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Factors that affect the success of 
laminate veneer restorations

Lamine veneer restorasyonlarda başarıyı etkileyen 
faktörler

ABSTRACT

Laminate veneers are restorations applied to dental tissue with or without minimal preparation. 
Laminate veneers have recently been a fairly common treatment in dentistry, with aesthetic con-
cerns coming to the fore in patients. But the indications of these restorations should be taken 
into account, and treatment should be decided after an accurate diagnosis and planning. With the 
spread of laminate veneers, research on success rates has also come to the fore. It is believed that 
the factors affecting success in laminate veneers are multifactorial. Laminate veneers are a con-
servative form of treatment and require precise technique and attention. There are various types 
of preparations applied according to the patient in laminate veneers. Different materials can be 
used in laminate veneer restorations and require a precise simification procedure. In this article, 
the effects of these factors on treatment and their role in success are examined.
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ÖZ

Lamine veneerler diş dokusundan minimal preparasyon yapılarak ya da preparasyon uygulanan-
madan yapılan restorasyonlardır. Lamine veneerler son zamanlarda hastalardaki estetik kaygıların 
ön plana çıkmasıyla birlikte diş hekimliğinde oldukça sık uygulanan bir tedavi olmuştur. Fakat bu 
restorasyonların endikasyonları dikkate alınmalı ve doğru bir tanı ve planlamadan sonra teda-
viye karar verilmelidir. Lamine veneerlerin yaygınlaşmasıyla birlikte başarı oranları hakkındaki 
araştırmalar da ön plana çıkmıştır. Lamine veneerlerde başarıyı etkileyen etkenlerin multifaktöri-
yel olduğu düşünülmektedir. Lamine veneerler konservatif bir tedavi şeklidir ve hassas bir teknik 
ve dikkat gerektirir. Lamine veneerlerde hastaya göre uygulanan çeşitli preparasyon türleri vardır. 
Lamine veneer restorasyonlarında farklı materyaller kullanılabilmektedir ve hassas bir siman-
tasyon prosedürü gerektirirler. Bu makalede bu etkenlerin tedaviye etkileri ve başarıdaki rolleri 
incelenmektedir.

Anahtar Kelimler: Laminate venerler, başarısızlık nedenleri, seramik

INTRODUCTION
Since the advent of ceramic restorations in the 20th century, restoring the lost natural aesthetic 
appearance of teeth has been of great importance to dentists.1 Since the 1930s, dental veneers have 
been aesthetically developed, and laminate veneers (LV) have been used as a minimally invasive 
treatment option as an alternative to full crowns.2,3 While thicker materials were previously used to 
mask problems such as discoloration, 1 mm thick cross-linked polymeric veneers were introduced 
and started to be used in 1975.4 In the 1980s, adhesive cementation techniques were developed, and 
after this development, ultra-thin laminates were introduced.5 Initially, Calamia6 described in 1984 the 
treatment of porcelain with hydrofluoric acid and silane to create an adhesive interface that forms the 
basis of porcelain laminate veneers. 

These developments in adhesive systems have supported the growing demand for the treatment of 
unaesthetic teeth with porcelain laminates as a result of the development of new-generation porce-
lain technology.7 The dental literature has long reported various definitions of different preparation 
designs for ceramic veneers. Replacing lost tissues and gaining aesthetics in prosthetic dentistry has 
improved in a number of aspects. With the developments in dental ceramics and resin cements, the 
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interest in aesthetic restorations has increased.8 Various treat-
ment options have become possible, especially in anterior teeth. 
Thus, laminates have been one of the most important develop-
ments in terms of providing aesthetics in teeth without exces-
sive substance loss. At the same time, prevention of undesirable 
conditions such as pulpal irritation, loss of excess material, loss 
of retention seen in crowns with the emergence of laminates has 
been an important development for dentistry. Laminate veneers, 
in particular, require minimal tooth preparation of only 0.3-0.9 
mm; this is a very conservative treatment compared to the full 
crown alternative.9 Laminate veneers are also biocompatible 
with periodontal and dental tissues.10 Laminate veneers provide 
high aesthetics, and good clinical results have been observed in 
studies.

Calamia and Calamia11 suggested that a successful porcelain 
veneer depends on the following factors:

1. Planning the case
2. A conservative (enamel-protecting) preparation on the tooth
3. Proper porcelain selection
4. Selection of suitable material method for cementation
5. A suitable finishing and polishing in the restoration
6. Planning for ongoing regular follow-up of the restoration

However, the first step in obtaining a good clinical outcome is 
to apply the treatment to the correct indication. These indica-
tions include (1) tetracycline discoloration, fluorosis, amelogen-
esis imperfecta, and discoloration that may occur due to age and 
other factors; (2) fractured and worn teeth; (3) abnormal tooth 
morphology; (4) correction of small malpositions;12,13 (5) in cases 
of abrasion and erosion that cause enamel loss; (6) teeth with 
wedge defect due to toothbrush wear; (7) rotation of teeth14; and 
(8) presence of diastema.

In these cases, laminate restorations are considered to be suit-
able as they will be sufficient to cover only the labial surface 
instead of covering the entire surface of the tooth. There are 2 
types of coloration in the tooth, external and internal. Conditions 
such as tetracycline discoloration and fluorosis may cause inter-
nal discoloration. In addition, due to aging, thinning of the enamel 
and more pronounced dentin color are likely observed. Bleaching 
treatment is contraindicated in age-related and internal discol-
orations. The incisal rehabilitation feature of the laminates can 
be used in teeth with worn incisal surfaces. Laminate restora-
tions are indicated for these defects, as toothbrush-induced 
wedge defects are more common on the labial surface. In par-
ticular, laminates have been used very frequently in the closure 
of polydiastemas recently. However, the size of these diastemas 
is important. In the presence of very large diastemas, the support 
of ceramic veneers may be insufficient. In these cases, full crowns 
may be preferred instead of laminate veneers. In addition, full 
crowns are also preferred in cases where the discoloration of the 
tooth is too high to be masked with laminate veneers. Contrain-
dication for laminates are as follows: (1) patients with parafunc-
tional habits such as bruxism, (2) deep bite, (3) poor oral hygiene, 
and (4) insufficient enamel presence.15,16

The purpose of laminate restorations is to achieve perfect color 
and aesthetics with limited enamel preparation. However, these 
restorations involve a delicate tooth preparation and bonding 
procedure. At the same time, careful treatment planning and the 
correct tooth preparation procedure are vital for aesthetics and 
optimum function.17 In laminate restorations, appropriate space 

is required be left to have a good homogeneous thickness in 
terms of optical properties and material resistance, and it is also 
necessary to consider preservation of tooth structure.18

The harmony between the laminate veneer and the adjacent 
tooth is essential to achieve a good aesthetic. Long-term color 
stability is also essential to achieve long-term success in lami-
nate restorations. There are many factors that affect aesthet-
ics in laminates. These factors are basically the fabrication 
technique of the ceramic, the material, the thickness of the 
ceramic, the resin cement, and the polymerization method. In 
addition, there are some complications of laminate restora-
tions. The main complications were found to include debonding 
(2%), fracture (4%), secondary caries (1%), marginal discoloration 
(2%), and endodontic problems (2%). Fractures (5.6%-11%), dece-
mentation, large marginal defects (12%-20%), and discoloration 
in ceramic materials are the main clinical failures in porcelain 
laminate restorations.19 Interfacial leakage may be the cause of 
all these clinical failures. It has been reported that success rates 
decrease by 18%-25% up to 10 years due to low marginal quality 
and discoloration.20

In general, ceramic veneer preparation includes different types 
of preparations for different surfaces. Buccal surface preparation 
can be without preparation, with minimal preparation, conser-
vative, and conventional preparation. Çöterta et al21 divided the 
proximal preparation design into proximal chamfer and proximal 
slice and concluded that survival rates were significantly different.

A significant number of studies in the literature have recom-
mended to maintain the interproximal contact. Preservation of 
the contact allows both more enamel and tooth structure to be 
retained and cementation to be performed more easily.22-25 How-
ever, removing the interproximal contact may result in better 

Figure 1. Types of incisal preparation (A) window; (B) feather; (C) bevel; 
(D) incisal overlap.32
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aesthetic results in cases such as correcting malpositions or 
diastema.26,27

Chamfer and knife edge preparations are performed in cervical 
preparation. The incisal preparation is basically divided into 2 as 
overlap and nonoverlap preparation (Figure 1).28 There are 4 differ-
ent incisal preparations on the basis that are commonly used and 
mentioned in the literature:

• (1) Window preparation: in which the incisal edge of the tooth is 
preserved;

• (2) Feather preparation: in which the incisal edge of the tooth is 
prepared Bucco-palatable, but the incisal length is not reduced;

• (3) Bevel preparation: in which the incisal edge of the tooth is 
prepared Bucco-palatable, and the length of the incisal edge is 
reduced slightly (0.5-1 mm);

• (4) Incisal overlap preparation: in which the incisal edge of the 
tooth is prepared Bucco-palatable, and the length is reduced 
(about 2 mm), so the veneer is extended to the palatal aspect of 
the tooth.22,29-31

Window preparation and feather preparation are in the category of 
nonoverlap preparation, while bevel preparation and incisal over-
lap preparation are included in overlap preparation.29,30 The win-
dow type preparation is the preferred type of preparation when 
changes in incisal length are not desired.33 Overlap preparation is 
preferred when it is desired to change the length of the tooth. At 
the same time, if a better translucency is desired to be achieved 
in the incisal, the incisal edge is reduced during preparation.22,31

It is reported that occlusal stress is better distributed in overlap 
preparation. However, the overlap preparation may be in the form 
of a palatal chamfer finish line or a shoulder butt joint.32 Troedson 
and Dérand34 and Zarone et al35 reported that such restorations 
are required to be finished as a palatal chamfer finish line in order 
to tolerate occlusal stress. At the same time, butt joint restora-
tions have more than 1 entryway, while restorations finished as a 
palatal chamfer finish line have a single entryway (Figure 2). Hav-
ing a single entryway can avoid misplacing the restoration during 
cementation.32

Ben-Amar36 recommended using the window-type incisal prepa-
ration design, as it results in an acceptable ceramic thickness of 
0.4- 0.7 mm near the cutting edge and reduces the risk. However, 
it has not been widely accepted for several reasons,37 including 
the difficulty of masking the ceramic finish line30 and the risk of 
remaining unsupported enamel at the incisal edges.29

In feather edge preparation, reduction of the unsupported incisal 
edge is only required if the remaining incisal enamel is too thin. 

This non-overlap incisal preparation design is recommended for 
patients with normal overbite38,39 and to avoid direct contact 
of ceramic veneers with the antagonistic tooth structure.38 On 
the other hand, other researchers have noted that the feather 
edge incisal edge design may cause a weak veneer and the risk 
of ceramic chipping has the possibility to increase and it may be 
difficult to fit the veneer.29,40

Other reported problems include marginal discoloration and poor 
marginal adaptation. It has been stated that the palatal chamfer 
preparation design is appropriate if the incisal edges are bucco-
lingually thin or an increase in crown length is desired, and it has 
been suggested that the palatal chamfer preparation increases 
the surface area for bonding and prevents a sharp angle that may 
cause cracks to spread.41,42 Sheets and Taniguchi15 reported that 
the palatal chamfer preparation has provided sufficient ceramic 
thickness at the incisal edge.

A number of researchers have suggested that the type of incisal 
reduction depends on the buccolingual width of the incisal edge, 
aesthetic requirements, and patient occlusion30, 38, 41, 43

A review investigating survival rates in overlap and non-overlap 
preparations has revealed that both types are successful, but 
overlap designs have a higher failure rate. However, this rate has 
been found to be statistically insignificant.44

The finite element analysis has indicated that the overlap incisal 
design tolerates stress better and distributes it more uniformly, 
whereas the window-type incisal design collects the stress more 
in the incisal region.35,45-47

The most commonly used materials in laminate restorations are 
porcelain and resin composites. Each material type has its own 
unique composition, optical properties, and manufacturing pro-
cess.32 There are 4 main criteria in choosing a suitable material: 
material resistance, biocompatibility, aesthetics, and compat-
ibility.48 In addition, sufficient level of information about success-
ful production of aesthetic restorations, instructions for use, and 
optical properties of dental materials is required.49,50

Porcelain laminate veneers, in particular, have steadily gained 
popularity among dentists in terms of the conservative restora-
tion of unaesthetic anterior teeth.51 While various factors such as 
porcelain thickness, geometry of the preparation, bonding agent 
can affect the long-term durability of porcelain laminate veneers, 
functional and parafunctional activities of the patient and tooth 
morphology can also affect it.52

One of the most commonly used materials for laminate veneers 
is feldspathic porcelain.32 Feldspathic porcelain is a naturally 

Figure 2. (A) Shoulder finish line provides multiple entryways to the restoration. (B) The Chamfer finish line provides a single entryway to restoration.32
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occurring glass containing silicon oxide, aluminum oxide, potas-
sium oxide, and sodium oxide, the main component of which is 
feldspar.53 Feldspathic porcelain has many advantages, the mate-
rial is very thin, so it is almost translucent, resulting in a natural 
restoration. It also requires minimal tooth preparation. Therefore, 
enamel can be preserved. In addition, it is possible to acidify feld-
spathic porcelain with hydrofluoric acid, which provides greater 
bond strength to enamel.53-56 However, feldspathic porcelain has 
a number of disadvantages. Feldspathic porcelain can be fabri-
cated by 2 methods: the refractory day technique and the plati-
num foil technique.29,57,58 These methods are technique sensitive 
and require a good surface treatment before fabricated veneer 
bonding.53 In addition, masking over-colored teeth can be difficult 
because the porcelain is so thin. In addition, it has been reported 
that the wear of the inner surface of the porcelain can reduce the 
flexural strength of the porcelain and cause microcracks that may 
eventually cause fracture in porcelain.59 Interest in glass matrix 
ceramics has increased and various types of all-ceramic systems 
have been developed since they have high translucency60 and 
can be obtained by different production methods, ranging from 
traditional methods to computer-aided design/computer-aided 
manufacturing (CAD/CAM) systems.61-63 Especially recently, new 
ceramic systems such as IPS e.max press have been developed, 
and in these systems, lithium disilicate is added to the glass 
matrix to strengthen the ceramic. Milled or pressed lithium dis-
ilicate, a commonly used glass-ceramic system, can be used as 
a monolithic material in the posterior region and provides good 
mechanical properties. It has biocompatibility, high flexural 
strength, and good chemical stability.60,61 A systematic review of 
the complication and survival rates of laminates has revealed a 
higher predictive survival rate for glass ceramics (94%) than for 
feldspathic porcelain (87%).62 IPS e.max ceramic is widely used for 
laminate veneer of anterior teeth due to its unique structure and 
crystal shape, sufficient high resistance as well as various color 
shades and high translucency.65

High aesthetic demand has led to the development and intro-
duction of several new ceramic restorative materials and tech-
niques.48 Ceramics can be produced with different techniques 
such as the traditional coating technique (coated with conden-
sation and sintered veneer porcelain), the fully anatomical tech-
nique (coated with heat-pressed fluorapatite glass-ceramic or 
CAD/CAM), or the cut-back technique (partial heat pressing). 
Despite the advantages of ceramics such as optimal esthetics, 
these materials are fragile and therefore the demand for stron-
ger ceramic restorations has increased.67 In this regard, high-
resistance zirconium-based ceramics produced with CAD/CAM 
technology are gaining more popularity.68 Zirconium has become 
the material of choice in restorative dentistry due to its excel-
lent mechanical properties. Zirconium oxide is increasingly used 
in dental restorations.69,70 It is possible to produce highly thin zir-
conia laminate veneers via CAD/CAM technology (0.2-0.3 mm). It 
is also perfectly suited for the restoration of a large diastema or 
a broken tooth (due to trauma or caries). In teeth that have lost 
most of their structure and require a restoration >2 mm thick, 
a zirconia framework is used to support the veneer porcelain. 
Otherwise, traditional feldspathic porcelain fails to serve the 
purpose and crown restoration is considered as the only option 
available.67 Feldspatic porcelains cannot be used in areas under 
parafunctional occlusal forces, it is also impossible to use them 
in areas that create stress during function, such as in deep bite 
or reverse overjet.71 However, zirconia is highly opaque due to its 

high density, presence of chemical elements, and high crystallin-
ity.72,73 Therefore, the production of zirconia restorations in lami-
nate restorations is limited due to the translucency of zirconia, 
which is much lower than that of lithium disilicate ceramics. Tra-
ditional standard zirconia has 70% of the translucency of lithium 
disilicate ceramics.74

The main advantage of composite veneers is that they can be 
used directly, resulting in good initial aesthetics and fewer den-
tist appointments. However, composite veneers are more prone 
to discoloration and abrasion.

Resin-based composites basically consist of 3 compositions. 
These are (1) resin matrix, (2) inorganic filler, and (3) bonding 
agent. The most widely used monomer in resin is Bisfenol-A Gli-
sidil Metakrilat (Bis-GMA), which has a higher molecular weight 
than methyl methacrylate.32

Ceramic veneers have a number of advantages over direct com-
posite restorations. In addition to better wear resistance and 
aesthetics, its properties such as color stability and thermal 
expansion similar to natural teeth are superior to composite 
restorations.75

Ceramics can take many forms, from translucent to opaque. The 
glassy noncrystalline structure appears more translucent, while 
the crystalline structure appears more opaque. There are also 
factors that affect translucency other than the crystal structure. 
These are the conditions such as particle size, particle density, 
porosity, refractive index.76

In a systematic review by Layton and Clarke,77 the 5- and 10-year 
cumulative survival rates for non-feldspathic porcelains have 
been estimated to be 92.4% (95% CI: 89.8%-95%) and 66-94% 
(95% CI: 55%-99%), respectively. The estimated cumulative sur-
vival rate for feldspathic porcelain veneers has been 95.7% (95% 
CI: 92.9%-98.4%) within 5 years, compared to 95.6% (95% CI: 
93.8%-97.5%) within 10 years in another systematic review. In a 
systematic review by Morimoto et al64 on the clinical results of 
veneers performed via different ceramic types, the survival rate 
for glass-ceramic was 94% (95% CI: 87%-100%) and 87% (95% CI: 
82%-93%) for feldspathic porcelain veneers.

Meijering et al78 have evaluated success of 3 types of materials 
after 2 years and revealed that porcelain veneers (93%) has had 
the highest rate, followed by indirect composite (82%). They have 
also concluded that direct composite veneers (67%) have had 
the lowest level of success. In contrast, Nalbandian and Millar79 
have found no significant difference in success when compared 
to composite veneers and porcelain veneers.

The success of laminate restorations is highly dependent on the 
cementation protocol, in which the surface conditioning of the 
ceramic and tooth surfaces plays an important role.80 Despite 
the successful implementation of cementation protocols, clinical 
studies have reported that survival rates have ranged from 82% 
to 96% in 10-21 years.10, 81

Resin cements are traditionally used for the cementation of 
these restorations.82 The reason for the use of resin cements is 
that they have optimum aesthetics and low dissolution, as well 
as optimum properties such as high bond strength and opti-
mum mechanical properties to the tooth structure.83 Success-
ful bonding increases the fracture resistance of the tooth and 
restoration and reduces the incidence of microleakage.84,85 In 
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addition, the adhesive cement also strengthens glass matrix 
ceramics.86 However, in addition to all these advantages of resin 
cements, there are application difficulties such as high technical 
sensitivity. The application requires several stages of tooth sur-
face preparation and has high technical sensitivity. Precision in 
application and multiple steps can also lead to a relatively high 
risk of procedural errors.87 These steps are as follows: For condi-
tioning of glassy matrix ceramics, etching with hydrofluoric acid 
(HF) is initially performed. Then, silane is applied inside the por-
celain to increase the bonding and to increase the wettability.88 
The tooth is roughened with orthophosphoric acid. Cementation 
is performed through dual or resin-based cements. However, in 
laminate restorations, photo-polymerized resin composites are 
recommended in line with most laboratory and clinical studies.84 
Photo-polymerized resin cements have some advantages over 
dual-polymerized ones. Photo-polymerized resin cements allow 
the clinician more time for cementation. A number of studies have 
also reported that photo-polymerized resin cements have higher 
bond strength compared to dual-polymerized resin cements. In 
contrast to traditional crowns using dual-type resin cements, it is 
regarded to be more advantageous to prefer photo-polymerized 
resin cements in order to prevent color changes that may occur 
due to chemical changes during polymerization in porcelain lam-
inate veneers. There is no guarantee that the resin cement will 
polymerize effectively, especially in the 0.2 mm thick laminates 
known as lens laminates applied without any preparation on the 
tooth surface.5 In some studies, it has been reported that photo-
polymerized resin cements increase the bond strength more 
than dual-polymerized resin cements.87,90,91 However, in cases 
where the thickness of porcelain laminate veneers will be more 
than 0.7 mm, dual cure cements may be preferred.92

There have been a number of developments in the cementation 
technique that increase the bond strength between the prepared 
tooth and the ceramic coating, such as etching the ceramic, 
applying silane to ceramics,6 and improving the physical proper-
ties of resin cements. In addition, the clinician’s ability to placing, 
finishing, and polishing the composite is an important factor in 
the aesthetic outcome.94

In addition to all its positive features, laminates also have some 
difficulties. It is important to ensure the correct shade of color 
in laminate veneers. It is of great importance that the clinician 
knows the properties of the material and cement to be used. In 
addition to providing the right shade, long-term preservation is 
also very important.72 The color stability of cements under res-
toration is one of the important factors affecting the success of 
long-term laminate restorations. The color stability of cements 
under restoration is one of the important factors affecting the 
success of long-term laminate restorations.95 The final color 
of restorations is affected by color change in the cement after 
cementation or over time. This problem is particularly evident in 
thinner and more translucent laminates. This adversely affects 
the long-term success of such restorations.96 Especially in IPS 
e-max ceramic restorations, cement selection and application 
gains more importance due to the high translucency.

Resin cements have some limitations. Marginal gap due to 
polymerization shrinkage and consequent leakage at the inter-
face are possible in resin cements.19

Polymerization shrinkage, which is the most important limi-
tation of resin cements, is expected to cause a marginal gap 

between the tooth structure and the ceramic veneer.19 Another 
reason that can cause microgap may be the difference in the 
thermal expansion coefficient among natural teeth, ceramic, 
and composite resin.97 This mentioned microleakage is one of 
the important factors in the long-term success of laminate res-
torations. The reason why laminate restorations are indicated in 
teeth with sufficient enamel is that the bonding of enamel and 
resin cements is more successful than the bonding of dentin 
and resin cement. Presence of dentin fluid and excess organic 
content in dentin are the reasons why the bond between den-
tin and resin cement is more unsuccessful.19 There are basically 
2 adhesive interfaces in ceramic veneers cemented with resin 
cement. One of them is the ceramic–composite resin interface, 
while the other is the natural tooth surface-composite resin 
interface.

Haralur75 has compared the microleakage between tooth–resin 
cement interface and enamel–resin cement microleakage in the 
cervical region and has discussed that the microleakage between 
tooth–resin cements in the cervical region was significantly 
higher in all groups. The study has also revealed that microle-
akage at the tooth–resin–cement interface, which is one of the 
bonding interfaces, is higher than at the porcelain–resin–cement 
interface.19 This study indicates the importance of the presence of 
enamel in the teeth.

In laminate veneers, it is essential to consider and manage all 
processing sequences, adhesive systems, porcelains, porcelain 
etching, light-curing, resin cements, and correct photographic 
protocol in a planned manner. For the longevity of restorations in 
laminates, it may be beneficial for professionals to follow all clini-
cal steps carefully and in a planned manner.5

The studies highlight that porcelain laminate veneers provide 
excellent aesthetic results and the treatment is long-lasting. This 
results in high patient satisfaction. The most important criteria 
for a successful laminate veneer treatment are the presence of 
sufficient enamel and thus adequate bonding and exclusion of 
parafunctional habits in the patient.32

CONCLUSION

In order to achieve success in laminate veneer restorations, the 
most important step is to allocate sufficient time to diagnosis 
and planning and to be in cooperation with the patient at every 
stage. In addition, the effect of factors such as preparation, mate-
rial selection, and cementation on success is indisputable. Lami-
nate veneer restorations are a form of treatment that satisfies the 
patients in the right indications, provided that the right material 
is selected and the right cement is chosen. In this regard, it is 
highly significant to meet the expectations of the patient and to 
be in harmony with the patient. It is also highly recommended 
to fully inform the patient regarding the treatment to be applied.

Peer-review: Externally peer-reviewed. 

Author Contributions:  Concept – B.B.Ş., N.D.Y.; Design – B.B.Ş., N.D.Y.; 
Supervision – B.B.Ş., N.D.Y.; Resources – B.B.Ş., N.D.Y.; Data Collection 
and/or Processing– B.B.Ş., N.D.Y.; Analysis and/or Interpretation – B.B.Ş., 
N.D.Y.; Literature Search – B.B.Ş., N.D.Y.; Writing Manuscript – B.B.Ş., 
N.D.Y.; Critical Review – B.B.Ş., N.D.Y.

Declaration of Interests: The authors declare that they have no compet-
ing interest.



63

Curr Res Dent Sci 2023 33(1): 58-65 l doi: 10.17567/ataunidfd.1030550

Funding: The authors declared that this study has received no financial 
support.

Hakem Değerlendirmesi: Dış bağımsız.

Yazar Katkıları: Fikir – B.B.Ş., N.D.Y.; Tasarım – B.B.Ş., N.D.Y.; Denetleme – 
B.B.Ş., N.D.Y.; Kaynaklar – B.B.Ş., N.D.Y.; Veri Toplanması ve/veya  
İşlemesi – B.B.Ş., N.D.Y.; Analiz ve/ veya Yorum – B.B.Ş., N.D.Y.; Literatür 
Taraması – B.B.Ş., N.D.Y.; Yazıyı Yazan – B.B.Ş., N.D.Y.; Eleştirel İnceleme – 
B.B.Ş., N.D.Y. 

Çıkar Çatışması: Yazarlar çıkar çatışması bildirmemişlerdir.

Finansal Destek: Yazarlar bu çalışma için finansal destek almadıklarını 
beyan etmişlerdir.

REFERENCES
1. McLean JW. Evolution of dental ceramics in the twentieth century. 

J Prosthet Dent. 2001;85(1):61-66. [CrossRef]
2. Gresnigt MMM, Özcan M, Carvalho M, et al. Effect of luting agent on 

the load to failure and accelerated-fatigue resistance of lithium 
 disilicate laminate veneers. Dent Mater. 2017;33(12):1392-1401. 
[CrossRef]

3. Calamia JR. The etched porcelain veneer technique. N Y State Dent 
J. 1988;54(7):48-50.

4. Faunce FR, Faunce AR. The use of laminate veneers for restoration 
of fractured or discolored teeth. Tex Dent J. 1975;93(8):6-7.

5. Morita RK, Hayashida MF, Pupo YM, Berger G, Reggiani RD, Betiol EA. 
Minimally invasive laminate veneers: Clinical aspects in treatment 
planning and cementation procedures. Case Rep Dent. 2016; 
2016:1839793. [CrossRef]

6. Calamia J. Effect of coupling agents on bond strength of etched por-
celain. J Dent Res. 1984;63:179.

7. Christensen GJ. Thick or thin veneers? J Am Dent Assoc. 
2008;139(11):1541-1543. [CrossRef]

8. Nahas de Castro Pinto RC, Chambrone L, Colombini BL, Ishikir-
iama SK, Britto IM, Romito GA. Minimally invasive esthetic therapy: 
A case report describing the advantages of a multidisciplinary 
approach. Quintessence Int. 2013;44:385-391.

9. Gresnigt MM, Cune MS, de Roos JG, Özcan M. Effect of immediate 
and delayed dentin sealing on the fracture strength, failure type and 
Weilbull characteristics of lithiumdisilicate laminate veneers. Dent 
Mater. 2016;32(4):e73-e81. [CrossRef]

10. Fradeani M, Redemagni M, Corrado M. Porcelain laminate veneers: 
6-to 12-year clinical evaluation – a retrospective study. Int J Perio-
dontics Restorative Dent. 2005;25(1):9-17.

11. Calamia JR, Calamia CS. Porcelain laminate veneers: Reasons for 25 
years of success. Dent Clin North Am. 2007;51(2):399-417. [CrossRef]

12. Tjan AH, Dunn JR, Sanderson IR. Microleakage patterns of porcelain 
and castable ceramic laminate veneers. J Prosthet Dent. 
1989;61(3):276-282. [CrossRef]

13. Ferrari M, Patroni S, Balleri P. Measurement of enamel thickness in 
relation to reduction for etched laminate veneers. Int J Periodontics 
Restorative Dent. 1992;12(5):407-413.

14. Veneer Ciol. Renk Değişimine ve Erozyona Uğramiş Dişlerde Laminat 
Veneer. 

15. Sheets CG, Taniguchi T. Advantages and limitations in the use of por-
celain veneer restorations. J Prosthet Dent. 1990;64(4):406-411. 
[CrossRef]

16. Hui KK, Williams B, Davis EH, Holt RD. A comparative assessment of 
the strengths of porcelain veneers for incisor teeth dependent on 
their design characteristics. Br Dent J. 1991;171(2):51-55. [CrossRef]

17. Ustun O, Ozturk AN. The evaluation of stress patterns in porcelain 
laminate veneers with different restoration designs and loading 
angles induced by functional loads: a three-dimensional finite ele-
ment analysis study. Niger J Clin Pract. 2018;21(3):337-342. [CrossRef]

18. Magne P, Kwon KR, Belser UC, Hodges JS, Douglas WH. Crack pro-
pensity of porcelain laminate veneers: a simulated operatory evalu-
ation. J Prosthet Dent. 1999;81(3):327-334. [CrossRef]

19. Haralur SB. Microleakage of porcelain laminate veneers cemented 
with different bonding techniques. J Clin Exp Dent. 2018;10(2): 
e166-e171. [CrossRef]

20. Gresnigt MMM, Cune MS, Jansen K, Van der Made SAM, Özcan M. 
Randomized clinical trial on indirect resin composite and ceramic 
laminate veneers: UP to 10-year findings. J Dent. 2019;86:102-109. 
[CrossRef]

21. Çöterta HS, Dündarb M, Öztürka B. The effect of various preparation 
designs on the survival of porcelain laminate veneers. margin. 
2009;26:38.

22. Stappert CF, Ozden U, Gerds T, Strub JR. Longevity and failure load 
of ceramic veneers with different preparation designs after exposure 
to masticatory simulation. J Prosthet Dent. 2005;94(2):132-139. 
[CrossRef]

23. KING, Debra Gray. Methods and materials for porcelain veneers. Cur-
rent opinion in cosmetic dentistry, 1995, 45-50.

24. Lin TM, Liu PR, Ramp LC, Essig ME, Givan DA, Pan YH. Fracture resist-
ance and marginal discrepancy of porcelain laminate veneers influ-
enced by preparation design and restorative material in vitro. J Dent. 
2012;40(3):202-209. [CrossRef]

25. Gilmour AS, Stone DC. Porcelain laminate veneers: a clinical suc-
cess? Dent Update. 1993;20(4):167-169.

26. Gribble AR. Multiple diastema management: an interdisciplinary 
approach. J Esthet Restorative Dent. 1994;6(3):97-102. [CrossRef]

27. Rouse JS. Full veneer versus traditional veneer preparation: a discus-
sion of interproximal extension. J Prosthet Dent. 1997;78(6):545-549. 
[CrossRef]

28. Chai SY, Bennani V, Aarts JM, Lyons K. Incisal preparation design for 
ceramic veneers: a critical review. J Am Dent Assoc. 2018;149(1): 
25-37. [CrossRef]

29. Clyde JS, Gilmour A. Porcelain veneers: a preliminary review. Br Dent 
J. 1988;164(1):9-14. [CrossRef]

30. Walls AW, Steele JG, Wassell RW. Crowns and other extra-coronal 
restorations: porcelain laminate veneers. Br Dent J. 2002;193(2): 
73-76, 79-82. [CrossRef]

31. Castelnuovo J, Tjan AH, Phillips K, Nicholls JI, Kois JC. Fracture load 
and mode of failure of ceramic veneers with different preparations. 
J Prosthet Dent. 2000;83(2):171-180. [CrossRef]

32. Alothman Y, Bamasoud MS. The success of dental veneers according 
to preparation design and material type. Open Access Maced J Med 
Sci. 2018;6(12):2402-2408. [CrossRef]

33. Hong N, Yang H, Li J, Wu S, Li Y. Effect of preparation designs on the 
prognosis of porcelain laminate veneers: a systematic review and 
meta-analysis. Oper Dent. 2017;42(6):E197-E213. [CrossRef]

34. Troedson M, Dérand T. Effect of margin design, cement polymeriza-
tion, and angle of loading on stress in porcelain veneers. J Prosthet 
Dent. 1999;82(5):518-524. [CrossRef]

35. Zarone F, Apicella D, Sorrentino R, Ferro V, Aversa R, Apicella A. Influ-
ence of tooth preparation design on the stress distribution in maxil-
lary central incisors restored by means of alumina porcelain veneers: 
a 3D-finite element analysis. Dent Mater. 2005;21(12):1178-1188. 
[CrossRef]

36. Ben-Amar A. Porcelain laminate veneers – for improved aesthetics 
of anterior teeth. Refuat Hashinayim. 1989;7(1):17-23.

37. Brunton PA, Wilson NH. Preparations for porcelain laminate veneers 
in general dental practice. Br Dent J. 1998;184(11):553-556. [CrossRef]

38. Nordbø H, Rygh-Thoresen N, Henaug T. Clinical performance of por-
celain laminate veneers without incisal overlapping: 3-year results. 
J Dent. 1994;22(6):342-345. [CrossRef]

39. Boksman L, Jordan RE, Suzuki M, Galil KA, Burgoyne AR. Etched por-
celain labial veneers. Ont Dent. 1985;62(1):11, 13, 15-19.

40. Gilmour AS, Stone DC. Porcelain laminate veneers: a clinical suc-
cess? Dent Update. 1993;20(4):167-169.

41. Garber D. Porcelain laminate veneers: ten years later Part I: tooth 
preparation. J Esthet Restorative Dent. 1993;5:57-62.

https://doi.org/10.1067/mpr.2001.112545
https://doi.org/10.1016/j.dental.2017.09.010
https://doi.org/10.1155/2016/1839793
https://doi.org/10.14219/jada.archive.2008.0084
https://doi.org/10.1016/j.dental.2016.01.001
https://doi.org/10.1016/j.cden.2007.03.008
https://doi.org/10.1016/0022-3913(89)90127-3
https://doi.org/10.1016/0022-3913(90)90035-b
https://doi.org/10.1038/sj.bdj.4807602
https://doi.org/10.4103/njcp.njcp_45_17
https://doi.org/10.1016/s0022-3913(99)70277-5
https://doi.org/10.4317/jced.53954
https://doi.org/10.1016/j.jdent.2019.06.001
https://doi.org/10.1016/j.prosdent.2005.05.023
https://doi.org/10.1016/j.jdent.2011.12.008
https://doi.org/10.1111/j.1708-8240.1994.tb00841.x
https://doi.org/10.1016/s0022-3913(97)70003-9
https://doi.org/10.1016/j.adaj.2017.08.031
https://doi.org/10.1038/sj.bdj.4806328
https://doi.org/10.1038/sj.bdj.4801489
https://doi.org/10.1016/s0022-3913(00)80009-8
https://doi.org/10.3889/oamjms.2018.353
https://doi.org/10.2341/16-390-L
https://doi.org/10.1016/s0022-3913(99)70049-1
https://doi.org/10.1016/j.dental.2005.02.014
https://doi.org/10.1038/sj.bdj.4809696
https://doi.org/10.1016/0300-5712(94)90085-x


64

Curr Res Dent Sci 2023 33(1): 58-65 l doi: 10.17567/ataunidfd.1030550

42. Garber DA. Rational tooth preparation for porcelain laminate veneers. 
Compend (Newtown Pa). 1991;12(316):318, 320 passim-316, 318, 320 
passim.

43. Dumfahrt H, Schäffer H. Porcelain laminate veneers. A retrospective 
evaluation after 1 to 10 years of service: Part II – clinical results. Int 
J Prosthodont. 2000;13(1):9-18.

44. Albanesi RB, Pigozzo MN, Sesma N, Laganá DC, Morimoto S. Incisal 
coverage or not in ceramic laminate veneers: a systematic review 
and meta-analysis. J Dent. 2016;52:1-7. [CrossRef]

45. Bergoli CD, Meira JBC, Valandro LF, Bottino MA. Survival rate, load to 
fracture, and finite element analysis of incisors and canines restored 
with ceramic veneers having varied preparation design. Oper Dent. 
2014;39(5):530-540. [CrossRef]

46. Magne P, Douglas WH. Design optimization and evolution of bonded 
ceramics for the anterior dentition: a finite-element analysis. Quin-
tessence Int. 1999;30(10):661-672.

47. Li Z, Yang Z, Zuo L, Meng Y. A three-dimensional finite element study 
on anterior laminate veneers with different incisal preparations. 
J Prosthet Dent. 2014;112(2):325-333. [CrossRef]

48. Alshehri SA. An investigation into the role of core porcelain thickness 
and lamination in determining the flexural strength of in-ceram den-
tal materials. J Prosthodont. 2011;20(4):261-266. [CrossRef]

49. Reitemeier B, Hänsel K, Kastner C, Walter MH. Metal-ceramic failure 
in noble metal crowns: 7-year results of a prospective clinical trial in 
private practices. Int J Prosthodont. 2006;19(4):397-399.

50. Sailer I, Pjetursson BE, Zwahlen M, Hämmerle CH. A systematic 
review of the survival and complication rates of all-ceramic and 
metal–ceramic reconstructions after an observation period of at 
least 3 years. Part II: fixed dental prostheses. Clin Oral Implants Res. 
2007;18(suppl 3):86-96. [CrossRef]

51. Peumans M, Van Meerbeek B, Lambrechts P, Vanherle G. Porcelain 
veneers: a review of the literature. J Dent. 2000;28(3):163-177. 
[CrossRef]

52. Seymour KG, Cherukara GP, Samarawickrama DY. Stresses within 
porcelain veneers and the composite lute using different preparation 
designs. J Prosthodont. 2001;10(1):16-21. [CrossRef]

53. Layton DM, Walton TR. The up to 21-year clinical outcome and sur-
vival of feldspathic porcelain veneers: accounting for clustering. Int 
J Prosthodont. 2012;25(6):604-612.

54. Calamia JR. Etched porcelain facial veneers: a new treatment modal-
ity based on scientific and clinical evidence. N Y J Dent. 1983;53(6): 
255-259.

55. Nicholls JI. Tensile bond of resin cements to porcelain veneers. 
J Prosthet Dent. 1988;60(4):443-447. [CrossRef]

56. Stacey GD. A shear stress analysis of the bonding of porcelain 
veneers to enamel. J Prosthet Dent. 1993;70(5):395-402. [CrossRef]

57. Horn HR. A new lamination: porcelain bonded to enamel. N Y State 
Dent J. 1983;49(6):401-403.

58. Plant CG, Thomas GD. Porcelain facings: a simple clinical and labora-
tory method. Br Dent J. 1987;163(7):231-234. [CrossRef]

59. Yen TW, Blackman RB, Baez RJ. Effect of acid etching on the flexural 
strength of a feldspathic porcelain and a castable glass ceramic. 
J Prosthet Dent. 1993;70(3):224-233. [CrossRef]

60. Gracis S, Thompson VP, Ferencz JL, Silva NR, Bonfante EA. A new 
classification system for all-ceramic and ceramic-like restorative 
materials. Int J Prosthodont. 2015;28(3):227-235. [CrossRef]

61. Höland W, Schweiger M, Watzke R, Peschke A, Kappert H. Ceramics 
as biomaterials for dental restoration. Expert Rev Med Devices. 
2008;5(6):729-745. [CrossRef]

62. Piwowarczyk A, Lauer HC, Sorensen JA. In vitro shear bond strength 
of cementing agents to fixed prosthodontic restorative materials. 
J Prosthet Dent. 2004;92(3):265-273. [CrossRef]

63. Romanini-Junior JC, Kumagai RY, Ortega LF, et al. Adhesive/silane 
application effects on bond strength durability to a lithium disilicate 
ceramic. J Esthet Restor Dent. 2018;30(4):346-351. [CrossRef]

64. Morimoto S, Albanesi RB, Sesma N, Agra CM, Braga MM. Main clinical 
outcomes of feldspathic porcelain and glass-ceramic laminate 

veneers: a systematic review and meta-analysis of survival and com-
plication rates. Int J Prosthodont. 2016;29(1):38-49. [CrossRef]

65. Karaagaclioglu L, Yilmaz B. Influence of cement shade and water 
storage on the final color of leucite-reinforced ceramics. Oper Dent. 
2008;33(4):386-391. [CrossRef]

66. Carossa S, Lombardo S, Pera P, Corsalini M, Rastello ML, Preti PG. 
Influence of posts and cores on light transmission through different 
all-ceramic crowns: spectrophotometric and clinical evaluation. Int 
J Prosthodont. 2001;14(1):9-14.

67. Vafaei F, Izadi A, Abbasi S, Farhadian M, Bagheri Z. Comparison of 
optical properties of laminate veneers made of Zolid FX and katana 
UTML zirconia and lithium disilicate ceramics. Front Dent. 2019; 
16(5):357-368. [CrossRef]

68. Tinschert J, Natt G, Mautsch W, Augthun M, Spiekermann H. Fracture 
resistance of lithium disilicate--, alumina-, and zirconia-based three-
unit fixed partial dentures: a laboratory study. Int J Prosthodont. 
2001;14(3):231-238.

69. Guess PC, Att W, Strub JR. Zirconia in fixed implant prosthodontics. 
Clin Implant Dent Relat Res. 2012;14(5):633-645. [CrossRef]

70. Papaspyridakos P, Lal K. Immediate loading of the maxilla with pre-
fabricated interim prosthesis using interactive planning software, 
and CAD/CAM rehabilitation with definitive zirconia prosthesis: 
2-year clinical follow-up. J Esthet Restor Dent. 2010;22(4):223-232. 
[CrossRef]

71. Weinberg LA. Tooth preparation for porcelain laminates. N Y State 
Dent J. 1989;55(5):25-28.

72. Heffernan MJ, Aquilino SA, Diaz-Arnold AM, Haselton DR, Stan-
ford CM, Vargas MA. Relative translucency of six all-ceramic systems. 
Part II: core and veneer materials. J Prosthet Dent. 2002;88(1):10-15. 
[CrossRef]

73. Shah K, Holloway JA, Denry IL. Effect of coloring with various metal 
oxides on the microstructure, color, and flexural strength of 3Y-TZP. 
J Biomed Mater Res B Appl Biomater. 2008;87(2):329-337. [CrossRef]

74. Baldissara P, Llukacej A, Ciocca L, Valandro FL, Scotti R. Translucency 
of zirconia copings made with different CAD/CAM systems. J Pros-
thet Dent. 2010;104(1):6-12. [CrossRef]

75. Haralur SB. Microleakage of porcelain laminate veneers cemented 
with different bonding techniques. J Clin Exp Dent. 2018;10(2): 
e166-e171. [CrossRef]

76. Giordano R, McLaren EA. Ceramics overview: classification by micro-
structure and processing methods. Compend Contin Educ Dent 
(Jamesburg NJ 1995). 2010;31(682-684):686, 688 passim; quiz 698, 
700.

77. Layton DM, Clarke M. A systematic review and meta-analysis of the 
survival of non-feldspathic porcelain veneers over 5 and 10 years. Int 
J Prosthodont. 2013;26(2):111-124. [CrossRef]

78. Meijering AC, Roeters FJ, Mulder J, Creugers NH. Patients’ satisfac-
tion with different types of veneer restorations. J Dent. 1997;25(6):493-
497. [CrossRef]

79. Nalbandian S, Millar BJ. The effect of veneers on cosmetic improve-
ment. Br Dent J. 2009;207(2):E3. [CrossRef]

80. Peumans M, Van Meerbeek B, Lambrechts P, Vanherle G. Porcelain 
veneers: a review of the literature. J Dent. 2000;28(3):163-177. 
[CrossRef]

81. Gurel G, Morimoto S, Calamita MA, Coachman C, Sesma N. Clinical 
performance of porcelain laminate veneers: outcomes of the aes-
thetic pre-evaluative temporary (APT) technique. Int J Periodontics 
Restorative Dent. 2012;32(6):625-635.

82. Hitz T, Stawarczyk B, Fischer J, Hämmerle CH, Sailer I. Are self-adhe-
sive resin cements a valid alternative to conventional resin cements? 
A laboratory study of the long-term bond strength. Dent Mater. 
2012;28(11):1183-1190. [CrossRef]

83. Attar N, Tam LE, McComb D. Mechanical and physical properties of 
contemporary dental luting agents. J Prosthet Dent. 2003;89(2): 
127-134. [CrossRef]

84. Krämer N, Lohbauer U, Frankenberger R. Adhesive luting of indirect 
restorations. Am J Dent. 2000;13(Spec No):60D-76D.

https://doi.org/10.1016/j.jdent.2016.06.004
https://doi.org/10.2341/13-179
https://doi.org/10.1016/j.prosdent.2013.09.023
https://doi.org/10.1111/j.1532-849X.2011.00707.x
https://doi.org/10.1111/j.1600-0501.2007.01468.x
https://doi.org/10.1016/s0300-5712(99)00066-4
https://doi.org/10.1111/j.1532-849x.2001.00016.x
https://doi.org/10.1016/0022-3913(88)90245-4
https://doi.org/10.1016/0022-3913(93)90073-w
https://doi.org/10.1038/sj.bdj.4806249
https://doi.org/10.1016/0022-3913(93)90056-t
https://doi.org/10.11607/ijp.4244
https://doi.org/10.1586/17434440.5.6.729
https://doi.org/10.1016/j.prosdent.2004.06.027
https://doi.org/10.1111/jerd.12387
https://doi.org/10.11607/ijp.4315
https://doi.org/10.2341/07-61
https://doi.org/10.18502/fid.v16i5.2284
https://doi.org/10.1111/j.1708-8208.2010.00317.x
https://doi.org/10.1111/j.1708-8240.2010.00343.x
https://doi.org/10.1067/mpr.2002.126795
https://doi.org/10.1002/jbm.b.31107
https://doi.org/10.1016/S0022-3913(10)60086-8
https://doi.org/10.4317/jced.53954
https://doi.org/10.11607/ijp.3202
https://doi.org/10.1016/s0300-5712(96)00067-x
https://doi.org/10.1038/sj.bdj.2009.609
https://doi.org/10.1016/s0300-5712(99)00066-4
https://doi.org/10.1016/j.dental.2012.09.006
https://doi.org/10.1067/mpr.2003.20


65

Curr Res Dent Sci 2023 33(1): 58-65 l doi: 10.17567/ataunidfd.1030550

85. Kumbuloglu O, Lassila LV, User A, Toksavul S, Vallittu PK. Shear bond 
strength of composite resin cements to lithium disilicate ceramics. 
J Oral Rehabil. 2005;32(2):128-133. [CrossRef]

86. Addison O, Fleming GJ. The influence of cement lute, thermocycling 
and surface preparation on the strength of a porcelain laminate 
veneering material. Dent Mater. 2004;20(3):286-292. [CrossRef]

87. Frankenberger R, Reinelt C, Petschelt A, Krämer N. Operator vs. 
material influence on clinical outcome of bonded ceramic inlays. 
Dent Mater. 2009;25(8):960-968. [CrossRef]

88. Sundfeld Neto D, Naves LZ, Costa AR, et al. The effect of hydrofluoric 
acid concentration on the bond strength and morphology of the 
surface and interface of glass ceramics to a resin cement. Oper Dent. 
2015;40(5):470-479. [CrossRef]

89. Kameyama A, Bonroy K, Elsen C, et al. Luting of CAD/CAM ceramic 
inlays: direct composite versus dual-cure luting cement. Bio Med 
Mater Eng. 2015;25(3):279-288. [CrossRef]

90. Kameyama A, Bonroy K, Elsen C, et al. Luting of CAD/CAM ceramic 
inlays: direct composite versus dual-cure luting cement. Bio Med 
Mater Eng. 2015;25(3):279-288. [CrossRef]

91. Gregor L, Bouillaguet S, Onisor I, Ardu S, Krejci I, Rocca GT. Micro-
hardness of light-and dual-polymerizable luting resins polymerized 

through 7.5-mm-thick endocrowns. J Prosthet Dent. 2014;112(4): 
942-948. [CrossRef]

92. Linden JJ, Swift Jr EJ, Boyer DB, Davis BK. Photo-activation of resin 
cements through porcelain veneers. J Dent Res. 1991;70(2):154-157. 
[CrossRef]

93. Stangel I, Nathanson D, Hsu CS. Shear strength of the composite 
bond to etched porcelain. J Dent Res. 1987;66(9):1460-1465. 
[CrossRef]

94. Wakiaga J, Brunton P, Silikas N, Glenny AM. Direct versus indirect 
veneer restorations for intrinsic dental stains. Cochrane Database 
Syst Rev. 2004;(1):CD004347. [CrossRef]

95. Hekimoğlu C, Anıl N, Etikan I. Effect of accelerated aging on the color 
stability of cemented laminate veneers. Int J Prosthodont. 2000;13(1): 
29-33.

96. Heydecke G, Zhang F, Razzoog ME. In vitro color stability of double-
layer veneers after accelerated aging. J Prosthet Dent. 2001;85(6): 
551-557. [CrossRef]

97. Sidhu SK, Carrick TE, McCabe JF. Temperature mediated coefficient 
of dimensional change of dental tooth-colored restorative materials. 
Dent Mater. 2004;20(5):435-440. [CrossRef]

https://doi.org/10.1111/j.1365-2842.2004.01400.x
https://doi.org/10.1016/S0109-5641(03)00105-2
https://doi.org/10.1016/j.dental.2009.02.002
https://doi.org/10.2341/14-133-L
https://doi.org/10.3233/BME-151274
https://doi.org/10.3233/BME-151274
https://doi.org/10.1016/j.prosdent.2014.02.008
https://doi.org/10.1177/00220345910700021201
https://doi.org/10.1177/00220345870660091001
https://doi.org/10.1002/14651858.CD004347.pub2
https://doi.org/10.1067/mpr.2001.115385
https://doi.org/10.1016/j.dental.2003.02.001

