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ABSTRACT 

  The objective of this study was to evaluate the effects of different veneering methods and 

the effects of different sizes of abutment on the fracture resistance of the crowns and to assess the mode 

of failure of these crowns. 

 108 implant abutments were divided into 3 groups with different sizes of abutments 

[Ø4.5(s), Ø5.5(m) and Ø6.5(l)]. Each group of implant abutments contained 3 subgroups of 12 

specimens each (n=12). A zirconia framework were fabricated on all implant abutments. Various 

veneering materials were then applied and processed on the zirconia framework. Fluorapatite veneering 

ceramics were used as the control group (ZAC). Lithium disilicate crowns were fabricated as the 

veneering layer on the zirconia framework with different procedures: group A bonded via fired 

Crystal/Connect glass ceramic (FCC) and group B bonded via resin cement (BRC). Resin cement was 

used for cementation. All specimens were placed in a thermocycling unit and tested with a universal 

testing machine. Statistical analysis was performed using two-way ANOVA and Tukey B test.  

 The mean of fracture resistance in the ZAC group was at the highest value (1787-3295N) of 

cohesive failure. The mean fracture resistance of the FCC group (1714-2809N) was higher than that of 

the BRC group (1565-1809N). The mean fracture resistance of the abutment diameter 5.5 mm (m) was 

at the highest value. The largest size of abutment (l) had a mean fracture resistance higher than the 

smallest size of abutment (s). The two main factors, veneering method and abutment size, had 

individual effects on fracture resistance. There were significant differences of fracture resistance in all 

groups with different veneering methods and different sizes of abutment. Adhesive failure was found in 

the BRC group. Meanwhile the FRC group was found to have both adhesive and combination failure. 

 The mean fracture resistance of crowns fused with Crystal/Connect was significantly higher 

than that of crowns bonded with resin cement, but all the crowns had adequate fracture resistance to be 

used as implant supported restorations in the posterior region. 
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บทคดัยอ่ 

 วตัถุประสงค ์: เพื่อประเมินความทนทานต่อการแตกหกัของครอบฟัน โดยใชก้รรมวิธีในการยึดส่วนของผิว

ครอบฟันดา้นนอกต่างกนั และใชแ้กนรากฟันเทียมขนาดต่างกนั และเพ่ือประเมินลกัษณะการแตกหกัของครอบฟัน 

 วสัดุและวิธีการทดลอง : แกนรากฟันเทียม 108 ช้ิน แบ่งเป็น 3 กลุ่มตามขนาดเส้นผ่านศูนยก์ลางท่ีแตกต่าง

กนัของแกนรากฟันเทียม (ขนาดเล็ก 4.5 มม., ขนาดกลาง 5.5 มม., ขนาดใหญ่ 6.5 มม.) และแบ่งเป็นกลุ่มย่อย 3 กลุ่ม 

จ านวนกลุ่มละ 12 ช้ิน โครงเซอร์โคเนียถูกข้ึนรูปบนแกนรากฟันเทียม ซ่ึงมีผิวครอบฟันดา้นนอกแตกต่างกนัตามชนิดของ

วสัดุ ไดแ้ก่ กลุ่มเซรามิก (ซีแรม), กลุ่มลิเทียมไดซิลิเกตท่ียึดดว้ยคริสตลั/คอนเนค  และกลุ่มลิเทียมไดซิลิเกตท่ียึดดว้ยเรซิน

ซีเมนต์ ครอบฟันทั้งหมดถูกยึดกับแกนรากฟันเทียมดว้ยเรซินซีเมนต ์และน าไปแช่ในเคร่ืองจ าลองอุณหภูมิในช่องปาก 

ก่อนน าไปทดสอบดว้ยเคร่ืองวดัแรงอดั ค่าความทนทานต่อการแตกหักของครอบฟันถูกน ามาวิเคราะห์ทางสถิติโดยใช้

ความแปรปรวนแบบสองทาง และเปรียบเทียบความแตกต่างโดยวธีิของทูก้ี 

 ผลการทดลอง : กลุ่มท่ีมีค่าเฉล่ียของความทนทานต่อการแตกหักมากท่ีสุด คือ กลุ่มซีแรม (1787-3295 นิว

ตนั) และมีลกัษณะรอยแตกอยู่ในผิวครอบฟันดา้นนอก ส่วนกลุ่มลิเทียมไดซิลิเกตท่ียึดดว้ยคริสตลั/คอนเนค (1714-2809 

นิวตนั) มีค่าเฉล่ียของความทนทานต่อการแตกหกัมากกวา่กลุ่มท่ียดึดว้ยเรซินซีเมนต ์(1565-1809 นิวตนั) แกนรากฟันเทียม

ขนาดกลาง 5.5 มม. มีค่าเฉล่ียของความทนทานต่อการแตกหกัมากท่ีสุด รองลงมาเป็นขนาดใหญ่ 6.5 มม. และขนาดเล็ก 4.5 

มม. โดยล าดบั ซ่ึงมีความแตกต่างกนัอยา่งมีนยัส าคญัทางสถิติในทุกกลุ่ม ในกลุ่มลิเทียมไดซิลิเกตท่ียดึดว้ยเรซินซีเมนต ์พบ

ลกัษณะรอยแตกในส่วนของรอยต่อระหว่างผิวครอบฟันดา้นนอกและโครงเซอร์โคเนีย ขณะท่ีในกลุ่มท่ียึดดว้ยคริสตลั/

คอนเนค พบลกัษณะรอยแตกทั้งในส่วนของรอยต่อระหว่างผิวครอบฟันดา้นนอกและโครงเซอร์โคเนีย กับรอยแตกของ

ครอบฟันถึงโครงเซอร์โคเนียทั้งช้ิน 

 สรุปผลการทดลอง : ค่าเฉล่ียของความทนทานต่อการแตกหักในกลุ่มลิเทียมไดซิลิเกตท่ียึดดว้ยคริสตลั/คอน

เนค มีค่ามากกว่ากลุ่มท่ียึดดว้ยเรซินซีเมนต์อย่างมีนัยส าคญัทางสถิติ แต่ครอบฟันทุกกลุ่มมีค่าทนทานต่อการแตกหักท่ี

เพียงพอต่อการใชง้านในบริเวณฟันหลงั 
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CHAPTER I 

INTRODUCTION 

 

 

Nowadays dental implants have been widely used as implant therapy for 

replacing missing teeth. The assessment 10-year outcomes of titanium implants in 

retrospective study demonstrated a 10-year implant survival rate of 98.8% and a 

success rate of 97.0%.(1) A systematic review evaluated the incidence of technical 

complications that can be divided into the major level; such as implant fracture, loss of 

suprastructures, the medium level; such as abutment fracture, veneer or framework 

fractures, esthetic and phonetic complications and the minor level; such as abutment 

and screw loosening, loss of retention, loss of screw hole sealing, veneer chipping and 

occlusal adjustments. The most common technical complications by implant-

supported reconstructions were fractures of veneer material (acrylic, ceramic and 

composite), abutment or occlusal screw loosening and loss of retention (fracture of the 

luting cement). Comparing the rate of ceramic fracture or ceramic chipping, the 

implant-supported fixed dental prostheses had a significantly higher than the tooth-

supported fixed dental prostheses. Although framework fracture of the reconstruction 

was a rare complication. The implant-supported single crowns had high rate fracture 

of the crown framework (coping). This technical complication was significantly higher 

in all-ceramic crowns.(2) Further clinical investigations have shown the long-term 

outcomes with implant-supported restorations. Ceramic chipping was the most 

frequent complication and was higher rates of fractures in dentitions with attrition and 

in fixed dental prostheses when compared with single crowns.(3)  

In dentistry, the esthetic expectation has led to development of ceramics 

for esthetic capability, biocompatibility, color stability, wear resistance and low 

thermal conductivity. During the past decade, limitations of ceramic properties are 

brittleness and less resistant to tensile forces, which has limited their use for long time. 

For all of these limitations of ceramic properties, ceramic is superior esthetic 

appearance but its mechanical properties is not as well as conventional metal material 
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in posterior region. However, zirconia has been newly introduced for fabrication of 

restorations in prosthetic dentistry with CAD/CAM techniques. The fracture resistance 

of zirconia was about twice as high compared to alumina.(4-7) Zirconia showed better 

mechanical properties and superior resistance to fracture than other conventional 

dental ceramics but the use of monolithic zirconia fixed dental prostheses is the 

possible abrasiveness of the material toward enamel. Thus, it has been an alternative 

framework for fixed dental prostheses. Lithium disilicate was used to be veneering 

material with various methods to bond between veneer and zirconia framework.(8, 9)  

Furthermore, Stimmelmayr et al. reported that the fracture strength of the implant 

abutment increased with the implant diameter.(10)  

The aim of this in vitro study were to evaluate the effect of different 

veneering method and the effect of different abutment size on the fracture resistance of 

the all ceramic zirconia-lithium disilicate crowns and to assess the mode of failure of 

these crowns. It was hypothesized that there were no difference in fracture resistance 

and mode of failure of different veneering method and different abutment size of 

implant supported all ceramic zirconia-lithium disilicate crowns. 

 

Objectives  

To evaluate the effect of different veneering method on the fracture 

resistance of the all ceramic zirconia-lithium disilicate crowns. 

To evaluate the effect of different abutment size on the fracture resistance 

of the all ceramic zirconia-lithium disilicate crowns. 

To assess the mode of failure of these crowns.  

 

Hypothesis 

There were no difference in fracture resistance and mode of failure of 

different veneering method and different abutment size of implant supported all 

ceramic zirconia-lithium disilicate crowns. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

2.1 Dental ceramics 

Dental ceramics are nonmetallic, inorganic structures containing with a 

crystal and glass phase based on silica structure. They are glassy with short range 

crystallinity that used widely because of biocompatibility, strength, esthetics and 

easier customization.(11) 

Dental porcelain has been known in dentistry for hundred years. Esthetics 

is the main benefit of porcelain, but brittleness property is the weakest point for load-

bearing restorations. The conventional powder build-up and firing process is very 

sensitive technique.  In the past, dental ceramic such as glass ceramics, poly-

crystalline alumina, and zirconia-based ceramics have been used in the clinic with new 

processing technology, computer-assisted fabrication systems [dental computer-

assisted design / computer-assisted manufacturing (CAD/CAM)]. 

All-ceramic fixed denture prostheses systems have two main types. The 

first system uses a single material for full crowns. Reinforced glassy materials were 

used to make single crowns for anterior and premolar regions. Lately, polycrystalline 

zirconia with improved translucency has been used for full crowns in the molar region. 

The second system will be fused esthetic ceramics, such as porcelain and other glassy 

materials, to high-strength ceramic frameworks.(9) 

 

Classification of dental ceramics 

1. Microstructural classification 

Category 1: Glass-based systems (mainly silica) 

Category 2: Glass-based systems (mainly silica) with fillers crystalline 

 a) Low-to-moderate leucite-containing feldspathic glass 

 b) High-leucite (~50%) containing glass, glass-ceramics (IPS 

Empress) 
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 c) Lithium disilicate glass-ceramics (IPS e.max, pressable and 

machinable ceramics) 

 Category 3: Crystalline-based systems with glass fillers (mainly alumina) 

 Category 4: Polycrystalline solids (alumina and zirconia) 

2. Based on processing technique 

 a) Powder/liquid glass-based systems 

 b) Pressable blocks of glass-based systems 

 c) CAD/CAM systems 

3. Based on reinforcing method 

 a) Reinforced ceramic core systems 

 b) Resin-bonded ceramics 

 c) Metal–ceramics(11) 

 

 

2.2 Lithium disilicate (LDSC) 

 

 2.2.1  Material properties 

Lithium disilicate glass ceramic (Li2Si2O5) is one such all-ceramic system, 

currently used in the fabrication of single and multiunit dental restorations mainly for 

dental crowns, bridges, and veneers because of its color being similar to natural teeth 

and its excellent mechanical properties.(12) It was firstly classified as glass-ceramic 

material by Stookey.(13) Lithium disilicate glass-ceramic was developed by 

Beall.(14), Freiman and Hench(15) in multicomponent glass systems.  Later, the 

structure of lithium disilicate glass and its corresponding crystal were well known and 

have been studied for a number of years.(16, 17)  

The main properties of LDSC as framework and veneering materials are 

showed in Table 1. A mechanical property of LDSC as framework material, the 

average flexural strength of the LDSC after pressing was 400 ± 40 MPa. For the 

fracture toughness, the KIC value was expressed as 3.3 ± 0.3 MPa • m
0.5

. Optical 

properties are very important to the application of glass-ceramics as materials for 

dental restorations. The very strong and tough LDSC also presented a very good 

translucency. The contrast ratio value of 0.55 (0 = 100% transparent, 1 = 100% 
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opaque, disc strength: 1 mm) characterizes this property as being comparable to 

leucite glass-ceramics and natural dentition. Because of the chemical nature and the 

microstructure of LDSC, the coefficient of linear thermal expansion (C.T.E.) is 10.6 ± 

0.25 • 10
-6

 K
-1

 (100–400°C). A favorable property of LDSC is its chemical durability. 

The characteristic values after treating with acetic acid are less than 50 µg/cm
2
.   

The properties of the layered glass-ceramics (veneering material) are 

favorable in the optical properties. This material allows the translucency of natural 

teeth to be matched in dentin and incisal structures. The determined contrast ratio 

values of the dentin are 0.46. The mechanical strength was established as flexural 

strength of 80 ± 25. The C.T.E. value measured 9.7 ± 0.25 • 10
-6

 K
-1

 (100–400°C). 

This material is characterized by very good chemical durability, which is beneficial for 

dental veneering. The determined parameter is less than 20 µg/cm
2
.(18)  

 

Table 2-1: Properties of LDSC(18) 

Properties Framework material Veneering material 
Number of 

samples 

Mechanical: 

   • Flexural strength 
400 ± 40 MPa 80 ± 25 MPa 10 

Optical: 

   • Translucency 
0.55 0.46 1 

Thermal 

   • C.T.E. 

10.6 ± 0.25 • 10
-6

K
-1 

(100-400 ºC) 

9.7 ± 0.25 • 10
-6

K
-1 

(100-400 ºC) 
10 

Chemical: 

   • Durability 
50 µg/cm

2 
20 µg/cm

2 
8 

 

 2.2.2  Processing and reinforcing 

LDSC contains two solid phases: the amorphous phase and the crystal 

phase. The crystal phase of LDSC (Li2Si2O5) melts harmoniously at 1033ºC and has a 

stoichiometric composition. This material has the excellent mechanical properties due 

to the structure of orthorhombic crystals that contains corrugated sheets of (Si2O5)
-2

 on 

the (0 1 0) plane.(19) The LDSC was developed recently in the Li2O–SiO2–Al2O3–

K2O–P2O5 system to produce high strength of dental restorations in a mechanical 

shaping process of CAD-CAM technology. It was produced to the method of 

controlled nucleation and crystallization of the base glasses through heat 
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treatment.(20) The strength values of ∼740 MPa (biaxial) in translucent glass-

ceramics were achieved by controlling the crystallization mechanism of Li2SiO3 and 

Li2Si2O5. A base glass in the Li2O–SiO2–Al2O3–K2O–P2O5 system was added ZrO2 to 

be nucleating agent. The reaction of ZrO2 as a nucleating agent was first presented by 

Tashiro and Wada(21) and later by Beall(14). The present study of Apel et al. found 

that ZrO2 influences the reaction kinetics of the crystallization processes of both 

lithium metasilicate and lithium disilicate. The ZrO2-free glass-ceramic has a very fine 

and strong microstructure. With the increasing ZrO2 content, the crystals become 

smaller. It increases in the viscosity property and the linked reduction in crystal 

growth of Li2SiO3 and Li2Si2O5. The strength values are lower than in the base glass. 

By increasing the crystallization temperature the crystal growth could be improved 

with higher strength. The translucency of LDSC is adjusted by adding ZrO2.(22)  

  

 2.2.3  Types of LDSC - classification 

LCDS can be classified either according to processing technique into hot 

pressing techniques and CAD-CAM milling procedures, or based on application into 

monolithic ceramics and veneering ceramics with a framework.  

 

 2.2.3.1  Hot pressing techniques 

 Pressable ceramic ingots are fabricated by the lost-wax 

technique. They contain crystalline particles that have the microstructure same as 

powder porcelains. However, pressable ceramics have less porosity and higher 

crystalline content due to transformation of the glass into crystals in heat process of 

manufactured ingots. In laboratory process, these ingots are heated to a temperature 

with highly viscous liquid and slowly pressed into the lost wax mold.(23) The higher 

crystalline content and lack of porosity do not effect to fracture resistance.(24) But the 

benefit of this method, hot pressing, is good accuracy of fit with metal alloys.(25, 26)   

 

 2.2.3.2  CAD-CAM milling procedures 

 CAD/CAM ceramic ingots are fabricated by using computer-

controlled tools. The presintered ingots with porous are fast milled without bulk 

fracture of the ceramic but it need to eliminate the porosity by sintering treatment. The 

computer software is good accuracy of fit due to compensating for the shrinkage. 
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However, if the presintered ingots are sintered before milling process, it can improve 

the disadvantage of the shrinkage that occurs during sintering process. But densely 

sintered ceramic with non-porous ingots are more difficult to mill. Glass infiltrated 

CAD/CAM ingots have same composition to slip cast ceramic, but it starts with a 

porous ingot to reduce the complicated process of slip casting. The porosity is 

eliminated after milling by molten glass infiltration.(23) There is one of the question 

about surface cracks that occur during milling process are weaken CAD/CAM 

ceramics in densely sintered ingots, but there is no evidence in the current literature of 

this effect.(27)  

 

 2.2.3.3  Monolithic ceramics 

 Monolithic ceramic (see Fig. 1A) was introduced by using 

LDSC such as IPS e.max Press and IPS e.max CAD. It has two forms: a homogeneous 

ingot with hot-pressed technique and a precrystallized block with CAD/CAM 

technique. Both forms can be fabricated a full anatomical contour with the application 

of stain and glaze or a cut-back and layering technique.(28) 

 

 2.2.3.4  Veneering ceramics with framework 

 Bi-layered crown systems are supported by a framework or 

substructure core (see Fig. 1B). Various materials are used to fabricate substructure 

such as metal alloy, alumina, and zirconia.(28) Ceramo-metal crowns are used 

frequently due to the strength, biocompatibility, and esthetics.(29) However, the use of 

nonmetallic with high strength core materials has increased because patients demand 

more esthetics. The esthetic core materials include alumina, zirconia, and lithium 

disilicate. Veneering porcelains are made to fabricated core to create the final 

restorations.(30, 31) 

A B 

Fig. 2-1: A: Monolithic ceramics. B: Veneering ceramics with framework (Source: 

R&D Ivoclar Vivadent)  
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2.3 Zirconia 

Zirconia is the dental ceramics, which pure form of zirconia is a 

polymorphic crystal. Three different crystalline phases relate to temperature: 

monoclinic (room temperature until 1170ºC, tetragonal (1170-2370ºC) and cubic 

(2370 until melting point 2380ºC). Stabilizers, yttrium and cerium oxide, are added to 

prevent phase transformation and retain tetragonal phase of zirconia more stable at 

room temperature. Yttria-stabilized tetragonal zirconia polycrystal (Y-TZP) was called 

with higher mechanical properties than other ceramics.(4, 6)  

When a crack initiates on the surface of zirconia, the stress concentration 

causes the transformation of a tetragonal crystal into a monoclinic crystal, with 

volumetric expansion. Micro-structural defects within zirconia material cause cracks 

in combination with tensile forces. Increasing fracture toughness will slow down crack 

propagation and has effect on long-term stability of material. In the vicinity of a 

progressive crack, the stress-induced transformation leads to compressive stress and 

enhances the fracture toughness.(7, 9)  

CAD/CAM technology has scanned the prepared abutment and designed 

framework before milling by using computer software. Two types of zirconia milling 

processes are available:  

 1) Soft-milling associates machining enlarged frameworks out of pre-

sintered blanks of zirconia, also called the “green” state and sintering to their full 

strength. It has shrinkage of the milled framework approximate 25%.  

 2) Hard-milling associates machining the framework directly to the 

dimension out of densely sintered (higher strength and more homogenous) zirconia 

blanks with hot isostatic pressed (HIPed).  

For weak points of soft and hard milling, hard-milling may have 

microcracks in the framework during the milling process. On the other hand, soft-

milling has less marginal fit when compare to hard-milling because there is shrinkage 

in soft-milling process.(4)  

Veneering ceramics were fabricated on zirconia framework involves 

esthetics and harmonized to natural teeth. There are various methods of bonding 

between veneering ceramics and zirconia.  
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 1) The layering technique, porcelain powder is applied onto the zirconia 

framework before firing. The outcome of this technique is excellent esthetics, but 

several firings are needed to reproduce the desired color and shape. 

 2) The press technique, the lost wax technique is used to create the 

restoration. A homogeneous ceramic ingot is heated and forced under pressure into a 

wax-formed void. This technique is easy shaping but it is hard to reproduce the desired 

color because of the ceramic ingot. Thus, the outcome of this technique has only a 

single color. 

For both the layering technique and the press technique, the coefficient of 

thermal expansion between zirconia framework and veneering ceramic is important 

because a large difference in CTE will cause residual stress on the crown and reduce 

reliability of the restoration.  

 3) Bonding of zirconia with resin-based luting agents(9) 

A clinical complication of zirconia restorations, veneering porcelain 

fracture is high incidence rate of clinical finding as chipping fractures. Moreover, an 

intrinsic accelerated aging is problem that occurs in zirconia in a humid environment 

as low-temperature degradation. This aging phenomenon causes a decrease in strength 

of zirconia by spontaneous slow phase transformation from the tetragonal phase to the 

weaker monoclinic phase putting zirconia frameworks at risk of spontaneous 

catastrophic failure.(4, 5)  

 

 

2.4 Failure types 

Mode of failure can be classified in various categories according to naked 

eye examination into chipping and catastrophic fracture, or based on examination with 

optical microscope and scanning electron microscope (SEM) into adhesive failure, 

cohesive failure, and combination failure. 
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 2.4.1  Category 1 – examination with naked eye 

The failure type was estimated after loading with universal testing 

machine to evaluate the fracture resistance. Mode of failure can be divided into 2 

groups as chipping and catastrophic fracture. This failure type can be examined by 

naked eye, as seen in Fig. 2 

 

 2.4.1.1  Group 1: Catastrophic fracture 

 Catastrophic fractures are most found in monolithic crowns 

that have a better fracture resistance than veneered crowns.(32) In this fracture, the 

veneering layer is destroyed until the substructure exposed. Veneering or framework 

fracture is the medium level of technical complication.(2)  

 

 2.4.1.2  Group 2: Chipping 

 Chipping is most likely to occur at lower occlusal loads 

because of a stage of stable crack propagation prior to final spallation catastrophic.(33) 

The crack deflection is effect on the superior resistance of substructure.(32) In this 

fracture, the fracture occurs in veneering layer. Thus, it is divided into the minor level 

of technical complication.(2) 

 

 

 

A 

 B 

 C 

Fig. 2-2: A) Graphics of the fracture pattern distribution. B) Visual view of fracture, 

catastrophic fracture. C) Visual view of fracture, chipping(32)  
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 2.4.2  Category 2 – examination with microscope 

Evaluation of the failure type is examined by using optical microscope and 

SEM. The failure mode can be classified into 3 groups as adhesive failure, cohesive 

failure, and combination failure. 

 

 2.4.2.1  Group 1: Adhesive failure  

 Adhesive failure occurs at framework and veneering interface. 

It always causes complete delamination of the veneer ceramic from the 

framework.(34, 35) For monolithic LDSC, the failure mode is bulk fracture of the 

substructure and veneering porcelain.(36) The horizontal crack is parallel to the 

interface and longer than the vertical.(37) Adhesive failure, as seen in Fig. 3A, is 

found beside a void. Wake hackles (white arrows) indicate the crack starts near the 

void (white star).(38) 

 

 2.4.2.2  Group 2: Cohesive failure  

 Cohesive failure is the critical cracks initiate from occlusal 

fissures. It is the chip-off fracture limited within veneering layers. A thin layer of 

porcelain that remains on the framework is associated with this failure.(34, 35) The 

characteristic of cohesive failure, as seen in Fig. 3B, is a typical brittle fracture that 

originates from the occlusal surface of veneering ceramic. Circumferential patterns on 

the fracture surface (white arrow) indicate the pattern of crack growth, intersection and 

extension through the substructure.(38)  

 

 2.4.2.3 Group 3: Combination of adhesive and cohesive failure 

 In this failure type, it found both failure at interface between 

framework and veneering including within veneering layer. Adhesive and cohesive 

failure is bulk of veneering ceramic fractured from framework to expose the 

substructure while residual veneer porcelain still remains. Combination failure is 

showed in Fig. 3C. A crack goes parallel to the veneer-substructure interface, but still 

locates within veneering layer (white arrow). A step-like fracture surface in front of 

the crack is formed and framework is partially exposed.(38)  
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   A   B 

  C 

Fig. 2-3: A) Adhesive failure. B) Cohesive failure. C) Combination failure of adhesive 

and cohesive failure.(38)  

 

 

2.5 The fracture loads and failure types of LDSC 

In the testing of fracture resistance, the loading is evaluated by using the 

testing machine. The maximum loading is recorded when the prosthesis is fractured 

and the testing machine is stopped. This maximum loading is the failure loading or 

fracture resistance of prosthesis. After that, the failure type is examined by naked eye 

and microscope to classify the mode of failure. 

The fracture loads and failure type of LDSC are presented in table 2. Sun 

et al. showed the fracture load and fracture mode of monolithic LDSC (IPS e.max 

Press). All single crowns were fabricated in full anatomy of mandibular first molar 

with 1.5 mm occlusal thickness and tested in static loading by using the universal 
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testing machine. The mean fracture load was 1863.16 ± 116.81 N and the fracture 

mode was catastrophic fracture.(32) Furthermore, the study of Dhima et al. found the 

mean static failure load of the monolithic LDSC in a wet environment was 743.1 ± 

114.3 N.(39) It was still higher than average posterior masticatory forces (150-340 

N).(40) Hertzian cracks were the mode of failure surrounding the contact zone, the 

sloped surface were a more radial crack propagation pattern.(39)  

For bi-layered crowns or veneering ceramics with framework, LDSC were 

used as the core materials (IPS e.max Press) with the veneer (IPS e.max Ceram). All 

flat bi-layered specimens (core thickness 0.8 mm with veneer thickness 1.2 mm) were 

tested in static loading and cyclic loading. The mean compressive load to fracture in 

static loading was 857 ± 66 N. After cyclic loading, the mean compressive load was 

reduced from 857 to 645 N. However, the adhesive failure, the horizontal crack was 

parallel to the interface of the core and veneer, could be found in both groups of static 

loading and cyclic loading.(37)  

To compare between monolithic and bi-layered crowns, the monolithic 

LDSC showed superior performance more than bi-layered LDSC. The mean fracture 

load values of monolithic crowns before fatigue and after fatigue were 2686 ± 628 N 

and 2133 ± 578 N, respectively. Whereas, the mean fracture load values of bi-layered 

crowns before fatigue and after fatigue were 1443 ± 327 N and 1464 ± 419 N, 

respectively. The mode of failure of these crowns was similar in bulk fracture type, but 

different in crack propagation from the site of fracture initiation.(41)  

On the other hand, LDSC were used as veneering layer (IPS e.max CAD) 

with zirconia framework (IPS e.max ZirCAD). Attachment techniques between LDSC 

veneer and zirconia framework were compared. Luting with resin cement (Multilink), 

the fracture resistance was 1211 ± 158 N (static loading) and 1226 ± 290 N (static 

loading after chewing simulation and thermal cycling). Adhesive failure between core 

and resin cement was found in static loading and adhesive failure between veneer and 

resin cement was found in static loading after chewing simulation and thermal cycling. 

Veneer fused to framework by using fusion ceramic (IPS e.max Crystall./Connect), the 

fracture resistance was 1388 ± 190 N (static loading) and 1492 ± 206 N (static loading 

after chewing simulation and thermal cycling). Combination failure (cohesive and 

adhesive failure) occurred in fused crowns.(42)  
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CHAPTER III 

MATERIALS AND METHODS 

 

 

Materials and apparatus 

1. Implant abutment (Straight 3.5/4.0 TiDesignTM, AstraTech Dental) 

(Fig 3-1) 

1.1 Ø 4.5, 1.5 mm 

1.2 Ø 5.5, 1.5 mm 

1.3 Ø 6.5, 1.5 mm 

2. Pattern resin (GC dental, Tokyo, Japan) (Fig 3-2) 

3. Silicone impression materials (Wiscosil
®
, BEGO, Germany) 

4. Cobalt-Chromium alloy (Vitallium, US) (Fig 3-3) 

5. Lithium disilicate glass-ceramic blocks for the CAD/CAM technique 

(IPS e.max CAD, Ivoclar Vivadent, Liechtenstein) (Fig 3-4A) 

6. Zirconium oxide blocks for the CAD/CAM technique (IPS e.max 

ZirCAD,  Ivoclar Vivadent, Liechtenstein) (Fig 3-4B) 

7. Fluorapatite veneering ceramic (IPS e.max Ceram) with IPS e.max 

Ceram Build-up liquid all around and IPS e.max Ceram Zirliner Build-up liquid all 

around (Ivoclar Vivadent, Liechtenstein) (Fig 3-4C) 

8. IPS e.max CAD Crystall./Glaze Paste (Ivoclar Vivadent, Liechtenstein) 

(Fig 3-5A) 

9. IPS e.max CAD Crystall./Connect (Ivoclar Vivadent, Liechtenstein) 

and Ivomix (Fig 3-5B) 

10.  CEREC-3 CAD/CAM system (inLab MC XL + inEos Blue, Sirona) 

(Fig 3-6) 

11.  Programat P300 sintering oven (Ivoclar Vivadent, Liechtenstein) (Fig 

3-7) 

12.  inFire HTC speed (Sirona, The Dental Company) (Fig 3-8) 
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13.  Sandblasted machine (Renfert Vario Basic Sandblaster) and Aluminum 

oxide particles (Al2O3) (EDELKORUND/KOROSAN sandblasting material) (Fig 3-9) 

14.  Ultrasonic cleanser (Q210H, L&R manufacturing, USA) (Fig 3-10)  

15.  5% Hydrofluoric acid gel (IPS Ceramic etching gel, Ivoclar Vivadent, 

Liechtenstein) (Fig 3-11A) 

16.  Monobond N (Ivoclar Vivadent, Liechtenstein) (Fig 3-11B) 

17.  Multilink N Self-adhesive resin cement (Ivoclar Vivadent, 

Liechtenstein) (Fig 3-11C) 

18.  Epoxy resin (Dr. Wilhelm Kohlhaus GmbH & Co, Aschaffenburg, 

Germany) (Fig 3-12) 

19.  PVC rings (Ø = 18 mm, height 25 mm) 

20.  Tin foil (0.3 mm thick) 

21.  Thermocycling unit (Tc 301, KMIT. At Chulalongkorn university, 

Bangkok, Thailand) (Fig 3-13) 

22.  Universal testing machine (Instron 8872, UK. At Chulalongkorn 

university, Bangkok, Thailand) (Fig 3-14) 

23.  Polarized light microscope (Nikon Eclipse E400 POL, Tokyo, Japan) 

(Fig 3-15) 
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Fig. 3-1: Implant abutments (Straight 3.5/4.0 TiDesignTM, Astra Tech) with 3 

emergence profiles (Ø = 4.5 mm, 5.5 mm and 6.5 mm) 

 

 

Fig. 3-2: Pattern resin (GC dental, Tokyo, Japan) 

 

 

 
 

Fig. 3-3: Cobalt-Chromium alloy (Vitallium, US) 
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Fig. 3-4:  A) Lithium disilicate glass-ceramic blocks (IPS e.max CAD) 

 B) Zirconium oxide blocks (IPS e.max ZirCAD) 

 C) Fluorapatite veneering ceramic (IPS e.max Ceram) with e.max Ceram 

build up liquid and Zirliner build up liquid 

 

 

     

 

Fig. 3-5:  A) IPS e.max CAD Crystall./Glaze Paste 

 B) IPS e.max CAD Crystall./Connect and Ivomix  

A 

B 

C 
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Fig. 3-6: CEREC-3 CAD/CAM system (inLab MC XL + inEos Blue) 

 

 

Fig. 3-7: Programat P300 sintering oven (Ivoclar Vivadent, Liechtenstein) 

 

 

Fig. 3-8: inFire HTC speed (Sirona, The Dental Company) 
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Fig. 3-9: Sandblasted machine (Renfert) and Aluminum oxide particles (Al2O3) 

 

 

Fig. 3-10: Ultrasonic cleanser (Q210H, L&R manufacturing, USA) 

 

A   B    C 

 

Fig. 3-11: A) 5% Hydrofluoric acid gel (IPS Ceramic etching gel) 

 B) Monobond N 

 C) Multilink N Self-adhesive resin cement 
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Fig. 3-12: Epoxy resin (Wilhelm, Germany) 

 

 

 

Fig. 3-13: Thermocycling unit (Tc 301, KMIT) 
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Fig. 3-14: Universal testing machine (Instron 8872, UK) 

 

 

Fig. 3-15: Polarized light microscope (Nikon Eclipse E400 POL, Tokyo, Japan) 
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Methods 

A total of 108 implant abutments were used in the in vitro investigation. 

All implant abutments were divided into 3 groups with different diameter of implant 

abutments (Ø = 4.5 mm, 5.5 mm and 6.5 mm). Each group of implant abutments 

contained 3 subgroups of 12 specimens each (n=12). ZirCAD framework (IPS e.max 

ZirCAD) were fabricated on all implant abutments. Various veneering materials were 

then applied and processed on the ZirCAD framework. Fluorapatite veneering 

ceramics (IPS e.max Ceram) were used as the control group (group C). Lithium 

disilicate crowns (IPS e.max CAD) were fabricated as veneering layer on ZirCAD 

framework with different procedures; group A bonded via fired Crystal/Connect glass 

ceramic and group B bonded via resin cement. 

Self-curing luting composite (Multilink N) were used to bond the 

restorative crowns to the replica abutments made from cobalt-chromium alloy. All 

specimens were embedded in a self-polymerizing resin block (PVC ring Ø = 18 mm, 

height 25 mm). 24 hours after cementation, all specimens were placed in the 

thermocycling unit and tested with universal testing machine. 
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Fig 3-16: Test protocol 
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3.1 Fabrication of implant abutments 

Three implant abutments (Straight 3.5/4.0 TiDesignTM, Astra Tech) with 

3 emergence profiles (Ø = 4.5, 5.5 and 6.5 mm) were used as model to fabricate the 

replica abutments. Each implant abutment (Ø = 4.5, 5.5 and 6.5 mm) and implant 

analog were duplicated to construct the impression mold by silicone impression 

material (Fig. 3-17). Pattern resins were poured to impression mold and putty index 

was used to connect between abutment part and analog part. After that, they were sent 

to dental laboratory for casting with cobalt-chromium alloy (Fig. 3-18). A total of 108 

implant abutments were used in this study. 

 

    

Fig. 3-17: Impression mold 

 

    

Fig. 3-18: Replica abutment 
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3.2 Fabrication of restorative crowns 

All crowns were controlled in standardized dimensions of mandibular first 

molar (mesio-distal width = 11.9 mm, bucco-lingual width = 11.1 mm, occlusal 

thickness at central fossa = 1.5 mm). Restorative frameworks were fabricated using 

zirconium oxide block for CAD/CAM technique (IPS e.max ZirCAD, Ivoclar 

Vivadent). Framework fabrication was scanned and milled using CAD/CAM system 

with minimum framework dimensions of crowns (occlusal thickness at central fossa = 

0.5 mm). Substructure was designed in anatomical shape.  

 

  

Fig. 3-19: Model for scanning in the CAD process 

 

    

 

Fig. 3-20: Standardized dimensions of mandibular first molar 

B-L 11.1 mm mmM-D 11.9 

mm 

1.5 1 mm 
0.5 mm 
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Fig. 3-21: CAD process (framework gap = 60, veneering gap = 40) 

 

      

      

Fig. 3-22: ZirCAD framework 

 

Various veneering materials on ZirCAD framework were designed to each 

group. In control group (n=36), thirty-six ZirCAD frameworks were fabricated 

veneering layer by firing process of fluorapatite veneering ceramics (Zirconia based 

all ceramic, ZAC). The crowns were controlled by vacuum form in cast and measured 

the sizes by vernier calipers (Fig. 3-23). 

 

   

Fig. 3-23: Zirconia based all ceramic (ZAC) group, control group 
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In test group, seventy-two ZirCAD frameworks were fabricated veneering 

layer with lithium disilicate crowns (IPS e.max CAD). Test group A (n=36), thirty-six 

ZirCAD frameworks were bonded via fired crystal connect glass ceramic (Fusion with 

Crystal/Connect, FCC). IPS e.max CAD veneering structure was fused to a zirconium 

oxide framework by means of innovative IPS e.max CAD crystal/connect fusion glass-

ceramic. The fusion and crystallization firing was conducted in a Programat. Test 

group B (n=36), thirty-six ZirCAD frameworks were bonded via resin cement 

(Bonding with Resin cement, BRC).  

 

   

Fig. 3-24: Veneering lithium disilicate crown with glazing after firing in Programat 

 

Material Specifications 

IPS e.max ZirCAD (Ceramic blocks for the CAD/CAM technology) 

Standard composition:     (in wt %) 

ZrO2     87.0 – 95.0 

Y2O3       4.0 – 6.0 

HfO2      1.0 – 5.0 

Al2O3       0.0 – 1.0 

Physical properties:  

   CTE (100-400°C) [10
-6

/K]       10.8 

   CTE (100-500°C) [10
-6

/K]       10.8 

   Flexural strength (biaxial) [MPa]*       900 

   Fracture toughness [MPam
0.5

]       5.5 

   Vickers hardness [MPa]      13000 

   Chem. solubility [μg/cm
2
]*         1 

   Sinter temperature [°C/°F]    1500/2732 

*according to ISO 6872 
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IPS e.max Ceram 

Physical properties:  

   CTE (100-400°C) [10
-6

/K]          9.5 

   Flexural resistance (biaxial) [MPa]*       90 

   Vickers hardness [MPa]         5400 

   Chem. solubility [μg/cm
2
]*         15 

   Firing temperature [°C/°F]      750/1382 

*according to ISO 6872 

 

IPS e.max CAD 

Physical properties:  

   CTE (100-400°C) [10
-6

/K]       10.2 

   CTE (100-500°C) [10
-6

/K]       10.5 

   Flexural strength (biaxial) [MPa]*       360 

   Fracture toughness [MPam
0.5

]       2.25 

   Modulus of elasticity [GPa]        95 

   Vickers hardness [MPa]       5800 

   Chem. solubility [μg/cm
2
]*        40 

   Sinter temperature [°C/°F]        840–850/1544-1562 

*according to ISO 6872 

 

 

3.3 Cementation 

Pre-treatment for adhesive bonding technique: all abutment surface and 

inner surface of restorative crowns were sandblasted with aluminum oxide (grain size 

50 µm at 2 bars), cleaned in ultrasonic cleaner and dried with oil-free compressed air 

(Fig. 3-25). After that, veneering lithium disilicate crowns were ecthed with 5% 

Hydrofluoric acid gel and rinsed with water before cementation to zirconia framework 

(Fig. 3-26). All replica abutments and restorative crowns were applied Monobond N 

(Fig. 3-27). The self-curing luting composite (Multilink N) were used to bond the 

restorative crowns to the replica abutments that made from cobalt-chromium alloy. 

After positioning of the restoration, pressure was applied to the central occlusal fossa 
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of the specimen until cement material was cured about 1 minute (Fig. 3-28). All 

specimens were embedded in a self-polymerizing resin block (PVC ring Ø = 18 mm, 

height 25 mm). The platforms of implant abutments are 2.0 mm away from the acrylic 

resin blocks. After 24 hours of cementation, all specimens were exposed to 10,000 

thermal cycles of 5ºC and 55ºC, with a 30 second dwell-time at each temperature. 

 

    

Fig. 3-25: Sandblasting replica abutment and inner surface of restorative crown 

 

     

Fig. 3-26: Pre-treatment veneering lithium disicate crown (Etching with 5% 

Hydrofluoric acid gel) 

    

Fig. 3-27: Pre-treatment replica abutment and restorative crown for adhesive bonding 

technique (Apply Monobond N) 
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Fig. 3-28: Cementation with Multilink N 

 

 

3.4 Fracture resistance test 

The specimen was mounted in steel holder of universal testing machine 

(Fig. 3-29). To prevent local force concentrations, tin foil was placed between the tip 

of the punch and the test specimen. The force was applied axially to the occlusal 

surface of specimen at a 0º degree to simulate posterior tooth contact with 3/16 inches 

diameter steel ball by using load cell at a consistence crosshead speed of 1.0 mm/min. 

The crosshead motion was stopped after restorative crown has fractured. The 

maximum load was recorded. The values of mean and standard deviation of fracture 

resistance were calculated and recorded in each group of specimens. The effect of 

different veneering method and the effect of different size of abutment on the fracture 

resistance of the crowns were analyzed by using two-way ANOVA and Tukey B tests. 

 

  

Fig. 3-29: The specimen was mounted in steel holder of universal testing machine 
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CHAPTER IV 

RESULTS 

 

 

After thermocycling 10,000 cycles, fracture resistance of all crowns were 

determined. Mean and standard deviation in each group are shown in Table 4-1. 

 

Table 4-1: Mean and standard deviation of fracture resistance (in Newton) of 

crowns with different designs (n=12) 

 

Material types 
Abutment 

diameter 

Fracture resistance (N) 

Mean ± SD 

 Shapiro-Wilk 

Statistic df Sig. 

Zirconia based  

All-Ceramic 

(ZAC) 

4.5 mm (s) 1985 ± 539 .910 12 .214 

5.5 mm (m) 3295 ± 986 .950 12 .635 

6.5 mm (l) 2851 ± 733 .960 12 .786 

Fusion with  

Crystal/Connect 

(FCC) 

4.5 mm (s) 1714 ± 508 .888 12 .110 

5.5 mm (m) 2809 ± 1073 .949 12 .625 

6.5 mm (l) 2293 ± 788 .913 12 .230 

Bonding with  

Resin Cement 

(BRC) 

4.5 mm (s) 1565 ± 229 .911 12 .220 

5.5 mm (m) 1804 ± 159 .844 12 .031 

6.5 mm (l) 1834 ± 181 .786 12 .007 

 

* ZAC = Zirconia based All-Ceramic, FCC = Fusion with Crystal/Connect, BRC = Bonding 

with Resin Cement, s = Ø 4.5 mm, m = Ø 5.5 mm, l = Ø 6.5 mm 

 

 

Data in each group were subjected to normality test using Shaprio-Wilk 

test, Levene’s test for equality of variances and Boxplot for outliers and extreme 

values. This was carried out until no outliers were presented, and normally distributed 

data were obtained, as shown in table 4-2 and fig 4-1. Note that the final sample sizes 

in each group were not equal. 
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Table 4-2: Normality test for fracture resistance after removing outliers  

 
Material types 

Abutment 

diameter 

Sample 

size (n) 

Shapiro-Wilk 

 Statistic df Sig. 

Fracture 

resistance (N) 

Zirconia based 

All-Ceramic 

(ZAC) 

4.5 mm (s) 10 .951 10 .684 

5.5 mm (m) 12 .950 12 .635 

6.5 mm (l) 12 .960 12 .786 

Fusion with 

Crystal/Connect 

(FCC) 

4.5 mm (s) 12 .888 12 .110 

5.5 mm (m) 12 .949 12 .625 

6.5 mm (l) 12 .913 12 .230 

Bonding with 

Resin Cement 

(BRC) 

4.5 mm (s) 12 .911 12 .220 

5.5 mm (m) 8 .874 8 .165 

6.5 mm (l) 11 .963 11 .807 

 

 
 

Fig 4-1: Boxplot of fracture resistance of crowns with different designs 

 

* ZAC = Zirconia based All-Ceramic, FCC = Fusion with Crystal/Connect, BRC = Bonding 

with Resin Cement, s = Ø 4.5 mm, m = Ø 5.5 mm, l = Ø 6.5 mm 
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The means and standard deviations of fracture resistance after removing 

outliers are shown in table 4-3. 

 

Table 4-3: Mean and standard deviation of fracture load (in Newton) of crowns 

with different designs after removing the outliers 

 

Material types 
Fracture resistance (N) 

Ø 4.5 mm (s) Ø 5.5 mm (m) Ø 6.5 mm (l) 

Zirconia based 

All-Ceramic (ZAC) 
1787 ± 292 3295 ± 986 2851 ± 733 

Fusion with 

Crystal/Connect 

(FCC) 

1714 ± 508 2809 ± 1073 2293 ± 788 

Bonding with Resin 

Cement (BRC) 
1565 ± 229 1809 ± 22 1788 ± 93 

 

 

Levene’s homogeneity of variance test found that the variances of each 

group were statistically different (p<0.05). (Table 4-4) 

 

Table 4-4: Levene's Test of Equality of Error Variances
 

 

Dependent Variable:   fracture resistance   

F df1 df2 Sig. 

6.556 8 92 .000 

 

 

Two-way ANOVA test (Table 4-5) showed that there was significant 

interaction between the two main factors (abutment diameter and material types) as 

well as significant difference within each factor (p<0.05), as shown in table 4-5.  
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Table 4-5: Analysis of variance 
 

Dependent Variable:   fracture resistance   

Source Sum of Squares df Mean Square F Sig. 

Material 13658913.995 2 6829456.998 15.563 .000 

Abutment 15151128.077 2 7575564.038 17.263 .000 

material * abutment 4545414.677 4 1136353.669 2.589 .042 

Error 40372916.217 92 438836.046   

Total 583894753.823 101    

*Statistical significant at α =0.05 

 

 The two main factors, abutment diameter and material types, were 

individual effect on fracture resistance. The estimated marginal means of fracture 

resistance were presented the interaction effect in fig 4-2 and fig 4-3. 

 

  

Fig. 4-2: Estimated marginal means of fracture resistance in 3 groups of material 

types 
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Fig. 4-3: Estimated marginal means of fracture resistance in 3 groups of 

abutment diameter 

 

 Tukey B test was used to analyze the effect within each factor. The 

fracture resistance in each group of material types was statistically significant, as well 

as the fracture resistance in each group of abutment diameter. (Table 4-6, Table 4-7) 

 

Table 4-6: Tukey B Test of fracture resistance in each group of abutment 

diameter 

Fracture resistance (N) 

abutment diameter N 

Subset 

1 2 3 

abutment diameter 4.5 mm (s) 34 1683.0512   

abutment diameter 6.5 mm (l) 35  2325.5694  

abutment diameter 5.5 mm (m) 32   2741.1050 
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Table 4-7: Tukey B Test of fracture resistance in each group of material types  

 

 

To estimate means of fracture resistance in material types of 3 groups, 

fracture resistance of control group (Zirconia based All-Ceramic) was the highest 

values. In test group, fracture resistance of test group A (Fusion with Crystal/Connect) 

was higher than fracture resistance of test group B (Bonding with Resin cement). 

There were significant differences in fracture resistance in 3 types of materials.  

To compare means of fracture resistance in abutment diameter, fracture 

resistance of abutment diameter 5.5 was the highest values when compare with larger 

size of abutment (6.5 mm) and smaller size of abutment (4.5 mm). However, the 

largest size of abutment (6.5 mm) had the means of fracture resistance higher than the 

smallest size of abutment (4.5 mm). There were significant differences of fracture 

resistance of crowns in different sizes of abutment. 

 

 

  

Fracture resistance (N) 

material types N 

Subset 

1 2 3 

Bonding with Resin cement (BRC) 31 1707.2371   

Fusion with Crystal/Connect (FCC) 36  2271.8411  

Zirconia based All-Ceramic (ZAC) 34   2694.8059 
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Observation of failure modes  

All crowns were selected and fracture sites were inspected under visual 

observation, optical light microscope and scanning electron microscope (if necessary).  

Mode of failure was classified in 3 categories:  

1) Adhesive failure at framework and veneering interface 

2) Cohesive failure within veneering layer 

3) Combination of adhesive and cohesive failure 

In control group (Zirconia based all ceramic - ZAC), failure mode were 

cohesive failure within veneering layer, shown in Fig. 4-4, except in sample number 5 

and 7 of group lZAC. They were found combination of adhesive and cohesive failure. 

In test group A (Fusion with Crystal/Connect - FCC), there were both 

types of failure mode. 24 samples of group FCC were found adhesive failure at 

framework and veneering interface (Fig. 4-5). And 12 samples of group FCC were 

found combination of adhesive and cohesive failure (Fig. 4-6). On the other hand, all 

samples in test group B (Bonding with Resin cement - BRC) were found adhesive 

failure at framework and veneering interface (Fig. 4-7). 

Failure types in each group were shown in table 4-8. 

 

 

Fig. 4-4: Cohesive failure within veneering layer (Control group - Zirconia based all 

ceramic) 
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Fig. 4-5: Adhesive failure at framework and veneering interface (Test group A - 

Fusion with Crystal/Connect) 

 

    

Fig. 4-6: Combination of adhesive and cohesive failure (Test group A - Fusion with 

Crystal/Connect) 

 

    

Fig. 4-7: Adhesive failure at framework and veneering interface (Test group B - 

Bonding with Resin cement) 
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Table 4-8: Mode of failure of crowns with different designs  

 

Material types 
Abutment 

diameter 

Mode of failure (%) 

Adhesive Cohesive Combination 

Zirconia based  

All-Ceramic 

(ZAC) 

4.5 mm (s) - 100% - 

5.5 mm (m) - 100% - 

6.5 mm (l) - 83.33% 16.67% 

Fusion with 

Crystal/Connect 

(FCC) 

4.5 mm (s) 75% - 25% 

5.5 mm (m) 58.33% - 41.67% 

6.5 mm (l) 66.67% - 33.33% 

Bonding with  

Resin Cement 

(BRC) 

4.5 mm (s) 100% - - 

5.5 mm (m) 100% - - 

6.5 mm (l) 100% - - 

 

* ZAC = Zirconia based All-Ceramic, FCC = Fusion with Crystal/Connect, BRC = Bonding 

with Resin Cement, s = Ø 4.5 mm, m = Ø 5.5 mm, l = Ø 6.5 mm 
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CHAPTER V 

DISCUSSION 

 

 

All-ceramic crowns have been used popularly in both anterior and 

posterior area due to the esthetic property. However, the physical properties of all-

ceramic crowns are weak and brittle.(43-47) To reinforce the fracture resistance of all-

ceramic, zirconia has been used to fabricate the crown.(44) Some papers found that 

veneer chipping was the most common complication in veneered zirconia crown.(4, 

48) The use of monolithic zirconia or lithium disilicate crown can reduce the incidence 

of veneer failure because of the superior mechanical properties than feldspatic 

ceramic.(49-51) Comparison between monolithic crown and bi-layered crown, the 

monolithic full anatomic design shows superior fracture resistance behavior compared 

with bi-layered crowns. The fracture load of full anatomic crown was almost double 

compared to that of the veneered ones, thus the stored strain energy at the moment of 

fracture was also almost double that of the veneered crown which would have assisted 

bifurcation of the fissure crack. Moreover, adhesive failure was found in bi-layered 

restorations. Some cracks propagated parallel to the interface with a thin layer of 

porcelain remained between the cracks and the interface.(41) However, full contour of 

zirconia material has effect to wear of the opposing teeth due to the hardness of 

zirconia. Some paper suggested using zirconia as the framework of bilayer all-ceramic 

crown.(44) Surface of feldspathic ceramic was roughen after using. That caused the 

exposure of the crystalline structure and increased the rates of natural tooth wear with 

time using.(52) To minimize abrasion of the natural opposing teeth and avoid 

initiation and progression of microcracks, smooth surface of ceramic was concerned 

by polishing and glazing.(53) Thus, lithium disilicate was appropriate restorative 

material to use as veneering layer on zirconia framework because mechanical 

properties of lithium disilicate were superior to those of feldspathic ceramic. It was 

approximately three times as strong as feldspathic ceramics.(49) Moreover, the 

CAD/CAM based fabrication of the veneer and attachment of the veneer to the 
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framework by use of different techniques have been proposed. The accuracy of 

CAD/CAM production can reduce hand-layered veneer defects from human error and 

increase the mechanical properties of the veneers.(54, 55) In this in vitro study, lithium 

disilicate with glazing surface was used as veneer on zirconia framework. 

Substructures of 3 different abutment sizes were controlled with same thickness in 

anatomical shape (occlusal thickness at central fossa = 0.5 mm). Various veneering 

layer of all crowns were controlled in standardized dimension from scanning model in 

the CAD process (mesio-distal width = 11.9 mm, bucco-lingual width = 11.1 mm, 

occlusal thickness at central fossa = 1.5 mm). The cement spaces (10-60 µm) were 

within the range of clinical acceptance.(56) There was no significant effect of 

variation of gap thickness.(57) The proper cement spaces in this in vitro study were 60 

µm for framework gap and 40 µm for veneering gap. Moreover, In this study, 

fabrication of cobalt-chromium alloy by casting was used as replica abutment as well 

as the previous study. Nesse et al. reported that the milled group had better marginal 

fit than the cast group with no  differences in seating within 2 groups.(58) 

The aims of this study were to assess the fracture resistance and the mode 

of failure of the implant supported all ceramic zirconia-lithium disilicate crowns. It 

was reported that the biting force of healthy and young adults in the posterior region 

was approximately 597 N for female and 847 N for male with a maximum of about 

900 N.(59, 60) Ferrario et al in 2004 reported an average posterior biting forces of 

700N.(61) From the result of this study, the means of fracture resistance in 9 

subgroups (>1,500N) were higher than the reported maximum of human biting force. 

However, the result might not represent the clinical situation for only a perpendicular 

force was applied. For better understanding of the fracture resistance of the tested 

materials, other impact factors, i.e. lateral force, thermocycling and emergency risks 

were expected to be taken into consideration. 

The means of fracture load in the control group, Zirconia based All-

Ceramic (1787 N - 3295 N), was the highest. The means of the fracture load in test 

group A, Fusion with Crystal/Connect (1714 N - 2809 N), was higher than fracture 

resistance of test group B, Bonding with Resin cement (1565 N - 1809 N). There were 

significant differences of fracture resistance in 3 types of materials. A recent in vitro 

study by Schmitter et al in 2014 investigating the effect on fracture resistance of the 
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technique to attach lithium disilicate veneer to zirconia frameworks also reported the 

higher value of fracture forces in fused veneer group (1388 ± 190 N) when compared 

to luted veneer group (1211 ± 158 N).(42) To compare the means of fracture resistance 

in abutment diameter, fracture resistance of group supported by abutment diameter 5.5 

mm was the highest values (1809 N – 3295 N) when compared to those supported by 

larger size of abutment (6.5 mm) and by smaller size of abutment (4.5 mm). However, 

the group supported by the large size of abutment, 6.5 mm (1788 N – 2851 N), had the 

means of fracture resistance higher than those supported by the small size abutment, 

4.5 mm (1565 – 1787). There were significant differences of fracture resistance of 

crowns in different sizes of the abutment. It might be explained that abutment size 5.5 

mm was the most suitable design of crown thickness. Larger abutment size had an 

effect in fracture resistance due to the reduction of crown thickness. As well as, 

smaller abutment size could reduce the fracture resistance of restorative crowns due to 

less support of implant abutment. Furthermore, the abutment size 4.5 had the step at 

inner surface of zirconia substructure. This is the technical error in limitation of 

milling bur that need to be polishing before sintering. So it might lead the weak point 

in group of abutment size 4.5. 

Concerning the mode of failure found in this study, the cohesive failure 

within veneering layer was mostly found in the control group (Zirconia based all 

ceramic). Kim et al reported that fractures in veneered layer were occurred in veneered 

zirconia crowns as a posterior implant-supported restoration that using the hand layer 

technique same as the control group in this study.(62) In a test group of this study, test 

group A (Fusion with Crystal/Connect) was found both types of failure modes, 

adhesive failure and combination failure. Whereas, test group B (Bonding with Resin 

cement) was found adhesive failure at framework and veneering interface. As well as 

the previous paper, a mixed failure mode was occurred with the fused crown and 

adhesive failure between the veneer and Multilink Implant cement was occurred in the 

luted crown.(42) Zahran et al. showed zirconia bi-layered crowns fractured in the 

veneering layer, as the cracks reached the interface and arrested, extended laterally 

parallel to the interface, with the core exposed.(63) Furthermore, spindle shaped voids, 

which were clearly evident under the central fossa, may be the crucial factor that 
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weakens the bi-layered composite and leads to adhesive failure.(41) It might be 

explained that the interface became weak point when the void defects were present. 

In the present study, the lithium disilicate veneer layers were either 

cemented to zirconia core by either fusion technique (Fused with Crystal/Connect) or 

luting technique (Bonding with resin cement). The fracture resistance of group with 

fusion technique were superior to group with luting technique. It might be the negative 

effect that occurred at the initial point of the fracture at the interface between resin 

cement and ceramic. However, the fusion technique had too much cost due to 

additional specific material, Crystal/Connect and Ivomix, and some specimens 

revealed the catastrophic fracture from veneered layer to zirconia framework. On the 

other hand, the luting technique used available material, resin cement. In case of 

veneer fracture occurred with still intact zirconia substructure, it might be possible to 

repair those crowns with this technique.  

The limitation in this in vitro study, the software (inLab 3D software) had 

limitation to construct the multilayer design technique with anatomical shape of 

substructure due to characteristic of implant abutment. So it needed to be constructed 

the substructure in each group of abutment size by manual. Furthermore, another 

human error was occurred while removing the large spur at outer surface of zirconia 

substructure. This might be increase the cement gap between substructure and 

veneering layer. 
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CHAPTER VI 

CONCLUSION 

 

 

Within limitations of this in vitro study the following conclusions can be 

made:  

1. The mean fracture resistance of crowns fused with Crystal/Connect was 

significantly higher than that of crowns bonded with resin cement, but all the crowns 

have adequate fracture resistance to be used as implant supported restorations in 

posterior region. 

2. There were significant differences of fracture resistance of crowns in 

different sizes of abutment. The suitable size of abutment was abutment diameter 5.5 

mm because it had the highest value of fracture resistance. 
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Table 1: Normality test for fracture resistance of crowns (n = 12) 

 

 

Group 

Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic Df Sig. Statistic df Sig. 

Fracture 

resistance 

sZAC .194 12 .200
*
 .910 12 .214 

mZAC .194 12 .200
*
 .950 12 .635 

lZAC .144 12 .200
*
 .960 12 .786 

sFCC .178 12 .200
*
 .888 12 .110 

mFCC .158 12 .200
*
 .949 12 .625 

lFCC .219 12 .115 .913 12 .230 

sBRC .158 12 .200
*
 .911 12 .220 

mBRC .276 12 .012 .844 12 .031 

lBRC .207 12 .167 .786 12 .007 

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

a. Lilliefors Significance Correction 

 

 

 

Fig. 1: Boxplot of fracture resistance in each group 
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Table 2: Normality test for fracture resistance after removing outliers (1
st 

cut) 

 

 

Group 

Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic Df Sig. Statistic df Sig. 

Fracture 

resistance 

sZAC .150 11 .200* .948 11 .620 

mZAC .194 12 .200* .950 12 .635 

lZAC .144 12 .200* .960 12 .786 

sFCC .178 12 .200* .888 12 .110 

mFCC .158 12 .200* .949 12 .625 

lFCC .219 12 .115 .913 12 .230 

sBRC .158 12 .200* .911 12 .220 

mBRC .243 10 .098 .890 10 .171 

lBRC .127 11 .200* .963 11 .807 

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

a. Lilliefors Significance Correction 

 

 

Fig. 2: Boxplot of fracture resistance in each group 
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Table 3: Normality test for fracture resistance after removing outliers (2
nd 

cut) 

 

 

Group 

Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic Df Sig. Statistic df Sig. 

Fracture 

resistance 

sZAC .150 10 .200* .951 10 .684 

mZAC .194 12 .200* .950 12 .635 

lZAC .144 12 .200* .960 12 .786 

sFCC .178 12 .200* .888 12 .110 

mFCC .158 12 .200* .949 12 .625 

lFCC .219 12 .115 .913 12 .230 

sBRC .158 12 .200* .911 12 .220 

mBRC .234 9 .170 .869 9 .119 

lBRC .127 11 .200* .963 11 .807 

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

a. Lilliefors Significance Correction 

 

 

Fig. 3: Boxplot of fracture resistance in each group 
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Table 4: Normality test for fracture resistance after removing outliers (3
rd 

cut) 

 

 

Group 

Kolmogorov-Smirnov
a
 Shapiro-Wilk 

 Statistic Df Sig. Statistic df Sig. 

Fracture 

resistance 

sZAC .150 10 .200* .951 10 .684 

mZAC .194 12 .200* .950 12 .635 

lZAC .144 12 .200* .960 12 .786 

sFCC .178 12 .200* .888 12 .110 

mFCC .158 12 .200* .949 12 .625 

lFCC .219 12 .115 .913 12 .230 

sBRC .158 12 .200* .911 12 .220 

mBRC .179 8 .200* .874 8 .165 

lBRC .127 11 .200* .963 11 .807 

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

a. Lilliefors Significance Correction 

 

 

Fig. 4: Boxplot of fracture resistance in each group 
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