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SUMMARY

Introduction: Modern composites are exceptional physi-
cally and aesthetically, but success is dependent on ef-
fective bonding to tooth structures, possibly enhanced by 
phosphoric acid pre-etching. 

Aims: To determine the effect pre-etching of tooth sur-
faces has on the shear bond strengths of silorane-based 
and of methacrylate-based composite resin systems. 

Method: To 120 recently extracted human molars and 
pre-molars, composite resin stubs were bonded with 
Silorane System Adhesive or Scotchbond Universal, to 
pre-etched or to non-pre-etched tooth surfaces, using 
an Ultradent jig. After thermocycling, each specimen was 
debonded under a shear force, in an Instron Universal 
testing machine (crosshead speed 0.5mm/minute). 

Results: Data were subjected to an analysis of vari-
ance and when significant, to pairwise comparisons. 
The silorane-based system achieved significantly higher 
mean shear bond strengths (MPa) on pre-etched surfaces 
of: uncut enamel (15.204 vs 9.424), cut enamel (21.352 
vs 12.110) and dentine (19.787 vs 8.278). Methacrylate-
based bonds to pre-etched uncut enamel were signifi-
cantly stronger (28.898 vs 18.451). Pre-etching cut enam-
el enhanced the bond (20.548 vs 16.384, not significant). 
Pre-etched dentine recorded lower mean bond strengths 
(15.288 vs 19.645) also not significantly. 

Conclusions: The effect of pre-etching on the shear 
bond strength to uncut enamel, cut enamel, and dentine 
was product-specific. 

INTRODUCTION
The increasing popularity of dental composites as restora-
tive materials on posterior teeth has forced manufacturers 
to contend in the on-going ‘Battle of the Bonds’, in order 
to remain competitive in the constantly advancing and in-
novative world of dental materials. The introduction of the 
sixth and seventh generation bonding agents in the late 
1990’s enabled the dental fraternity to finally eliminate the 
problems of technique, and of post-operative sensitivity. 
These “self-etching adhesives” have further contributed to 
the increasing popularity of dental composites. 

The major disadvantage with composites has always been 
polymerisation shrinkage and its associated polymerisa-
tion stress. Volumetric shrinkage, in the range of <1% up 
to 6%, has been reported for filled dimethacrylate-based 
dental composites.1 This polymerisation shrinkage results 
in an associated polymerisation stress on the tooth-resin 
interface which may lead to: microleakage, marginal stain-
ing, tooth deformation, enamel cracks, stress-induced 
post-operative sensitivity and eventually failure of the 
restoration.2 This is more pronounced in high ‘C-factor’ 
cavities. The ‘C-factor’ is defined as the ratio of bonded 
to unbonded areas within a restored cavity.1,3,4 The higher 
the C-factor, the lower the potential for plastic deforma-
tion and relaxation of the composite resin (i.e. the less 
likely a restoration can withstand shrinkage).1,4 In 2007 3M 
ESPE introduced Filtek Silorane, the first direct posterior 
composite displaying < 1% polymerisation shrinkage.2 
Even though reduced polymerisation shrinkage has been 
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achieved with this silorane-based composite, it comes at 
the cost of convenience.2 Since the curing of this resin sys-
tem involves chemical mechanisms different from those of 
conventional methacrylate-based composites, a dedicated 
adhesive is needed to bond to the silorane-based com-
posite.2,5 Incremental layering of the composite material 
has always been and is still recommended as one of the 
main techniques useful in minimising the effect of polym-
erisation shrinkage in high C-factor cavities.1 Other clinical 
techniques include: modifying cavity configurations; direc-
tional curing techniques; variations in curing modes (such 
as “Soft Start”, “Ramped curing” and “Delayed curing”) as 
well as the use of stress breaking liners.3,5,6,7 

Contemporary dental composites display exceptional 
mechanical properties, low polymerisation shrinkage and 
pleasing aesthetics, but the success of the material is ulti-
mately dependent on its ability to bond to tooth structure. 
The golden question then arises: “What is a clinically ac-
ceptable bond strength?” An answer to this question was 
hypothesised by Munksgaard in 1985 and Retief in 1994. 
They proposed that a minimum bond strength of 17 MPa 
to tooth structure was required for successful adhesion.8 If 
the bond strength to tooth structure is less than 17 MPa, it 
means that the polymerisation shrinkage of the composite 
resin is greater than the force adhering the material to the 
tooth.8 Therefore, polymerisation shrinkage causes the 
resin to contract toward the centre of the composite, thus 
pulling the restorative material away from the walls of the 
cavity.8 This leads to marginal gap formation which then 
allows the micro-infiltration of bacteria which will eventu-
ally lead to marginal breakdown and composite failure.8 
When bond strengths to tooth structure exceed 17 MPa, 
the shrinkage of the composite is toward the walls of the 
cavity.8 “The laws of entropy dictate that the polymerisa-
tion contraction process always tends to go in the direc-
tion of least resistance (or higher attraction)”8 and since 
the composite is more attracted to the tooth surfaces than 
it is to itself, shrinkage occurs toward the walls of the cav-
ity and away from the centre, resulting in no marginal gap 
formation.8 Therefore, adhesive systems must have bond 
strengths greater than 17 MPa to be considered clinically 
acceptable.8,9,10 Bond strengths to enamel and dentine 
should also be relatively equal.8 If, for instance, the ad-
hesion to enamel is much greater than the adhesion to 
dentine, during polymerisation the stronger force at the 
enamel interface will pull the composite away from the 
dentinal interface thus weakening it.8

The idea of etching enamel in order to improve bonding of 
restorative materials, all began in 1955 when Dr Michael 
Buonocore published a paper titled “A simple method of 
increasing the adhesion of acrylic filling materials to enam-
el surfaces”.8,11 The acid etching of dentine on the other 
hand was initially frowned upon. In 1979 Fusayama and 
colleagues made a breakthrough, and published a study 
demonstrating that acid etching of dentine substantially 
improved adhesion of composite restorations, without the 
risk of pulpal damage.11,12 However, etching of dentine was 
only widely embraced in the early 1990’s.11

The introduction of the self-etching sixth and seventh 
generation bonding systems in the 20th century, 
eliminated the need for the initial step of acid etching. The 
main concern with these bonding systems, however, is 
their mild acidity and short tooth application time resulting 

in insufficient etching of enamel.8 It is not surprising that to 
date many clinicians, opinion leaders and researchers still 
favour the “total etch” bonding systems.8,13

The null hypotheses to be tested were as follows: 1) Pre-
etching of dentine, cut and uncut enamel does not sig-
nificantly affect the shear bond strengths of the silorane-
based composite resin system. 2) Pre-etching of dentine, 
cut and uncut enamel does not significantly affect the 
shear bond strengths of the methacrylate-based com-
posite resin system. Thus, the aim of this study was to 
determine the effect that pre-etching of dentine, cut and 
uncut enamel would have on the shear bond strengths 
of both a silorane-based and a methacrylate-based com-
posite resin system.

MATERIALS AND METHODS
The Silorane System Adhesive (SSA) (Lot number: N322114) 
and its paired low shrinkage posterior restorative composite 
Filtek Silorane (FS) (Lot number: N344850) manufactured 
by 3M ESPE (Seefeld, Germany), was one of the systems 
chosen for this study. SSA is classified as a two-step, mild, 
sixth generation type I self-etching bonding system.2 It is a 
two bottle system, a self-etching primer (SEP) with a pH of 
about 2.7 and an adhesive bond. The acidic monomer used 
in the SEP is an unidentified phosphorylated methacrylate. 
SEP also contains a “Vitrebond copolymer” with carboxylic 
acid functionality.2 Other components include: bisphenol 
A diglycidyl methacrylate (Bis-GMA); 2-hydroxyethyl meth-
acrylate (HEMA); 1,6-hexanediol dimethacrylate (HDDMA); 
silane-treated silica filler particles and a camphorquinone-
based photo-initiator. 2,14 This SEP uses both water and eth-
anol as solvents.2 The functionality of Silorane Adhesive is 
based on methacrylate chemistry, for it contains as a main 
component a hydrophobic bifunctional monomer that al-
lows for easy adaptation of Filtek Silorane composite on the 
cured adhesive layer.2

The methacrylate-based bonding agent Scotchbond Uni-
versal Adhesive (SUA) (Lot number: 455901) together with 
the nanocomposite Filtek Supreme XTE (FSX) (Lot number: 
N340262) (3M ESPE, Seefeld, Germany), was the other set 
of materials selected for this study. SUA is classified as a 
mild seventh generation self-etching bonding agent, with 
a pH of about 2.7.15 It is a single solution system contain-
ing methacryloyloxydecyl dihydrogenphosphate (MDP); 
dimethacrylate resins; HEMA; a “Vitrebond copolymer”; 
filler particles; initiators and silane in an ethanol/water 
based solvent.15 The paradox surrounding Scotchbond 
Universal, however, is that it can be used in ‘self-etch’, 
as well as in ‘total etch’ and ‘selective etch’ modes. This 
means that the operator can choose to pre-etch all, or se-
lected, tooth structures with 34 % phosphoric acid before 
application of this single solution adhesive system.
 
In this in vitro study, 120 caries-free posterior teeth were 
collected from Medunsa Oral Health Centre exodontia 
clinic and other surrounding clinics in the northern parts 
of Pretoria. The sample size was determined from similar 
previous studies.16,17,18 All teeth were stored in a 0,5 % solu-
tion of Chloramine T trihydrate (Merck Group, Darmstadt, 
Germany) during the collection period. The teeth were first 
cleaned, ensuring removal of any residual periodontal tis-
sue and calculus, and mounted in Bencor stainless steel 
rings (Danville Engineering, San Ramon, CA, USA), using 
Excel self-curing acrylic (Wright Health Group, Kingsway, 
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West Dundee, Scotland). The teeth were mounted with 
the bonding surfaces parallel to the base of the ring to 
ensure a force application perpendicular to the long axis 
of the resin stub.

Eighty teeth were randomly selected, de-rooted and 
mounted with their buccal or lingual surfaces facing up-
wards. Forty of the eighty teeth were ground to a flat sur-
face, removing about 0.5 mm of the superficial layer of 
enamel on the buccal/lingual surfaces, using an Imptech 
grinder (Innovative Met Products, Boksburg, South Africa) 
fitted with P600 grit SiC sandpaper under water cooling. 
The ground enamel surface was used as the bonding site 
for cut enamel. The other 40 teeth were used for bonding 
to uncut enamel. The remaining 40 of the 120 teeth were 
mounted with their occlusal surfaces facing upwards, and 
the middle dentine was exposed by removing approxi-
mately ⅓ of the crown using the Imptech grinder fitted 
with P600 grit SiC sand paper under water cooling, pro-
viding suitable bonding sites. Before bonding of the com-
posite resins was carried out, all specimens were stored in 
distilled water in a Memmert Laboratory oven (Memmert, 
Schwabach, Germany) at 37°C for at least 24 hours. 

An Ultradent mould (Ultradent, Salt Lake City, UT, U.S.A.) 
with a central opening of 2.3798mm in diameter and 3mm 
in length, was used in conjunction with the Ultradent 
bonding jig (Ultradent, Salt Lake City, UT, U.S.A.) when 
bonding the composite resin stubs to the selected bond-
ing surfaces. Bonding to pre-etched and non-pre-etched 
tooth substrates was performed strictly according to 
manufacturer’s instructions.

When the SSA and FS combination was utilized for bond-
ing to substrates that were not pre-etched, each speci-
men was first cleaned using an aqueous slurry of fine 
pumice powder, gently rinsed and dried with oil- free, 
dried, compressed air. This was followed by the applica-
tion of the SSA-Self-Etching Primer for approximately 15 
seconds. This primer was then spread over the bonding 
surface using a gentle stream of air and thereafter light 
cured for 15 seconds, using a Mini LED curing light (KaVo 
Dental, Biberach, Germany) at a light intensity of 500 mW/
cm2. Application of the SSA-Silorane Adhesive Bond to 
the prepared surface then followed. The film of adhesive 
was gently spread, using a stream of air and light cured 
for 15 seconds. Each tooth specimen was then clamped 
in the Ultradent bonding jig, ensuring that the prepared 
surface of the tooth was perpendicular to the long axis of 
the central opening of the mould. The central opening of 
the mould was then sequentially packed with two equal 
increments of FS composite resin material and light cured 
for 40 seconds per increment, using the Mini LED curing 
light. The Ultradent jig was then loosened and removed 
from the bonded specimen by gently applying downward 
pressure on the resin stub using a small amalgam plugger, 
together with a steady upward lifting force on the mould.
When bonding to pre-etched substrates, specimens were 
first cleaned with pumice, rinsed and dried as described 
earlier. Enamel and dentine surfaces were then etched 
with 34% phosphoric acid for 20 and 15 seconds respec-
tively. The phosphoric acid was rinsed off and each speci-
men gently air dried with oil- free, dried, compressed air. 
The remaining steps for SEP application, adhesive appli-
cation and resin stub bonding were then carried out as 
described above.

When SUA and FSX was utilised for bonding to sub-
strates that were not pre-etched, each specimen was first 
cleaned, rinsed and air dried as described earlier, followed 
by the application of the single solution SUA. The solution 
was rubbed onto the bonding surface for approximately 
20 seconds, before it was spread over the entire bonding 
surface using a gentle stream of air and thereafter light 
cured for 15 seconds. Each tooth specimen was then 
clamped in the Ultradent bonding jig, as described earlier. 
The central opening of the mould was packed with FSX 
composite resin material in two equal increments and light 
cured for 20 seconds per increment. The Ultradent jig was 
then loosened and the bonded specimen gently removed 
as described earlier.

When bonding SUA and FSX to pre-etched substrates, 
specimens were cleaned with pumice as described earlier, 
and enamel and dentine surfaces then etched with 34 % 
phosphoric acid for 20 and 15 seconds respectively. The 
phosphoric acid was rinsed off and each specimen gently 
air dried with oil-free, dried, compressed air. The remaining 
steps for SUA application and resin stub bonding as de-
scribed in the paragraph above were then followed. 

When bonding to pre-etched dentine using either system, 
caution was exercised not to desiccate dentine, but to only 
remove the excess water and to leave a glistening surface.

All 120 prepared, bonded specimens were stored in distilled 
water in a Memmert laboratory oven at 37°C for no longer 
than 24 hours before they were subjected to 500 cycles 
of thermocycling,at a speed of 1 minute per full cycle (be-
tween 5±2˚C and 55±2˚C), with a dwell time of 30 seconds 
per bath. This method is consistent with the ISO/TS 11405 
technical specifications recommendations of 2003.19

Immediately after thermocycling, each specimen was 
secured in an Ultradent ring clamp (Ultradent, Salt Lake 
City, UT, U.S.A.) and subjected to debonding under a shear 
force in an Instron Universal testing machine (Model 3366, 
Instron, Norwood, MA, U.S.A.). The resin stubs were de-
bonded, using a notched shear castle attachment head 
at a crosshead speed of 0.5 mm/minute. The software 
package Bluehill version 2 (Instron, Norwood, MA, U.S.A.), 
loaded on a desktop personal computer with a Microsoft 
Windows XP (Microsoft Corp., Redmond, WA, U.S.A.) 
operating system, was connected to the Instron Universal 
testing machine in order to record the measurements. The 
maximum compressive load was recorded in Newtons 
and the maximum compressive stress at maximum 
compressive load was calculated in MPa. 

De-bonded specimens were examined under a light mi-
croscope at 40x magnification and the mode of fracture 
recorded as: I = fracture occurred at the adhesive inter-
face; C = cohesive fracture occurred within the composite 
resin and M = mixed fracture involving the tooth structure 
and adhesive junction occurred.

All data collected in the study were captured in a Microsoft 
Excel 2010 (Microsoft Corp., Redmond, WA, U.S.A.) spread 
sheet. Data capturing was verified and validity checks 
were performed on the data. All statistical procedures 
were performed on SAS, Release 9.2 (SAS Institute, Inc., 
Cary, NC, USA), running under Microsoft Windows XP for 
a personal computer. Statistical tests were performed at a 
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significance level of 0.05. Normality was demonstrated for 
each of the groups, using the Shapiro-Wilk test. The mean 
shear bond strengths in MPa were compared by analysis of 
variance (ANOVA). The comparisons in the ANOVA included 
adhesive systems, tooth substrates and treatments. If the 
p-value of the ANOVA was significant, pairwise comparisons 
were done using the t test (LSD) as part of ANOVA in SAS. 

RESULTS
The shear bond strengths obtained when Silorane System 
Adhesive (SSA) and Filtek Silorane (FS) were used to bond 
to tooth substrates that were not pre-etched and pre-
etched are presented in Table 1 and Figure 1. When uncut 
enamel was not pre-etched, a mean shear bond strength 
(SBS) of 9.42 MPa was recorded whilst pre-etching en-
hanced the SBS to a mean of 15.20 MPa, a significantly 
higher value (p=0.0151). Similarly, the SBS to pre-etched 
cut enamel is significantly higher than the bond to un-
etched cut enamel (21.35 MPa vs 12.11 MPa :p<0.0001). 
When dentine was not pre-etched, a mean SBS of 8.28 
MPa was recorded but pre-etching resulted in a signifi-
cantly higher mean value of 19.79 MPa (p=0.0001). 

When the bonds achieved with Scotchbond Universal 
Adhesive (SUA) and Filtek Supreme XTE (FSX) were tested, 
both uncut and cut enamel surfaces recorded higher 
mean values on the pre-etched samples (28.90MPa vs 
18.45MPa, p<0.0001 and 20.55MPa vs 16.38MPa, not 
significant, p=0.0595) see Table 2 and Figure 2. When 
dentine was not pre-etched, a mean SBS of 19.65MPa 
was recorded. A lower mean value was achieved on 
pre-etched dentine (15.29MPa), this difference not being 
statistically significant (p=0.1198). 

Thus, both the null hypotheses are rejected.

The mean shear bond strengths (MPa) achieved by both 
systems when bonded to tooth substrates without and 
with pre-etching are depicted in Figures 3 and 4. SUA 
and FSX showed significantly higher mean SBS than SSA 
and FS when bonded to uncut enamel that was not pre-
etched (p=0.0003). SUA and FSX also showed a higher 
mean SBS than SSA and FS when bonded to cut enamel 
that was not pre-etched, but this difference is not statisti-
cally significant (p=0.0534). When bonded to dentine that 
was not pre-etched SUA and FSX showed significantly 
higher mean SBS than did SSA and FS (p=0.0002). 

SUA and FSX showed significantly higher mean SBS than SSA 
and FS when bonded to pre-etched uncut enamel (p<0.0001). 
SUA and FSX also performed better than SSA and FS when 
bonded to pre-etched cut enamel, but not to a statistically 
significant difference (p=0.7108). On the other hand it was 
SSA and FS which recorded a higher mean SBS than SUA 
and FSX when bonded to pre-etched dentine, although that 
difference was not statistically significant (p=0.1085). 

When SSA and FS were used for bonding to tooth 
substrates that were not pre-etched, an adhesive fracture 
rate of 100% occurred. When SSA and FS were used 
for bonding to pre-etched tooth substrates, an adhesive 
fracture rate of 96.6% occurred. Only one specimen 
bonded to pre-etched cut enamel showed a mixed fracture 
(i.e. involving both the tooth structure and the adhesive). 
When SUA and FSX were used for bonding to tooth 
substrates that were not pre-etched, an adhesive fracture 
rate of 96.6% occurred. Again, only one specimen bonded 

Table 1: The mean shear bond strengths (MPa) and p-values of 
Silorane System Adhesive (SSA) and Filtek Silorane (FS), bonded 
to tooth substrates that were either pre-etched or not pre-etched 
(standard deviations are in parentheses).

Uncut 
enamel 

Cut enamel Dentine

Not pre-etched 9.42 (±4.55) 12.11 (±4.56) 8.28 (±1.70)

Pre-etched 15.20 (±5.61) 21.35 (±4.43) 19.79 (±6.48)

Stat. Sig.
p=0.0151

Yes
p<0.0001

Yes
p=0.0001

Yes

Table 2: The mean shear bond strengths (MPa) and p-values of 
Scotchbond Universal Adhesive (SUA) and Filtek Supreme XTE 
(FSX), bonded to tooth substrates that were either pre-etched or 
not pre-etched (standard deviations are in parentheses).

Uncut 
enamel 

Cut enamel Dentine

Not pre-etched 18.45 (±4.57) 16.38 (±3.38) 19.65 (±4.69)

Pre-etched 28.90 (±4.82) 20.55 (±4.75) 15.29 (±6.25)

Stat. Sig.
p<0.0001  

Yes
p=0.0595  

No
p=0.1198

No
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Figure 1: Bar Graph depicting the mean shear bond strengths (MPa) of 
Silorane System Adhesive (SSA) and Filtek Silorane (FS), bonded to tooth 
substrates that were either pre-etched or not pre-etched. * Tooth substrates 
marked with an asterisk showed significant differences. Error bars represent 
standard deviations.

Figure 2: Bar Graph depicting the mean shear bond strengths (MPa) of 
Scotchbond Universal Adhesive (SUA) and Filtek Supreme XTE (FSX), bonded 
to tooth substrates that were either pre-etched or not pre-etched. * Tooth 
substrates marked with an asterisk showed significant differences. Error bars 
represent standard deviations.
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to dentine that was not pre-etched experienced a mixed 
fracture. When SUA and FSX were used for bonding to pre-
etched tooth substrates, an adhesive fracture rate of 96.6% 
also occurred. Once more, only one specimen bonded to 
pre-etched uncut enamel revealed a mixed fracture.

DISCUSSION
Despite some conflicting evidence in the literature, 
thermocycling is still considered to be a useful procedure 
to artificially age resin bonds in the endeavour to simulate 
in vivo conditions.19,20 It is the opinion of Mcleod and 
colleagues that “studies that have not subjected specimens 
to thermocycling may not have imparted sufficient stress 
between the resin restoration and the tooth to simulate 
the intra oral environment” and that results obtained 
in the absence of thermocycling may not indicate the 
performance of the adhesive in situ.4 The manufacturers 
of SSA recommend pre-etching of uncut enamel, but 
claim that pre-etching of cut enamel and dentine is 
unnecessary.2 This study found that pre-etching of all three 
tooth substrates (uncut and cut enamel for 20 seconds 
and dentine for 15 seconds) with 34 % phosphoric acid 
significantly improved SBS (Table 1). The increased SBS 
when bonding to both uncut and cut enamel may be 
expected as the 34 % phosphoric acid (pH about 0.1) has 
strong etching potential. The mildly acidic SSA self-etching 
primer (pH 2.7) was unable to match the more aggresive 
phosphoric acid etch on both the uncut and cut enamel in 
order to create comparable micromechanical retention. 

When enamel is etched with phosphoric acid, approxi-
mately 10μm of the surface is removed, and a morpho-
logically porous layer, 5μm to 50μm deep, is created; the 
surface energy is also increased from 28mJ.m2 to about 
42mJ.m2 thus enhancing the potential for bonding via 
micro- and macro- resin-tag interlocking.7,21,22,23 Several 
studies have confirmed substantial increases in bond 
strength measurements when enamel was pre-etched 
with phosphoric acid prior to application of certain two-
step self-etching adhesive systems.23-27

The significant improvement in SBS to pre-etched dentine 
by SSA was an unexpected finding and is also inconsist-
ent with the manufacturers’ recommendations.2 Excessive 
demineralisation of the dentine by the stronger phosphoric 

acid should have resulted in an un-infiltrated resin-sparse 
dentine zone with naked collagen fibres below the hybrid 
layer which would in turn jeopardize bond strengths.25,26,27 
The significant improvement in SBS to pre-etched dentine 
is probably associated with the poor performance on un-
etched dentine of the unnamed acidic monomer found in 
the SEP. It can only be speculated that the SEP was unable 
to sufficiently modify/penetrate the artificially created smear 
layer to demineralise the underlying dentine to create a ho-
mogenous hybrid layer. Only after the removal of the arti-
ficially created smear layer with the aid of phosphoric acid 
pre-etching, was the SEP able to penetrate the dentine.

Studies documenting the effect of pre-etching of tooth 
structures on shear bond strengths when using SSA and 
FS are scarce. A study in 2013 concluded that pre-etching 
of dentine with 37% phosphoric acid, when combined with 
a moist dentine surface and the use of primer agitation, 
improved the micro-tensile bond strengths of SSA.28 An 
earlier 2008 study had, however, determined that phos-
phoric acid pre-etching of dentine did not significantly im-
prove the micro-tensile bond strengths when using SSA.29 
In the same study it is worth mentioning that, none of the 
pre-etched specimens had spontaneously de-bonded, 
compared with nine out of 52 specimens that spontane-
ously de-bonded when the dentine was not pre-etched.29

As mentioned earlier, SUA can be used in ‘self-etch’ mode, 
as well as in ‘total etch’ and ‘selective etch’ modes. It is 
claimed that SUA performs well on cut enamel and dentine 
when used in self-etching mode.15 The manufacturers do, 
however, recommend the pre-etching of uncut enamel 
before the application of SUA.15 The results obtained when 
the SUA/FSX system was used are presented in Table 2. 
A marked improvement in the SBS to pre-etched uncut 
enamel and to a lesser extent to pre-etched cut enamel 
with the use of a self-etching adhesive system was an 
expected finding, and is consistent with results published 
by other researchers.23, 30-34 

Taking into account the abundance of information available, it 
would be reasonable to conclude that most self-etching adhe-
sive systems (the mild SEA systems in particular) do not bond 
as effectively to enamel as their total-etch counterparts.23,24 
The main reason for this is that mild SEA only superficially 
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Figure 3: Bar Graph depicting the mean shear bond strengths (MPa) of both 
systems bonded to tooth substrates that were not pre-etched. 
* Tooth substrates marked with an asterisk showed significant differences.

Figure 4: Bar Graph depicting the mean shear bond strengths (MPa) of both 
systems bonded to tooth substrates that were pre-etched. 
* Tooth substrates marked with an asterisk showed significant differences..
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demineralises enamel, resulting in a very thin micro-retentive pattern without 
formation of micro- and macro- resin tags.27 This ill-defined etching pattern and 
planar interface has been associated with poorer bond strengths.23,27 When 
enamel is etched with phosphoric acid, the potential for bonding via micro- and 
macro- resin tag interlocking is enhanced. Based on the scientific evidence 
available, the increase in SBS to pre-etched uncut and cut enamel was ex-
pected and can be justified.

Pre-etching of dentine, however, resulted in a decrease in SBS for SUA. Even 
though the drop in SBS is not statistically significant, this finding was expected and 
is also in accordance with the findings of other researchers.25,27,30,35,36 The lower 
bond strengths to pre-etched dentine can be attributed to incomplete infiltration of 
the demineralised collagen network and subsequent poor adaptation of the bond-
ing resin to the collagen fibrils, thus leading to the formation of a non-homogenous, 
low-quality, porous hybrid layer that is prone to nanoleakage.25,26,27,35 

Another possibility is over-etching of dentine (pre-etching followed by application 
of the SEA) which may have resulted in removal of the residual hydroxyapatite 
from the collagen mesh, which in turn could compromise the potential for chemi-
cal adhesion.25 Lastly the collapse of unsupported collagen after phosphoric acid 
treatment and exposure to air could inhibit resin monomer penetration into the 
entire depth of demineralised dentine. This possibility is, however, unlikely as 
SUA contains water as a solvent which should be capable of rehydrating the 
desiccated collagen fibres.

In general, the mean SBS of SSA and FS bonded to tooth substrates that were 
not pre-etched was extremely poor, as none of these bond strengths exceeded 
12.11 MPa. Furthermore these results were extremely low when compared with 
the findings of other researchers.37-41 This discrepancy can be attributed to the 
inconsistency of in vitro bond testing protocols between researchers.5,7,22,42 

A limitation of this study that must be mentioned is that testing was conducted 
on both molars and premolars, without any restriction on the type of posterior 
tooth (e.g. third molars only) or the age of the tooth/patients. Another limitation 
is the large intra-sample variability between the groups involving bonding to 
dentine. This may be indicative of random error during specimen preparation 
within these groups or perhaps structural differences in dentine particularly 
between molars and premolars. Recommendations regarding the performance 
of these materials in relation to dentine will therefore be reserved. 

CONCLUSIONS
Within the limits of this study, the following conclusions were reached:

When used on tooth substrates that were not pre-etched, the •	 in vitro 
adhesion of Filtek Silorane composite, together with its dedicated sixth 
generation type I bonding agent Silorane System Adhesive, is poor. Pre-
etching of both uncut and cut enamel with 34% phosphoric acid for 20 
seconds significantly improved the mean shear bond strengths on un-
cut enamel by 61% and cut enamel by 76%. Pre-etching of dentine with 
34% phosphoric acid for 15 seconds also significantly improved the mean 
shear bond strength by 139%. 
The methacrylate-based composite Filtek Supreme XTE together with the •	
seventh generation bonding agent Scotchbond Universal Adhesive when 
used on tooth substrates that were not pre-etched showed acceptable in 
vitro adhesion. Pre-etching of uncut enamel with 34 % phosphoric acid 
for 20 seconds significantly improved the mean shear bond strength by 
57%. Phosphoric acid pre-etching of cut enamel improved the mean shear 
bond strength of the Filtek Supreme XTE/Scotchbond Universal system by 
only 25%, which is not significant. In contrast to the silorane-based system, 
pre-etching of dentine with 34% phosphoric acid for 15 seconds when us-
ing Scotchbond Universal Adhesive resulted in a 22% drop in shear bond 
strength, which, however, is not statistically significant.
Based on the results of this •	 in vitro study, it would be prudent to conclude 
that the effect of pre-etching on SBS to uncut enamel, cut enamel, and 
dentine is product specific. 
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RECOMMENDATIONS
Within the limits of this study, the following recommenda-
tions are made:

The •	 in vitro SBS performance of the novel low shrinkage 
composite system Filtek Silorane and Silorane System 
Adhesive is of concern when used on tooth substrates 
without pre-etching. Additional clinical/in vivo studies 
are needed to better evaluate the success rate of this 
material. In a clinical situation, phosphoric acid pre-
etching of uncut enamel and cut enamel before the 
application of the self-etching primer is recommended. 
The •	 in vitro SBS performance of Scotchbond Universal 
Adhesive and Filtek Supreme XTE when used on tooth 
substrates that were not pre-etched was acceptable. 
However, the authors concur with the recommenda-
tions of the manufacturer, regarding phosphoric acid 
pre-etching of uncut enamel. 
The clinical significance of this study is highlighted •	
when it comes to the restoration of cavities that are 
dependent on strong bonds to enamel, such as large 
Class IV incisal fractures; Class V cavities with cavo-
surface margins in enamel; and high C-factor cavities. 
In such clinical situations and when mild self-etching 
adhesives are used, the authors recommend selective 
pre-etching of enamel to improve bond strengths and 
to reduce marginal defects and staining.
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