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Abstract The aim of this study was to evaluate the
influence of different surface treatments (air abrasion, acid
etching, and laser irradiation) on the surface roughness and
bond strength of a low fusing ceramic. Thirty-six discs of
low fusing ceramic (Finesse, Ceramco) were prepared
(10 mm in diameter and 2 mm in thickness) according to
the manufacturer’s instructions. Specimens were divided
into three groups (n=12), and the following treatments
were performed: Air abrasion with alumina particles
(50 μm), acid etching with 5% HF and Nd:YAG laser
irradiation (distance: 1 mm, 100 mJ, 20 Hz, 2 W, and
141.54 J/cm2). Following determination of surface rough-
ness (Ra) by profilometry, specimens were examined with
scanning electron microscopy (SEM). The luting cement
(Clearfil Esthetic Cement) was bonded to the ceramic
specimens using Teflon tubes. After 24 h of water storage,
shear bond strength test was performed using a universal
testing machine at a crosshead speed of 1 mm/min. The
data were analyzed with two-way analysis of variance
(ANOVA) and Tukey HSD tests (α=.05). Two-way
ANOVA indicated that surface roughness was significantly
affected by surface treatments (p<.001). Tukey honestly
significant difference (HSD) indicated that the air abrasion
group had a significantly higher mean value (p<.05) than
the other groups. Shear bond strength was significantly

affected by surface treatments (p<.001). Tukey HSD
indicated that the air abrasion group had a significantly
higher mean value (p<.05) than the other groups. No
significant difference was found between the acid-etching
and laser-irradiation groups (p>.05). The SEM image of the
laser irradiation surface appeared to be relatively smooth as
compared to the images of other the groups. Air abrasion of
low-fusing porcelain surfaces was effective in improving
the bond strength as compared to the acid-etching and laser-
irradiation methods.
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Introduction

Due to their high esthetic profile, mechanical properties,
chemical stability, and biocompatibility, all-ceramic resto-
rations have become the focus of dental practitioners,
researchers, and manufacturers alike [1]. Some authors
postulate that the advantages of adhesion of all-ceramic
crowns and bridges are due to improved retention, better
marginal adaptation, and fracture resistance [2]. Current
understanding of the adhesion of dental restorative materi-
als is based on two fundamental theories. One theory is
based on chemical adhesion, describing inter molecular
forces at the interface. The other theory is based on micro-
mechanical retention, attributing adhesion to inter penetra-
tion of components of the two surfaces [3].

The internal surface of the ceramic restoration must be
prepared to optimize micro-mechanical retention of the
cement into ceramic micro-roughness. Surface treatments of
porcelain increase the surface area and create micro-
porosities on the porcelain surface, enhancing the potential
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for mechanical retention of the cement [4]. Establishing a
good bond to all-ceramic restorations improves their
retention, reduces microleakages, and enhances the fracture
resistance [5].

New self-adhesive cements that rely on a single-step
application have been proposed for luting ceramic-based
restorations [6, 7]. When using these cements, micro-
mechanical retention seems to be come a crucial factor in
their bonding performance [8]. Different conditioning
systems have been proposed to provide roughness and
promote micro-mechanical retention [9, 10]. Airborne
particle abrasion with alumina particles and application of
a tribochemical silica coating allows for chemical bonding
to a silane coupling agent and to resin cement [11].
However, this procedure is not recommended for glass
ceramics, since it could lead to micro-cracking and
premature failure [12].

Hydrofluoric acid attacks the glass phase producing a
retentive surface for micro-mechanical bonding. However,
increasing the mechanical strength, by increasing the
crystalline content and decreasing the glass content, results
in an acid-resistant ceramic whereby any type of acid
treatment produces in sufficient surface changes for
adequate bonding to resin [13].

Lasers have become widely used in medicine and
dentistry. Technological advances during the last decade
have resulted in the increased use of lasers in dentistry.
Many of these advances have been directed at the use of
lasers in clinical applications as an alternative to acid
etching of enamel or dentin for bonding dental materials to
the tooth surface [14–17]. However, there is a little
information on the effects of laser lights on restorative
materials. Thus, aiming at further clarifying this issue, the
present study evaluated surface roughness and ceramic-
composite bond strength, employing several methods for
surface treatment associated with an adhesive system. The
null hypothesis was that Nd:YAG laser treatment would
increase surface roughness and bond strength comparable
to air abrasion and acid-etching surface treatment methods.

Materials and methods

Thirty-six feldspathic ceramic disc specimens were pre-
pared (10 mm in diameter and 2 mm in thickness) of a low
fusing porcelain (Finesse, Ceramco Inc. Burlington, NJ,

USA) according to the manufacturer’s instructions. The
bonding surface of each disc was polished using silicon
carbide paper (grit 300, 400, and 600) on a rotating
metallographic polishing device (Isomet 1000, Buehler
Ltd, Lake Bluff, Illinois, USA) under water-cooling. The
surfaces were cleaned with ethanol and dried carefully in
air before surface treatment. After the finishing procedures,
the specimens were subjected to ultrasonic treatment
(Biosonic UC 50, Coltene Whaledent, Cuyahoga Falls,
OH, USA) in distilled water to remove any surface residues
and then dried. Thereafter, the ceramic discs were randomly
divided into three groups (n=12), according to the surface
treatments applied.

Air abrasion (group I): Air abrasion with 50-μm aluminum
oxide particles (Korox, Bego, Bremen, Germany) at a
pressure of 2.8 bar, a distance of 10 mm, perpendicular to
the treated surface for 20 s.
Acid etching (group II): Bonding surfaces of ceramic discs
were etched with 5% hydrofluoric acid (IPS Ceramic
Etching Gel; Ivoclar Vivadent, Schaan, Liechtenstein) for
60 s as a previous study [18]. The gel was rinsed off with
water for 20 s, then dried with oil-free compressed air.
Laser irradiation (group III): Nd:YAG laser (DEKA M.E.L.
A., Calenzano, Italy), was used for laser irradiation on the
ceramic surfaces. The laser optical fiber (300 mm in
diameter) was aligned perpendicular to the ceramic surface
at 1-mm distance and scanned the whole ceramic area. The
laser parameters used were 100 mJ (pulse energy), 20 Hz
(pulse per second), 2 W (power setting), 141.54 J/cm2

(energy density), 150 μs (pulse duration) [19].

The prepared surface was ultrasonically cleaned in 90%
ethyl alcohol for 30 min. The average surface roughness
(Ra, μm) of the treated specimens was measured with the
Mitutoyo Surftest–402 Surface Roughness Tester (Surftest
402 Analyzer Mitutoyo Corporation, Tokyo, Japan). Three
traces were recorded for each specimen at three different
locations in each direction (parallel, perpendicular, and
oblique) giving nine tracings per sample. The average of
these nine mean surface roughness measurements was used
as the score for each sample. The ceramic blocks were
embedded in acrylic resin (Meliodent; Bayer Dental Ltd,
Newbury, UK) ensuring that the ceramic surface remained
uncovered.

The luting cement (Clearfil Esthetic Cement, Kuraray Co
Ltd, Osaka, Japan) was bonded to ceramic specimens using

Effect df Sum of squares Mean square F value p value

Between groups 2 24,777 12,388 205,018 0.000

Within groups 33 1,994 0.060

Total 35 26,771

Table 1 Results of two-way
analysis of variance for surface
roughness
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Teflon tubes with an internal diameter of 4 mm and 3 mm
in height. The bonding procedures were performed accord-
ing to the manufacturer’s recommendations. Curing light
was applied to the top of the filled molds for 40 s
(Bluephase, Ivoclar Vivadent). After careful removal of
the Teflon molds, every side of the cement cylinder was
light-cured for a total of 80 s. The bonded specimens were
then stored in distilled water at room temperature for 24 h.

Finally, shear bond strength was tested with a universal
testing machine (TSTM 02500, Elista Ltd Sti, Istanbul,
Turkey) at a cross head speed of 1 mm/min. A shear load
was applied until failure occurred. The results of testing
were entered into a spreadsheet (Excel; Microsoft, Seattle,
WA) for calculation of descriptive statistics. The data were
analyzed by two-way analysis of variance (ANOVA) and
Tukey HSD tests (SPSS/PC, Vers. 10.0; SPSS, Chicago) for
pairwise comparisons among groups (α=0.05).

In order to perform micro-morphologic examination of
ceramic surfaces, one additional specimen from each group
was sputter-coated with gold and analyzed using a scanning
electron microscope (SEM) (LEO 440, Electron Microsco-
py Ltd, Cambridge, UK) at 20 kV. Photomicrographs of
representative areas for the surface treatments applied on
ceramic groups were obtained at 1,000× magnification.

Results

The mean surface roughness values of the three surface
treatment groups were as follows: air abrasion (2.33±0.28),
acid etching (0.71±0.16), and laser irradiation (0.46±0.27).
As seen in Table 1, two-way ANOVA indicated that surface
roughness was significantly affected by surface treatments
(p<.001). Tukey honestly significant difference (HSD)
indicated that the air -abrasion group had a significantly

higher mean value (p<.05) than the other groups. No
significant difference was found between the acid-etching
and laser-irradiation groups (p>.05) (Fig. 1).

The mean shear bond strength values of the three
surface-treatment groups were as follows: air abrasion
(84.72±2.46), acid etching (59.33±3), and laser irradiation
(58.99±5.77). As seen in Table 2, two-way ANOVA
indicated that shear bond strength was significantly affected
by surface treatments (p<.001). Tukey HSD indicated that
the air -abrasion group had a significantly higher mean
value (p<.05) than the other groups. No significant
difference was found between the acid -etching and laser-
irradiation groups (p>.05) (Fig. 2).

SEM photographs of the porcelain surfaces treated by the
different surface-treatment techniques are presented in Figs. 3,
4, and 5. The surface of the air-abrasion group appeared
rough compared to that of the acid-etching group. The SEM
image of the laser irradiation surface appeared to be
relatively smooth compared to the images of other groups.

Discussion

Creating an effective micro-roughness on ceramic surfaces
is crucial for an adequate retention of ceramic restorations
[19, 20]. This study demonstrated an alternative ceramic
etching pattern by laser treatment in comparison to
conventional HF conditioning [21]. Although many
studies have investigated the effects of laser on enamel
surfaces [3, 22–24], its effect on porcelain surfaces still
remains unknown. SEM analysis showed conchoidal
irregularities on the irradiated porcelain surface. It was
hypothesized that these irregularities enhance mechanical
retention between resin composite and porcelain [25]. The
indication of the study is that laser irradiation and acid
etching showed similar surface roughness and bond
strength values between porcelain and composite resin.
The air-abrasion method created rougher surfaces than the
other surface-treatment methods (laser irradiation, acid
etching) and showed the highest shear bond strength
values. Wood et al. [13] recommended that sandblasting
be the most effective surface treatment for In Ceram
Alumina ceramic. Ersu et al. [18] demonstrated that the
air-abrasion method provides rougher surfaces than laser
irradiation and acid etching, which is in agreement with
our study.

Fig. 1 Surface roughness of each surface-treatment group

Effect df Sum of squares Mean square F value p value

Between groups 2 5228,87 2614,43 161,93 0.000

Within groups 33 532,799 16,14

Total 35 5761,67

Table 2 Results of two-way
analysis of variance for shear
bond strength
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In this study, shear bond strength test was used, a
commonly used bond strength test which is fast and easy to
perform and also reflects the clinical situation. Shear bond
strength tests are more appropriate for evaluating the
adhesive capabilities of resin agents to ceramics [26].

Acid etching with solutions of hydrofluoric acid (HF) or
ammonium bifluoride can achieve proper surface texture and
roughness [9, 27–30]. In the procedure, the glassy matrix is
selectively removed, and crystalline structures are exposed.
Crystals influence the formation of micro-porosities. In a
study performed by Szep et al. [31], it was found that HF
acid leaves an amorphous precipitate of fluoride on tooth
structures, which may influence caries resistance and
bonding interaction that acid etching creates. Some low-
fusing ceramics and glass ceramics contain minimal amounts
of leucite crystals, which may inhibit the formation of highly
retentive micro-porosities with HF acid etching [32].

Nd:YAG laser irradiation has been proposed for surface
modification, so a glazed surface layer on ceramics will be
formed [33]. Osorio et al. [19] evaluated the effect of different
surface treatments (Sandblasting, Nd:YAG laser irradiation,
Rocatec system) on In-Ceram Alumina roughness. They
selected 2 W (100 mJ=pulse at 15 Hz) output power for

laser irradiation in their AFM (Atomic Force Microscope)
study and found similar topographic AFM images for all
surface treatments. Li et al. [21] reported that there were no
significant differences in the shear bond strength of a
composite resin to ceramic after Nd:YAG laser irradiation at
power outputs of either 0.9 W (60 mJ=pulse at 15 Hz) or
1.2 W (80 mJ=pulse at 15 Hz). In the present study, 2-W
output power (100 mJ=pulse at 20 Hz) was used for laser
irradiation. Laser irradiation promoted a favorable retention
pattern for bonding with resin cement on tested ceramic
surfaces, but roughness values were similar to the acid-etched
surfaces. Li et al. [21] found that the pulsed Nd:YAG laser
could replace the etching method to pretreat the fracture
porcelain surfaces for bonding with composite resin at
appropriate energy parameters. Akyıl et al. [34] reported that
shear bond strength after HF acid etching is more effective
than Nd:YAG laser etching. SEM analysis revealed that when

Fig. 4 SEM photomicrograph of the ceramic-applied acid etching

Fig. 5 SEM photomicrograph of the ceramic applied air abradedFig. 3 SEM photomicrograph of ceramic irradiated with Nd:YAG laser

Fig. 2 Shear bond strength of each surface-treatment group
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HF acid was applied after laser irradiation, the fissures and
cracks were larger than seen on the only laser-irradiated
surfaces, and the shear bond strength after laser irradiation
could be increased by HF acid etching. In the present study,
there were no significant differences between laser irradiation
and HF acid etching.

Excessive air abrasion induces chipping or a high loss of
ceramic material and is therefore not recommended for
cementation of silica-based and feldspathic all ceramic
restorations [35, 36]. Clinicians should consider the
relatively weak bond when preparing ceramic restorations
for bonding, although the surface may be more retentive
than polished or glazed surfaces. In a study by al Edris et al.
[37], a noticeably different chemical etchant efficacy was
observed between the glazed and air-abraded dental
ceramics. Lacy et al. [38] showed that air abrasion provides
sufficient bond strengths. Also in the current study, air-
abrasion specimens showed the highest surface roughness
and shear bond strength values. SEM analysis showed that
air-abraded specimens showed an irregular or hollowed
appearance compared to the morphology of the laser-
irradiated and acid-etched surfaces. Ersu et al. [18] found
that air abrasion created a rougher surface, but it did not
enhance bond strength. This may be due to the fact that air
abrasion creates surface irregularities without micro-
mechanical retention. Wood et al. [13] reported that air
abrasion created surface irregularities without undercuts;
therefore, the bond strength may be reduced after prolonged
periods.

The differences in composition and microstructure of
all ceramic restorations might be an important factor in
obtaining effective bond strengths between the ceramic
and teeth. Self-adhesive cement systems have been
proposed for luting ceramic-based restorations [6]. The
matrix of these systems consists of multifunctional acid
methacrylates that should react with the substrate and
contribute to the adhesion mechanism [39], but these
porcelain surfaces require a pretreatment [18, 19, 40]. To
attain a strong resin bond, micro-mechanical interlocking
to ceramic surface is desired, and it requires surface
roughening and cleaning for adequate surface interaction
[18, 19, 41]. Even though, Hummel et al. and Won-suck et
al. [42, 43] postulated that shear bond strength improves
with abraded surfaces, which is in agreement with our
study. The current study revealed that there was a
relationship between surface roughness and shear bond
strength for feldspathic ceramics. A limitation of the
present study is that no combined effects of higher acid
concentrations and different power settings for laser
irradiations were observed. Future research is required to
evaluate the effect different power settings and durations
for laser applications have on ceramic surfaces for
obtaining optimum bond strength and roughness values.

Conclusions

This study demonstrated an alternative ceramic etching
pattern by laser treatment in comparison to conventional
HF conditioning. The results of this study showed that;

1. The air-abrasion method created rougher surfaces than
the other surface-treatment methods (laser irradiation,
acid etching) (0.05). There were no significant differ-
ences between Nd:YAG laser irradiation and HF acid
etching on surface roughness (0.05).

2. The air-abrasion method showed the highest shear bond
strength values (0.05). There were no significant
differences between Nd:YAG laser irradiation and HF
acid etching on shear bond strength (0.05).

3. Shear bond strength was significantly affected by
surface treatments.

Acknowledgements We thank Numan Duran for language editing.

References

1. Piconi C, Maccauro G (1999) Zirconia as a ceramic biomaterial.
Biomaterials 20:1–25

2. Atsu SS, Kilicarslan MA, Kucukesmen HC, Aka PS (2006) Effect
of zirconium-oxide ceramic surface treatments on the bond
strength to adhesive resin. J Prosthet Dent 95:430–436

3. Martinez-Insua A, Da Silva DL, Rivera FG, Santana-Penin
UA (2000) Differences in bonding to acid-etched or Er:YAG
laser treated enamel and dentin surfaces. J Prosthet Dent
84:280–288

4. Borges GA, Sophr AM, de Goes MF, Correr L, Chan DCN (2003)
Effect of etching and air borne particle abrasion on the
microstructure of different dental ceramics. J Prosthet Dent
89:479–488

5. Blatz MB (2004) Cementation of zirconium-oxide ceramic
restorations. Pract Proced Aesthet Dent 16:14

6. De Oyague RC, Monticelli F, Toledano M, Osorio E, Ferrari M,
Osorio R (2009) Influence of surface treatments and resin cement
selection on bonding to densely-sintered zirconium–oxide ceram-
ic. Dent Mater 25:172–179

7. Kumbuloglu O, Lasssila LVJ, User A, Vallitu PK (2006) Bonding
of resin composite luting cements to zirconium oxide by two air-
particle abrasion methods. Oper Dent 31:248–255

8. Akgungo RG, Sen D, Aydin M (2008) Influence of different
surface treatments on the short-term bond strength and durability
between a zirconia post and a composite resin core material. J
Prosthet Dent 99:388–399

9. Sorensen JA, Engelman MJ, Torres TJ, Avera SP (1991) Shear
bond strength of composite resin to porcelain. Int J Prosthodont
4:17–23

10. Aida M, Hayakawa T, Mizukawa K (1995) Adhesion of
composite to porcelain with various surfaces conditions. J
Prosthet Dent 73:464–470

11. Piascik JR, Swift EJ, Thompson JY, Grego S, Stoner BR (2009)
Surface modification for enhanced silanation of zirconia ceramics.
Dent Mater. Epub ahead of print

12. Wang H, Aboushelib MN, Feilzer AJ (2008) Strength influencing
variables on CAD/CAM zirconia frameworks. Dent Mater
24:633–638

Lasers Med Sci (2011) 26:599–604 603



13. Wood DJ, Bubb NL, Millar BJ, Dunne SM (1997) Preliminary
investigation of a novel retentive system for hydrofluoric acid
etching resistant dental ceramics. J Prosthet Dent 78:275–280

14. Arcoria CJ, Lippas MG, Vitasek BA (1993) Enamel surface
roughness analysis after laser ablation and acid-etching. J Oral
Rehabil 20:213–224

15. Corpas-Pastor L, Villalba Moreno J, de Dios Lopez-Gonzalez
Garrido J, Pedraza Muriel V, Moore K, Elias A (1997) Comparing
the tensile strength of brackets adhered to laser-etched enamel vs.
acid-etched enamel. J Am Dent Assoc 128:732–737

16. Atrill DC, Farrar SR, King TA, Dickinson MR, Davies RM,
Blinkhorn AS (2000) Er:YAG (λ=2.94 μm) laser etching of
dental enamel as an alternative to acid etching. Lasers Med Sci
15:154–161

17. Usumez A, Aykent F (2003) Bond strengths of porcelain laminate
veneers to tooth surfaces prepared with acid and Er, Cr:YSGG
laser etching. J Prosthet Dent 90:24–30

18. Ersu B, Yuzugullu B, Yazici AR, Canay S (2009) Surface
roughness and bond strengths of glass-infiltrated alumina-
ceramics prepared using various surface treatments. J Dent 37
(11):848–856

19. Osorio E, Toledano M, Silveira BL, Osorio R (2009) Effect of
different surface treatments on In-Ceram Alumina roughness. An
AFM study. J Dent

20. DellaBona A, Anusavice KJ, Shen C (2000) Microtensile strength
of composite bonded to hot-pressed ceramics. J Adhes Dent
2:305–313

21. Li R, Ren Y, Han J (2000) Effects of pulsed Nd:YAG laser
irradiation on shear bond strength of composite resin bonded to
porcelain. Hua Xi Kou Qiang Yi Xue Za Zhi 18:377–379

22. Ariyaratnam MT, Wilson MA, MackieI C, Blinkhorn AS (1997) A
comparison of surface roughness and composite/enamel bond
strength of human enamel following the application of the Nd:
YAG laser and etching with phosphoric acid. Dent Mater 13:51–
55

23. Von Fraunhofer JA, Allen DJ, Orbell GM (1993) Laser etching of
enamel for direct bonding. Angle Orthod 63:73–76

24. Walsh LJ, Abood D, Brockhurst PJ (1994) Bonding of resin
composite to carbon dioxide laser-modified human enamel. Dent
Mater 10:162–166

25. Akova T, Yoldas O, Toroglu MS, Uysal H (2005) Porcelain
surface treatment by laser for bracket-porcelain bonding. Am J
Orthod Dentofacial Orthop 128:630–637

26. Della Bona A, van Noort R (1995) Shear vs. tensile bond
strength of resin composite bonded to ceramic. J Dent Res
74:1591–1596

27. Bailey LF, Bennet RJ (1988) DICOR surface treatments for
enhanced bonding. J Dent Res 67:925–931

28. Wolf DM, Powers JM, O’Keefe KL (1992) Bond strength of
composite to porcelain treated with new porcelain repair agents.
Dent Mater 8:158–161

29. Chen JH, Matsumura H, Atsuta M (1998) Effect of different
etching periods on the bond strength of a composite resin to a
machinable porcelain. J Dent 26:53–58

30. Chen JH, Matsumura H, Atsuta M (1998) Effect of etchant,
etching period, and silane priming on bond strength to porcelain
of composite resin. Oper Dent 23:250–257

31. Szep S, Gerhardt T, Gockel HW, RuppelM,Metzeltin D, Heidemann
D (2000) In vitro dentinal surface reaction of 9.5% buffered hydro
fluoric acid in repair of ceramic restorations: a scanning electron
microscopic investigation. J Prosthet Dent 83:668–674

32. Kamada K, Yoshida K, Atsuta M (1998) Effect of ceramic surface
treatments on the bond of four resin luting agents to a ceramic
material. J Prosthet Dent 79:508–513

33. Schmage P, Nergiz I, Herrmann W, Ozcan M (2003) Influence of
various surface conditioning methods on the bond strength of
metal brackets to ceramic surfaces. Am J Orthod Dentofacial
Orthop 123:540–546

34. Akyıl MS, Yılmaz A, Karaalioğlu OF, Duymuş ZY (2009) Shear
bond strength of repair composite resin to an acid-etched and a
laser-irradiated feldspathic ceramic surface. Photomed Laser Surg.
Epub ahead of print

35. Calamia JR (1985) Etched porcelain veneers: the current state of
the art. Quintessence Int 16:5–12

36. Kern M, Thompson VP (1994) Sandblasting and silica coating of
a glass infiltrated alumina ceramic: volume loss, morphology, and
changes in the surface composition. J Prosthet Dent 71:453–461

37. Al Edris A, al Jabr A, Cooley RL, Barghi N (1990) SEM
evaluation of etch patterns by three etchants on three porcelains. J
Prosthet Dent 64:734–739

38. Lacy AM, La Luz J, Watanabe LG, Dellinges M (1988) Effect of
porcelain surface treatment on the bond to composite. J Prosthet
Dent 60:288–291

39. De Munck J, Vargas M, Van Landuyt K, Hikitaa K, Lambrechts P,
Van Meerbeek B (2004) Bonding of an auto-adhesive luting
materials to enamel and dentin. Dent Mater 20:963–971

40. Ozcan M, Vallittu PK (2003) Effect of surface conditioning
methods on the bond strength of luting cement to ceramics. Dent
Mater 19:725–731

41. Semmelmann JO, Kulp PR (1968) Silane bonding porcelain teeth
to acrylic. J Am Dent Assoc 76:69–73

42. Hummel M, Kern M (2004) Durability of the resin bond strength
to the alumina ceramic Procera. Dent Mater 20:498–508

43. Won-suck O, Shen C (2003) Effect of surface topography on the
bond strength of a composite to three different types of ceramic. J
Prosthet Dent 90:241–246

604 Lasers Med Sci (2011) 26:599–604


	The effect of different surface treatments on roughnessand bond strength in low fusing ceramics
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


