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Abstract:  
Ceramic veneers, defined as small ceramic 

restorations adhesively cemented onto anterior 

teeth, are an interesting and conservative 

alternative to conventional ceramic crowns. This 

study aimed to perform a literature review based 

on laboratory and clinical studies that evaluated the 

main outcomes of glass-ceramic ceramic veneers 

and their cementation to enamel, dentin, and resin 

composite substrates by light-cure (LC) and dual-

cure (DC) resin cements. An electronic search of 

the MEDLINE/PubMed, EBSCO, and Web of 

Science databases was conducted. The keywords 

used were "Different substrates," " Dual-cure resin 

cement," "Light-cure resin cement," and "Lithium 

disilicate veneers," and " Microleakage." The 

Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses guidelines were followed. 

Conclusions: Microleakage was lesser when the 

finish line was placed at enamel and resin 

composite than at dentin. Similar leakage scores 

were observed with LC and DC resin cements. 

Keywords: Different substrates, Dual-cure resin 

cement, Light-cure resin cement, Lithium disilicate 

veneers, Microleakage.  

1. Search Strategy 

Three online international scientific databases were 

used to search for appropriate articles that satisfied 

the study purposes: National Library of Medicine 

(PubMed/MEDLINE), ISI Web of Science, and 

SciVerse Scopus. The databases were searched for 

studies conducted in the period from 2013 up to 

2024. The structured search strategy was designed 

to include published papers that influence resin 

cement type and tooth substrate on the 

microleakage of ceramic veneers. The following 

detailed search terms were used: (Different 

substrates), (Dual-cure (DC) resin cement), (Light-

cure (LC) resin cement), (Lithium disilicate 

veneers), and (Microleakage).  

2. All-Ceramic Dental Restorations  
Ceramic materials are considered one of the four 

main types of dental materials that have been used 

in restoring carious, damaged, or missed teeth. The 

three other types are polymers, metals, and resin 

composites. The word “ceramic” comes from the 

Greek word “keramos,” which means “burnt 

material”, which refers to the material obtained by 

burning or fire.
1
 

Dental ceramics are considered esthetic restoration 

materials with eligible characteristics, such as 

fluorescence, translucence, and chemical stability.
 

They are also biocompatible and have superior 

compressive strength. Their coefficient of thermal 

expansion is similar to that of the tooth structure. 

Ceramics have been used in dentistry, such as 

veneers, inlays, onlays, crowns, and bridges.
 2,3

 

There is a variety of all-ceramic restorations in the 

market and may be used as monolithic (uni-layer) 

that consist of a single ceramic material with the 

best mechanical properties but less esthetic, or it 

may consist of a ceramic core material that is 

covered with a ceramic veneer. It is known as a bi-

layered, all-ceramic restoration.
4,5

   

Ceramics are the weakest restorative materials, and 

their strength can be improved by leucite and 

lithium disilicate. Polycrystalline ceramics, such as 

zirconia, are commonly used as a monolithic 

restoration but can also be used as a core material. 

The success of ceramic restorations depends on 

several factors, such as clinical situation, material 

selection, preparation design, and cementation 

procedure.
6
 

3. Classification of Dental Restorative Ceramics 
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Dental ceramics have been proposed in different 

classification systems that depend on various 

objectives such as indications, composition, 

processing, microstructure, fabrication, 

translucency, fracture resistance, bonding 

technique, and antagonist wear.
1
 In this study, the 

authors lean on the classification system for 

ceramic restorative materials established by Gracis 

S. et al.,
7
 based on the presence of specified 

features in their formulation: 

1. Glass-matrix ceramic materials: inorganic, 

nonmetallic, and glass-phase ceramics. 

2. Polycrystalline ceramic materials: inorganic, 

nonmetallic, and without any glass-phase ceramics. 

3. Resin-matrix ceramic materials: polymer-matrix 

that contains predominantly inorganic refractory 

compounds that may include glasses, ceramics, 

porcelain, and glass ceramics.  

 The glass-matrix ceramic materials main 

group is also subdivided into three subgroups: 

naturally occurring feldspathic ceramic materials, 

synthetic ceramic materials, and glass-infiltrated 

ceramic materials. Polycrystalline ceramic 

materials are also subdivided into four subgroups: 

alumina, stabilized zirconia, zirconia-toughened 

alumina, and alumina-toughened zirconia. The 

third main group, resin-matrix ceramic materials, is 

subdivided into many subgroups according to 

composition. According to these groups and 

subgroups, the glass-matrix ceramic materials are 

classified in detailed description as follows:  

 

Glass-matrix ceramics  

This group includes naturally occurring 

feldspathic porcelain and synthetic glass-ceramic 

materials; many fillers are present in this group, 

where silica is the main glass component. The 

crystalline phase used in the microstructure of 

dental ceramic materials acts as a reinforcement. It 

provides strength and toughness, but it contributes 

to lowering its optical properties by making it more 

opaque, as the glass phase makes the ceramic more 

brittle and translucent, the crystalline phase gives 

this ceramic material its color, opacity, mechanical 

strength, and chemical inertness.
8
 Fillers are either 

crystalline leucite, lithium disilicate, or 

fluorapatite, and depending on the degree of the 

crystal filler dispersion on the glass matrix, it can 

be divided into three categories as follows: 

A) Feldspathic porcelain materials (e.g., IPS 

Empress Esthetics, IPS Classic, IPS Empress 

CAD, Ivoclar Vivadent) are composed of a mixture 

of clay/Kaolin, quartz (silica), and feldspar (a mix 

of potassium and sodium aluminosilicates). 

Potassium feldspar forms the leucite (crystalline 

phase), which increases strength and makes the 

porcelain suitable for veneering metal substrates. 

This material is used now as a veneering material 

on metal alloy and ceramic substrates and as an 

esthetic material bonded into a tooth structure. 

B) Synthetic: Leucite-based (e.g., IPS d.Sign, 

Ivoclar, Vivadent); Lithium disilicate and 

derivatives (e.g., IPS e.max CAD, IPS e.max Press, 

Ivoclar, Vivadent); Fluorapatite-based (e.g., IPS 

e.max Ceram, ZirPress, Ivoclar, Vivadent). Today, 

the most frequently utilized dental glass-ceramic 

materials are made from lithium disilicate that 

have ~70 vol% interlocked rod-like lithium 

disilicate crystals and possess a flexural strength 

two times more than those of leucite-based glass 

ceramic materials.
9
 

 

Lithium disilicate reinforced glass ceramic 

material: 

 Lithium disilicate is classified as a glass-

ceramic in the class of particle-filled glass 

materials. These materials were first introduced in 

the late 1980s and commercialized for dental 

framework use in 1998 by (Ivoclar, Vivadent) as 

ingots under the trade name (IPS Empress 2). It 

was composed of 65 vol% lithium disilicate, as 

small (3–6μm × 0.8μm) needle-shaped crystals 

embedded in a glass matrix, with porosity 

representing only 1%, showing valuable 

mechanical characteristics. For use as a heat-

pressed core material.
 10,11

  

Dental technicians make restorations first in wax 

patterns. Then, ingots melted at greater 

temperatures and were pushed into a mold in a 

heat-pressing technique, similar to the lost wax 

technique used for metal-alloy casts, resulting in a 

material with fewer defects, more uniform crystal 

distribution, and reduced porosity in the final 

restoration.
12

 This core material is veneered 

laterally with fluorapatite-based ceramic veneer, 

which has better flexural strength and translucency 

than earlier glass-ceramic materials.
7
 However, IPS 

Empress 2 lithium disilicate had higher clinical 

failure rates at (9%-5%) after (24-60) months,
8 

because of insufficient flexural strength of this 

material for multiunit prosthesis, so the line of this 

material had been discontinued from the market 

since 2009.
11

  

In 2005, a new and improved material with 

smaller and more uniformly distributed crystals of 

lithium disilicate was introduced under the brand 

(IPS e.max Press, Ivoclar, Vivadent) with 

interlocked microstructure, produces higher 

flexural strength up to 400 MPa,
12

 and improved 

optical and mechanical properties by including 

technological advancements in the manufacturing 

process.
13

 With the advent of digital dentistry and 
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advances in computer-aided design/computer-

aided manufacture (CAD/CAM) methods, (IPS 

e.max CAD) was introduced in 2006 as a lithium 

disilicate glass-ceramic, prepared explicitly for 

CAD/CAM use.
8,14

 Lithium disilicate shows quite 

favorable properties to wear and abrasiveness, with 

abrasiveness quite close to enamel, but more 

aggressive when compared to polished monolithic 

zirconia in in-vitro studies.
15,16

 

Grinding of glaze coating can increase 

wear, both of the antagonist's teeth and the 

restorations, so glazing of monolithic restorations 

should be avoided on the occlusal surfaces in 

posterior restorations and limited to the esthetic 

zones. Moreover, polishing procedures should 

always follow any occlusal grinding or esthetic 

refinement of disilicate restorations carefully. 

Forster A et al.,
17

 investigated the biological 

response of human epithelial cells to lithium 

disilicate, zirconia, and CoCr alloys in-vitro. They 

concluded that lithium disilicate was the most 

biologically suitable material for restorations that 

contact the sulcular epithelium of the gingival 

sulcus. 

Silva NR et al.,
18

 evaluated the clinical 

survival rates and acceptability of lithium disilicate 

glass-ceramic and zirconium oxide-based 

restorations in-vitro. The results showed that 

lithium disilicate had higher strength values than 

those for zirconium. In addition, the volumetric 

loss of enamel and lithium disilicate antagonist 

surfaces was analyzed in a randomized, controlled 

clinical trial at four and seven years of follow-up 

recall and concluded that they were wear-resistant 

and wear-friendly to the opposing enamel in a 

similar way when ceramic is typically used for 

veneering metal-ceramic or all-ceramic crowns. 

Finally, they concluded that lithium disilicate is 

clinically durable, wear compatible, and highly 

esthetic. 

Fabbri G. et al.,
19

 assessed the clinical 

performance of lithium disilicate anterior and 

posterior restorations supported by natural teeth or 

implants to evaluate mechanical and esthetic 

performance after six years of follow-up in a 

retrospective study. They proved that lithium 

disilicate is effective and reliable in both short- and 

medium-term clinical performance. They 

concluded that it represents a valid choice that 

provides biological, technical, and esthetic 

requirements.  

Breemer C et al.,
20

 assessed the clinical 

performance of lithium disilicate posterior 

restorations after five, ten, and 15 years of follow-

up in a retrospective study. They concluded that 

lithium disilicate is a strong restorative material 

with fracture resistance that provides long-term 

clinical performance. Abdel-Azim T et 

al.,
21

compared the marginal gap discrepancy of 

lithium disilicate crowns fabricated with 

CAD/CAM system using conventional and two 

digital impression techniques, iTero scanner 

(v4.5.1.61; Cadent Inc.) and Lava COS scanner 

(v3.0.2; 3M EPSE). The authors concluded no 

significant difference in marginal fit between 

crowns fabricated with different digital or 

conventional impression techniques.  

Zeltner M et al.,
22

 compared the marginal 

and internal fit of monolithic lithium disilicate 

crowns fabricated with CAD/CAM system and 

conventional workflow. They found no significant 

difference between conventional and digital 

workflows, while conventional was better only in 

occlusal fit. Haddadi Y et al.,
23

 in a prospective 

study, evaluated the accuracy of the marginal and 

internal fit of crowns fabricated with conventional 

and digital impressions. Clinical evaluation 

showed that the marginal adaptation for both 

methods was similar and was within the clinically 

acceptable range. 

In regards to marginal adaptation, and according to 

the recent literature, there is no significant 

difference in the marginal adaptation between 

conventional and CAD/CAM procedures for the 

fabrication of monolithic lithium disilicate 

crowns.
21–23

 Moreover, some authors reported that 

heat-pressed lithium disilicate crowns made from 

conventional impressions with polyvinylsiloxanes 

result in a better fit than CAD/CAM fabricated 

ones.
24

 Another blinded randomized controlled 

clinical trial study showed that centralized milling 

fabrication had been reported to result in a better 

fit and internal adaptation compared to chairside 

milling.
22

  

Conversely, other studies concluded that 

the marginal and internal fit of lithium disilicate 

crowns were more accurate when using the digital 

impression technique; whatever the fabrication 

system used, the adaptation was within the clinical 

acceptability range.
25–28

 Neves FD et al.,
29

 

evaluated the marginal fit with micro-computed 

tomography of crowns fabricated with lithium 

disilicate glass-ceramic using two CAD/CAM 

systems and a heat-pressed technique. They 

concluded that crowns fabricated with the Cerec 

3D Bluecam scanner CAD/CAM system and the 

heat-pressed technique resulted in significantly 

better vertical fit than those fabricated using an 

E4D Laser scanner CAD/CAM system. 

Azar B et al.,
30

 evaluated the vertical 

marginal gap of lithium disilicate restorations 

fabricated with CAD/CAM and heat-pressing 
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techniques in-vitro. They concluded that both 

techniques were within a clinically acceptable 

range, but CAD/CAM techniques have measurably 

more significant marginal gaps than those 

fabricated with heat-pressed. Revilla-León M et 

al.,
31

 measured the marginal and internal gap of 

handmade, milled, and 3D printed additive-

manufactured wax patterns for heat-pressed 

lithium disilicate restorations. They concluded that 

the three methods showed less than 100 

micrometer (µm) marginal and internal gaps, 

which is within the clinically acceptable range. 

However, the best marginal and internal fit was 

still obtained by the conventional handmade 

method. 

 So, according to fabrication techniques, 

heat-pressed lithium disilicate is concluded to 

perform better internal fit and mechanical 

properties than CAD/CAM blocks; further data 

will be necessary due to the constant evolution and 

increasing quality of milling procedures and 

devices.
29–31

 

4. Ceramic Veneers 

Dr. Carles Pincus, in the 1930s, was the 

first to temporarily attach thin dental veneers to 

actors to enhance their close-up camera shots.
32

 

The subsequent acid etching techniques improved 

the long-term retention of veneers, and bonding 

anterior teeth with ceramic coverage was first 

introduced in 1983 by Calamia JR and Horn 

HR,
33,34

 They found that veneer surface which is 

etched with hydrofluoric acid and silanated had 

generally greater bonding strength to resin cement 

than etched enamel surface.
35

 

Ceramic veneers are generally indicated 

for esthetic requirements, such as treating tooth 

discoloration and restoring fractured and worn 

dentition and malformed teeth, to alter the size, 

position, color, or morphology without 

compromising the depth of enamel during 

preparation reduction.
34

  

Despite the fact that resin composite 

restorations can solve these defects, limited 

longevity is still a problem because resin 

composite remains susceptible to discoloration, 

marginal fractures, and wear, thereby reducing the 

aesthetic result in the long-term clinical 

performance. Ceramic veneers are contraindicated 

when the interocclusal distance is reduced, there is 

severe bruxism or parafunctional activity, and 

there is deep anterior vertical overlap without 

horizontal overlap.
36

 Severely malpositioned teeth, 

teeth with extensive existing restorations, and soft 

tissue disease are other factors that prevent the 

placement of ceramic veneers.
37

  

Two materials are indicated for ceramic laminate 

veneers due to their translucency and potential to 

be used in small thickness: sintered feldspathic 

porcelain and lithium disilicate reinforced glass 

ceramics.
38–40

 Several medium-term clinical studies 

have confirmed that ceramic veneers have a 

favorable clinical performance, with excellent 

esthetic maintenance, high satisfaction from the 

patient, and without adverse effects on gingival 

and periodontal health.
41–43

 

Peumans M et al.,
44

 tried to evaluate the 

clinical performance of ceramic veneers in-vivo 

after five and ten years of follow-up recalls. They 

found a low failure rate (0%–7%). They found that 

preparation design, occlusion, presence of resin 

composite fillings, excessive loss of dental tissues, 

and the adhesive system used are covariables that 

contribute to the long-term clinical performance of 

these restorations. 

However, ceramic veneers are considered 

more durable than direct resin composite 

restorations when patients are probably selected, 

and the veneers are prepared, fabricated, and 

cemented according to an accurate clinical 

procedure.
43,44

 Della BA et al.,
45

 compared the 

clinical performance of teeth treated with all-

ceramic restorations and concluded that ceramic 

veneers represent less than 5% failure rates after 

five years of follow-up recalls, including the loss 

of retention or fractures, and suggested that the 

ceramic veneers have an acceptable clinical 

performance and longevity and a favorable choice 

for clinicians when patients seek esthetics.  

 Layton D et al.
46,47

 in 2007 and 2012 

analyzed 304 feldspathic porcelain laminate 

veneers prospectively in 100 patients in situ for up 

to 16 years. They showed similar long-term 

survival rates: 96% in five years follow-up, 93% in 

ten years follow-up recall, and 91% in 20 years 

follow-up recall. Failed veneers were 31% 

associated with esthetics, 31% with mechanical 

complications, 12.5% with periodontal problems, 

12.5% loss of retention, 6% with caries, and 6% 

with tooth fracture. 

Fradeani M et al.,
48

 evaluated the clinical 

performance of ceramic veneers placed in anterior 

teeth over 12 years at two different dental clinics; 

they reported that the survival rate was 94.4% at 12 

years recall, with a low clinical failure rate (about 

5.6%). They concluded that a correct adhesive 

system is essential to reach this successful survival 

rate of porcelain laminate veneers.  

Beier U et al.,
49

 evaluated in a long-term 20-year 

follow-up in a clinical retrospective study the 

clinical performance, success rate, and estimated 

survival rate of 318 anterior ceramic veneers of 84 
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patients made of glass ceramic. They concluded 

that the survival rate after ten years was 93.5%, 

while failure rates increased significantly in 

patients with nonvital teeth and bruxism. Smokers 

show the worst marginal discoloration.  

Malchiodi L et al.,
50

 evaluated the survival rate of 

79 veneers made by lithium disilicate for anterior 

teeth with three years of medium follow-up. They 

found that the survival rate represented 98.7%. 

Aljazairy YH,
51

 analyzed and compared the most 

up-to-date information and studies available on 

short-, medium-, and long-term survival rates of 

ceramic veneers in a systematic review; the author 

concluded that both feldspathic and lithium 

disilicate reinforced ceramic veneers had long-term 

survival rates of (96%-98%) after five years follow 

up recalls. Based on the above, the first choice will 

always be these materials. 

 

5. Adhesion of Ceramic Veneers  

 The ceramic veneer treatment procedure 

includes cementation of the veneer to the tooth 

surface substrate. It represents one of many 

essential factors that ceramic veneer success 

depends on, which are responsible for long-term 

durability. Cementation is a crucial step that should 

act as a barrier against microleakage and hold the 

veneer with the tooth mechanically and 

chemically. It highly depends on the preparation 

design and conditioning of the involved surfaces.
52

 

 Earlier, only conventional cements were available 

for cementation, which resulted in many failures. 

Resin cements are now used for indirect 

restorations, and they are provided in various 

shades and can be used with all types of restorative 

materials. In comparison with conventional 

cements, such as zinc phosphate and glass 

ionomer, several studies concluded that the resin 

cements were the most suitable and the first choice 

regarding the physical properties essential for a 

cementing agent.
53,54

 

 

A) Resin cements 

Earlier, resin cements failed due to their 

high polymerization shrinkage and poor 

biocompatibility. Today, resin cements have higher 

bond strength and more predictability by the ability 

to form a chemical bond with enamel and dentin.
55

 

The bonding mechanism of resin cements 

is usually achieved with organophosphonates, 

hydroxyethyl methacrylate (HEMA), or 4-

methacryloxyethyl trimellitate anhydride (4-

META). During the polymerization process, the 

adhesive monomers expose the collagen fibrils, 

entangle them to create the hybrid layer, and 

provide high tensile bonding strengths. HEMA 

facilitates the penetration capability of monomers 

to dentinal substrates, and it has been shown that 

when the dentin is treated with HEMA, it will 

promote the formation of a hybrid layer and 

provide strong bond strength.
55

 

Resin cements are mainly used for the 

cementation of full-cast metal crowns, ceramic 

crowns, zirconia constructions, indirect composite 

restorations, traditional metal-ceramic 

constructions, metal and glass fiber post, implant-

supported crowns and bridges, and ceramic 

veneers.
56

 They are composite resin materials but 

in different chemical compositions and viscosity. 

They consist of a resin matrix and fine filler 

particles in lower concentration (50%-70%) glass 

or silicon dioxide to give the material fluidity and 

low viscosity.
55

 

The resin cements provide good retention 

and resistance to fracture, but they are technique-

sensitive and associated with a high incidence of 

postoperative sensitivity.
57–59

 As ceramic veneers 

are brittle materials; cementation is used to provide 

better fracture resistance by penetrating flaws and 

irregularities on fitting surfaces of both veneers 

and tooth substrate, minimizing crack propagation, 

and improving stress transfer from the ceramic 

veneer to the supporting tooth substrate.
60

 

 

B) Classification of resin cements  

Resin cements can be classified according to their 

polymerization reaction or adhesive scheme.
61

  

Classification according to polymerization 

reaction  

A) LC resin cements:  

It is provided with photoinitiators activated by 

light; therefore, light must reach all the restoration 

zones. Thus, it is indicated for thin and translucent 

ceramics that permit the light to be transmitted 

through it to the resin cement.
62

 LC resin cement is 

the first preference for esthetic and metal-free 

restorations due to its color stability in matching 

other cements.  

B) Chemical-cure resin cements:  

They are also known as “self-cure,” which is 

available as a tow component and activated by 

mixing them by a chemical reaction with peroxide 

as the initiator. It is indicated when LC is ungainly 

due to the difficulty in light transmission through 

the restoration to the resin cement, as in 

endodontic posts and metal restorations.
63

  

C) DC resin cements:  

They are provided with amine initiators and 

photoinitiators within their composition so they 

can be activated by light and chemical reactions. 

These cements are indicated for too thick or 

opaque ceramics that do not enhance the light to 
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pass through completely to all areas of restoration, 

so the light polymerizes the resin cement on 

occlusion and margins that are accessible for the 

light and the remaining uncured by light resin 

cement allowed to self-cure by chemical-curing. 

LC is essential in these cements to achieve a high 

degree of polymerization, in which LC can be 

provided rapidly to seal the margins.
64

 

DC resin cements have shown superior mechanical 

properties and a high degree of conversion than LC 

cements.
65

 

 

Classification according to adhesive scheme  

A) Total-etch resin cements:  

Using phosphoric acid (30%-40%) as a separated 

conditioning step that washed off, followed by 

priming and adhesive application as a separated 

step, resulting in a three-step procedure of 

application, or can be simplified in two-step by 

combining the primer and adhesive in a single 

bottle. The acid used for prepared enamel and 

dentin (20-30 seconds for enamel and 15-20 

seconds for dentin) to remove the smear layer and 

provide a hybrid layer for micromechanical 

interlocking between the adhesive resin and tooth 

substrate and to facilitate resin infiltrate into 

dentinal tubules and form resin tags that provide 

additional bonding strength in dentin. This 

cementation approach provides higher bonding 

strength and less microleakage, but it is technique-

sensitive. 
66 

B) Self-etch resin cements: 

In this approach, the acid is applied within the 

primer in a single bottle, added to the prepared 

tooth surface, followed by adhesive and resin 

cement application, making it easier to apply with 

fewer possible clinical errors. However, this 

approach showed lower bonding strength to 

enamel than the total-etch approach.
64

 An irregular, 

discontinuous, and shallow hybrid layer associated 

with less wettability, viscosity of the system, and 

lower infiltration of the resin into the dental 

tissues.
67

 

C) Self-adhesive resin cements:  

Cementation can be achieved in one step of 

application by using one component (Universal 

Adhesive Cement) without needing a separate 

bonding steps application. This approach is user-

friendly and less technique-sensitive (wet bonding) 

and has less post-operative sensitivity when 

compared to the total-etch approach.
68

 This type of 

resin cements is composed of mono-multi 

methacrylate monomers in  isphenol A-glycidyl 

methacrylate (BisGMA), urethane dimethacrylate 

(UDMA), or hydroxyethyl methacrylate (HEMA) 

resin base, where the acidic monomers contribute 

to demineralization and bonding to the tooth 

substrates without the need for separated bonding 

agents.
67

 

 

C. Esthetic ceramic veneer resin cement 

 As presented before, there is a wide 

variety of resin cements in terms of steps of 

application, polymerization reaction, adhesion 

behavior, translucency, and color stability. 

Ceramic veneers are thin restorations provided to 

enhance shade and esthetic to correct defects of 

dentition that should be minimally prepared, so the 

total etch LC resin cement is the preference
67

.  

 LC resin cements are preferable for thin 

ceramic veneer cementation due to the better 

characteristics of LC resin cements that provide 

controlled working time compared to chemical- or 

DC resin cements, thus making it easier for the 

dentist by increasing the time necessary for fitting 

and taking off excess cements from the margins 

previously to the LC, that simplified the finishing 

and polishing steps.  

They also provide better color stability, which is 

more critical for esthetics than other cements. 

However, the polymerization required enough light 

transmission through the veneer to allow a high 

degree of conversion of the resin cement to provide 

better mechanical properties, fit, and resistance for 

cement dissolution.
69

 

 LC polymerization reaction depends on 

many factors, such as thickness and shade of 

veneer and light source. However, the contraction 

of resin cement due to polymerization shrinkage 

may pull the resin away from the tooth substrates, 

resulting in defective margins, which, together 

with the dissolution of the cement, may result in 

microleakage around the ceramic veneer margins.
70

  

In case of veneer thickness of more than 0.7mm or 

excessively opaque ceramic material, the light does 

not transmit well to reach the deeper parts of the 

resin cement, so the LC resin cement does not 

reach its maximum polymerization,
59

 in these 

situations, DC resin cements is advisable to 

provide better bond strength, due to their better 

degree of conversion and hardness when compared 

to LC resin cements
71–73

.  

 Self-adhesive resin cements are not 

advisable for ceramic veneer cementation due to 

their color change, which could affect the 

restoration color and separate the ceramic 

bonding.
74

 Microleakage in the margins of veneers 

at the tooth-resin interface is higher with self-

adhesive resin cement.  

Haralur SB,
75

 assessed in-vitro the effect of 

different dentin bonding techniques on the 

microleakage of ceramic veneers. He concluded 
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that etch-and-rinse resin cement offered the least 

microleakage with the best bonding interface for 

ceramic veneers.   

  Shafiei F et al.,
76

 investigated the sealing 

ability of ceramic veneer cemented with three 

different resin cements on enamel and dentin of 30 

incisors with moderate fluorosis. They concluded 

that etch-and-rinse resin cements provided the best 

enamel sealing.  

 

6. The Effect on Restoration Adhesion with 

Different Substrates 

A) The effect on restoration bonding to enamel 

and dentin  

Dentin exposure during preparation is not 

preferred and should be avoided as much as 

possible. Enough sound enamel should be provided 

as much as possible, with preparation margins on 

sound enamel to obtain maximum bond strength. 

Burke FJ,
77

 concluded by a literature review that 

preparation in dentin adversely affects the survival 

rate of ceramic veneers. 

Öztürk E et al.,
78

 evaluated the shear bond 

strength of ceramic veneers that bonded to three 

different substrates with different resin cements in-

vitro. They concluded that the tooth substrate 

affected the shear bond strength of the ceramic 

veneers, and the lowest was on dentin. The type of 

resin cement (LC or DC resin cement) did not 

affect the shear bond strength of the ceramic 

veneers.  

Yazigi C et al.,
79

 evaluated the effects of 

different bonding techniques and the efficiency of 

immediate dentin sealing (IDS) on the fracture 

strength of CAD/CAM occlusal veneers bonded to 

exposed dentin substrate on 96 maxillary 

premolars in-vitro. They concluded that the IDS 

protocol can benefit the fracture resistance of the 

occlusal veneers, and selective etching of the 

enamel was as effective as total-etch. 

Fracture resistance and modulus of 

elasticity highly influence the selection of 

materials concerning dentin substrate. Abu-Izze 

FO et al.,
80

 evaluated the fatigue life of two 

different ceramics cemented in a dentin-like 

material in-vitro. They concluded that IPS e.max 

CAD showed 360 Mega Pascal (MPa) flexural 

strength and 95 Giga pascal (GPa) modulus of 

elasticity. Ceramics with a lower modulus of 

elasticity, which is closer to that of dentin, can 

better withstand loads, distribute tension, and 

decrease crack propagation.  

Kok P et al.,
81 

evaluated the load to failure 

of thin ceramic and resin composite restorations 

that bonded on enamel and dentin under increasing 

repetitive loads. They concluded that resin 

composite was more durable on dentin, while no 

significant difference was found in enamel 

between the materials. Better performance of 

ceramics was expected on enamel because their 

modulus of elasticity approaches that of enamel, 

which results in better load-bearing capacity and 

better stress distribution.  

A similar modulus of elasticity in the 

substrate as in restoration results in better strength 

of the tooth-restoration set.
82

 Despite the difference 

in modulus of elasticity, which is 80 GPa in 

enamel and 19 GPa in dentin.
83

 Although new 

commercial resin cements have been developed 

and are available with improved properties, the 

bond strength of ceramic veneers is still better in 

enamel than in dentin.
84

 

Gurel G et al.,
85

evaluated the rates of 

failure of up to 12 years of ceramic veneers and the 

effect of clinical parameters on their survival. 

Sixty-six patients with 580 ceramic veneers were 

included in this retrospective study. They found a 

significant relationship between failure and dentin 

exposure with dentin margins, ten times more than 

the failure of veneers bonded to enamel. They also 

concluded that dentin exposure in deep preparation 

will increase the risk of microleakage, secondary 

caries, and post-operative sensitivity.  

Oztürk E et al.,
86

 evaluated the medium-

term clinical performance of ceramic veneers with 

different depths of preparation, causing a range of 

degrees of dentin exposure. Twenty-eight patients 

with 158 ceramic veneers were clinically evaluated 

after two years of follow-up. They concluded that 

ceramic veneers bonded to only enamel have the 

highest survival rates, as well as veneers bonded to 

enamel with minimal dentin exposure. Still, severe 

dentin exposure was associated with high failure 

rates and should be avoided.  

Sasse M et al
87

 evaluated the effect of 

varying thicknesses of full-coverage lithium 

disilicate ceramic restorations bonded to different 

substrates. They concluded that ultrathin occlusal 

veneers presented a higher fracture load when 

cemented to dentin than enamel. 

Valenzuela E et al.,
88

 evaluated the 

fracture load of IPS e.max CAD restorations at 0.3 

or 0.6 mm thicknesses that luted to enamel or 

dentin in-vitro. They found that IPS e.max 

ultrathin occlusal veneers luted to enamel or dentin 

obtained a comparable fracture load to that of the 

healthy tooth. 

 

B) The effect on restoration bonding to resin 

composite 

Several factors may be associated with the 

amount of preserved enamel substrate, such as type 
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of preparation, fracture, wear, and existence of old 

resin composite filling.
89

  Patients seek esthetic 

ceramic veneers sometimes for replacing a 

defective old resin composite restoration; for that, 

the preparation margins should be placed in sound 

enamel all around the veneers.
90

 When veneers 

bonded to a large old resin composite filling, a 

high failure rate was observed.  

Sadighpour L et al.,
91

 examined the 

fracture strength of 36 IPS e.max ceramic veneers 

bonded to maxillary central incisors restored with 

class V resin composite fillings of different sizes. 

They found that intact teeth and teeth with small 

class V fillings showed no significant difference in 

failure load. Still, large extensive fillings could 

compromise bonding between composite and resin 

cement due to the reduced number of unreacted 

monomers that were lost by degradation, and that 

compromised the ceramic veneers bonding to a 

large old resin composite filling.  

Gurel G et al.,
85

 evaluated the rates of 

failure of up to 12 years of ceramic veneers and the 

effect of clinical parameters such as the type of 

preparation, diastema, crowding, discoloration, the 

presence of restoration, and attrition on their 

survival. Sixty-six patients with 580 ceramic 

veneers were included in this retrospective study. 

They found no relation between existing 

restorations and ceramic veneers.  

Gresnigt MM et al.,
92

 evaluated the clinical 

performance of ceramic veneers bonded to intact 

teeth and teeth with the existing old restoration 

without any indication of caries, marginal staining, 

or ditching in a prospective clinical study and 40 

months of follow-up. Preparation was made with 

incisal overlap, and good-quality restorations were 

conditioned and salinized. Enamel and dentin were 

etched with 38% phosphoric acid for (15-30) 

seconds, then rinsed with water for 30 seconds. 

 Subsequently, resin cement was applied to the 

ceramic veneers and cemented. They found no 

significant difference between ceramic veneers 

bonded to intact teeth or teeth with existing resin 

composite restoration in 40 months of clinical 

performance. The survival rates were 96% for 

ceramic veneers cemented to intact teeth, while it 

was 93.5% for these bonded to teeth with existing 

resin composite filling.  

 

7. Ceramic Veneers Preparation 
Preparation design is one of the significant factors 

that the survival rates of ceramic veneers depend 

on. Ceramic veneer preparation varies from a lack 

of preparation or minimal invasive to extremely 

aggressive destructive preparation. Currently, 

conservative intraenamel with (0.3-0.7) mm 

reduction with chamfer finish line cervically is 

recommended in four types of preparation designs 

concerning the incisal edge, which are window 

preparation, the feathered edge preparation, incisal 

bevel, and incisal overlap. 

 

A) Ceramic veneer preparation designs without 

incisal coverage include: 

A. Window preparation: 

Where the veneer is placed close to but not to the 

incisal edge and entirely within the enamel, this 

design can withstand the highest loads before 

failure and shows a high survival rate. This design 

was the first choice when conservative and 

strength were essential requisites. Microleakage at 

the incisal margin of this design is less than in 

other designs.  

B. Feather edge preparation:  

It is also called minimal preparation design and 

facial preparation design, where the veneer is 

placed on the height of the incisal edge but without 

reduction. This design shows excellent marginal 

fit, but it was observed that the veneer fracture was 

the most common cause of failure, especially at the 

incisal area. 

C. No Preparation:  

A ceramic veneer is directly cemented to the 

unprepared enamel surface. This design shows the 

highest failure rate, with the main causes of failure 

being fracture and debonding, and the primary 

factor was unprepared enamel. The reason 

attributed for the failure was that the preparation 

increases the bond strength of the veneer by 

increasing the surface area for cementation, 

removing the aprismatic layer of enamel that 

resists acid etching, and providing a positive seat 

for the restoration that allows intimate contact 

between the veneer and tooth structure for better 

stress distribution and less local overload of 

veneer.
93

 

 

B) Ceramic veneer preparation designs with 

incisal coverage include: 

A. Incisal overlap: 

This design appears to have a high survival rate of 

93% due to better stress distribution. This type of 

design increased the fracture resistance and 

retention of ceramic veneer and was preferred for 

healthy teeth with sufficient thickness, but showed 

more microleakage when compared with the 

window preparation design, which may be due to 

the shrinkage of ceramic during fabrication. 

B. Incisal butt-joint: 

This design is the first choice for better esthetics, 

positive seating, and stress distribution with the 

strongest fracture resistance. This design provides 
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a desirable character for the veneer at the incisal 

third, a favorable ceramic/cement ratio, and 

reduces the risk of cracks due to shrinkage. The 

clinical advantages of that design include stronger 

restoration, simplified preparation technique, 

elimination of the risk of thin palatal ceramic 

ledges, and the impressions can be cast with clear 

finish lines.  

 Light palatal chamfer in incisal overlap 

preparation design exhibits higher tensile stress 

because it is extended closer to the palatal 

concavity, which is a problem especially in 

severely worn teeth and in the presence of 

maximum tooth structure, that results in the 

generation of high stress in the palatal concavity 

during the functional loading, therefore, in these 

situations more straightforward design such as 

butt-joint is indicated, that provides margins with 

strong bulk of material, where the palatal chamfer 

extending to the concavity is not recommended.
93

 

It has been suggested that the extent of preparation 

is not a definite fixed amount, but it is within (0.3-

0.7) mm range.
94

 However, the preparation design 

and according to the clinical situations can be 

flexible as long as the preparation principles are 

kept in mind.
95

 

Smales R et al.,
96

 evaluated the long-term survival 

rates of 110 ceramic veneers on 50 patients, 46 

with incisal coverage preparation design and 64 

without, in a retrospective study from case records 

of up to seven years. They concluded that the 

survival rate of ceramic veneers with incisal 

coverage preparation design was 95.8% and 85.5% 

for those without incisal coverage. The amount of 

incisal reduction varies within 0.5-2 mm.
97

 

 

C) Marginal and interproximal preparation 

designs 

 The preparation extends interproximally 

to a variable degree that depends on many clinical 

factors and can be divided according to the 

extension and the level of invasiveness into three 

types:  

A. Short-warp design: Simple, quick, and 

less invasive, but it cannot be used in all situations 

because the margins are prepared in a visible area.  

B. Medium-warp design: The margins are 

prepared more proximally in the interproximal 

niches without opening the contact points, so the 

width is preserved, limiting the need to change the 

tooth length to match the desired predefined width-

to-length ratio. 

C. Long-warp design: This represents the 

highest level of invasiveness that opens the contact 

points. This design is more favorable in many 

clinical situations, such as in severely discolored 

teeth, closing diastemas and black triangles, 

significant changes in teeth shape and position, 

adjustment of the shifted midline, and in case of 

the immediate neighbor crown is presents.
98

  

 

D) Precision and guidance of ceramic veneer 

preparation 

 Ceramic veneer preparation has been 

improved in precision from the free-hand 

technique to the fixed depth cutters to the silicone 

rubber guides and the target restorative space 

guide, which are all practical guiding techniques, 

and the precision of these techniques influences the 

accuracy of preparation.
99

 Cherukara GP et al.,
100

 

concluded that dimple and depth marker cutter 

resulted in more accurate preparation than the free-

hand technique because the free-hand technique 

had low precision with over-reducing the middle 

third of the incisal area on the labial face.  

 The target restorative space guide 

approach could be the best option that solves the 

problems of other approaches, where additive wax-

up is fabricated for the specific case after diagnosis 

and treatment planning and before preparation that 

will be guided by the wax-up space. Mock-up, 

silicone index, translucent dental diaphragm, and 

3D printed guides are examples of target 

restorative space guide approach.
94

 

 

8. Microleakage 

 It is defined as the entry of fluids, 

bacteria, chemicals, or ions through the tooth-

restoration interface. It is considered one of the 

main factors that affect the restoration's survival 

rates and longevity. Microleakage may lead to 

marginal discoloration, hypersensitivity, or even 

recurrent caries.
101

 

  The problem of microleakage evaluation 

is that materials are seldom investigated with a 

standardized procedure. Furthermore, different 

materials are tested under various conditions. 

There are no standards for dyeing. Even the 

measurement of leakage is not standardized. Some 

authors use (different) classifications in degrees; 

some measure the leakage in mm or um, and some 

indicate the microleakage in % of the crown 

length. The selection of the dye tracer also may 

influence the penetration results.
102

 Heintze et al.
103

 

found a moderate correlation for dye penetration 

(dentin margins) of fuchsin or silver nitrate with 

structural equation modelling (SEM) quantitative 

marginal analysis, but not between methylene blue 

and SEM data. Furthermore, it was found that the 

dye penetration values of basic fuchsin remained 

relatively constant over a period of 18 weeks.
102

 

 



 

 
International Journal Dental and Medical Sciences Research 
Volume 6, Issue 1, Jan-Feb 2024 pp: 457-472  www.ijdmsrjournal.com ISSN: 2582-6018 

 

 

 

 

DOI: 10.35629/5252-0601457472     | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal        Page 466 

Die penetration for microleakage evaluation  
 The most common technique in which 

colored chemicals are used for evaluating the 

microleakage. This technique involves the 

insertion of a specimen in a dye solution for some 

time; then, the tooth-restoration interface is 

inspected for discoloration, where this stain layer is 

different in color from both the tooth and 

restoration and assists in the easy evaluation of 

microleakage. The most commonly used stains 

with this method are 2% methylene blue, 5% silver 

nitrate, and 0.5% basic fuchsin.
102

 

In this method, evaluation is more advantageous 

than other methods, in which the margins are 

treated with one staining agent without the 

inclusion of chemical reactions or harmful 

radiation, and the researcher can use any variety of 

dyes; the technique is straightforward and 

practicable. This method can have clinical 

relevance because the size of the dye particles can 

be measured.
104

 

 The disadvantage of this method is that it 

is a destructive methodology and cannot be 

replicated. The specimens cannot be used anymore 

for further evaluation, since, to evaluate and record 

the dye penetration by a light or scan microscope, 

the specimen should be sectioned. Another 

disadvantage is that the dye penetrated and 

diffused by the restorations, and tooth structures 

cannot be excluded from measurement, so it is 

highly technique-dependent 
104

 

 Aboushelib M et al.,
105

 evaluated the 

microleakage of 40 ceramic laminate veneers in-

vitro that were fabricated using either CAD/CAM 

system or heat-pressed technique by immersion of 

the specimens in basic fuchsin penetrating dye. 

They found that the fabrication technique can 

influence the microleakage, and pressable ceramics 

showed improved resistance with less cervical 

margins microleakage than machinable ceramics.  

 Sadighpour L et al.,
106

 evaluated the 

microleakage of ceramic veneers bonded to the 

tooth surface with standard class III and IV resin 

composite fillings in-vitro. They concluded that 

there was no significant difference between sound 

teeth and teeth with class III resin composite 

fillings. In contrast, the mean microleakage of 

class IV resin composite fillings differed 

significantly from sound teeth.  

Solá-Ruiz M et al.,
107

 measured the microleakage 

of 56 ceramic veneers using different instruments 

for preparation. They found that finishing cervical 

margins using sonic oscillating instrumentation 

significantly affected the microleakage. 

Alnakib Y et al.,
108

 evaluated the ceramic 

and cervical substrate on the microleakage of 48 

ceramic veneers by immersion of the specimens in 

2% methylene blue penetrating dye. They found 

more microleakage with resin composite substrate 

and zirconia-reinforced lithium disilicate compared 

to enamel substrate and lithium disilicate glass-

ceramic.   
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