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were analyzed by ANOVA and Tukey HSD

test (P < .05). In the Lava specimens, the

three surface treatment methods tested did

not increase the bond strength of Panavia

compared to the control group (P = .195);

using RelyX Unicem, S_50 and Roc, mean

SBS values were significantly higher than

values for No_T (S_50 P = .0048; Roc

P < .001). For Lava surfaces treated with Ro-

catec, there was a statistically significant dif-

ference between the two luting cements

used (Unicem 11.39 ± 2.19; Panavia 8.56 ±

1.17; P = .002). Regarding the Cercon spec-

imens, there was a significant difference be-

tween the Unicem and the Panavia control

groups (No_T Unicem 1.48 ± 1.19, No_T

Panavia 4.60 ± 2.75, P = .004). In conclu-

sion, all surface treatments increased the

bond strength of RelyX Unicem resin ce-

ment to both zirconia substrates. No statis-

tically significant changes were found using

Panavia on Lava. Sandblasting with 110μm

Al2O3 provided the highest bond strength

for Panavia on Cercon. 

(Eur J Esthet 2008;x:xxx–xxx.)

Abstract

The purpose of the study was to evaluate

the shear bond strengths (SBS) of two resin

cements to intaglio surfaces of zirconia from

two manufacturers after three surface treat-

ment methods. Forty zirconia specimens

from one manufacturer (Lava, 3M ESPE)

and 40 zirconia specimens from another

manufacturer (Cercon, Dentsply), each with

system-specific intaglio surfaces, were ran-

domly divided into four treatment groups

(20 samples per group, 10 for each manu-

facturer): no treatment (No_T), sandblasting

with 50μm Al2O3 (S_50), sandblasting with

110μm Al2O3 (S_110), and Rocatec silica

coating and silanization (ESPE-Sil, 3M

ESPE) (Roc). A 5mm metal ring was fixed

upon the zirconia and was filled with one of

two different resin composite cements (Re-

lyX Unicem, 3M ESPE and Panavia F 2.0,

Kuraray). Samples were stored in distilled

water at 37°C for 7 days; SBS was evaluat-

ed using a universal testing machine. Val-

ues were calculated in MPa and the data
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silica-free chemical structure of zirconia,

this kind of treatment does not affect adhe-

sion to zirconia.
9
Therefore, zirconia frame-

works require alternative surface condition-

ing methods to create a rough surface and

to increase micro-mechanical retention

and adhesion of resin bonding systems. A

recent study showed that pre-treatment of

zirconia ceramic surfaces with plasma

spraying or sparsely fused glass pearls

could increase the bond strength to com-

posite resin cements.
10

The aim of this study was to test the hy-

pothesis that the bond strength of two resin

luting agents, containing phosphate mono-

mers, was modified by different zirconia

surface conditioning methods.

Method and materials

Densely sintered high-purity zirconia ce-

ramic (Y-TZP) samples from two different

manufacturers (Lava, 3M Espe, St. Paul,

MN, USA and Cercon, Dentsply Interna-

tional, York, PA, USA) were included in this

study. Forty discs (15mm in diameter and

2.5mm in thickness) with intaglio surfaces

were made out of zirconia blanks as pro-

vided by the two manufacturers. All sam-

ples were embedded in acrylic resin leav-

ing one surface exposed. The specimens

were randomly divided into four groups

(20 discs per group, 10 per each manufac-

turer) and were subjected to four different

surface treatments as follows:

� Group 1 (No_T): No treatment.

� Group 2 (S_50): Specimens were air-

borne-particle abraded with 50μm

Al2O3 particles (at 2.5bar for 10 seconds

at a distance of 10mm), followed by ul-

trasonic cleaning in 96% isopropyl alco-

hol for 3 minutes.

The increased desire for optimum esthetics

in restorative treatments has made all-ce-

ramic crowns a frequently used alternative

for both anterior and posterior regions.
1
The

use of all-ceramic restorations increased

after the introduction of computer-aided de-

sign/computer-aided manufacture (CAD/

CAM) systems. This technology enabled

the dental laboratory to control the fabrica-

tion process and to produce reconstruc-

tions of high quality in a known production

schedule. Moreover, automation of the fab-

rication steps and computer control of the

milling system increased efficiency and re-

duced the technician’s working time.
2

Compared to conventional ceramics

like glass-ceramic, zirconia exhibits higher

material stability as a core material. It en-

ables all-ceramic restorations to be per-

formed using CAD/CAM technology due to

its favorable optical properties and its high

flexural strength of over 1,000MPa.
3
In par-

ticular, research efforts appear to be more

focused on zirconia-yttria ceramics, char-

acterized by fine grained microstructures

known as tetragonal zirconia polycrystals

(TZP). Different studies support the clinical

application of zirconia frameworks due to

the acceptable marginal fit of these kinds

of restorations.
4,5

However, many doubts re-

main about the cementation process. 

Adherence to glass-ceramics normally

is obtained by etching the ceramic with hy-

drofluoric acid. By dissolution of the glassy

phase, the etching of the ceramic creates

a rough surface, which favors adherence

that relies on mechanical interlocking.
6
The

zirconia surface, due to its chemical prop-

erties, can not be modified by hydrofluoric

acid etching.
7

The use of silane coupling

agents in enhancing the bond of resin

composites to silica-based ceramics is well

accepted in the dental literature.
8
Due to the
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(Kuraray Medical Inc, Okayama, Japan)

[PAN]. The chemical formulations of the

materials used in this study are listed in

Table 1. A bonding area with a diameter of

5mm was defined on the surface of each

sample using a plastic disk. Metal rods

(5mm internal diameter, 2mm thickness)

were used to set the resin cement. The ce-

ments were applied following the manufac-

turers’ instructions without the use of any

adhesive system or primer solution. Excess

material was removed using pellets. Both

cements were light-cured for 40s using a

LED lamp (Freelight II, 3M Espe, St. Paul,

MN, USA). The bonded specimens were

stored in distilled water (37°C) for 1 week.

After this storage period a shear bond

strength (SBS) test was carried out at a

cross-head speed of 1mm/min in a univer-

sal testing machine (LR30K PLUS, LLOYD

Instruments). 

Furthermore, 8 additional disks (4 per

manufacturer) were treated with the 4 treat-

ing methods described (1 sample per

method) and examined in a scanning elec-

tron microscope (SEM) to determine the

surface morphology.

� Group 3 (S_110): Specimens were air-

borne-particle abraded with 110μm

Al2O3 particles (at 2.5bar for 10seconds

at a distance of 10mm), followed by ul-

trasonic cleaning in 96% isopropyl alco-

hol for 3 minutes.

� Group 4 (Roc): Specimens were tribo-

chemically silica coated with the Ro-

catec system (3M Espe, St. Paul, MN,

USA). For this, they were first cleaned by

sandblasting with 110μm Al2O3 (Ro-

catec-Pre powder) at 2.5bar pressure

for 13 seconds at a distance of 10mm.

Subsequently, a silica layer was pro-

duced by sandblasting the samples with

a special silica particle containing

110μm Al2O3 (Rocatec-Plus) powder.

The samples were ultrasonically clean-

ed in 96% isopropyl alcohol for 3 min-

utes after the silica sandblasting treat-

ment. Then the silica-coated zirconia

surfaces were silanated (Espe-Sil, 3M

Espe, St. Paul, MN, USA) for 5 minutes.

Two different cements were used for bond

strength testing: RelyX Unicem (3M Espe,

St. Paul, MN, USA) [UNI] and Panavia F 2.0

Table 1 Chemical composition of the materials employed in this study.

LAVA Zirconium oxide 97%*

3M ESPE, St. Paul, MN, USA Yttrium oxide 3%*

CERCON Zirconium oxide 92%*

Dentsply International, York, PA, USA Yttrium oxide 5%*

Hafnium oxide 2%*

Alumina and silica <1%*

Rely X Unicem Glass powder, initiator, silica, substituted pyrimidine, calcium 

3M ESPE, St. Paul, MN, USA hydroxide, peroxy compound, pigment, methacrylated phosphoric 

(Batch no. 200315) ester, dimethacrylate, acetate, stabilizer, initiator

PANAVIA F 2.0 A paste: MDP, Bis-phenol A, hydrophobic dimethacrylate, 

Kuraray Medical Inc, Okayama, Japan silanated silica, benzoyl peroxide, photo initiator

(Batch no. 41137) B paste: Bis-phenol A, hydrophobic dimethacrylate, barium glass,

titanium dioxide, treated sodium fluorite, sodium aromatic sulfinate, 

aromatic tert-amine

* Percent volume
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Fig 1 BoxPlot of the

data. Every surface

treatment increases

bond strength values.

Panavia F 2.0 obtains

more uniform results

than RelyX Unicem.

Table 2 Detailed shear bond strength mean values and SD.

LAVA

No_T S_50 S_110 Roc

Unicem 5.23 (1.91) 8.39 (2.42) 7.15 (2.97) 11.39 (2.19)

Panavia 6.92 (2.92) 7.07 (1.54) 8.28 (2.14) 8.56 (1.17)

Cercon

No_T S_50 S_110 Roc

Unicem 1.48 (1.19) 4.68 (1.92) 6.49 (1.85) 6.96 (1.44)

Panavia 4.60 (2.75) 5.42 (1.57) 8.05 (3.00) 7.34 (2.97)

Mean values are expressed in MPa (Standard deviation).
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Values were calculated in MPa and statis-

tically analyzed by means of ANOVA and

Tukey-Kramer HSD test (P < .05). 

Results

Detailed shear bond strength values and

standard deviations are listed in Table 2.

The adhesion of the two cements (RelyX

Unicem, Panavia F 2.0) on the two zirconia

surfaces (Lava, Cercon) is demonstrated in

Fig 1. 

First, the effect of surface treatment on

the bond strength of the two cements was

analyzed (Table 3). Concerning Panavia F

2.0 for Cercon-zirconia, a statistically signif-

icant difference was found between S_110

surfaces and the control group (S_110 8.05

MPa, No_T 4.60 MPa, P = .015), while for

Lava-zirconia Panavia F 2.0 obtained uni-

form results. Every surface treatment was

found to significantly increase the bond

strength to Cercon-zirconia surfaces when

using RelyX Unicem (S_50 4.68 MPa,

No_T 1.48 MPa, P < .0001; S_110 6.46 MPa,

No_T 1.48 MPa, P = .0003; Roc 6.96 MPa,

No_T 1.48 MPa, P < .0001), while on Lava-

zirconia only S_50 and Roc surface treat-

ments significantly increased bond

strength values (S_50 8.39 MPa, No_T 5.23

MPa, P = .0048; Roc 11.39 MPa No_T 5.23

MPa P < .0001) (Table 3). Overall, Roc was

the best surface treatment for RelyX

Unicem, regardless of the zirconia materi-

al used.

Furthermore, the bond strength values of

the cements on the two zirconia materials

Table 3 Tukey-Kramer test to compare the different surface treatment.

LAVA

Unicem Panavia

Treatment Mean Treatment Mean

No_T 5.23 a No_T 6.92 a

S_50 8.39 b S_50 7.07 a

S_110 7.15 a,b S_110 8.28 a

Roc 11.39 c Roc 8.56 a

Cercon

Unicem Panavia

Treatment Mean Treatment Mean

No_T 1.48 a No_T 4.60 a

S_50 4.68 b S_50 5.42 a,b

S_110 6.46 b,c S_110 8.05 b

Roc 6.96 c Roc 7.34 a,b

Data connected by the same letter are not statistically significantly different.
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were compared for each surface treatment

(Table 4). Panavia F 2.0 exhibited higher

bond strengths than RelyX Unicem on the

control Cercon-zirconia specimens (Pana-

via 4.60 MPa, Unicem 1.48 MPa, P = .004).

However, every surface treatment method

increased bond strength values of the ce-

ments and led to similar bonding strength,

when the two cements were compared. On

Lava-zirconia, Roc pre-treatment signifi-

cantly increased the bond strength of Re-

lyX Unicem (Unicem 11.39 MPa, Panavia

8.56 MPa, P = .002). No differences were

found between the cements with the other

pre-treatment methods.

Finally, SEM comparison of the intaglio

zirconia surface (control) and the three

pre-treated surfaces demonstrated large

differences in the surface morphology

(Figs 2–9).

Discussion

The aim of this study was to evaluate the

influence of the surface pre-treatment on

the bond strength of resin luting agents to

two different available zirconia core mate-

rials (Table 1).

Unlike conventional dental ceramic,

polycrystalline material zirconia ceramics

contains almost no glass. However, the

composition of densely sintered ceramic

blanks and their intaglio-surface configu-

ration are specific for each commercially

available material. The microstructure of Y-

TZP ceramics depends on the processing

conditions, like the sintering temperature

and the type of surface finishing.
11,12

There-

fore, conclusions drawn for one manufac-

turer’s zirconia may not be applicable to

the zirconia from other manufacturer.

Table 4 Tukey-Kramer test to compare the two cements used for each treatment.

LAVA

No_T S_50

Unicem 5.23 a Unicem 8.39 a

Panavia 6.92 a Panavia 7.07 a

S_110 Roc

Unicem 7.15 a Unicem 11.39 a

Panavia 8.28 a Panavia 8.56 b

Cercon

No_T S_50

Unicem 1.48 a Unicem 4.68 a

Panavia 4.60 b Panavia 5.42 a

S_110 Roc

Unicem 6.46 a Unicem 6.96 a

Panavia 8.06 a Panavia 7.34 a

Data connected by the same letter are not statistically significantly different.
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Fig 2 SEM photomicrograph of a Cercon

specimen of the control group. The surface

without any treatment shows a smooth mor-

phology.

Fig 3 SEM photomicrograph of a Lava

specimen of the control group. The intaglio

surface of Lava samples shows a morpholo-

gy less smooth than the Cercon surface.

Fig 4 SEM photomicrograph of a Cercon

specimen after sandblasting with 50μm

Al2O3. The roughness of the surface is suitable

for the mechanical interlocking between zirco-

nia and the cement.

Fig 5 SEM photomicrograph of a Lava

specimen after sandblasting with 50μm

Al2O3. Sandblasting treatment increases sur-

face energy and, therefore, wettability of the

surface.

Fig 6 SEM photomicrograph of a Cercon

specimen after sandblasting with 110μm

Al2O3. The pattern morphology is similar to the

S_50 sample.

Fig 7 SEM photomicrograph of a Lava spec-

imen after sandblasting with 110μm Al2O3. The

surface shows clusters of densely-sintered zir-

conia particles and deep undercuts.
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It has been suggested that even if the

clinical success of a restoration does not

rely on the resin bond to the tooth, success-

ful resin bonding can improve retention,
13,14

marginal adaptation,
15

and fracture resist-

ance of the restoration and the abutment

tooth.
16

Based on the published evidence,

it can be concluded that adhesive cemen-

tation procedures are necessary to support

all-ceramic materials.
17

It has been proposed to use a silane

agent to increase the adhesion of resin ce-

ments to ceramics.
18

For conventional

glass-ceramics like Dicor, silane bonding is

mediated through the silica at the ceramic

surface.
19–21

Since Y-TZP does not contain silica, a tra-

ditional silane agent does not increase the

resin bond strength to zirconia. On this kind

of ceramic, a tribochemical silica coating

system (Rocatec, 3M ESPE) is needed as

coupling to allow fixation of a silane agent.
22

Differences in composition and mi-

crostructure of the materials and the result-

ing surface morphology after the treat-

ments are important factors in explaining

the differences in bond strength of various

ceramic materials. As dense highly crys-

talline ceramics like zirconia do not contain

a glassy phase, the conventional acid

etching technique does not affect the sur-

faces.
7
Therefore, mechanical roughening

of the surface is required to increase the

bond strength to zirconia.
23

It should also

be taken into account, however, that air-

abrasion may affect the ceramic surface

by creating micro-cracks, which may re-

duce the fracture strength of a ceramic.
24,25

Moreover, the air-abrasion treatment can

be an important degrading factor in long-

term performance of all ceramic crowns.
26

The airborne-particle abrasion with

Al2O3 was the most appropriate method

to increase roughness of high-strength ce-

ramic materials.
27,28

Surface roughening

methods increased surface energy and,

therefore, its wettability.
9

As illustrated by

the SEM analysis of the surfaces produced

in this study, pre-treatment methods led to

different surface morphologies. The un-

treated specimens (Figs 2–3) had a

smooth surface. The airborne-particle

abrasion with 50 and 110μm (Figs 4–7),

however, increased the roughness. In-

Fig 8 SEM photomicrograph of a Cercon

specimen after Rocatec treatment. Some sili-

ca particles are incorporated on the surface of

the sample.

Fig 9 SEM photomicrograph of a Lava

specimen after Rocatec treatment. The rough-

ness of the surface is similar to the Cercon

sample.
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creased mechanical interlocking of the ce-

ments to roughened zirconia was expect-

ed, leading to higher bond strength values.

The present study demonstrated that

roughening of the zirconia surface in-

creased the adhesion of resin cements.

The bond strength values differed signifi-

cantly between the control groups and the

treated samples. Interestingly, the intaglio

surface of the Lava sample was character-

ized by a rougher surface than that of Cer-

con. This may be the reason for the vary-

ing bond strength results obtained.

In this study, a shear bond test was used.

The question remains whether tension

tests are appropriate for evaluating the ad-

hesive capabilities of resin agents to ce-

ramic.
29

However, the present study did not

set out to find absolute bond strength val-

ues, rather it evaluated whether the used

pre-treatments showed significant differ-

ences in bond strength.

SEM photomicrographs of the samples

treated with Rocatec demonstrated silica

particles on the rough surface. In the pres-

ent study, the adhesion of RelyX Unicem

was positively influenced by the use of the

Rocatec system, while silicatization did not

affect the bonding strength of Panavia F 2.0. 

The testing method used in this research

did not include evaluation of long-term

bond durability, as well as other relevant

ageing parameters like water storage, ther-

mal cycling, and dynamic loading. Further

work is required to explore these is-

sues.
25,30–32

Two of the primary objectives of in vitro

studies are elimination of extraneous pa-

rameters and limitation of the variables, but

care should be taken whenever in vitro in-

vestigations are used to draw clinically rel-

evant conclusions, especially because the

use of materials of different composition

and different manufacturers cannot be rec-

ommended without reservation and with-

out further investigations. Both laboratory

CAM procedures and clinical variables

such as preparation, design, and three-di-

mensional geometry of the restoration may

influence the clinical outcome of resin-

bonded all-ceramic restorations.
33

There-

fore, randomized clinical trials are needed

to support the findings of in vitro studies.

Based on the present study, it can be

concluded that mechanical roughness of

the surface increased the bond strength of

resin cements to zirconia. In addition,

Panavia F 2.0 was less influenced by the

surface treatment methods than RelyX

Unicem. 

References

1. Awliya W, Oden A, Yaman P, Dennison JB, Raz-

zoog ME. Shear bond strength of a resin cement

to densely sintered high-purity alumina with vari-

ous surface conditions. Acta Odontol Scand

1998;56:9–13.

2. Tinschert J, Zwez D, Marx R, Anusavice KJ. Struc-

tural reliability of alumina-, feldspar-, leucite-,

mica- and zirconia-based ceramics. J Dent

2000;28:529–535.

3. Piconi C, Maccauro G. Zirconia as a ceramic bio-

material. Biomaterials 1999;20:1–25.

4. Reich S, Wichmann M, Nkenke E, Proeschel P.

Clinical fit of all-ceramic three-unit fixed partial

dentures, generated with three different CAD/CAM

systems. Eur J Oral Sci 2005;113:174–179.

5. Tinschert J, Natt G, Mautsch W, Spiekermann H,

Anusavice KJ. Marginal fit of alumina-and zirco-

nia-based fixed partial dentures produced by a

CAD/CAM system. Oper Dent 2001;26:367–374.

6. al Edris A, al Jabr A, Cooley RL, Barghi N. SEM

evaluation of etch patterns by three etchants on

three porcelains. J Prosthet Dent

1990;64:734–739.

7. Derand P, Derand T. Bond strength of luting

cements to zirconium oxide ceramics. Int J

Prosthodont 2000;13:131–135.

8. Hayakawa T, Horie K, Aida M, Kanaya H,

Kobayashi T, Murata Y. The influence of surface

conditions and silane agents on the bond of resin

to dental porcelain. Dent Mater 1992;8:238–240.

9. Blatz MB, Sadan A, Kern M. Resin-ceramic bond-

ing: a review of the literature. J Prosthet Dent

2003;89:268–274.



27. Kern M, Thompson VP. Sand-

blasting and silica coating of a

glass-infiltrated alumina

ceramic: volume loss, mor-

phology, and changes in the

surface composition. J Pros-

thet Dent 1994;71:453–461.

28.Wegner SM, Kern M. Long-

term resin bond strength to zir-

conia ceramic. J Adhes Dent

2000;2:139–147.

29.Bottino MA, Valandro LF, Scotti

R, Buso L. Effect of surface

treatments on the resin bond

to zirconium-based ceramic.

Int J Prosthodont

2005;18:60–65.

30.Chen HY, Hickel R, Setcos JC,

Kunzelmann KH. Effects of sur-

face finish and fatigue testing

on the fracture strength of

CAD-CAM and pressed-

ceramic crowns. J Prosthet

Dent 1999;82:468–475.

31. Ozcan M, Vallittu PK. Effect of

surface conditioning methods

on the bond strength of luting

cement to ceramics. Dent

Mater 2003;19:725–731.

32.Zhang Y, Lawn BR, Malament

KA, Van Thompson P, Rekow

ED. Damage accumulation

and fatigue life of particle-

abraded ceramics. Int J

Prosthodont 2006;19:442–448.

33.Bindl A, Richter B, Mormann

WH. Survival of ceramic com-

puter-aided design/manufac-

turing crowns bonded to

preparations with reduced

macroretention geometry. Int J

Prosthodont 2005;18:219–224.

19. Chang JC, Hart DA, Estey AW,

Chan JT. Tensile bond

strengths of five luting agents

to two CAD-CAM restorative

materials and enamel. J Pros-

thet Dent 2003;90:18–23.

20.Soderholm KJ, Shang SW.

Molecular orientation of silane

at the surface of colloidal silica.

J Dent Res 1993;72:

1050–1054.

21. Thompson JY, Anusavice KJ.

Effect of surface etching on the

flexure strength and fracture

toughness of Dicor disks con-

taining controlled flaws. J Dent

Res 1994;73:505–510.

22.Luthy H, Loeffel O, Hammerle

CH. Effect of thermocycling on

bond strength of luting

cements to zirconia ceramic.

Dent Mater 2006;22:195–200.

23.Blatz MB, Sadan A, Martin J,

Lang B. In vitro evaluation of

shear bond strengths of resin

to densely-sintered high-purity

zirconium-oxide ceramic after

long-term storage and thermal

cycling. J Prosthet Dent

2004;91:356–362.

24.Kosmac T, Oblak C, Jevnikar P,

Funduk N, Marion L. Strength

and reliability of surface treat-

ed Y-TZP dental ceramics. 

J Biomed Mater Res

2000;53:304–313.

25.Wolfart M, Lehmann F, Wolfart

S, Kern M. Durability of the

resin bond strength to zirconia

ceramic after using different

surface conditioning methods.

Dent Mater 2007;23:45–50.

26.Zhang Y, Lawn BR, Rekow ED,

Thompson VP. Effect of sand-

blasting on the long-term per-

formance of dental ceramics. 

J Biomed Mater Res B Appl

Biomater 2004;71:381–386.

10. Derand T, Molin M, Kvam K.

Bond strength of composite

luting cement to zirconia

ceramic surfaces. Dent Mater

2005;21:1158–1162.

11. Denry I, Kelly JR. State of the

art of zirconia for dental appli-

cations. Dent Mater

2007;24:299–307.

12. Guazzato M, Albakry M, Ringer

SP, Swain MV. Strength, frac-

ture toughness and

microstructure of a selection of

all-ceramic materials. Part II.

Zirconia-based dental ceram-

ics. Dent Mater

2004;20:449–456.

13. Burke FJ, Fleming GJ,

Nathanson D, Marquis PM. Are

adhesive technologies needed

to support ceramics? An

assessment of the current evi-

dence. J Adhes Dent

2002;4:7–22.

14. Sorensen JA, Kang SK, Avera

SP. Porcelain-composite inter-

face microleakage with various

porcelain surface treatments.

Dent Mater 1991;7:118–123.

15. Rosenstiel SF, Land MF,

Crispin BJ. Dental luting

agents: A review of the current

literature. J Prosthet Dent

1998;80:280–301.

16. Burke FJ. Fracture resistance

of teeth restored with dentin-

bonded crowns: the effect of

increased tooth preparation.

Quintessence Int

1996;27:115–121.

17. Kern M, Wegner SM. Bonding

to zirconia ceramic: adhesion

methods and their durability.

Dent Mater 1998;14:64–71.

18. Aida M, Hayakawa T,

Mizukawa K. Adhesion of

composite to porcelain with

various surface conditions. 

J Prosthet Dent

1995;73:464–470.

CLINICAL APPLICATION

THE EUROPEAN JOURNAL OF ESTHETIC DENTISTRY

VOLUME 3 • NUMBER 2 • SUMMER 2008

24


