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ABSTRACT
Objective: To investigate the compatibility of different composites of different chemistries used to repair silorane composites.
Material and Methods: Nine Silorane resin composite discs were fabricated using Teflon mold. Specimens were randomly 

assigned into 2 main groups according to mode of surface treatment (coarse diamond point and Microetching with aluminum 
oxide) then subdivided into 3 subgroups according to the type of composite used for repair (Kalore, Filtek Z350 XT and Filtek 
P90). After repair, each subgroup was subdivided into 2 divisions according to the aging period (Aged 6 months and 24 Hours). 
Out of each disc, four specimens of 1 mm x 1 mm x mm were prepared for micro tensile bond strength testing by using a low 
speed diamond saw under continuous water cooling then beams were loaded into a universal testing machine to measure the 
micro tensile bond strengths. 

Results: It was found that, the most significantly higher combination was found in Cojet + P90 in non-aged followed by aged, 
then Bur + P90 non aged followed by aged and final Cojet + Z350 non aged followed by aged. 

Conclusion: Surface treatment on aged Silorane resin composite using air abrasion with aluminum oxide particles resulted 
in microtensile bond strength values higher than Silorane resin composite treated with diamond point and after treating the 
resin composite surface with aluminum oxide sandblasting, aged Silorane resin composite can be repaired with either Silorane 
resin composite with Silorane adhesive system or with any other composite chemistry using its corresponding adhesive. 

Clinical Significance: Silorane composite can be repaired by abrasion of the old composite surface with silanized aluminum 
oxide particles (Cojet system) followed by application of Silorane adhesive and its Silorane substrate. Also, MMA composite can 
be used for repair of Silorane composite after abrasion with Cojet but gives lower bond strength than using the same Silorane 
substrate. Also, abrasion with diamond point can be used for surface abrasion but gives lower bond strength than abrasion with 
Cojet.
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INTRODUCTION

The use of composite resin for dental restorations has increased 
with the improvement of the bonding systems, curing systems, and 
mechanical physical properties of the resin systems1).

Polymerization shrinkage is one of the clinicians' main problems 
when placing direct resin based composite restorations2). Therefore, sev-
eral attempts were done to reduce the composite shrinkage by changing 
the nature of the resin. A recent exciting development in ring opening 
polymerization is the commercial release of the cationically photo 
polymerizable Silorane material by 3M/ESPE. The Silorane terminolo-
gy derives from the novel monomer composed of a cyclic Siloxane core 
appended with 4 oxirane reactive groups. Due to its modified matrix, 
Silorane based composite exhibits a reduced shrinkage of approximately 
1% by volume per ring opening cationic polymerization3).

Another new developed composite is KALORE. Three components 
factor into KALORE's unique design. First, DuPont's new monomer 
technology licensed exclusively to KALORE. Second, GC America's 

newly developed, patented HDR (High Density Radiopaque) prepolym-
erized fillers. Finally, the proprietary interface between the filler and the 
matrix is a critical factor in the success and longevity of this compos-
ite4,5). 

Many studies have been undertaken with the objective of analyzing 
the causes of these substitutions and have found secondary caries as the 
most frequent reason reported. However, other reasons have been identi-
fied, such as restoration fractures, marginal infiltration, and deficient 
anatomical form and over contouring of the restorations6,7). 

In clinical practice, the management of composite restorations with 
localized defects is a common challenge. While some restorations will 
inevitably require replacement, it has been suggested that some deterio-
rating, yet serviceable, restorations may be given extended longevity 
through the use of repair procedures8,9). This comparatively more conser-
vative approach to the management of defective restorations, if appro-
priate, has the potential to be less costly in terms of time and financial 
resources, less traumatic for patients, less likely to result in iatrogenic 
damage, possibly obviate the need for the use of local anesthesia and be 
more conservative of tooth tissue10-12). 
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Consistent with the operative philosophy, repair as an alternative to 
complete removal would preserve the tooth as it is often difficult to 
remove an adhesive restoration without removing an integral part of the 
tooth. For the last years, it was shown that new techniques and materials 
in adhesive dentistry allow the repair of pre-existing restorations instead 
of their complete replacement13,14).

Various methods have been suggested to establish adequate bond 
strength between the existing composite and the new composite. These 
methods include surface treatments and the use of intermediate bonding 
agents to enhance repair bond strength15,16).

The dilemma for the clinician, however, is that the type and brand 
of original composite may not be known, and now that composite 
monomers other than dimethacrylates are being used which require 

matching bonding agents (e.g., 'acid' resins in the composites; 
Siloranes), the repair task becomes less straightforward17-19). 

The spectrum of resin-based composites in use is large, and little is 
known about the compatibility of materials differing in composition of 
matrix or filler particles. In case of using composites with different 
chemical formulation for the purpose of repair, it is an important assign-
ment to examine the compatibility of different materials and to make 
sure that established methods for repair are still valid20). On the basis of 
the differing chemical composition of the matrices of dental composites, 
it is highly probable that the compatibility of them is problematic21). 

As the composition of composites may differ among brands of 
materials, it is likely that these different materials may react differently 
to various repair techniques. Until now, an optimal universally applica-
ble technique to repair various types of composite restorations has not 
been described22). 

Silorane based materials are not investigated widely in vivo due to 
their relative short existence on the dental market & the repair of 
Siloranes was not yet investigated in detail, so if a Silorane filling has to 
be repaired, no protocol about the surface pretreatment of these resto-
rations exists so far23) and there is no consensus on what protocol would 
be more successful for Silorane composite repair24). 

Thus, the objective of the present study was to investigate the effect 
of various combinations of surface treatments and innovative composite 
chemistries on bonding durability of Silorane repairs in order to deter-
mine the optimum repair method.

MATERIALS  &  METHODS

Specimens preparation
Materials used in this study are listed in Table 1. Nine Silorane 

resin composite discs, with dimensions of 10 mm diameter x 3.5 mm 
thickness, were fabricated using Teflon mold. The resin discs were built 
in increments using a plastic instrument. Each layer was cured for 40 
seconds using a Demetron LC curing unit (Kerr, Orange, CA, USA) 
with the intensity of 600 mW/cm2. The light curing unit tip was kept 
perpendicular to and in contact with Mylar strip in order to receive a 
maximum curing depth. The top of each specimen was covered with a 

Figure 1. SEM images P90 specimen.

Figure 2. Stereo microscope images at 50 X original magnification 
of the failure mode of composite specimens' beams, after 
loading them in the universal testing machine and appli-
cation of microtensile forces, showing cohesive failure A 
and B, adhesive failure C and D and mixed failure E, F, 
G, H and I 

 A B C

 D E F

 G H I
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Mylar strip in order to obtain a flat surface and to aid in removal of 
excess material. All specimens were polished using 400 and 600 silicon 
carbide paper including the top surface in order to remove the excess of 
resin composite and to make the surface perpendicular to the specimen's 
long axis and then the discs were scanned with SEM as shown in Figure 
1A and 1B. All specimens were cleaned in tape water in an ultrasonic 
device to remove loose particles and stored in distilled water.

Specimen group
Specimens were randomly assigned into 2 main groups according to 

mode of surface treatment (each n = 40):

Group A: Specimens were macro-mechanically treated by 
roughening with a coarse diamond point.

Abrasion with a coarse diamond point: The specimen's surfaces 
were roughened with a coarse grit diamond point. A high-speed hand-
piece with a water spray was used. Then, the specimens were rinsed 
with water and then excess water was removed with compressed oil-free 
air and the discs were scanned with SEM as shown in Figure 1C and 
1D.

Group B: Specimens were micro mechanically treated by sand-
blasting using aluminum oxide particles. 

Microetching with aluminum oxide: Each resin composite speci-
men was abraded for 5 seconds with a distance approximately 10 mm 
perpendicular to the resin composite block using an intraoral air abra-
sion unit using 50-micron aluminum oxide particles with an air pressure 
of 3 bars. All specimens were rinsed with water and then ultrasonically 

cleaned. After the surface treatment procedure, 37% phosphoric acid gel 
was applied to the treated resin composite surfaces for 15 seconds. 
Then, the etched resin composites surfaces were rinsed for 10 seconds. 
Excess water was removed with compressed oil-free air and the discs 
were scanned with SEM as shown in Figure 1E and 1F.

Then, each group was subdivided into 3 subgroups according to 
the type of composite used for repair (each n = 10):

Subgroup 1: Repair using Silorane Filtek P90 composite
The first subgroup was repaired with Silorane resin composite using 

P90 System adhesive. After the surface treatment procedure, the P90 
System adhesive self-etch primer was applied on the surface treated 
resin composite for 15 seconds. Then, the self-etched primed specimens 
were gently dried with compressed oil-free air and light cured for 10 
seconds. Then, P90 adhesive bonding was applied on self-etched primed 
resin composites specimens, followed by gentle air drying and 10 sec-
onds of light cure. Then, using the Teflon mold, the repairing P90 com-
posite was packed in 3.5 mm length with a clean plastic instrument in 2 
increments. Each increment was light cured for 40 seconds. After repair-
ing, all specimens were stored in 37℃ distilled water.

Subgroup 2: Repair using Filtek Z350 XT composite
The second subgroup was repaired with methacrylate-based resin 

composite Filtek Z350 XT using Adper Easy Bond. After the surface 
treatment procedure, Adper Easy Bond adhesive agent was applied in 2 
consecutive coats for 20 seconds on the surface of all resin composites 
with gentle agitation using a fully saturated applicator, followed by air 
drying for 5 seconds to evaporate the solvent and light cured 10 sec-
onds. Then, a layer of Z350 composite was applied to the Silorane resin 
composite with the aid of a Teflon mold and light cured for 40 seconds. 
After repairing, all specimens were stored in 37℃ distilled water.

Subgroup 3: Repair using GC Kalore composite 
After the surface treatment procedure, G-Bond System adhesive 

agent was applied to for 10 seconds on the surface of all resin compos-
ites specimens with gentle agitation using a fully saturated applicator, 
left undisturbed for 10 seconds followed by drying for 5 seconds and 
light cured 10 seconds. Then, a layer of GC Kalore resin composite was 
applied to the Silorane resin composite with the aid of a Teflon mold 
and light cured for 40 seconds. After repairing, all specimens were 
stored in 37℃ distilled water. 

Then, each subgroup was subdivided into 2 divisions according 
to the aging period (each n = 5), So, each subgroup was having 2 divi-
sions:

• Division A: Aged for 48 Hours.
• Division B: Aged for 3 months.

MTBS measurement
After water-storage, out of each disc, four specimens of 1 mm x 1 

Figure 3. Comparison between strength in different studied 
groups.

Table 1. Materials details
 Material Composition Manufacturers Batch No.

  4-MET, phosphate monomer,
 G-Bond UDMA, water, acetone, silica 

GC Cooperation, Tokyo,
 

N2316745
  filler, photoinitiators, stabilizer 

Japan
 

  Matrix contains a mixture of urethane dimethacrylate (UDMA),dimethacrylateco-monomers and 
 

GC Kalore
 DX-511monomer GC Cooperation, Tokyo, 

 1004221
  Fillers contain 60% wt. 400 nm nano-sizedmodified strontium glass and 20% wt. 100 nm  Japan   
  lanthanoid  fluoride    

  2-hydroxyethyl methacryate (HEMA)

 AdperTM Easy Bond
 Bis-GMA, Methacrylated phosphoric esters1,6 hexanediol dimethacrylate 3M ESPE, St. Paul, MN 

 448731
  Methacrylate functionalized Polyalkenoic acid (VitrebondTM

 Copolymer), Finely dispersed  USA   
  bonded silica filler with 7 nm primary particle size, Ethanol,  Water, CQ, Stabilizers    

  BIS-GMA, UDMA, TEGDMA, and BIS-EMA(6) resins.
 Filtek Z350 XT Filler: combination of non-agglomerated/non-aggregated 20 nm silica filler, non-agglomerated/ 

3M ESPE, St. Paul, MN 
 

3456734
  non-aggregated 4 to 11 nm zirconia filler, and aggregated zirconia/silica cluster filler. 

USA

 Filtek P 90
 Hydrophobic siloxane and the low shrinkage oxirane polymers 3M ESPE, St. Paul, MN 

 N271480
  Filler: silanized fine quartz particles and radiopaque yttrium fluoride. USA

 Filtek P 90 Adhesive Hydrophobic bifunctional monomer, acidic monomers and silane-treated silica filler
 3M ESPE, St. Paul, MN

 N318634 
   USA



Youssef A. et al. 207

mm x 7 mm were prepared for micro-tensile bond strength testing. 
Specimens were sectioned perpendicular to the bonding surface using a 
slow speed diamond saw under continuous water cooling then were 
loaded into a universal testing machine to measure the micro tensile 
bond strengths. Specimens were stressed at a crosshead speed of 1 mm/
min until failure using a universal testing device with a load cell of 
100N. MTBS was expressed in MPa as derived from dividing the 
applied force (N) at the time of fracture by the bond area (mm2). 

The occurrence of failure prior to the actual testing was included in 
the calculation of the mean MTBS as 0 MPa with an explicit note of the 
number of pre-testing failures. Moreover, the highest and the lowest 
value in each group were excluded.

Failure analysis
This was recorded using a stereomicroscope identified. The type of 

failure was determined to be either adhesive failure; cohesive failure; or 
mixed (Figure 2).

Statistical analysis
The data was collected and entered into the personal computer. 

Statistical analysis was done using Statistical Package for Social 
Sciences (SPSS/ version 20) software. 

The statistical test used as follow;

(1) Mean and standard deviation for each parameter.
(2) Mann Whitney test was used for comparison between unpaired 

signed ranks test. 
(3) ANOVA test to compares between more than 2 groups, then last 

significant difference determines the level of significant between 
each two groups.

The 5% was chosen as the cut off level of significance. 
It was found that there was no significant effect of aged on the 

strength in different studied materials except CoJet + Z 350 and CoJect 
+ Kalore (p was 0.05 and 0.038 respectively.) as shown in Table 2.

In bur non aged groups, the highest value of strength was found in 
P90 (44.4 ± 14.68) and significantly higher than Z350 and Kalore, while 
the lowest value was found in Kalore group and in bur aged groups, the 
highest value of strength was found in P90 (41.7 ± 17.19) and signifi-
cantly higher than Z350 and Kalore, while the lowest value was found 
in Kalore group and significantly less than Z350 as shown in Table 3. 

In Coject non aged, it was found that the height value of strength 
was found in P90 (49.7 ± 19.75) followed by Z350 with no significant 
difference, while the Kalore was significantly lower than the other 
groups. 

In aged also it was found that the P90 show the heights value (45.1 
± 18.04) and significantly more than Z350 and Kalore as shown in 
Table 3.

It was found that there was no significant effect of the method of 
brushing except in Z350 only the Coject had a significant increase than 
bur in both aged and non-aged as shown in Table 4.

From all previous tables, it was found that the most significantly 
higher combination was found in Coject + P90 in non-aged followed by 
aged, then bur + P90 non aged followed by aged and final Coject + 
Z350 non-aged followed by aged (Figure 3). 

Discussion

Polymerization shrinkage is one of the clinicians' main problems 
when placing direct resin-based composite restorations25). Therefore, 
several attempts were done to reduce the shrinkage by changing the 
nature of the resin. Currently, a new cationic ring opening Silorane-
based monomer system, with the target profile of a low shrinking and 
biocompatible composite that withstands the aggressive oral environ-
ment, became available in the market15,3). However, fractures and fail-
ures, such as discoloration, worn areas and poor anatomic form of these 
restorations can still occur18). 

There is now accumulating evidence that, composite repair can be a 
viable, long-term, clinical procedure1,2,17,26,27). Wherever possible, it is 
clearly preferable to perform a restoration repair (i.e. partial replace-
ment of the composite restoration allowing preservation of that portion 
of the composite restoration which presents no clinical or radiographic 
evidence of failure) as an alternative to restoration replacement(removal 
of an entire composite restoration followed by the placement of a new 
composite restoration)1).

Recently, the repairability of Silorane composites was analyzed in 
several in vitro studies, but only few studies tested the ability of methac-
rylate-based composites to repair Silorane restorations. These studies 
investigated either the effect of the adhesive intermediate agent or the 
impact of surface preparation on Silorane repair. A systematic investiga-
tion combining both different surface pretreatments (mechanical and 
chemical) and different adhesive conditioning methods (adhesive, silane 
agent) was not done so far & investigation regarding the clinical dura-
bility of the repair bond strength of Silorane-based composite is still 
required20,25,28-30). 

Successful resin repair requires development of an adequate interfa-
cial bond between the old and new resins. Composite is most frequently 
used as the repairing material, thanks to its capacity to bond to enamel 
and dentine. Retention to the existing composite restoration can be 

Table 2. Comparison between non-aged and aged in 
different studied groups.

 Group Non-Aged Aged p

 Bur + P90 44.4 ± 14.68 41.7 ± 17.19 0.295

 Bur + Z350 27.8 ± 16.31 29.4 ± 20.20 0.391

 Bur + Kalore 25.6 ± 9.43 22.0 ± 10.80 0.129

 Cojet + P90 49.7 ± 19.75 45.1 ± 18.04 0.220

 CoJet + Z350 42.1 ± 6.57 37.9 ± 9.02 0.05*

 CoJet + Kalore 28.1 ± 6.04 24.7 ± 5.68 0.038*

Data are presented as mean ± SD.

P is significant

Table 3. Comparison between the three materials used 
in the same method of brushing in non-aged 
and aged.

  Non-Aged  
p

  Aged  
p

  Bur Cojet  Bur Cojet 

 
P90

 44.4 ±  49.7 ±  
0.068

 41.7 ±  45.1 ±  
0.305

  14.68 19.75  17.19 18.04

  
Z350

 27.8 ±  42.1 ±  
0.012*

 29.4 ±  37.9 ±  
0.021*

  16.31 6.57  20.20 9.02

 
Kalore

 25.6 ±  28.1 ±  
0.127

 22.0 ±  24.7 ±  
0.231

  9.43 6.04  10.80 5.68

Table 4. Comparison between the method of brushing 
in the same material in non-aged and aged.

 I. Bur P90 Z350 Kalore

 Non-Aged 44.4 ± 14.68 27.8 ± 16.31 25.6 ± 9.43

 p1  0.001* 0.001*

 p2   0.226

 Aged 41.7 ± 17.19 29.4 ± 20.20 22.0 ± 10.80

 p1  0.019* 0.016*

 p2   0.041*

 II. Cojet P90 Z350 Kalore

 Non-Aged 49.7 ± 19.75 42.1 ± 6.57 28.1 ± 6.04

 p1  0.043* 0.001*

 p2   0.028*

 Aged 45.1 ± 18.04 37.9 ± 9.02 24.7 ± 5.68

 p1  0.016* 0.0035*

 p2   0.021*

P1 comparison between P90 and both Z350 and Kalore. 

P2 comparison between Z350 and Kalore.
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obtained macro-mechanically by roughening with a bur and micro-me-
chanically by sandblasting performed with aluminum oxide powder24). 

In our study, two different adhesive systems with their correspond-
ing resin composites were used as it is not always possible for the den-
tist to determine the composite brand required to be repaired and our 
results showed that, the groups repaired with the same Silorane based 
substrate were of higher MT mean bond strength followed by those 
treated with dimethacrylate-based composite followed by those repaired 
with Du point based.
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