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INTRODUCTION

Abstract:

Statement of Problem: Ceramics as in ceramo-metalic and al ceramic tooth
restorations have grown popular owing to their high tissue compatibility and esthetic
advantages. Such restorations have the capability to deliver valuable services over a
long period of time; however, failures under intraoral conditions are not unanticipated.
Purpose: The purpose of this in-vitro study was to investigate the shear bond strength
of composite resin to porcelain using different bonding system materials.

Materials and Methods: In this experimental study forty porcelain blocks were
prepared and randomly divided into four equal groups. The porcelain surfaces were then
etched with HF for 2 minutes, washed with water for 2 minutes and treated with a silane
layer. The silane treated porcelain surfaces were left for one minute and then the
specimens were bonded to composite resin as follow:

Group 1 (control group), hybrid composite 2100 was applied and light cured from four
directions for 20 seconds. Group 2, flowable composite was applied and light cured for
20 seconds. Group 3, unfilled resin was used and photo cured for 20 seconds. Group 4,
(Dentin bonding agent) adhesive resin was used followed by 20 seconds photo curing.
Hybrid composite resin Z100 was subsequently applied on all porcelain surfaces of
groups 2, 3 and 4, and light cured for 20 seconds from four directions. Specimens were
then subjected to thermocycling 1000 times. Shear bond strength was determined by a
Universal testing machine. The data obtained was subjected to a one-way ANOVA test.
Results: The results indicate that there is a statistically significant difference between
adhesive group and the other three groups of hybrid, flowable and unfilled resin
(P<0.05).

Conclusion: The results from this study showed that the shear bond strength of
composite resin to porcelain was significantly higher for porcelain bonded surfaces
using adentin bonding agent than that of other material s tested.
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adaptable.

Dental porcelains must possess certain special
properties in order to be an appropriate
surrogate for destroyed or missing natural
tooth structure. More importantly, they should
provide sufficient strength and toughness; they
should also prove to be morphologicaly
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Biocompatibility along with presenting the
most appropriate shade and translucency
similar to that of natural tooth are considered
as other obligatory properties[1].

The most important characteristic feature of
Porcelain is its strength and a lot of attempts
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have recently been made to enhance porcelain
structural durability.

Porcelain compressive strength is high and its
elastic modulus is aso relatively gredt,
however, it's tensile and shear strengths are
low contributing to the low flexibility [2]. The
most important reason for ceramic failure is
low tensile strength; where as in the alumina-
reinforced ceramics, due to the high tensile
strength, this problem has been resolved.
Crown failures may be attributed by the
deepening of minute cracks that frequently
appear on porcelain surface after firing. It
should be mentioned that these cracks are
formed due to thermal stresses, surface
porosity, abrasion, moist etc. during the final
crown glaze and can not be seen by naked
eye[3].

Numerous techniques have been developed to
strengthen porcelain such as treating porcelain
surface with hydrofluoric acid. The great part
of porcelain structure consists of silica; acidic
ions penetrate into Si-O framework creating
ten thousand (10,000) micro porosities/mm?,
in a honey comb appearance. Then, fluoride
ions attack the Si-O framework resulting in the
production of water soluble fluorosilicate [4].
Most investigators have emphasized on
etching with HF as the most effective
technique for porcelain surface treatment [5].
There is a difference between etchings of
various ceramic restorations. Al,O; as a
ceramic is dightly etched [6]. The differences
among ceramic materials depend highly on
their composition and preparation techniques.
Ceramics containing large quantities of
alumina and zirconia are not efficiently etched
with hydrofluoric acid [7].

For example, Incream of 85% alumina and
Porcera crowns of 99% alumina are not
properly etched with HF [8, 9].

SEM observations have revealed that porcelain
feldspar etched with 10% hydrofluoric acid for
2.5 minutes creates a suitable substructure for
composite to porcelain  bond  strength.

Porcelain etched for 2.5 minutes would result
in bond strength 2 to 3 times more than that of
20 minutes [10].

In a study on phosphoric acid effects was
compared with HF, SEM examinations
indicated that phosphoric acid does not exert
any etching effect on porcelain [11].

Silane is considered as the most appropriate
material to promote composite to porcelain
bond strength. Applying a silane compound to
surfaces to be repaired increases the bonding
strength up to 25%, leading to a chemical
bond [8,12].

Silane application on porcelain etched surfaces
generates a strong and durable bond between a
composite resin and a porcelain substrate [13].

The purpose of this study was to investigate
the composite resin repair of porcelain using
different bonding system materials.

MATERIALSAND METHODS

In this experimental study forty feldspar
porcelain square blocks (Ceramco, Colorlogic,
Veneer Porcelain, USA) were prepared and
randomly divided into four equal groups.
Following this, the ground porcelain surfaces
were conditioned with 9.5% hydrofluoric acid
for two minutes, washed with water and dried
with compressed air for 30 seconds.

Then, a silane layer (Scotch Bond Ceramic
Primer, 3M ESPE dental products, USA) was
applied to the surfaces to be repaired for one
minute to react with the porcelain etched
surfaces. In group 1, prepared molds (5mm in
length and 3mm in diameter) were filled with
Z100 hybrid composite (3M ESPE dental
products) and were positioned against the
porcelain surface. Photo-polymerization was
achieved by directing the light toward the
porcelain square surfaces for 20 seconds each.

In group 2, on conditioned porcelain blocks, a
flowable composite resin layer (Filter Flow,
3M ESPE denta product) 0.5 mm in diameter
was placed and light cured for 20 seconds.
Then Z100 hybrid composite resin was used
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and photo cured similar to the group one.

In group 3, a layer of unfilled resin (Colten,
Switzerland) was applied to the conditioned
porcelain surfaces with an applicator sponge,
thinned with a gentle stream of forced air and
polymerized by 20 seconds of light exposure.
Composite resin, smilar to the group 1, was
then applied and light cured.

In group 4, on conditioned porcelain surfaces,
adhesive resin (Scotch bond multi purpose,
3M ESPE dental products) was applied with
an applicator sponge, thinned with a gentle
stream of air and polymerized for 20 seconds.
Then, likewise, hybrid composite was applied
and photo cured.

In this study, composite resin, enamel and
dentin bondings were light cured with Astralis
soft start unit which initially emanates a low
energy visible light to reduce polymerization
shrinkage. Following stress releases, an
increase in light energy will occur.

This was an in-vitro single blind type study
meaning that the operator was informed of the
specimens and the applied bonding systems,
wheresas, the evaluator was not furnished with
such information. After polymerization of
composite resin onto the porcelain surfaces,
the specimens were placed in water for 24
hours, and then thermo cycled 1000 times
between baths of water maintained at 5°C and
55°C, 30 seconds for each bath. Time interval
between baths was 10 seconds.

All the specimens were placed in an universa
testing machine (Instron, UK) operating at a
crosshead speed of 5.0 mm/minute.

In order to measure the bond strength,
expressed in MPa, the resultant force in
Newton was divided into the cross-section of
the bonded area.

Finally, stereomicroscopic observation, 40X
magnifications, determined the mode of
failures that occurred during debonding.

The data obtained was then subjected to a one-
way ANOVA test. Tukey- HSD test was used
to compute the differences between the test
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groups.

RESULTS

The shear bond strength data obtained for the
four groups tested are shown in Table I. No
statistically significant differences in the shear
bond strength were found among the first,
second and third group (P>0.05), whereas, the
mean shear bond strength observed for
adhesive group (19.77 MPa) was significantly
higher than that of other three groups (P<0.05)
Stereomicroscopic observation revealed six
cohesive and four adhesive failures in
composite group, five cohesive and five
adhesive failures in flowable composite group,
eight cohesive and two adhesive failures in
unfilled resin group and finally nine cohesive
and one adhesive failure in adhesive group.

DISCUSSION

The results of this study suggest that shear
bond strength of composite resin bonded to
porcelain without using enamel or dentin
bonding systems is acceptable since minimum
required bond strength has been stated 13 MPa
[14]. The present study and a study conducted
by Appeldoom et a [15] both indicated that
with shear bond strength less than 13 MPa, the
cohesive failure pattern of composite resin
changes into adhesive failure mode between
composite resin and porcelain. In this study,
the mean shear bond strength value among
three groups with hydrophobic resin base was
14.5 MPaand that of adhesive group with high
wettability, due to the presence of HEMA, was
19.77 MPa(Tablel).

In one study, it was reported that the most
observed failures in composite resin repairs of
porcelain were of cohesive mode within the
porcelain. Such failures could be related to
flaws in the porcelain substrate that possibly
occurs after the procedure [16]. Based on the
stereomicroscopic examinations (40X
magnifications) in this study, predominant
mode of failure in adhesive resin group (4"
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Table|: Descriptive statistics of minimum, maximum and mean shear bond strengths (in MPa) for groups tested

Sample Minimum Maximum Mean (SD)
Group 1 (Composite) 12.44 17.41 14.80 (1.80)
Group 2 (Flowable composite) 11.94 16.5 14.68 (1.34)
Group 3 (Unfilled resin) 8.71 18.66 14.17 (2.82)
Group 4 Dentin bonding (Adhesive resin) 16.17 24.88 19.77 (2.33)

group) was cohesive as only one adhesive
failure occurred. In flowable composite group,
half of the failures were cohesive and half
were adhesive. Among unfilled resin group,
two adhesive failures and eight cohesive ones
were found. While in hybrid composite group,
four adhesive and six cohesive failures were
observed.

In a study by Eames et a and Kelsey et a all
failures were attributed to adhesive mode [17,
18].

Gregory et a [19] reported that subjecting
composite bonded to porcelain specimens to
prolonged storage and  thermocycling
invariably leads to significant reduction in
shear bond strength (25% to 69%). This loss of
strength may be due to thermal stresses
induced in porcelain leading to a progression
of crack formation which is followed by an
early cohesive failure within the porcelain.
Clinicaly this suggests that removal of
guestionable porcelain  substrate prior to
initiating a composite resin repair is critical
and that this process should be as atraumatic as
possible to minimize further crack formation
within porcelain [16].

In previous studies, it was hypothesized that in
composite resin repair of porcelain procedures,
surface treatment seemed necessary only up to
stage of silane application and using different
kinds of enamel and dentin bonding materials.
However these findings are in contradiction
with the results obtained from the present
study [4].

4

Some investigators believe that silane plays a
relatively more important role than other
agents. Culler et al [20] showed that different
bonding strength value of various repair
systems depend on silane activity and stability.
Diax et a [21] reported that silane application
aone without unfilled resin creates a high
value bonding strength.

In this study regarding silane systems on
hydrated and unhydrated surfaces, a
stetistically ~ significant  difference was
observed for silane bonding strength values
between dried and moist surfaces. In other
words, silane provides a much higher bonding
strength on dried porcelain surfaces comparing
to moist ones confirming the results of the
previous studies.

In the present study, prehydralyzed silane was
applied seemingly to provide a more durable
bond in comparison with silane that is
hydrolyzed due to moisture absorption, heat
treatment and acidic environment.
Conventional silane, such as methacryloxy
propyltrimethoxy silane, change into active
form following the absorption of three water
molecules. The activated silane releases three
methanol molecules that vaporize the water
released in the reaction between silane and
porcelain, whereas in prehydralyzed silane
systems, methanol molecule is not released as
a result of which water from silane and
porcelain reaction would remain.

In concluson, materials applied against
porcelain surface are of high importance.
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Hydrophilic materials containing HEMA,
META or other monomers could increase
bonding strength due to optima resin
penetration into porcelain.

In the present study, the applied adhesive
Scotch bond system consisting of HEMA
(30%-40% in volume) could produce more
durable bond comparing to that of other
systems with hydrophobic resin base [22].
Kelsey et a aso indicates that an adhesive
resin can be used, in all repair cases, following
porcelain surface treatment prior to composite
application. He reported the in-vitro shear
bond strength as 12-25 MPa[18].

Craig states that a strong and durable bond,
approximately 20-40 MPa, between a
composite resin and a porcelain substrate is
generated while using bonding systems
athough this clam violates the finding of
previous studies [23].

CONCLUSION

The mean shear bond strengths after 24 hours
of storage in water and thermocycling, in all
four groups tested were higher than the
minimum required bonding strength (13 MPa).
The results from this study showed that the
shear bond strength of composite resin to
porcelain was significantly higher (P<0.05) for
porcelain bonded surfaces using a dentin bon-
ding agent than that of other materials tested.

REFRENCES

1- Mclean JW. Dental Ceramics Proceeding of the
First International Symposium on Ceramics.
Chicago: Quintessence; 1983.

2- Phillips RW Skinner's. Science of Dental Mate-
rials. 9th ed. Philadel phia: WB Saunders; 1991.

3- Mclean JW. The Science and Art of Denta
Ceramics. Vol 1I. Chicago: Quintessence; 1979.

4- Freedman GA, Mclaughlin GL. Color Atlas of
Porcelain Laminate Veneers. 1st ed. USA:
I shiyaku Euroamerica Inc; 1990.

5- Pameijer CH, Louw NP, Fischer D. Repairing
fractured porcelain: how surface preparation

2005; Vol. 2, No. 1

affects shear force resistance. J Am Dent Assoc.
1996 Feb;127(2):203-9

6- Roulet JF, Degrange. M. Adhesion the silent
revolution in dentistry. 1st ed. Quintessence Int;
1999. Chapt 6: p. 92-100.

7- Roberson T Heymann H. Art and Science of
Operative Dentistry. 4th ed. USA: Mosby; 2002.
Chapt 15: p. 615-30.

8- Giordano R. Dental ceramic restorative systems.
Compend Contin Educ Dent. 1996 Aug;17(8):779-
82, 784-6.

9- McLaren EA. All-ceramic dternatives to
conventional  metal- ceramic  restorations;
Compend Contin Educ Dent. 1998 Mar;19(3):307-
8, 310, 312.

10- Stangel 1, Nathanson D, Hsu CS. Shear
strength of the composite bond to etched porcelain.
JDent Res. 1987 Sep;66(9):1460-5.

11- Aida M, Hayakawa T, Mizukawa K. Adhesion
of composite to porcelain with various surface
conditions. J Prosthet Dent. 1995 May;73(5):464-
70.

12- suliman AH, Swift EJ Jr, Perdigao J. Effects
of surface treatment and bonding agents on bond
strength of composite resin to porcelain. J Prosthet
Dent. 1993 Aug;70(2):118-20.

13- Barghi N. To silanate or not to silanate:
making a clinical decision. Compend Contin Educ
Dent. 2000 Aug;21(8):659-62.

14- Thurmond JW, Barkmeier WW, Wilwerding
TM. Effect of porcelain surface treatments on bond
strengths of composite resin bonded to porcelain. J
Prosthet Dent. 1994 Oct;72(4):355-9.

15- Appeldoorn RE, Wilwerding TM, Barkmeier
WW. Bond strength of composite resin to
porcelain with newer generation porcelain repair
system. J Prosthet Dent. 1993 Jul;70(1):6-11.

16- Chadwick RG, Mason AG, Shap W.
Attempted evaluation of three porcelain repair
system. What are we testing? J Oral Rehabil. 1998
Aug; 25(8):610-5.

17- Eames WB, Rogers LB, Feller PR, Price WR.
Bonding agents for repairing porcelain and gold:
an evaluation. Oper Dent. 1977 Summer;2(3):118-
24.



Journal of Dentistry, Tehran University of Medical Sciences

Yassini & Tabari

18- Kelsey WP 3rd, William P, Latta MA,
Stanisav CM, Shaddy RS. Comparison of
composite resin-to-porcelain bond strength with
three adhesives. Gen Dent. 2000 Jul-Aug;48
(4):418-21.

19- Gregory WA, Hagen CA, Powers JM.
Composite resin repair of porcelain using different
bonding materials. Oper Dent. 1988 Summer;
13(3):114-8.

20- Culler SR, Krueger DD, Joos RW.
Investigations of silane priming solutions to repair

porcelain crowns. J Dent Res. [abstr] 1986;65: 191
21- Diaz-Arnold AM, Aquilino SA. An evauation
of the bond strengths of four organosilane
materials in response to thermal stress. J Prosthet
Dent. 1989 Sep; 62 (3):257-60.

22- Burke FJ, Grey NJ. Repair of fractured
porcelain units: aternative approaches. Br Dent J.
1994 Apr 9;176(7):251-6

23- Craig RG, Powers JM. Restorative Dentdl
Materias. 11th ed. United States: Mosby; 2002
Chapt 10: p. 279

2005; Vol. 2, No. 1



ool b (w33 49 S0 guolS' (i 9 W p LRt i
Sl Ao Sl i

TG b 5 = ol

“ “ A &« PRI ae " a1 z sl s . )

u‘).sl ‘ul).eg u‘){) L;iw)) F}J& olRKisly ‘ngw)):;l.\;.) 0aSUiSly ey 3y Uw)’ol 09)5 ‘)ana‘.) .sz [EVEEY)
- R Y S Y

sy u,_iw)u],\:.)uwm

NS>

Oluogad > 4 Sl =515 oyt yghuny g0 &1 2 5 (Sl plod (slacyis gty G0 4 22 i Susl o 14l Ol
Cubge pie (Jg )15 2Vl dude yoo Job aipdyjgin) ol W8S )13 (1938 59, JUBl 3)90 ccumslio (ol 5 (8L )85
s 5 5 )93 3 M0 (s 13 oSl

5 plogl Cilises (Kol (glayptimes 51 o3l b b sy 4 o jgrals’ o b oSl dulio it by sl adllas 13D

3l 00latil L ooy el 5 o (Gglune 09,5 Jloz 1 g 4l iy Sol ¥e ¢ alBiylojl adlllas oyl o 1 @b b9
o dB ) 5l b 035 ol 69y 2 bl 4Y G Aldd Y e 4 Ol L gt ) e g 545 gl 48d ¥ e 4 HF
10,5 hate jorels () 4 2 Sl (e & diged

w5 0L g o) 4 4BV Cte 4 e ylag o g A8 0315 )18 aw 59y 2 2100 4 s Cujanels (0L3) V095 5~
B 18 e Il Cod 4l Ve e 4 9w ausliS flowable o jaselS & 04,5 5 —

8,8 48 e il cod agl Ve Gde a9 b ool L3 unfilled oy j, ¥ 09,5 5 -

C8)S 148 e il Cod agl Ve Sde 4y g b 00 (Sl (i) adhesive resin o 09,5 > —

23558 09 b sleg Sl 4l Ve e a5 b wiliS 2100 by Cojosls F BT lery S sladigel go) 2 g
ookl b sl by el ol o amBS L SilSilugey e Veor o ladige pld dm alsge
(P< 1+0) cuily 3939 (g )ls dme (g )lol BMBI (505 09,5 dw g 1)y 9250l 09,5 o AL

2ol & gy gl eslital b oy b Cojoels (ip Sb plSouinl ¢S (g oe adllan cpl mls olul 28 o5 4o
ol 0391 ialos] 3550 3150 ol 5l i (o)l Sxe

A58,5 )15 dulie 390 anly S by 4355 9050 5l ookl b Waosls . (¢ 1u505l5) Universal Testing Machine

s 0 Sl plSotinl (g jarolSs Wl (0L (s (Sl pun 1SS (SO 19

(DFAE Jlo ) o)l ¥ 5593) Ologs (silos o siiblags loss 9 (S pole alSitils (oS il 3s> dlone





