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The pigmentation of the resin cement at the tooth/ceramic 
interface compromises the esthetic and longevity of ultra-thin 
ceramic veneers. Aim: The aim of this study was to evaluate 
marginal staining of ultra-thin ceramic veneers cemented to 
intact enamel (non-prepared) and prepared enamel. Methods: 
Thirty-two (32) permanent central incisors were selected and 
randomly divided into two groups: intact enamel (IE) and prepared 
enamel (PE). The ceramic veneers of PE group were bonded to 
the prepared enamel and the ceramic veneers of IE group were 
cemented directly onto the intact enamel, with no preparation. 
Both preparation and cementation were standardized and 
performed by a single operator. Each group was subdivided 
into two subgroups (n = 8) with different immersion media 
- coffee and water. After an immersion period of 10 days, 
stereomicroscope images were made at 20X magnification of 
the mesial, distal, cervical and incisal surface of each specimen. 
Three blinded, trained and calibrated examiners evaluated the 
images of the resin cement interface of each surface. The data 
were subjected to KruskalWallis and MannWhitney statistical 
analysis. Immersion media and enamel preparation influenced 
the marginal staining of the tooth/ceramic interface. Results: 
When immersed in coffee, prepared interfaces presented greater 
marginal staining than unprepared interfaces. When immersed 
in water, there was no statistically significant difference between 
the groups. Conclusion: The cementation of ultra-thin ceramic 
veneers onto intact enamel is associated with less marginal 
staining and, consequently, improved esthetics.
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Introduction

Ultra-thin ceramic veneers have become one of the main treatment options for 
esthetic improvement of discolored, fractured, worn, malformed and misaligned ante-
rior teeth1,2. The conservation of dental structures, high success rate and excellent 
esthetic outcomes contributed to expand the indications and increase the popular-
ity of this procedure3,4. Despite the brittleness of the ceramic materials, resistance is 
improved due to the strong and stable bond produced when adhesive luting agents 
are used for cementation4,5. Thus, success is highly dependent on the quality of the 
adhesion on restricted enamel preparations, adequate ceramic surface treatments, 
and the use of proper luting agents6.

Luting agents provide a link between tooth and restoration. Various types of resin 
cements are indicated for the cementation of ceramic veneers, such as auto-, light-or 
dual-cured7. Light cured resin cements are preferable because of the superior color 
stability due to the absence of tertiary amines. In addition, the presence of aliphatic 
amines reduces the oxidation susceptibility7,8 and the activation by light allows longer 
working time, as well, as optimization of the technique9.

Extensive enamel preparations with accidental dentine exposure are associated with 
reduced bond strength, increased microleakage10 and marginal defects11. Even when 
these circumstances do not result in absolute failure, they may complicate clinical 
outcomes1,11. Contrarily, long-term survival rates are improved with conservative 
enamel preparations10. Moreover, when ceramic veneers are supported exclusively by 
enamel, the load-bearing capacity is increased, due to the similar modulus of elasticity 
between the structures12.

The trend toward the indication of conservative treatments, based on the principles 
of adhesion and minimally invasive dentistry, is widely encouraged. Prepless veneers 
are consolidated as an esthetic elective treatment. Conservative preparations are 
associated with increased esthetics and longevity13, nevertheless, the importance of 
the preservation of dental structures is unquestionable. The esthetic outcomes are 
important concerns and the high expectations may be compromised by marginal 
staining of the tooth/ceramic interface11. The above-listed arguments motivated this 
study, that aims to evaluate the marginal staining at the tooth/ceramic interface of 
ultra-thin veneers placed on intact and prepared enamel. The null hypothesis was that 
the enamel preparation would not affect the marginal staining of the tooth/ceramic 
interface of ultra-thin veneers.

Materials and methods

Ethics

The Research Ethics Committee of the participating institution (certificate number – 
7100, CAEE number 00564612.4.0000.5346) approved this study.

Thirty-two non-carious human mandibular incisors with a cervico-incisal length of 
9.5mm and a mesio-distal width of 5.5mm (±1 mm) were selected from a tooth bank. 
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The teeth were kept in 0.1% of thymol solution for two weeks for disinfection and then, 
stored in distilled water (37°C), until specimen preparation.

Specimen preparation

The teeth were randomly assigned to two groups according to the different prepara-
tion alternatives: 1. intact enamel - with no preparation (IE) and 2. prepared enamel 
(PE). Half of the specimens of each group were immersed in water (n=8) and the 
remaining half were immersed in a coffee solution (n=8). The root of each tooth was 
embedded in acrylic resin blocks, 2 mm below the cement-enamel junction to facili-
tate specimen preparation.

Enamel Preparation

Dental enamel preparation was standardized and prepared by a trained operator. 
Initially, a silicon based impression was taken from the tooth crown (Virtual, Ivoclar 
Vivadent, Schaan, Liechtenstein). Afterwards, the impression was sectioned and 
used as a reference guide for enamel reduction. A 0.5 mm-enamel reduction was per-
formed with a diamond bur #2135 (KG Sorensen, Cotia, SP, Brazil) (Figure 1A), using 
the window preparation technique. The cervical margin was placed 0.5mm above the 
cement-enamel junction with a chamfer finishing line. In order to produce a smooth 
and well-finished surface, fine and extra fine grit diamond burs # 2135 (KG Sorensen, 
Cotia, SP, Brazil) were used.

Impression

The impressions were taken by a thimble shaped tray (Figure 1B) through the sin-
gle-step technique, which provides the simultaneous polymerization of the heavy and 
light-body impression material (Virtual, Ivoclar Vivadent, Schaan, Liechtenstein).

Figure 1. A) Enamel reduction using a silicon based impression as a reference guide. B) Impressions of 
specimens were taken using a thimble and through the single-step technique

A B
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Ceramic veneers

Ceramic veneers were produced from a lithium disilicate glass ceramic (IPS e.max 
Press, Ivoclar Vivadent, Schaan, Liechtenstein), by one experienced dental techni-
cian, using the heat-pressed technique. The veneers produced for non-prepared 
enamel specimens were 0.3mm-thick, and for the prepared enamel specimens (PE) 
0.5mm-thick.

Bonding procedures and cementation

The ceramic veneers were cemented to the tooth surfaces with light-curing resin 
cement (Variolink Veneer, Ivoclar Vivadent, Schaan, Liechtenstein), according to the 
manufacturer’s instructions. Each specimen was light-cured for 150s, with a LED unit 
(Emmiter C, Schuster Eq. Odont Ltd, Santa Maria, RS, Brazil), with 800mW/cm2 of 
irradiance. The sequence of adhesive procedures is summarized in Figure 2 and the 
materials used in the study are described in Figure 3. After complete polymerization, 
the margins were polished with a silicon carbide finishing kit (KG Sorensen, Cotia, SP, 
Brazil), and washed in an ultrasonic bath (L100, Schuster Eq Odon. Ltd, Santa Maria, 
RS, Brazil) for 2 cycles of 480s to remove residual particles from the resin cement or 
finishing points.

Staining

Half of the IE and PE specimens were stored in water at 37°C, and the remaining 
specimens of each group were immersed in coffee. The coffee solution was prepared 
in a standardized manner, using 25g of instant coffee powder (Nestlé, Caçapava, 
SP, Brazil) and 250 ml of water, for 10 days at 37° C. The immersion solutions were 
replaced every 24h.

Evaluation

Marginal staining was assessed by observing digital images, similar to other studies 
reported in the literature5,14. Standardized images of the mesial, distal, incisal and cer-
vical margins of each restoration were used for evaluation. The images were regis-
tered with a stereomicroscope (Carl Zeiss, Göttingen, Germany), using the AxioVision 
program at 20X magnification.

The examiners underwent a three-day training period, in which they received instruc-
tions on the evaluation procedure and became familiar with the scores. In addition, 
the examiners observed and rated 20 selected images of mesial, distal, cervical and 
incisal margins from specimens used in a previous pilot study. After seven days, the 
examiners evaluated the same images without receiving any initial instructions, and 
Kappa intra- and inter- examiners agreement was tested. Kappa values for intra-ex-
aminer agreement ranged from 0.73 to 0.93, and inter-examiners agreement ranged 
from 0.77 to 1.0.

Afterwards, the staining of the marginal finishing line was assessed for the 128 
images according to Alfa, Bravo, Charlie and Delta scores (Figure 4). Each image was 
displayed on a full HD monitor in a random sequential order. The viewing distance was 
50 cm and no time limit was set for each evaluation.
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Statistical Analysis

The scores were tabulated and analyzed with SPSS software (version 18.0; SPSS, Inc., 
Chicago, IL). The data were analyzed with the Kruskal-Wallis test, considering that it 
was not normally distributed. Subsequently, a Mann-Whitney U-test was used for pair-
wise comparisons among groups at a 0.05 level of significance (p≤ 0.05).

Tooth surface (sequence) Ceramic laminate veneers (sequence)

Step Action Step Action

1 Cleaning with pumice 1 10% Hydrofluoric acid etching of inner side of the ceramic veneer 
for 20s

2 Acid etching for 30s with 
37% phosphoric acid gel 2 Rinsing with water spray for 60s at 5 cm of distance

3 Rinsing with water for 60s 
at 5cm of distance 3 Air drying for 10s at 5cm of distance

4 Air drying for 5s at 5cm of 
distance 4 Silane coupling agent application - 60s 

5
Bonding agent application 
and air thinning for 10s at 

5cm of distance
5 Bonding agent application and air thinning for 10s at 

5cm of distance

6 Light-curing for 10s 6 Light-curing for 10s

7 Cementation with light 
curing resin cement

7 Application of light-cure resin cement on the inner side of the 
ceramic laminate veneer

8 Positioning of the ceramic laminate veneer on the tooth

9 Light-curing for 30s

10 Removal of excess resin cement

11 Glycerin gel application in all interfaces

12 Light-curing of each interface for 30s

Figure 2. Sequence of adhesive procedures on tooth surfaces and ceramic veneers

Product Type Chemical Composition Manufacturer

Condac 
Porcelana Ceramic etching gel Low viscosity gel with 10% hydrofluoric acid, water, 

thickening agent and colorants FGM, Joinvile, 
SC, Brazil

Condac 37 Acid conditioner Low viscosity gel with phosphoric acid (37 wt.% in 
water), thickening agent and color pigments

Variolink 
Veneer

Micro-filled, 
light-curing luting 

cement

Urethane dimethacrylate, decamethylene 
dimethacrylate, inorganic fillers, ytterbium trifluoride, 

initiators, stabilizers, pigments and catalysts

Ivoclar 
Vivadent; 
Schaan, 

Liechtenstein

Monobond S Silane coupling 
agent

1% 3-methacryloxypropyltrimethoxy-silane, ethanol-/
water-based solution

Tetric 
N-Bond

Light-curing, 
single-component 

bonding agent

Phosphoric acid acrylate, HEMA, Bis-GMA, urethane 
dimethacrylate, ethanol, film-forming agent, catalysts 

and stabilizers

Virtual
Addition reaction 

silicone impression 
material

Vinyl polysiloxane, methyl hydrogen siloxane, an 
organoplatinic complex, silica and food dyes

IPS e.max 
Press

Pressable lithium-
disilicate glass 

ceramic

Lithium disilicate, quartz, lithium dioxide, phosphorous 
oxide, alumina, potassium oxide

Figure 3. Manufacturers and chemical compositions of the materials used in the study
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Results
A significant difference was observed between the immersion conditions. Spec-
imens stored in water presented less marginal staining, in comparison with speci-
mens immersed in coffee (p=0.000). Scores showing more intense pigmentation as 

Score Criteria Image

Alfa Absence of marginal pigmentation of the resin cement interface.

Bravo Presence of slight, discontinuous, grayish marginal pigmentation of resin 
cement interface, with a predominance of regions with no staining.

Charlie Resin cement interface completely pigmented in yellow or marginal 
pigmentation in yellow and brown colors, with a predominance of yellow.

Delta Resin cement interface completely pigmented in brown, or marginal 
pigmentation in yellow and brown colors, with a predominance of brown.

Figure 4. Criteria used for image evaluation and representative images of each score
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Charlie and Delta were observed only in specimens immersed in coffee - mostly PE 
specimens - whereas Alfa and Beta scores were noticed for both groups in water 
immersion. The score Charlie presented tendency to be more equally distributed in 
all interfaces for IE and PE, while score delta, was more expressively present on PE 
in the mesial and distal interfaces. The absolute score distribution for each surface 
(cervical, mesial, distal and incisal) of PE and IE groups, immersed in water and cof-
fee, is displayed in Table 1. A comparison of the marginal staining scores of IE and 
PE specimens immersed in water and coffee solutions is presented in Table 2. No 
statistical significance was found between IE and PE in water storage (p=0.45). How-
ever, PE presented significantly more marginal staining in the coffee solution than IE 
(p=0.01). Table 3 compares all surfaces marginal staining of IE and PE in the coffee 
immersion. The mesial surface presented significantly more marginal staining in PE 
group (p=0.02).

Table 1. Surface score distribution for prepared and intact enamel restored with ceramic veneers, immersed 
in water and coffee solution

Solution Surface Score
Prepared enamel (PE) Intact enamel (IE)

M D C I M D C I

Water

Alfa 0 0 0 3 2 0 1 2

Bravo 8 8 8 5 6 8 7 6

Charlie 0 0 0 0 0 0 0 0

Delta 0 0 0 0 0 0 0 0

Coffee

Alfa 0 0 0 0 0 0 0 0

Bravo 0 0 0 0 1 0 0 0

Charlie 4 6 8 7 7 8 8 7

Delta 4 2 0 1 0 0 0 1

*Abbreviations: M - mesial, D - distal; C - cervical and I - incisal.

Table 2. Comparison between PE and IE in water and coffee solution - Mann-Whitney test

Solution
Median rank values “p” value

Prepared enamel (PE) Intact enamel (IE)

Water 33.50 31.50 0.45

Coffee 35.89 29.11 0.01

Table 3. Score comparison between IE and PE specimens on each surface (mesial, distal, cervical and 
incisal) immersed in coffee solution - Mann-Whitney test (n=8)

Solution Surface IE PE “p” value

Coffee

Mesial 86.00 50.00 0.020

Distal 76.00 60.00 0.44

Cervical 68.00 68.00 1.0

Incisal 68.00 68.00 1.0
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Discussion
The present study demonstrated that both immersion solutions and enamel prepa-
ration influenced the marginal staining of the tooth/restoration interface. Marginal 
staining of the prepared group was significantly greater than the intact group, when 
immersed in coffee. Based on these results, the null hypothesis was rejected.

Extrinsic discoloration is associated with high intake of dietary colorants15, whereas 
intrinsic discoloration is influenced by physicochemical reactions of resin matrix 
monomers, size and content of inorganic particles, as well as the characteristics 
of the luting agents16. Therefore, esthetic failures are not due to the color change of 
the ceramic but as a result of the surface degradation from underlining cement and 
extrinsic color pigmentation17.

Coffee was chosen as an immersion solution, because of the high staining potential 
and because it is one of the most consumed beverages worldwide15. A period of 10 days 
of immersion corresponds to approximately one year of regular coffee consumption18. 
After the tenth day, the marginal finish line was visually perceptible on the prepared 
group. Projecting these findings to clinical practice, it may be assumed that marginal 
staining could be a clinical issue among coffee consumers after 1 year. Further studies 
with long-term clinical follow-up periods are required to confirm this assumption.

In the present study, the mesial surface showed significantly greater marginal staining 
of prepared specimens immersed in coffee. Such unexpected finding has no plausible 
explanation. The cervical area commonly presents increased staining and microleak-
age due to the lack of enamel in this region19. Conversely, Jha et al.20 (2013) found no 
difference in marginal adaptation between cervical, mesial, distal and incisal margins, 
in veneers fabricated by both the heat pressing and the refractory die techniques.

Restoration of lower incisors with ceramic veneers is considered a challenging task 
due to the limited dimensions and small amount of enamel available for bonding21. 
However, a retrospective study, showed similar success rates on both mandibular 
and maxillary incisors after 36 months22. The preparation design and enamel margins 
were carefully examined prior to cementation, however, the presence of thin enamel 
in the cervical area of the lower incisors often creates undetected dentine exposure, 
which may explain the increased marginal staining of the prepared specimens19.

Controversial results regarding the bond strength of ground and unground enamel 
can be observed. Some studies found no difference between prepared and intact 
enamel, whereas others consider that unprepared enamel yields lower bond strength 
values23,24. In the present study, the quality of the adhesion was not evaluated, how-
ever, the least amount and intensity of staining observed on the intact surfaces sug-
gests that the adhesion was not affected by the lack of preparation. Research involv-
ing this issue should be addressed to elucidate this hypothesis.

Lithium disilicate reinforced ceramic was used in the fabrication of the veneers 
because of the excellent esthetic characteristics, biocompatibility and adhesive prop-
erties of these ceramics25. In addition, the high strength in small thickness enables the 
indication of minimally invasive procedures12. In this study, 0.3 mm and 0.5 mm-thick 
high translucency BL 3 shade ingots were used. The ceramic veneers were cemented 
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with resin cement shade LV 1, the color shade and translucency of the cement may 
have affected the perception of marginal staining of specimens immersed in cof-
fee. Resin cements with opaque and more saturated shades, as well as ceramic 
veneers with reduced thickness, may affect the overall color change in translucent 0.5 
mm-thick veneers15,26.

Water may induce aging of resin composites and subsequent staining27. It was pos-
sible to state that the specimens stored in water did not exhibit intense staining. The 
majority of the pigmentation scores were associated with no staining (Alfa score) or 
slight discontinued grayish staining with predominance of no staining (Bravo score), 
probably not compromising the esthetic results. The composition of the light-cured 
cement used in this study could explain this slight pigmentation, since TEGDMA may 
be associated with water intake and staining8, 18. Artificial aging and thermocycling 
were not conducted. If applied, they would probably have contributed to more intense 
staining in either groups. Apart from that, the microscopic images could have overes-
timated the findings.

This experimental study confirms that the enamel preparation was associated with 
greater marginal staining, thus suggesting that maintaining unprepared intact enamel 
contributes to long-term esthetic outcomes. Moreover, marginal staining may be influ-
enced by different factors that should be studied individually. Ceramic veneers placed 
on unprepared enamel are still a recent conservative trend, and long-term clinical tri-
als are needed to evaluate if conservation of tooth structures will meet expectations 
and lead to high success rates.

In conclusion, marginal staining was affected by the enamel preparation. Cementa-
tion of ultra-thin ceramic veneers to intact enamel provides a dental restoration inter-
faces with less marginal staining.

Clinical relevance

Ultra-thin veneers with no enamel preparation preserves tooth integrity and reduces 
marginal staining.
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