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ABSTRACT
Background: Lithium disilicate ceramic has received tremendous popularity in dentistry, especially in the fabrication of laminate veneers. 
However, adequate surface treatment is seminal to the overall longevity of the laminate veneers. The most commonly employed surface altering 
methods are alumina abrasion and hydrofluoric acid etching. Hence, the purpose of this study was to gauge the alterations in the mechanical 
properties of lithium disilicate ceramic upon alumina air abrasion, hydrofluoric acid etching and a combination of both.
Materials and Methodology: Circular specimens measuring 15mm diameter by 2 mm thickness were fabricated with lithium disilicate ceramic. 
Further, divided into four groups based on the employed surface treatment upon the specimens. Microtopography of the specimens were visualized 
under scanning electron microscope. Surface roughness and biaxial flexural strength were determined using a profilometer and universal testing 
machine respectively.
Results: Microphotographs revealed surface alterations post treatment. The data were analyzed using one–way ANOVA and tukey's test (p-
value<0.05). A significant deterioration in the biaxial flexural strength and enhanced surface roughness was identified with all the surface 
treatments.
Conclusions: HF etching produced optimum surface roughness with least reduction in flexural strength. Clinically, 5%HF etching for 20 seconds 
can be recommended as a surface treatment of choice for ceramic laminates.
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Introduction 
Porcelain veneers present a conservative means of improving 
aesthetics or modifying contour, eliminating the need of a full crown. 
Currently, porcelain laminate veneer is most often considered as the 

1treatment of choice for anterior teeth.  Also, all-ceramic restorations 
have gained popularity among clinicians. This could be attributed to 
their superior esthetics and the possibility of conservative tooth 

2preparations.  Among the ceramic laminate materials, lithium 
disilicate (pressable) is commonly used for the fabrication of veneers 
because it provides natural aesthetics and and excellent mechanical 

3properties.

Porcelain veneer is a thin shell of porcelain which is bonded to a 
minimally prepared tooth surface. This bonding is primarily achieved 
with dental adhesives and resin cement.4 Hence, it is imperative to 
enhance the surface area of porcelain laminate veneer available for 
bonding to the tooth structure. This is accomplished primarily by any 
of the two methods viz sandblasting with alumina particles and 
hydrofluoric acid etching.  Both of these surface treatments have 
demonstrated the ability to alter the morphologic topography and 
mechanical properties of the laminate ceramic material. Various 
authors have suggested that the resultant micro-porosities induced by 
these surface treatments were responsible for an increased surface area 
of porcelain which created undercuts that enhanced the adhesive bond 

5,6 strength to the composite resin.

Sandblasting substantially increase the surface area and enhance the 
potential for micromechanical retention, and increases the bond 

7strength of the ceramic veneer on the tooth.  Few of the manufacturers 
of lithium disilcate based ceramic veneer recommends a very specific 
etching time of only 20 seconds with 5% HF.8,9  This study is an 
attempt to understand the influence of alumina abrasion, HF etching 
and and a combination of both on lithium disilicate (pressable) 
laminate material; with the primary focus on the changes in surface 

topography, surface roughness and biaxial flexural strength of the 
pressable ceramic material. Also, to appreciate the potential of each as 
a surface treatment of choice for clinical application. 

Methodology 
Fabrication of lithium disilicate IPS Empress pressable specimens:   

Forty five wax patterns measuring 15 mm diameter and  2 mm 
thickness were obtained using the same vinyl polysiloxane mould, 
which were sprued and invested in phosphate bonded investment 
(HINRIVEST KB, Germany) using a size 1 ring. 100 g of powder was 
mixed with 28 ml of pure Ernst Hinrichs GmbH Rapid cure Investment

Fig.1 Ceramic specimens 
liquid and was allowed to set for 45 minutes. The mould was prepared 
using the lost wax technique. For the burnout, the ring was placed in the 
furnace where it was heated from 200oC to 900oC in 1 hour and 
maintained at the latter temperature for 30 min. Meanwhile, the 
pressing furnace was preheated to 700oC for 45 minutes.  IPS Empress 
Ceramic ingots (IPS Emax Press, Ivoclar Vivadent, Germany) and the 
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plunger were then heated in the burnout furnace for 5-10 minutes. The 
heated ingots and plunger were introduced in the heated mould and 
placed in the pressing furnace. The temperature was increased at the 
rate of 60oC per minute till it reached 1075oC and was maintained for 
20 minutes. At the end of this cycle the plunger pushed the ingots into 
the mould which was completed in 6-7 minutes. The ring was then 
placed under the fan for cooling for a period of 45 minutes.  The 
ceramic casting was divested to retrieve the pressable ceramic discs 
(Fig 1). Polishing was carried out using noritake polishing paste and 
rubber wheel. 

Specimens were surface treated as tabulated in table I. pC was the 
control group. Group pS were alumina air abraded in a sandblaster 
(EASYBLAST, BEGO, and Germany). Alumina particle size of 50µm 
was propelled towards the ceramic surface under 20psi air pressure 
from a distance of 2cm. The distance between the nozzle and surface 
was standardized with the help of a custom made tool.10 Group pE 
were etched with 5% hydrofluoric acid for 20 (PULPDENT 
PORCELAIN ETCH GEL; Pulpdent Corp). Group pSE specimens 
were exposed to alumina abrasion followed by HF etching.

After surface treatment all the specimens were washed thoroughly in 
running water and then placed in an ultrasonic cleaner for 10 minutes. 
Each disc was dried with a tissue paper and hot air for 1 minute. 

Scanning electron microscopy analysis
In order to perform a qualitative micromorphologic examination of 
ceramic surface one specimen from each of the group was sputter-
coated with gold (fig 2)  and analyzed using a scanning electron 
microscope SEM (-Fujitu DX 2100, Cambridge Instruments, UK) . 
Photomicrographs of representative areas for the surface treatments 
carried out on ceramic surface were obtained under magnification of 
1.00 K.

Fig.2 Gold–sputtered specimens

Surface roughness analysis
A contact profilometer (Wyko NT1100, Veeco,UK ) was used for the 
evaluation of surface roughness(Ra values). The specimens were 
placed below the stylus of the profilometer and the stylus was moved 
for a specified distance of 1.5mm in one direction followed by a second 
direction perpendicular to the first, again for 1.5mm. A standardized 
contact force was of 15gms was used. An analogue signal was 
generated with the change in position of the diamond stylus, which was 
converted into a digital signal, stored, analyzed and displayed. The 
average surface roughness was stored as Ra value in millimeters.

Biaxial flexural strength testing
It is the most reliable and widely employed method to assess the 
strength of brittle materials. Strength of the ceramic discs was 
determined by the ball-on-ring test method, using a universal testing 
machine (Instron 6022; Instron Limited, High Wycombe, United 
Kingdom) at a cross-head speed of 0.5mm/min at a room temperature 
of 25°C. Specimens were sequentially placed on a support with a span 
of 10mm for a ball on ring test to determine the flexural strength. A 
flexural load was applied at the midpoint of each supported specimen 
using a universal testing machine (Model 6025 Instron, UK) at a 
crosshead speed of 5mm per minute. The flexural strength was 
recorded in MPa. The center of each disk was marked as the correct 

11place for the loading ball before testing.

Results and Statistical Analysis
SEM analysis showed that the surface treatments altered the surface 

topography of the ceramic in comparison to the control group (fig 3). 
This alteration was primarily in the form of shallow to deep 
irregularities which were not evident in the control. Loss of surface 
structure was also evident with sandblasted specimens (fig 4).

Fig.3 SEM - Control

Fig.4 SEM – Sandblasted
Table I: Surface treatment and results obtained

A porous surface of variable-sized porosities was seen with HF
treated specimens (fig 5). Specimens which were alumina abraded and 
later etched with hydrofluoric acid revealed prominent deep porosities 
(fig 6). The mean surface roughness (Ra) and 

bi-axial flexural strength are presented in table I. One way ANOVA and 
tukey's test were used to find out the statistical significance (P<0.05) 
among the tested groups.

Discussion
An important factor responsible for the longevity of the laminate is the 
bonding of the laminate to the tooth surface. The intaglio surface of the 
laminate ceramic is modified in order to enhance the   surface  
available  for  bonding. All the groups under investigation suffered 
from a substantial inevitable reduction of strength along with an 
increase in surface roughness. In this study,

Fig.5 SEM – HF acid etched

Fig.6 SEM – Combination 

the degradative effect of surface treatments on the mechanical 

Groups Surface treatment M e a n  s u r f a c e 
r o u g h n e s s / R a 
value  ±  SD (µm)

M e a n  F l e x u r a l 
strength ±  SD (MPa)

Pc Control 1.84 ± 0.24 81.19 ± 2.24

Ps 50 µm,20psi,5cm 3.10 ± 0.43 64.18 ±  2.62

Pe 5%HF, 20 sec 2.99 ± 0.26 70.59 ±  1.98

Pse Combination
(50 µm,20psi,5cm 
+ 5%HF, 20 sec)

3.08 ± 0.56 60.10 ±  2.52
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properties of the laminate ceramic material is in accordance with the   
published   literature.10,12 The   observed   reduction    in   the 
bi-axial flexural strength can be attributed to the loss of  ceramic 

12structure.

 The combination of various parameters of alumina abrasion used in 
this study was based on the findings of a previous study.10 50µm 
alumina particle size, 20psi air stream pressure and 2cm distance 
between the nozzle and the ceramic surface was the recommended 
combination of alumina abrasion parameters which produced 
optimum surface roughness with reduced loss of flexural strength of 
ceramic.10 Alumina particle air abrasion resulted in the creation of a 
radically altered surface texture when  compared to the control 

13surface.  Hydrofluoric acid etching induces topographical changes, 
dissolution of the glassy phase of ceramic at higher concentrations and 
thereby enhances the micromechanical retention and the bond with the 

14,15,16resin cements.  The variation in the mean biaxial strength among 
the experimental groups can be primarily attributed to stress 
concentration caused by roughness, surface defects, or internal 

17stresses.  The present study showed that acid etched specimens 
exhibited  higher flexural strength than the samples which were 
subjected to alumina particle abrasion or their combination.  

Fig.7 Mean surface roughness

Fig.8 Mean flexural strength
Morphological alterations in the form of pits, grooves and other 
surface irregularities were observed on SEM

18evaluation of the specimens.   Many authors have also documented 
19,20similar results in their studies.

Conclusions
In the current study of the influence of alumina particle abrasion, HF 
etching and combination of both on the properties of lithium disilicate 
ceramic material, a significant deterioration in the biaxial flexural 
strength was identified with all the surface treatments. However, the 
effect was the least with HF etching compared to alumina abrasion or 
their combination. This difference in the mean biaxial flexural strength 
was found to be statistically significant. 

A definitive increase in surface roughness and alteration in surface 
topography in the form of shallow to deep irregularities, pits and 
grooves was facilitated by the surface treatments employed. However, 
the differences in surface roughness induced by various surface 
treatments were not statistically significant. HF etching produced 

optimum surface roughness with least reduction in flexural strength. 

 Within the limitations of this study, it can be concluded that, clinically, 
5%HF etching for 20 seconds can be recommended as a surface 
treatment of choice over alumina abrasion in order to enhance the 
surface area of a laminate ceramic to improve the bonding with the 
cement and the underlying tooth structure.

References
1. Walls WG, Steele JG, Wassell RW. Crowns and other extra-coronal restorations: 

Porcelain laminate veneers. Br Dent J. 2002;193(2):73-6, 79-82
2. Rosenstiel SF, Land MF, Fujimoto J. Contemporary fixed prosthodontics. 4th ed. St 

Louis: Elsevier Health Sciences; 2006. pp.909-25
3. El-Meliegy E., Van Noort R. Glasses and Glass Ceramics for Medical Applications, 

Springer, New York, NY, USA, 2012.
4. Peumansa  M, Meerbeeka BV, Yoshidaa Y, Lambrechtsa P, Vanherlea G. Porcelain 

veneers bonded to tooth structure: an ultra-morphological FE- SEM examination of the 
adhesive interface. Dental Materials 1999;15:105–11

5. Ozcan M, Alander P, Vallittu PK, Huysmans MC, Kalk W. Effect of three surface condi- 
tioning methods to improve bond strength of particulate filler resin composites. J Mater 
Sci Mater Med 2005;16:21-7.

6. Darwell BW. Material science for dentistry. 7th ed. Hong Kong; 2002.p 408-10 
7. Dunne S M, Millar B J. A longitudinal study of the clinical performance of porcelain 

veneers. Br Dent J 1993; 175: 317-21.
8. Pisani-Proenca J, Erhardt MC, Valandro LF, et al. Influence of ceramic surface 

conditioning and resin cements on microtensile bond strength to a glass ceramic. J 
Prosthet Dent. 2006;96:412-7 

9. Kim JS, Hwang HS, Jeong CM, et al. A study on the bond strength of resin cements to 
Empress 2 ceramic. J Korean Acad Prost. 2001;39:184-96 

10. Aswal GS, Nair CK, Effects of various alumina air abrasion parameters on mechanical 
properties of low-fusing feldspathic porcelain laminate material. South African dental 
journal 2015;70(4):150-55 

11. Monmaturapoj N, Lawita P, Thepsuwan W. Characterisation and Properties of Lithium 
Disilicate Glass Ceramics in the SiO2-Li2O-K2O-Al2O3 System for Dental 
Applications. Advances in Materials Science and Engineering, 20132013. 
doi:10.1155/2013/76383

12. Addison O, Marquis PM, Fleming GJP. Impact of modifying alumina air abrasion 
parameters on the fracture strength and surface roughness of a porcelain laminate 
restorative material. Dent Mater 2007;23:1332-41.

13. Fleming GJP, Shelton RM, Marquis PM. Quantifying the strength of a resin-coated 
dental ceramic, J Dent Res 2008; 87(6):542-7.

14. Brentel AS, Ozcan M, Valandro LF, Alarca LG, Amaral R, Bottino MA. Microtensile 
bond strength of resin cement to feldspathic ceramic after different etching and 
silanization regimens in dry and aged conditions. Dent Mater 2007, 23(11):1323-31

15. Stangel I, Nathanson D, Hsu CS. Shear strength of the composite bond to etched 
porcelain. J Dent Res 1987; 66: 1460-5. 

16. Al Edris A, Al Jaber A, Cooley RL, Barghi N. SEM evaluation of etched patterns by three 
etchants on three porcelains. J Prosthet Dent 1990; 64:734-9.

17. Albakrya M, Guazzatoa M, Swaina MV. Effect of sandblasting, grinding, polishing and 
glazing on the flexural strength of two pressable all-ceramic dental materials, Journal of 
Dentistry 2004; 32:91-9

18. Ayad MF, Fahmy NZ, Rosenstiel SF. Effect of surface treatment on roughness and bond 
strength of a heat-pressed ceramic. J Prosthet Dent 2008;99:123-30

19. Sakaki T, Fukushima T, Kawai S, Matsumo- to M. Effect of physical properties of direct 
bonding adhesives on bonding to etched enamel. J Prosthet Dent 1994;71:552

20. Stacey GD. A shear stress analysis of the bonding of porcelain veneers to enamel. J 
Prosthet Dent 1993; 70:395-402.  

International Journal of Scientific Research 59

PRINT ISSN No 2277 - 8179 


