CAM ile dretilen seramik kronlarda
stres dagilimin1 belirlemis ve farkli basamak siniriyla birlikte siman araligmin
olabildigince ince olmas1 gerektigini bdylece tam seramik kronlarin direncinin ve uzun
Omiirliiliigiiniin artabilecegini 6ne slirmiislerdir. Ayrica, arka bolgedeki tam seramik
kron i¢in spesifik tasarim kurallarina uyulmasi gerektigini belirtmislerdir. Tam seramik
restorasyonlarda bir tasarim rehberi gelistirebilmek i¢in FEA’nin CAlI CAD/CAM

verilerini kullanarak basaril1 bir ara¢ olabilecegi gosterilmistir.
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Kron simantasyonu sonrast pulpa nekrozu restorasyon basarisizlii agisindan
onemli bir faktordir (Decerle ve ark., 2014). 3D-FEA teknikleri kullanilarak kronlarin
altindaki tahmini siman mikro kiriklari, kron marjinlerinin tipi, siman tipi, siman
kalinligi, yiikleme yonii ve yiikleme bliyiikliigli lizerindeki etkisi test edilebilmektedir
(Kamposiora ve ark., 2001). Mikro kirilmaya yol acabilen yapistirici simandaki stres
seviyesi ve dagilimi chamfer marjinlerde shoulder marjinlere gore daha yiiksektir.
Siman kalinlig1 stres seviyesini ve dagilimimni diisiik oranda etkilerken oblik streslerin

aksiyal streslerden daha biylk yiik olusturdugu rapor edilmistir.

Komsara ve arkadaglar1 2000, ise chamfer basamak tasariminin daha biiylik
streslere sebep oldugunu sdylemislerdir. Sonugta simanlar mikro kirilma riski ile karsi
karsiyadir ve bu da kron basarisizligini arttirir. Buna karsilik, cam iyonomer ve rezin
simaninin, digerlerine kiyasla mikro kirilmaya direncli olmasi daha fazla mekanik

ozellige sahip olmasiyla miimkiindiir.

Tam seramik restorasyonlarin marjinal adaptasyonunda farkli kalinliklarin
etkisinin dgerlendirildigi bir ¢aligmada, Jalalian ve arkadaslar1 (2014), seramik
kronlarda marjinal kor kalinligmin artmasi ile marjinal araligin azalabilecegini tespit

etmislerdir.

Marjinal araligin artmasiyla restorasyon materyalinin kirilma dayaniminin
azaldigr Maghrabi (2010) tarafindan bildirilmistir. Konvansiyonel 6l¢ii yontemi yada
farkli CAl CAD/CAM sistemi ile alinan dijital 6l¢ii yontemleri olsun klinik olarak
kabul edilebilir marjinal aralik 120°’dir, (Renne ve ark., 2015).

Buna karsin, bu arastirma ayni1 zamanda farkli marjinal kalinliktaki monolitik bir
restorasyon se¢iminde, bir CAl CAD/CAM restorasyon materyali olarak lityum disilikat
kullanilmast durumunda kirilmaya kars1 direncin biiylik Ol¢iide arttifini ortaya

koymustur.

Habekost ve arkadaslarinin 2007 de rezin simanin gerilme baglanma dayanimi
ve esneklik modilusu iizerine yaptigi in vitro bir ¢alismada, rezin simanin mekanik
ozelliklerinin seramik inleyle restore edilmis dislerin kirilma direncini etkileyebilecegini

gostermislerdir. Daha yiliksek elastik modiiliise sahip simanlarin restorasyon
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basarisizliginda daha iyi bir direng gosterdigi bulunmustur. Feldspatik cam seramiklerde
rezin simanin kullanilmasi restorasyonun basarisi agisindan gerekli bir faktordiir. Bu
nedenle restorasyondan alttaki rezin simana kuvvet iletimi, asit uygulamasina bagh
restorasyon materyalinde olusan catlaklarin ilerlemesini azaltmak icin yliksek esneklik
modulusune sahip simanlarin kullanimi daha iyi bir kirilma direnci gostermesini

saglayacaktir.

Bindl ve arkadaslari (2006) hazirladiklar1 hibrit kompozit daylarin elastikiyet
modulusunu (5.2-19.3 GPa) dogal dislerin elastikiyet modulusune (11.5 GPa) yakin
hazirlamiglardir. Caligmalarinda uniform bir sekilde kron kalinhigi 1.5 mm olan
monolitik lityum disilikat ve feldspatik cam seramik kronlar iiretip ii¢ farkli siman ile
yapistirarak kirilma dayanimlarini incelemislerdir. Calisma sonucunda lityum disilikat
kronlar ¢inkofosfat simanla yapistirildiginda ortalama kirilma dayanimlari 2082 N,
rezin simanla (Panavia F2) yapistirildiginda 2389 N ¢ikmustir. Feldspatik cam seramik
kronlarda ise cinkofosfat simanla yapistirildiginda ortalama kirilma dayanim degeri

1270 N iken, rezin simanda yapistirildiginda bu deger 2392 N’a yiikselmistir.

Bu calismada Panavia 5 rezin siman kullanildi, lityum disilikat ve feldspatik
cam seramik kronlarda basamak genisliginin 1.5 mm oldugu gruplarda ortalama kirilma

dayanim degerleri sirasiyla 2721 N ve 1296 N ¢ikmustir.

Adesiv bonding tekniklerinin gelistirilmesiyle seramik restorasyonlarin ig
yiizeyindeki kiiciik catlaklar doldurularak seramiklerin dayanimi arttirilabilmektedir.
Silika esasli seramiklerin asitleme sonrasi silanlanmasiyla seramik-rezin baglantisi
basarili bir sekilde artar (Nejatidanesh ve ark., 2015). Feldspatik cam seramiklerin
milleme sonrasi elastikiyet modulusu 45 +£5 GPa iken, lityum disilikat seramiklerin
kristalizasyon sonrasi elastikiyet modulusu 95 + 5 GPa’dir. Seramiklerin elastikiyet
ozellikleri kompozisyonlarindan ve hazirlanma siireglerinden etkilenmektedir, dolasiyla
bu farklilik dis ve restorasyon arasindaki baglantida stres birikimini etkiler.
Restorasyonlarin diisiik elastikiyet moduluse sahip olmasi baglant1 arayliziinde yiiksek

stres yogunlagsmasina neden olmaktadir (Anusavice ve ark., 2013b).
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Tez c¢alismasinda farkli siman kalinliklar1 ile ii¢ farkli materyalin kirilma
dayanimini inceleyen Vurge¢ Atatiirk {iniversitesi, 2016, calisma sonucunda siman
kalinliginin 50um oldugu gruplarda kirilma dayaniminin arttigini, siman kalinliginin

200um oldugu gruplarda ise dayanimin azaldigini tespit etmistir.

CAl CAD/CAM restorasyonlarmin uyumundaki farkliliklar CAlI CAD/CAM
sistemlerinin dijital tasarimdaki aralik olusturma parametreleri ile ilgili oldugu 2016°da
diger arastirmacilar tarafindan kanitlanmistir (Brenes ve ark., 2016). Dolasiyla CAl
CAD/CAM restorasyonlarla yakalanan marjinal uyum konvansiyonellerde oldugu gibi
Klinik olarak kabul edilebilirdir (Abdul-Azim ve ark., 2015). Klinik ¢alismalarin sayili
olmasi, farkli CAl CAD/CAM sistemleri arasindaki sonuglarin ve protokol ¢esitliligi

kesin sonug elde edilmesine izin vermemektedir.

Okluzal ve lateral kuvvetlere karst meydana gelen kiriklar, klinik pratiginde
seramik restorasyonlarda karsilagilan ana problemlerden biridir (Qilo ve ark. 2016),
yiriittiikkleri invitro ¢alismada, monolitik ve tabakakali zirkonya kronlarin kirilma
yiikiinii karsilastirmistir. Test gruplar arasinda kirik tipleri ve kirik yiiklerinde énemli
farkliliklar elde edilmistir. Servikal kole kisminda daha yiliksek yiik olustugu
gbzlemlenmistir. Monolitik zirkonya kronlarda, alt yapi olarak hazirlanan zirkonya
kronlara gore yiik dagilimi daha diisiik ¢ikmistir. Bu sonuglara gore kronlarin kirilma
yiikiine marjinal tasarim etki ettigi gibi kron duvar kalinliklar1 da etki etmektedir

(Anusavice ve ark., 2013a; @ilo ve ark., 2016).

Metalik olmayan kronlarda goriilen kiriklarda, kirik orjini genel olarak kronun i¢
yuzundeki defektlerden ilerler. Nemli ortamda catlaklar daha da blydyir. Seramik
materyaller germe streslerine karsi hassastir, dolasiyla yiizeysel defekt ve i¢c bosluk
varliginda mekanik direng ciddi oranda etkilenir. Bu fenomen, restorasyonun marjinal
tasarimi, rezidiiel gelisen stresler, uygulanan yiikiin biylkligli, yoni ve siklifi,
restorasyon bilesenlerinin elastikiyet modiilii, restorasyon-siman araytizey defektleri ve

agiz ici ortamu gibi faktorlerden etkilenebilir.

Kostur (2016) tezinde ii¢ farkli materyali (hibrit seramik, rezin seramik ve

zirkonyum) ii¢ farkli kalinlikla (0.5 mm, 1.0 mm, 1.5 mm) kiyaslayarak restorasyonlarin

147



artan kalinligr ile kirllma dayaniminin da artacagini sdylemistir. Zimmerman ve
arkadaslar1 da (2017) lityum disilikat ve feldspatik cam seramikler iizerinde ¢alisirken
ayni hipotezi kanitladilar, ki bu hipotez Sorrentino ve diger aragtirmacilarin (2016)
bulduklarindan tamamen farkliydi. Buna gore CAl CAD/CAM monolitik kronlarin
kirilma direnciyle iligkili okluzal kalinliklarinin arka bolgede ve 0.5 mm kalinlikta bile

olsa okluzal kuvvetlere dayanabilecegi savunuluyordu.

Genel olarak daha 6nceki caligmalarda restorasyonlarin okliizal veya yan duvari
icin belirlenen kalinlik 1.5 mm veya bunun altindadir (Magne ve digerleri, 2015;
Zimmermann ve digerleri, 2017) ve calisma sonucu elde edilen degerler genel olarak
1000 N'nin altinda idi. Hatta baz1 6rneklerde sonuglarin 50 N'ye bile diistigii goriildii.
Mevcut aragtirmamizda okluzal ve yan duvar kalinligt 2 mm olarak belirlendi. Bu
kalinlik (2 mm), Vichi ve arkadaglar1 tarafindan 2000 yilinda, lityum disilikat
restorasyonlarin altindaki dis renklenmelerini kapatmak i¢in estetik amagla Onerildi.
Calismada uygulanan bu kalinlik, diger calismalarin aksine daha yiiksek bir direng
degeri gostermistir. Aslina bakilirsa Onerilen bu kalinhigin (2 mm) implant isti

restorasyonlar i¢in de olduk¢a uygun oldugu sdylenebilir.

Shahrbaf ve arkadaglart (2014), dislerin kronlanmasinda diz okluzal
preparasyon tasarimi ile en yiiksek kirilma dayanimi sonucunu elde etmislerdir.
Maksiler ikinci premolar disler kullanilan ¢alismada standart anatomik dis kesimi ve
diiz okluzal tabla olusturularak tam seramik restorasyonlar hazirlandi. Ayrica bu
calismada CEREC 3 CAIl CAD/CAM sistemi ve feldspatik cam seramik CAl
CAD/CAM materyali kullanildi. Mevcut ¢alismada benzer sekilde diiz okluzal tablaya
sahip nikel-krom daylar, CEREC 4 CAl CAD/CAM sistemi ve feldspatik cam seramik
ile lityum disilikat CAl CAD/CAM seramikleri kullanildi. Calisma sonucunda her iki

materyalden beklenilenden daha yiiksek kirilma direnci elde edilmistir.

Abdullah ve Ibraheem (2017) arastirmalarinda, diiz okliizal restorasyon ile
shoulder basamak hazirliginin derin chamfer basamaga gore daha iyi sonuglar verdigini

sOylemislerdir (Abdullah ve Ibraheem, 2017).
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Tam seramik restorasyonlar icin 3-D CAl CAD/CAM dental teknolojisini
kullanmak birgok avantaj saglamaktadir. Klinik ¢alismalar, konvansiyonel
restorasyonlara gére CAl CAD/CAM restorasyonlarin marjinal uyumunun daha net
oldugunu gosterse de CAl CAD/CAM ile restorasyonlar: tiretmek hala kompleks bir

ugrastir ve deneyim, bilgi ve beceri gerektirmektedir (Azuma ve ark., 2017).

2002 yilinda Mou ve ark. Cerec sistemlerindeki gelismelere deginmislerdir.
Buna gore Cerec 2 ve 3 sistemler, Cerec 1 de gorllen c¢ozunurlik ve milleme
hassasiyetindeki problemlerin iistesinden gelerek gelistirilmis ve dolasiyla Cerec
restorasyonlarin marjinal dogrulugu arttirilmistir. Bununla birlikte, zincirleme c¢aligsma
ilkesi hem Cerec 2 hem de Cerec 3'iin bir 6zelligi olmaya devam etmektedir. Mormann,
2006'da Cerec 2 ile anterior kronlarda internal araligi1 141 + 21 olarak hesaplamislardir.
Ancak internal uyum, Cerec restorasyonlarin zayif noktas: olmaya devam etmektedir.
Ciinkii restorasyonlarin bu internal konfiglirasyonu Cerec kamerasindan taranan
goriintiilere baglidir ve komsu dokularin yansimasi da kagmilmaz goriinmektedir. Bir
¢ok aragtiranin sonucune gére CAl CAD/CAM le (retilen tam seramik restorasyonlar
icin 360 derece shoulder ya da chamfer basamak hazirlanmasi gereklidir (Beuer ve ark.,
2008).

2017 yilinda Giileg tez caligmasinda yiiksek elastikiyet moduliisiine ve mekanik
ozelliklere sahip materyallerin yiiksek kirilma dayanimi gosterdigini tespit etmis, [PSe-
max i¢in yaklasik 3098,4 N + 667, Vita Enamic igin ise 1978.71 N + 364 bulmustur.
Calismada ise Imm ve 1.5 mm basamak genisligine sahip lityum disilikat kronlarda
ortalama kirilma dayanim degeri sirasiyla 2489 + 1100 N ve 2721 + 967 N, feldispatik
kronlar i¢in ise ayn1 basamak genisliklerinde sirasiyla 2028 + 724 N ve 1296 + 642 N
¢ikmustir.

Calismanin sonuglarindan deginilmesi gereken bir nokta, 4000 N’u asan kirilma
dayanimi degerlerinin elde edilmis olmasidir. 1.5 mm’lik basamak genisligine sahip
lityum disilikat kronlarin maksimum dayanimi 4518 N iken feldspatik cam seramik
kronlarda bu deger 3233 N’u asamamustir. Bircok aragtirmacinin da degindigi gibi
kirtlma dayaniminin yiikiinde materyal tipinin etkisi oldugu, ¢alismanin sonucunda da

ortaya ¢ikmistir (Zahran ve ark., 2013).
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Kronlardaki basarisizligin klinik olarak incelendigi bir ¢alismada kiriklarin,
restorasyonlarin marjin kismindaki catlaklardan baslayip ilerledigi rapor edilmistir (Qilo
ve ark., 2014). Bir ¢ok invitro ¢alismada ise kriklarin, restorasyon materyalinin ylzeyi
ile kuvvet uygulanan ylizey arasinda siirtiinme etkisi ile olustugu tespit edilmistir. Agiz
ici ortamu taklit etmek i¢in birgok arastirmaci restorasyon yiizeyi ile kuvvet uygulanan
yiizey arasina bir bariyer (lastik yada aliminyum folyo) konulmasini tavsiye eder,

boylece ylizey boyunca kuvvetlerin yayilacagini diisiinmiiglerdir

Bazi calismalarda restorasyon ylizeyi ile uygulanan kuvvet arasinda stres
bariyeri olarak bir lastik yada aliiminyum folyo tabakasi kullanilmistir (Rammelsberg
ve ark., 2000). Calismada boyle bir bariyer kullandigimizda dayanma direnci
umulmadik bir sekilde 5000 N’dan da fazla artmistir. Bu nedenle ¢alismada bdyle bir
uygulama goz ardi edildi. Kirma testi, kirici bir ug ile ( dortgen piramit elmas uglu)
kirilma gergeklesinceye kadar yapildi. Uygulanan yiik ile kron yiizeyi arasinda herhangi
bir diizenleme yapilmadan bile olduk¢a yiiksek dayanim degerleri elde edildi.

Caligmada yiiksek dayanim degerlerinin ¢ikmasinda bu tiir malzemelerin
kullanilmasi gibi tiim bu faktorler de etki etmektedir. Bununla birlikte ¢ogu arastirmact
onceki hipotezi desteklemek i¢in daha fazla klinik ¢aligmanin yapilmasi gerektigini
sOylemislerdir. Calismanin sonuclar1 ise onceki calisma ile uyumludur. Bu nedenle
marjinal kalinliga (0.5 mm,1.0 mm,1.5 mm) bakilmaksizin her iki materyal lityum
disilikat ve feldspatik cam seramik) i¢in ortalama dayanim degerleri 1378 N ile 2721 N

arasinda degismistir.

Calismada 1.5 mm basamak genisligine sahip lityum disilikat kronlarda diger
seramik kronlara gore kirilma dayanimi oldukca iyi c¢ikmistir. Ancak feldispatik
kronlarda kalinliklarin degismesi ile ortalama kirilma dayanim degerleri farkli ¢ikmastr,
en yiiksek deger basamak genisliginin 1.0 mm oldugu grupta gézlemlenmistir. Lityum
disilikat kronlarda basamak genisligi 0.5 mm, 1.0 mm ve 1.5 mm’e arttik¢a kirilma
degerleri 1855 N’ den 2721 N’ a dogrusal olarak artmistir. Bu iki materyalin kirilma
dayanim degerleri kiyaslandiginda diyebiliriz ki en yiiksek ve yeterli degerler 1.0 mm
basamak genisligine sahip lityum disilikat kronlarda, en pik deger ise 1.5 mm basamak

genisliginde elde edilmistir. Aslinda bu iki materyal arasindaki fark 6nemli bulunmadi;
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basamak genisliginin 0.5 mm oldugu iki grupta kirilma dayanim degeri feldspatik cam
seramik ve lityum disilikat kronlar i¢in sirasiyla 1831 N ve 1378 N ¢ikmustir.

Elde edilen sonuglar ortalama ve medyan degerleri kullanilarak tablo ve
grafiklerde gosterilmis, sonucglar her iki durumda da hemen hemen birbirine yakin
cikmig ve ayni egilimi gostermistir. Basamak genisliklerine iliskin standart sapmada

tahmin edilen degerler Sekil 49’de gosterilmistir.

Basamak genisliginin, bu calismada ele alinan iki malzeme grubunun kirilma
direnci lizerindeki etkisi, ortalama ve medyan olarak ifade edildiginde, basamak
genisliginin 6zellikle lityumda kirilma igin gereken kuvvetler tizerinde etkisinin oldugu
acikca goriilmektedir. Kullanilan iki materyalin ortalama ve medyan degeri sekil 48°de

gosterilmistir.

Basamak genisligi 0.5 mm ve 1.5 mm olan Felspatik seramik kronlarin ortalama
ve medyan degerleri kullanilarak kirilma dayanimlari kiyaslandiginda, fark sirasiyla 577
N ile 707 N olarak goriilmiistiir. Bu da feldspatik cam seramik kronlarda basamak

kalinlig ile ters bir iligski oldugunu gosterir.

Ozetle, fark egilimi, basamak genisligi arttikca kirilma dayanimi degerinin
azaldigin1 gostermektedir. Bu FSC de basamak genisligi 0.5 mm olan grup ile 1.5 mm
basamak genisligine sahip grup ve 1.0 mm basamak genisligine sahip grup ile 1.5 mm

basamak genisligindeki grup karsilastirilinca dikkati ¢ekmistir.

Buna karsilik, ortalama veya medyan degerlerinin kullanilmasina bakilmaksizin,
aragtirmamizda elde edilen sonuglarinda 0.5 mm ve 1.0 mm basamak genisligine sahip

FSCler arasindaki iliskinin zit oldugu bulundu.

Lityum disilikat kronlarda elde edilen sonuglara bakildiginda elde edilen
varyasyonlarda istatiksel olarak bir fark bulunmadi. Basamak genisligi arttik¢a ortalama
kirtlma dayanimi da artmistir, bu degerler sirastyla 0.5 mm, Imm ve 1.5 mm igin 1527
N, 2489 N, ve 2721 N’dur. Bu artis egilimi, medyan degerleri dikkate alindiginda da
fark edilebilir.
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Aslina bakilirsa, 0.5 mm ile 1.0 mm basamak genisligine sahip lityum disilikat
kronlar arasindaki kirllma dayaniminin ortalama degeri arasindaki fark 961 N, medyan
deger dikkate alindiginda ise 783 N'lik bir deger kaydedildi. Ayn1 sekilde diger iki grup
arasindaki fark ise (1.0 mm ve 1.5 mm) ortalama icin 647 N ve medyan icin ise 232 N

olarak bulundu.

Bu nedenle, ¢alismada lityum disilikat kronlar i¢in basamak genisligi ile kirilma
mukavemeti arasinda pozitif bir iliski bulundu (Sekil 44 ve Tablo 14) Bu, ortalama ve

medyan degerlerin yani sira maksimum ve minimum degerlerde de izlenmektedir.

Ayrica 0.5 mm basamakli FSC ten iiretilen restorasyonlar, 0.5 mm basamakl
lityum disilikatlara gelen kuvvete karsi kiyaslandiginda daha yiiksek degerlere

ulasilmistir. Fakat istatistiksel olarak anlamli bulunmamustir.

Nitekim, calisgmamizda basamak genisligi dikkate alindiginda, materyal tipinin
CAIl CAD/CAM restorasyonlarmin kirilma direnci tizerindeki etkisi 6zellikle de 1.5 mm

basamak genisligindeki kronlar i¢in, acik bir sekilde goriilmiistiir.

Aslinda lityum disilikat kronlarda basamak genisligi 1.0 mm’e yiikseldiginde,1.5
mm basamak genigligine sahip feldspatik cam seramik kronlarla kiyaslandiginda,
ortalama ve medyan dgerleri igin sirastyla farkli degerler bulunmustur (1192 N ve 1037)
N. Lityum disilikat kronlarda kirilma dayanim degeri 2721°den 2809 N’a yiikseldigi
durumda ve basamak genisliginin 0.5 mm’den 1.5 mm’e yiikseldigi gruplarda bu fark
1431 N ve 1184 N’dur. Bu sonuca gore bir yandan lityum disilikatin daha dayanikli bir
materyal oldugu goriiliirken diger yandan basamak genisligi arttik¢a dayanim giiciliniin

arttigin1 gérmekteyiz.

Feldspatik cam seramik ile ilgili degerlerin her zaman lityum disilikattan daha
diisiik oldugu aciktir. Buna karsilik, kirilma dayaniminin degiskenligi, basamak
genisligi 1.0 mm oldugunda daha fazladir. Genel olarak elde edilen degerler bu

caligmada kullanilan her iki materyalde de basamak genisligi arttikca artmistir.

Kullanilan her iki materyal i¢cin minimum sapma degeri 0.5 mm basamak

genisliginde, maksimum sapma degeri ise 1.0 mm basamak genisliginde kaydedildi.
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1.5 mm marjinal kalinliktaki feldspatik seramiklerde en diislik ortalama dayanim
degeri 1296 N ve en diisiik medyan dayanimi 1124 N ¢ikmigtir. 1.0 mm marjinal
kalinlikta ise en yiiksek ortalama dayanim degeri 2028 N ve en yliksek medyan degeri
1865 N cikmistir. Aksine Lityum disilikat 0.5 mm marjinal kalinliktaki kronlarda en
diisiik ortalama dayanim degeri 1527 N ve en diisiik medyan deger 1378 N ve 1.5 mm
kalinlikta ise en yliksek ortalama dayanim degeri 2721 N, en yiiksek medyan dayanim
degeri 2803 N ¢ikmuistir. Bu ortalama iizerine, Lityum disilikat kronlarin Feldspatik cam
seramik kronlara gore daha dayanikli oldugu ortaya ¢ikmustir, tiim 6rnekler arasinda 1.5
mm marjinal kalinligindaki Lityum disilikat kronlarda en yiiksek ortalama ve medyan

dayanim degeri goriilmiistiir.

Her iki materyalde ayni marjinal kalinliga (1.5 mm) sahipken, lityum disilikat
kronlarin dayanim degerinin feldspatik cam seramik kronlarin dayaniminin degerinin iki

katindan fazla oldugu gorilmustiir.

Her ornek i¢in minimum degiskenlik katsayr degeriyle ortalama en yiiksek
degeri Sekil 5°te kontrol edilerek incelenebilir. Tiim 6rnekler arasinda 1.5 mm basamak

genisligindeki Lityum disilikat kronlar en yliksek dayanima sahiptir.

Sonug olarak;

1. Litiyum disilikat seramik kronlar1 s6z konusu oldugunda, maksimum kirilma
dayanim ortalama degeri, 1.5 mm basamak genisiligi i¢in 2721 £ 967 N olarak
bulunmug ve 1.0 mm basamak genisliginde ise 2489 + 1100 N'ye diigmiistiir,
ardindan basamak genisligi 0.5 mm’ye diistiiglinde kirilma dayanim degeri de
1527+ 674 N’a dismiistiir. Bu sonuca gore lityum disilikat seramik kronlarda
basamak genisligi arttik¢a, kirilma dayanimi da paralel olarak artar .

2. Feldispatik seramik kronlarda, kirilma dayanimi ortalama degeri 1.0 mm
basamak genisligi i¢in 2028 £ 724 N, 0,5 mm basamak genisligi i¢in 873 + 530
N ve en diisiik ortalama deger 1296 + 642 N, 1.5 mm basamak genisligine sahip
kronlarda bulunmustur. Sonug olarak, kirilma dayanimi basamak genisliginin 0.5
mm'den 1.0 mm'ye artmasina parallel olarak artmis ve basamak genisliginin 1.5

mm’ye artmasiyla da aksine azalmigtir.
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3. 1ki seramik materyalinin karsilastirilmasindan elde edilen verilere gore 95 + 5
GPa elastik modulusiine sahip lityum disilikat seramikler bu ¢alismada
maksimum kirilma dayanim degeri olarak 4518 N gosterirken, 45 + 0.5 GPa
elastik modulustine sahip feldispatik cam seramikler ise bu ¢alismada minimum
kirllma dayanimi degeri olarak 513 N gostermistir. Bu nedenle, her iki
materyalin ortalama kirilma dayanimin degerleri arasinda fark ¢ikmustir.

4. Her iki tip CAlI CAD/CAMmateryali (Lityum disilikat ve feldispat) estetik ve
biyomekanik 6zelliklerine ek olarak, arka bdlge icin  metal destekli
restorasyonlara alternatif olarak kabul edilebilir, mevcut ¢alismada gosterdikleri
mekanik Ozellikleri ile agiz icinde okluzal kuvvetlere dayanabilecegi

soylenebilir.

Calismanin limitleri ve gelecekteki arastirmalar igin oneriler;

Bu calismanin sinirlamalar1 ve dijital dis hekimligi alanindaki modern yenilikler
goz Onilinde bulunduruldugunda gelecekte yapilacak c¢aligmalar modifiye edilerek
arastirmacilarin sorularina daha net cevaplar bulunabilir. Bu ¢alismada ¢ekilmis insan
disi (standardizasyon maksimum olgiide saglanirsa) ya da implant abutmenti

kullanilsayd: klinik sartlar daha iyi simiile edilebilirdi.

Farkl: tipte digital 6l¢ii sistemlerinin dogrulugunu incelemek ve daha c¢ok c¢esit

materyal kullanip bunlar arasinda kiyaslama yapmak i¢in arastirmalar yapilmalidir.

Restorasyonlarin uzun siire kaliciliginin arastirilmasini desteklemek ve hasta ile
hekimin memnuniyetlerini kiyaslamak, uzun vadede dikkate alinmasi gereken 6nemli
hususlardandir. Bu inceleme gosteriyor ki, Van Yiizlincii Y1l iiniversitesi Dig Hekimligi
Fakultesinin Protez Kliniginde hem dis hekimleri hem &grenciler, lityum disilikat ve
feldspatik cam seramik restorasyonlara asinadir. Bunun sonucunda ortaya ¢ikan izlenim
yiiksek standartta ve kalitede O6l¢ii alimi ve laboratuar ¢alismasi CAlI CAD/CAM
indirekt restorasyonlarla saglanan final calismalar ile hem hekimler hem de hastalar son

derece basarili sonuglar almaktadirlar.
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