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ABSTRACT 

Purpose: The objective of this study was to investigate the effect of surface 
treatments of three laboratory fabricated composites (SR Adoro, Belle glass NG and 
GC Gradia) on their microtensile bond strength with the direct resin composite (Filtek 
Z350). 

 Materials and methods: Four laboratory resin composite blocks of each 
material were fabricated and polished to 600 grit. The specimens of each laboratory 
resin composite were then randomly assigned into four groups and treated with one of 
the following methods: Group1: no surface treatment (Control); Group2: sandblast 
only (SA); Group3: silane only (SI); Group4: sandblast plus silane (SA+SI). Single 
bond 2 adhesive was applied to the treated laboratory resin composite surfaces and 
covered with direct resin composite (Filtek Z350). The direct resin composite-
laboratory resin composite blocks were cut with cutting machine producing bars 
specimens (n=15), which were loaded to failure under tension in a microtensile tester. 
The mean microtensile bond strength was analyzed with one-way ANOVA. 

Results: Statistical analysis showed that the bond strength was significantly 
affected by surface treatment for belleGlass NG and SR Adoro, but not GC Gradia. 
For Adoro, group3 (SI) there were significantly lower bond strengths than group1,2,4 
(p<.05). For bellGlass NG, group4 (SA+SI) there were significantly higher bond 
strengths than other groups (p<.05). For no surface treatment and treatment with silane 
only, GC Gradia showed significantly higher bond strengths than other materials 
(p<.05). 

 Conclusion: Aluminum oxide sandblast followed by silane application 
improved the bond strength for SR Adoro. GC Gradia had a higher microtensile bond 
strength than belleGlass NG and SR Adoro when it had no surface treatment or had a 
silane surface treatment only. 
 

KEY WORDS : MICROTENSILE BOND STRENGTH / LABORATORY 

FABRICATED COMPOSITES / SURFACE TREATMENTS 

36 pp. 



Fac. of Grad. Studies, Mahidol Univ.            Thesis / v 

ความแข็งแรงไมโครเทนไซลของเรซินคอมโพสิตที่ใชวธีิออมภายหลังการซอมโดยการปรับผิววัสดุ
ดวยวิธีตางๆ (MICROTENSILE BOND STRENGTHS OF REPAIRED 
LABORATORY FABRICATED COMPOSITES USING DIFFERENT SURFACE 
TREATMENTS) 
สิริลักษณ สมรภูมิ 4636702 DTPT/M 

วท.ม. (ทันตกรรมประดิษฐ) 
คณะกรรมการควบคุมวิทยานิพนธ: วิชญ กาญจนวสิต, B.Sc., D.D.S., M.Sc., Ph.D.(Dental 

Material Science), กัลยา ศุภมงคล, D.D.S.,M.Sc.(Prosthodontics), Ph.D. (Materials 
Science and Engineering) 
 

บทคัดยอ 
วัตถุประสงคของการศึกษานี้ เพื่อศึกษาผลของการปรับผิววัสดุดวยวิธีการตางๆในการซอม 

เรซินคอมพอสิตที่ใชวิธีออม 3 ชนิด ไดแกเบลลีกลาส เอ็น จี, เอส อาร อะโดโร และจี ซี กราเดยี โดย
เตรียมชิ้นตวัอยางของเรซินคอมพอสิตที่ใชวิธีออมจากแบบหลอโลหะชนิดละสี่ช้ิน หลังจากนัน้แบง
ช้ินตัวอยางในแตละวัสดุออกเปนสี่กลุม เพื่อนาํไปทําการปรับผิววัสดุ โดยกลุมแรก ไมมีการปรับผิว
วัสดุ กลุมที่ 2 ปรับผิววัสดุดวยการเปาทรายเพียงอยางเดียว กลุมทีส่ามปรับผิววัสดุดวยสารไซเลน
เพียงอยางเดยีว และกลุมทีส่ี่ปรับผิววัสดุดวยการเปาทรายรวมกับทาสารไซเลน นําชิ้นตัวอยางที่ผาน
การปรับผิววัสดุแลวแตละชิน้ทาดวยสารเรซินบอนดิง จากนั้นอุดทับดวยเรซินคอมพอสิตชนิดตรง 
นําชิ้นตัวอยางที่ไดไปตัดเปนรูปรางแทงใหไดช้ินตัวอยางกลุมละสิบหาชิ้น และนาํไปทดสอบความ
แข็งแรงไมโครเทนไซล โดยใชเครื่องทดสอบไมโครเทนไซลและตรวจชิ้นตวัอยางแตละกลุมดวย
เครื่องอิเล็คตรอนชนิดสองกราด การวิเคราะหทางสถิติใชการวิเคราะหความแปรปรวนทางเดยีวเพื่อ
เปรียบเทียบคาความแข็งแรงไมโครเทนไซลของแตละกลุม 

ผลที่ไดจากการศึกษาครั้งนี้พบวาคาความแข็งแรงไมโครเทนไซลของเอส อาร อะโดโร ที่
ทําการปรับผิววัสดุดวยสารไซเลนเพียงอยางเดียว มีคาต่ํากวาการปรับผิววัสดดุวยวิธีอ่ืนอยางมี
นัยสําคัญทางสถิติ ในขณะที่เบลลีกลาส เอ็น จี ที่ทําการปรับผิววัสดดุวยการเปาทรายรวมกับการทา
สารไซเลนใหคาความแข็งแรงไมโครเทนไซลสูงที่สุด เมื่อเทียบกบัการปรับผิววสัดุแบบอื่นอยางมี
นัยสําคัญทางสถิติ ในกลุมที่ไมมีการปรับผิววัสดุและปรับผิววัสดุดวยสารไซเลนเพียงอยางเดียว
พบวาจี ซี กราเดียใหคาความแข็งแรงไมโครเทนไซลสูงกวาเบลลีกลาส เอ็น จี และ จี ซี กราเดยี 
อยางมีนัยสําคญัทางสถิติ 
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CHAPTER I 

INTRODUCTION 
 
 

In recent years there has been a steady increase in the use of laboratory 

fabricated resin composites. The clinical advantages of adhesive and cosmetic 

dentistry have led to improvements in composite systems for indirect restoration. 

These systems reduces the effects of polymerization contraction and they allow 

dentists to fabricate restorations that offer the better anatomic contour and more 

accurate contact points than direct restorative techniques (1,2). Differences in 

composition, structure, and polymerization mechanism result in a higher monomer 

conversion rate, improving the esthetic and physical-mechanical properties (1,3,4). 

Despite the improvement of composites, clinical failures may occur during the 

restoration process, including bulk fractures, chipping, marginal gaps, wear, and color 

alteration (5-11). In such situations, it may be necessary to replace or repair the 

existing restorations to restore function and esthetics. 

Removing the old restoration completely is not always the best option, due to the loss 

of sound dental tissue, the risk of pulp damage in deep cavities, the resulting need for 

more clinical appointments, and high cost. The repair of composites exhibit small 

fractures, staining, or wear may be a viable and less costly alternative to their complete 

replacement and would cause less pulpal trauma (7). The bond strength between 

increments of composite is equal to the cohesive strength of the material (12,13). 

However, if the composites have been contaminated, polished, processed in the 

laboratory, or aged, the adhesion to the new composite is reduced to 25% to 80% of 

the original cohesive strength (5,14). Successful resin repair requires development of 

an adequate interfacial bond between the old and new resins. Various methods have 

been reported to improve the reactivity of highly converted composites. These 

methods include acid etching (6), air abrasion (15) and the use of solvents and silanes 

(16). There is no consensus on the results obtained with the different procedures. 

However, their efficacy for composite repairs has not been adequately studied.
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Objective 

The purpose of this study was to investigate the effect of surface treatments of 

three laboratory fabricated resin composites (SR Adoro,Belleglass NG and GC 

Gradia) on their microtensile bond strength with the direct resin composite (Filtek Z-

350) 

 

Research Hypothesis 

1. Surface treatment of laboratory fabricated composites had an effect on their 

microtensile bond strength to the direct resin composite. 

2. Microtensile bond strengths of the three laboratory fabricated indirect resin 

composites to the direct resin composite were different. 
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CHAPTER II 

LITERATURE REVIEW 
 

 
New concepts of treatment in dentistry always follow the advent and 

development of new biomaterials or the improvement of new biomaterials that  

already exist in the restorative armamentarium. Esthetic adhesive dentistry is the result 

of the development of resins composite and advances in dentin-enamel adhesives. The 

desire to place esthetically pleasing, functionally stable, posterior restorative materials 

have steadily increased over the past 20 years. The creation of successful dentin 

bonding adhesives and appropriate resin luting cements have paved the way for the 

development of a myriad of indirect resin based restorative materials. These materials 

have been specially designed to overcome the negative attributes of their porcelain 

counterparts, and to simplify fabrication, insertion, and post delivery adjustments. 

Although it is not expected that any single material can meet the demands of every 

clinical situations, it is generally agreed that the ideal restorative material should fulfill 

the following basic functions (17). 

1. Permit the most conservative approach to cavity preparation 

2. Optimally restore the morphology and the original mechanical resistance of 

the tooth to allow it to resume proper function 

3. Ensure external and internal adaptation and seal of the restoration, to 

prevent recurrent decay, pulpal injuries, and dentinal sensitivity 

4. Be biologically compatible with the underlying vital substrate 

5. Provide satisfactory longevity 

Laboratory processed resin composite restorations have been marketed as an 

alternative to direct resin composites. First generation of laboratory composites were 

produced. All these were microfill resin systems that explored a variety of curing 

mechanisms but possessed low flexural strength and were characteristics, because of 

the low filler content and high percentage of exposed resin. 

Second generation laboratory composite restorations produced in the late 

1980s and through out the 1990s, were characterized by an increase in filler loading,
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 increase flexural strength, and resistance to wear similar to enamel (table 2-1). It was 

during this period of evolution that manufacturers began using multifunctional 

monomers with more double bonding sites and manipulating their positions in the 

carbon chain to permit greater cross linking. This technology was further enhanced by 

developments in mode of polymerization used for each system. By using combinations 

of heat, various wavelengths and intensities of visible light, pressure, and exclusion of 

oxygen, manufacturers are able to increase the percentage of conversions of available 

bonding sites nearly 100% and significantly improve strength, wear, hardness, and 

color stability. 

 

The laboratory fabricated resin composite of bellyGlass NG, employs heat, 

pressure, and the additional use of a nitrogen bell to eliminate oxygen from the curing 

TABLE 2-1 : The second-generation indirect resin 
composites       

  ArtGlass Conquest Colombus Targis Belleglass HP SR Adoro 

  (Kulzer) (Jeneric Pentron) (Cendres (Ivoclar) (Belle de  (Ivoclar  

      et Metaux)   St. Claire Kerr) Vivadent AG) 
Organic fillers : 
% weight (% 
volume) 0 0 0 0 0 NP 
Inorganic fillers : 
% weight (% 
volume) 72 (58) 79 (68) 77 (64) 80 (68) 74 (63) 65 (NP) 

Resin (% volume) -42 -32 -36 -32 -37 (NP) 
Mechanical 
Properties        
   Flexural 
strength (MPa) 120 160 155 160 150 120-125 
   Elastic modulus 
(MPa) 9,000 12,000 8,500 10,000 9,655 7,000-7,500 
   Compressive 
strength (MPa) NP 447 335/350 NP 450 NP 
   Ball Hardness 
(N/mm2) 590 697 670 775 NP 354-360 
   Polymerization 
shrinkage NP 0.34% 0.12% NP NP NP 
   Solubility in 
water (mg/mm3) 0.5 0.38 0.004 2 NP 1± 0.7 
   Water sorption 
(mg/mm3) NP 12 NP 16.5 NP 17±1 
   Abrasion wear 
(Test in vitro) 
(mm/yr) NP 3 3 10 1.2 NP 
NP = not provided by the 
manufacturers           
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environment. This material was introduced in 1996 by Belle de st. Claire as an indirect 

restorative agent; the manufacturer characterized it as an indirect restorative agent. 

The resin matrix is chemically similar to that of the BIS-GMA restorative systems 

currently on the market. The mechanism of curing associated with belleGlass NG is 

considerably different because it uses heat multiplies the rate of polymerize, it also 

increases the volatility of the monomers. Moreover, by polymerizing at 80 psi, this 

method can reduce the vapor pressure of the monomer and minimizes porosity. 

Conducting the polymerization process in a nitrogen environment eliminates oxygen, 

which is known to complete at the carbon double bonding sites, and can limit the 

degree of the conversion and minimize the physical properties of the polymer. In this 

environment, few if any voids exist in the polymer, and the result is an increase in 

light diffusion and better optical properties (18).  

The laboratory fabricated resin composite of SR Adoro has high proportion 

of inorganic fillers in a nano scale range. The matrix is based on a urethane 

dimethacrylate <UDMA>, which has been newly developed and which is 

characterized by its toughness, which is higher than that of its predecessors or the 

frequently used Bis-GMA. 

In order to achieve a non-sticky, homogeneous consistency and a low 

shrinkage system a special prepolymer has been developed, which is also based on the 

newly developed UDMA and nanoscale fillers. The result is a virtually homogeneous 

material, which may well be called a microcomposite. 

The inorganic nanoscale microfillers, combined with the newly developed 

matrix, impart a homogeneous structure to the material. The ratio between these two 

components has been carefully adjusted, endowing the material with excellent 

physical properties and high resistance to discoloration, plaque and wear. 

 

Resin composites repaired 

Composite resin repair is an alternative to replacement of a whole 

restoration. In many cases cost effectiveness is achieved with reduced treatment time 

and decrease material consumption together with saved tooth tissue. A key element in 

clinical decision to repair or replace is the assessment of microleakage between 

restoration and tooth structure as delineated by staining at a junction. Most laboratory 
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resin composites are modification of composites by use of multifunctional 

methacrylates, increased loading of glass filler particles and additional 

light/heat/vacuum pressure curing, rendering the material with increased mechanical 

properties. Different methods for repair have been developed, attempting to find an 

ideal surface treatment to improve repair bond strength.  

The bond strength between increments of composite is equal to the cohesive 

strength of the material. However, if the composite has been contaminated, polished, 

processed in laboratory, or aged, the adhesion to a new composite is reduced from the 

original cohesive strength. A previous study showed that the flexural strength of 

repaired composites ranged from 20-85% of cohesive strengths of bulk materials (16). 

This variation was caused by differences in treatment protocol of the cut surfaces 

before new material was added. The strength reduction of repaired composites was 

explained as a result of incomplete bond formation between the cut composite surface 

and added material. The incomplete bond formation was result of silane removal from 

cut and exposed filler surface and lack of reactive bond sites available in the matrix of 

the cut composite. In general, bonding between two composite layers is achieved in 

the presence of unpolymerized resin. Several techniques were suggested to improve 

the composite-composite bond. A review of the literature also reveals that different 

surface treatments have been suggested in preparation for the repair of existing 

composite resin restorations. The techniques included surface roughening and the 

others are based on attempts to improve adhesion of new resin to cross-linked polymer 

matrix or filler particles of the composite (10,11). Similarly the treatment of the 

laboratory fabricated resin composite restoration is very much like the resin composite 

repair, because there is a need to create the strongest possible bond of resin cement to 

a previously polymerized composite. To maximize composite repair strengths, 

researchers have explored methods such as acid etching, micro-etching (abrasive 

particles applied with compressed air), used of coarse burs, and chemical means 

(silanes) to enhance the repair. The selection of surface treatment depends mainly on 

the material composition (6,10,14). 

Kupeic et al (1996) found that bond strength resulting from roughening of 

the surface with diamond bur was equivalent to that obtained when bonding to an air 

inhibit layer on a cured composite (19). Broth (1997) reported that surface treatment 
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by carborund stone or sandblasting achieved the highest bond strength (10). Various 

air abrasion (sandblast) systems are used in clinical dentistry. In other reported studies, 

air abrasion resulted in the strongest repairs. They found that hybrid composite 

specimens abraded with Co-jet Sand had significantly higher shear bond strengths than 

all other surface treatments. They stated that used of Co-Jet Sand with or without 

silane provided a significant in repair bond strength of both hybrid and microfill 

composites when compared to surface preparation with a diamond bur or aluminum 

oxide microetching. Co-jet Sand particles roughen and increase the surface energy of 

aged composite an embed a proprietary ‘silicate ceramic layer’ of submicron particles 

which can then be treated by silane coupling agent, which chemically bonds to unfilled 

resin and resin composite of the repair (9). Recent studies have found that air abrasion 

techniques are quite effective as a mean for roughening the aged composite surface 

prior to bonding. Oztas N and others in 2003 studied the effect of air abrasion on 

composite repair they concluded that the air abrasion technique resulting in significant 

higher bond strengths than sanding with 500 grit sand papers (20). They stated that air 

abrasion provides a rough, irregular surface with large microtension areas and 

increases its wettability for adhesive system. Wetting of the surface to be repair by a 

bonding agent to allow for optimal adaptation of the repair composite has been shown 

to be integral to develop high bond strength (13). Even though it was expected that the 

surface area enlargement promoted by the diamond bur or the micro etcher would 

enhance the bond strength between the parts. Many studies have shown that using air 

abrasion provided the highest composite repair strengths (6,20,21). 

Because air abrasion is relatively simple and quick, is effective, and does not 

involve strong acids intra orally, this method of surface preparation is likely to become 

increasing popular. Most studies have indicated that the surface roughness of 

composite has a greater influence on repair strength than using a bonding agent 

(6,14,19,22).  

T.T.Kallio et al. in 2001 had investigated the shear bond strengths between 

fiber reinforced composite resin substrate and repaired composite with and without an 

intermediate resin the result showed that the use of intermediate resin improve shear 

bond strengths in most groups. Three possible mechanisms during composite repaired 

with the use of intermediate unfilled resins are chemical bond formation to the matrix, 
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chemical bonds to the exposed filler particles, and micromechanical retention caused 

by penetration of the monomer components to micro irregularities in the matrix (11). 

The finding of this study support the earlier findings by Boyer that low viscosity 

intermediate resins generally significantly reinforce the repair strengths of composite 

resins (13). The function of unfilled intermediate resin is to achieve better wetting of 

the substrate surface, dissolve and swell the polymer surface of the substrate. 

Hydrofluoric acid (HF) is commonly used to etch porcelain surfaces for 

indirect restorations or intraoral repairs. HF also etches the glass filler particles in 

hybrid and small particle composites although microfill composites do not contain 

glass particles, HF can cause some slight surface changes (23). The result from the 

laboratory study of Swift in 1992 showed that etching composite (Hybrid, small 

particle and microfill) with 9.6% HF gel for 30 seconds either increased or  decreased 

repair strength, depending on the composite material being repaired (6). The study of 

Martin C.L. and others in 2001 showed that surface treatment with HF produced 

significantly lower bond strength than air abrasion or primer applications(21), which 

agree with findings by Bros and Crumpler  (10,24). 

HF acts by dissolving the glass particles of the filling, leaving gaps or pores 

that allow micromechanical retention by the bonding agent. Its application at 9.6% for 

2 minutes may have been aggressive, because there are reports that etching of shorter 

duration can dissolve the filling and soften the resin (6). Previous study have reported 

that HF etching of composites did not provide adequate repair bond strength when 

compared with air abrasion (6,25,26). Other studies have shown that 30-60 seconds 

applications of HF cause softening and porosity of the composite resin matrix as well 

as dissolution of exposed glass particles, resulting in lower repair bond strengths for 

some composites (6,24). But in the study of Trajtenberg C.P. and others in 2004 found 

that applying 8% HF for 15 seconds offer acceptable bond strengths for laboratory 

composite  repaired with direct repair composites (27).    

 The effect of silane on the bond strength of repaired composites is 

controversial. Some authors who evaluated the effectiveness of using a silane agent in 

composite repairs did not find statistically significant improvements on bond strength 

(10,28).  However previous studies have shown that a bonding agent combined with 
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silane is the most effective procedure for enhancing the bond strength of resin cement 

or composite to a prepolymerized composite surface following microetching (13,29). 

Silanes  have the general structure R’-Si(OR )3 where R is an alkyl group and 

R’ is a functional group designed to be reactive with the adhesive. Silanes serve as 

coupling agents where the alkoxy group (OR)  is hydrolyzed to a silanol (SiOH) which 

then bonds with silanols on the filler particles surface by formation of a siloxane bond 

(Si-O-Si). The organofunctional group (R’), typically a methylmethacrylate which is 

compatible with dimethacrylates used in composites chemically reacted with the 

adhesives resin to form the covalent bonds. Intact prepolymerized resin composite, 

used as filler in Silux Plus, may limit filler particle surface exposure to silane thereby 

minimizing the formation of chemical and hydrogen bonding with the silane. In this 

study indicates that the used of silanating agents when repairing the hybrid seems to be  

warranted because significantly greater shear bond strength in both microfill and 

hybrid materials. One of the purposes of using a silane in a repair technique is to 

establish covalent bonds between the monomers of the bonding agent and the glass 

particles that lost their layer of silane because of the roughening procedure (9,24). 

 

Bond strength testing 

The Bond strength testing is a questionable parameter to predict the clinical 

performance of composite repairs. However, laboratory test are important to obtain 

information about some properties in a short time period. Some of tests that evaluate 

bond strength between two materials are tensile bond strength, shear bond strength, 

flexural strength, and diametral tensile strength. Shear and tensile bond strength tests 

have long represented the most common laboratory trials for evaluating the adhesion 

of bonding systems to enamel and dentin. These tests are relatively easy to carry out, 

are widely applied in dental research, and they provide the bulk of the currently 

published data on bonding systems. However, it has been shown that both tensile and 

shear bond strength tests can be greatly affected by the variability in specimen 

geometry and experimental loading conditions. However, shear bond strength tests 

have been criticized in many investigations (30,31).  

According to the Griffith’s defect theory, when testing uniform materials in 

tension, the tensile strength of the material decreases with increasing specimen size. 
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This result may be due to the distribution of defects in the material because a larger 

specimen probably contains  many more defects compared to smaller specimens. 

In an effort to develop bond tests of small areas, Sano et al.( 1994 ) 

developed what can be called the microtensile method which used a small specimens 

with bond surfaces < 1 mm2. This was supposed to produce a more uniform 

distribution of stress (32). Accordingly, bond strength can be measured without much 

cohesive failure at adhesive-dentin interface. There are number of advantages and 

disadvantages to the use of the microtensile testing method (33). 

Advantages 

1. More adhesive failures, fewer cohesive failures 

2. Higher interfacial bond strengths can be measured 

3. Permits measurements of regional bond strengths 

4. Mean and variance can be calculated for single teeth 

5. Permits testing of bonds made to irregular surfaces 

6. Permits testing of very small areas 

7. Facilitates SEM examination of the failed bonds since the surface area is 

approximately 1 mm2 

Disadvantages 

1. Labor intensive, technically demanding 

2. Difficult to measure bond strengths < 5 MPs. 

3. Requires special equipment 

4. Samples are so small they dehydrate rapidly 

The microtensile technique offers several advantages over the other 

procedures. It avoids the occurrence of cohesive fractures of dentin on loading. The 

occurrence of failure of the substrate itself prevents the measurement of interfacial 

bond strengthen, hence, the evaluation of improvements in bonding procedures or 

formulations. Using the microtensile test results in a more uniform distribution of 

loading stresses across a smaller bonded interface, thereby reducing the frequency of 

cohesive fractures in dentin compared with conventional shear bond strength tests. In 

the microtensile technique, the surface tested is so small that the variability introduced 

by these factors is greatly reduced and the stress distribution across the bonding 

surface is through to the much more uniform. This allows for a more realistic and 



Fac. of Grad. Studies, Mahidol Univ.              M.Sc.(Prosthodontics) / 11 

reliable appraisal of resin-tooth bond strengths. In conclusion, the microtensile 

technique is a versatile and reliable method to test the quality of adhesion of dental 

materials to different substrates (34). 
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CHAPTER III 

MATERIALS AND METHODS 
 

 

MATERIALS 
    

Materials used in the study are presented in Table 3-1 

Table 3-1: Materials tested 

Material Manufacturer Polymer matrix Filler Particle 

belleGlass 

NG 

(dentin shade) 

 

 

SR Adoro 

(dentin shade) 

 

 

 

GC Gradia 

 

 

Filtek Z350 

Kerr, Belle de 

St Claire/Kerr, 

Orange, CA, 

USA 

 

Ivoclar, 

Vivadent, 

Schaan, 

Leichtenstein 

GC Dental 

Products Corp., 

Tokyo, Japan 

3M ESPE 

Dental products, 

St Paul, 

MN,USA 

Ethoxylated bis-phenol-

A-dimethacrylate, 

BISGMA and TEGDMA 

21.3% wt. 

 

UDMA17%wt 

 

 

 

 

UDMA 25% wt. 

 

 

BISGMA 

BISEMA(6) 

UDMA 

TEGDMA 21.5% wt. 

Barium glass 

(78.7 wt%) 

 

 

 

prepolymerized 

splinter 63 

wt.%, SiO2 

 

 

Al2O3 • SiO2  

glass, organic 

SiO2 

Nanosilica  

Zirconia/Silica 

Particles 

Zirconia/Silica 

nanocluster 

(78.5 wt.%) 

0.6 µm 

 

 

 

 

10-100 

nm 

 

 

 

0.5-

50µm 

 

20 nm 

5-20 nm 

0.4-

1.4µm 

 

 

 

*Data provided by manufacturers 
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INSTRUMENTS 

 

1. Hand light-curing unit (Optilux501, Orange, CA, USA) 

2. Lumamat 100 furnance (Ivoclar Vivadent Inc., Schaan, Leiechtenstein) 

3. belleGlass HP curing oven (Kerr Corp., Orange, CA, USA) 

4. GC Labolight LV-III (GC Corp., Tokyo, Japan) 

5. Stainless steel mold  

6. Mylar strips 

7. Glass slides 

8. 600 grit silicon carbide paper 

9. Distilled water 

10. Composite handing instruments 

11. SR-Gel 

12. Incubator (Memmert Japan Model 600)  

13. Digital micrometer (Mitutoyo Corp.,Japan) 

14.  Microtensile tester T-61010K (Bisco,Inc., U.S.A.) 

15. Scanning electron microscope JSM-5410LV (Jeol Ltd, Tokyo, Japan)  

16. Bonding agent (Single bond 2,3M ESPE, U.S.A.) 

17. Hand held sandblast (ACCU-PREP) 

18. Zapit adhesive (Dental venture,U.S.A.)  

19. cutting machine ( Accutom-50,Struer,Copenhagen,Denmark) 
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Fig.3-1 laboratory resin composites used in this study 

 

   
Fig.3- 2  stainless steel mold for fabrication of laboratory resin composite 

specimens 

 

    
Fig.3- 3 stainless steel mold for addition of direct resin composite to the 

laboratory resin composites 
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Fig.3- 4 Incubator (Memmert Japan Model 600) used for storing the specimens 

before testing 

    

    
  

Fig.3-5 Optilux 501 light curing unit used for initial polymerization of laboratory 

resin composite 

 

 

 

 

 

 

 

 

Fig.3-6 Lumamat 100 furnace used for complete curing of SR Adoro laboratory  

resin composite   

SR
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Fig.3-7 belleGlass NG curing oven used for complete curing of belleGlass NG 

laboratory resin composite 

 

                          
Fig. 3-8 GC Lab light LV-III used for complete curing of  GC Gradia laboratory 

resin composite  

 

   
Fig. 3-9 Cutting machine 
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Fig. 3-10 Microtensile tester  

 

 

 

   

 

 

 
Fig. 3-11 Digital micrometer 

 

METHODS 
1. Specimens preparation 

Two metal molds were fabricated. One mold for preparing the laboratory resin 

composite specimens, had a rectangular cavity (10mm.x 10mm.x 4mm.)(Fig.3-2). The 

other mold used for addition of direct resin composite had a rectangular cavity (10mm. 

x 10mm. x 8mm.)(Fig 3-3). The laboratory composites were cured according to the 

manufacturers’ recommendations. Four blocks of each material were prepared. The 

resin composite were introduced to the first mold by an incremental technique using a 

composite instrument, where two increments of 2 mm each were polymerized for 20 

seconds with an Optilux 501 light curing unit. The surface of the second increment 

was shaped to a flat configuration using a mylar strip and a glass slide prior to light 

curing (Fig.3-12 a-b). The specimens were then removed from the stainless steel mold 
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(Fig. 3-13a-b). After light curing, SR Adoro specimens were covered with SR Gel for 

preventing an inhibition layer before being  polymerized in the Lumamat 100 at 104°C 

for 25 minutes. After completion of the polymerization procedure, SR Gel was 

removed from the specimens in running water and dry air.  

belleGlass NG specimens were polymerized in the belleGlass HP curing oven 

at 135°C under 60 psi for 20 minutes. Gradia specimens were polymerized in the GC 

Labolight LV-III for 3 minutes. After that the specimens were polished for removing 

excess with 600 grit silicon carbide papers.  

 

  
Fig. 3-12a    fig. 3-12b 

Fig. 12 a-b The preparation for laboratory composite block specimens 

 

  
Fig.3-13a    fig. 3-13b 

Fig. 13a-b The block specimen of laboratory composites   

 

A total of 12 block specimens (4 blocks for each laboratory resin composite) 

were stored in deionized water for 24 hours in an incubator at 37ºC. 

The specimens of each laboratory composite were randomly assigned into four 

groups and treated with one of the following methods. 
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Group 1 (Control) : control group 

The specimens in this group did not receive any surface treatment. Only the 

bonding agent was applied to their surface. 

Group 2 (SA) : sandblast only 

Each specimen was sandblasted with 50 µm aluminum oxide particles for 15 

seconds at a distance of 10 mm with a microetcher intraoral sandblast device. The 

specimen was then rinsed for 10 seconds using a stream of oil-free compressed 

air/water from a syringe tip. An air syringe was then used for 5 seconds to remove 

excess surface water. 

Group 3 (SI) : silane only 

Each specimen was applied with silane ( RelyX Ceramic primer, lot no. ,3M 

ESPE.USA) and allowed to evaporate for 3 minutes and air-dried for 30 seconds. 

Group 4 (SA+SI) : sandblast plus silane 

Each specimen was sandblasted as that in group 2 and then applied with silane 

as that in group 3. 

 

2. Application of direct resin composite 

The bonding agent Single bond 2 ( 3M ESPE, USA.) was applied to the treated 

surface of each composite block and light cured for 20 seconds. Then each specimen 

was placed in the second stainless steel mold (Fig. 3-14a). Resin composite (Filtex 

Z350) was then placed on the treated surface in 2 increments of 2 mm.thick and each 

layer was light cured  for 20 seconds (Fig. 3-14b). 

 

    
Fig. 3-14 a      Fig. 3-14b 

Fig. 3-14a,b  Application of the direct resin composite (Filtex Z-350)  
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The laboratory composite/direct composite specimens were stored in deionized 

water for 24 hours at 37ºC. The bonded specimens were serially sectioned 

perpendicular to the bonded interface to obtain 0.9 mm. wide slice with the cutting 

machine under copious water spray. A second set of the cuts were perpendicular to the 

first cuts converting the slabs into bar shaped testing specimens approximately 

0.9mm.x0.9mm.in transverse cross section (Fig.3-15,3-16). 

 

   
Fig.3-15  Laboratory resin composite specimen bonded to direct resin composite 

 

 
Fig. 3-16 Bar specimens 

 

Fifteen bars were randomly selected from each group of each laboratory resin 

composite for microtensile strength test. Before testing, the surface area of each bar 

were calculated. 

 

3. Microtensile bond strength test 

The specimens were attached to the microtensile test apparatus with a 

cyanoacrylate adhesive pararell to the direction of test block keys ( Fig.3-17). The 

specimens were then debonded in tension (Fig.3-18). The microtensile bond strengths 
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at failure were calculated from the failure load and surface area in megapascales 

(MPa)(Table 3-2). 

 After testing, five specimens were randomly selected for investigation of the 

fracture surface using a scanning electron microscope (JSM-5410LV, Jeol Ltd, Tokyo, 

Japan) under low magnification. The failure modes were recorded as adhesive (if one 

fracture site was at the repaired composite or laboratory composite surface and the 

other site remained adhesive only); cohesive in adhesive layer (fractures extending 

through the adhesive); cohesive in repaired composite (failure totally with in repaired 

composite) or cohesive in laboratory composite (failure totally in laboratory 

composite); and mixed failures (failure including at least two of these materials). 

 

  
Fig. 3-17 The specimens attached to the apparatus with a cyanoacrylate adhesive 

pararell to the direction of test block keys. 

 

  
Fig. 3-18 Debonded specimen 
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4. Statistical analysis 

The data in each group was subjected to Kolmogorov Sminov test for normal 

distribution. The data were subjected to Levene statistics test for homogeneity of 

variances. Then the differences in microtensile bond strengths data among surface 

treatments and among material were analyzed for statistical significance using one-

way ANOVA. The differences were obtained by using the Tukey test (with corrected 

df when variances were not significantly (Levene test, with p>.05)) and Dunnett T3 

(with corrected df when variances were significantly (Levene test, with p<.05)) at the 

0.05 level of significance. 
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CHAPTER IV 

RESULTS 
 

 

The mean microtensile bond strengths ( µ-tbs ) and standard deviation ( SD ) 

were presented in Table 4-1. 

  

Table 4-1. Mean microtensile bond strength ( MPa ) and standard deviation of 

microtensile bond strength. 

 
SA = Sandblast only 
SI =   Silane only 

SA + SI = Sandblast plus silane application 

 

4.1 Effects of surface treatments on microtensile bond strength of laboratory resin  

composites to direct resin composite. 

One way ANOVA test showed that the different surface treatment had an effect 

on the microtensile bond strength of belleGlass NG and SR Adoro, but not GC gradia 

(Table 4-2).  

 

 

 

Surface treatments Laboratory resin 
composites control SA SI SA+SI 

Belleglass NG 21.12(5.91) 25.82(6.70) 24.22(8.31) 33.97(13.44) 
SR Adoro 25.97(8.53) 29.81(8.43) 18.44(6.12) 31.91(7.59) 
GC Gradia 36.40(7.59) 33.34(10.37) 32.50(7.89) 32.79(9.81) 
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Table 4-2 One way analysis of variance compares means of microtensile bond strength 

among surface treatments within each material. 
   
Laboratory 
resin 
composite   

Sum of 
Squares df Mean Square F Sig. 

Between 
Groups 1352.659 3 450.886 5.472 .002

Within Groups 4614.681 56 82.405    

belleglass 

Total 5967.339 59     
Between 
Groups 1581.968 3 527.323 8.833 .000

Within Groups 3343.299 56 59.702    

adoro 

Total 4925.267 59     
Between 
Groups 145.080 3 48.360 .621 .605

Within Groups 4363.560 56 77.921    

gradia 

Total 4508.641 59     

 

The Tukey B multiple comparative test was used to compared the microtensile 

bond strengths between surface treatment groups for SR Adoro and Dunnett T3 was 

used for  belleGlass NG. For Adoro, the use of silane only resulted in significantly 

lower bond strengths than using other surface treatments (p<.05). Treating surface with 

sandblast only,sandblast plus silane and no surface treatment resulted similar bond 

strengths (p>.05). 

For belleGlass NG, The use of sandblast followed by silane had significantly 

higher bond strengths when compared other surface treatments ( p<.05). The treatment 

surface with sandblast only or silane only showed the similar bond strengths and not 

statistically different from the control . 

 

4.2 Different among the materials 

One way analysis among material was showed in Table 4-3. It showed the 

different microtensile bond strength among three laboratory composite to direct resin 

composite in the group that had no surface treatment and that treated with silane only. 

The Tukey B multiple comparative test was used to compared the difference. 

For no surface treatment group, GC Gradia resulted in significantly higher bond 
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strengths than other materials (p<.05).  belleGlass NG and SR Adoro resulted in similar 

bond strengths (p>.05). 

For treatment with silane only, GC Gradia had significantly higher bond 

strengths than other materials (p<.05). belleGlass NG and SR Adoro resulted in similar 

bond strengths (p>.05). 
 

Table 4-3 One way analysis of variance compares means of microtensile bond strength 

among laboratory resin composites. 
  

GROUP   
Sum of 
Squares df Mean Square F Sig. 

Between 
Groups 1829.339 2 914.669 16.603 .000

Within Groups 2313.771 42 55.090

control 

Total 4143.110 44
Between 
Groups 425.274 2 212.637 2.855 .069

Within Groups 3128.367 42 74.485

sa 

Total 3553.641 44
Between 
Groups 1497.972 2 748.986 13.312 .000

Within Groups 2363.110 42 56.265

si 

Total 3861.082 44
Between 
Groups 31.895 2 15.948 .148 .863

Within Groups 4516.292 42 107.531

sa+si 

Total 4548.187 44

 

SEM analysis  

After the microtensile bond strength test, the resulting fractured surfaces were  

photographed and evaluated using the SEM to determine if any patterns of similarity or 

difference appear between the groups. Result from the SEM are shown. The images are 

representative of the different group. In most cases, mixed mode fractures were found. 

Results from the SEM are shown in Figs 4-1 to 4-3. 
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Figure 4-1 SEM analysis from belleglass at interfacial debonded site. Top: the control 
group. Top center: SA group. Bottom center: SI group. Bottom: SA+SI group. The 
SEM show resulting surfaces of the specimen after failure. A mixed mode of failure is 
seen; cohesive failure of laboratory composite (LC), cohesive failure of direct 
composite resin (DC), and cohesive within adhesive bonding (A).  
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Figure 4-2 SEM analysis from GC Gradia at interfacial debonded site. Mixed failure 
found in SA+SI group: cohesive failure of laboratory composite (LC), cohesive failure 
of direct composite resin (DC), and cohesive within adhesive bonding (A).  
 

 

  
Figure 4-3 SEM analysis from SR Adoro at interfacial debonded site. Mixed failure 

presented in group SI and SA+SI. 
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    DC 
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CHAPTER V 

DISCUSSION 
 

 

Composite restorations can be repaired by applying a new material over the old 

composite but fewer methacrylate groups are available with time and large crosslink 

reduces the penetration of fresh monomer into the old composite matrix. Furthermore, 

the polished surface can expose the filler surface without silane which will not bond to 

the new composite layer. Bond strength values of composite repaired are significantly 

lower than composite cohesive strength, even when different surface treatment and 

cohesive systems are used (6,35-37). 

This study evaluated the techniques commonly used for surface treatments of 

laboratory composites i.e., aluminum oxide sandblasting, silane application and 

sandblasting followed by silane agent prior to bonding to direct resin composite. The 

study did not include surface etching with fluoridric acid. According to previous 

studies this step offered no benefit regarding composite repair (6,8,10,21). In addition, 

hydrofluoric acid involves risks for the patients and dental team due to its high toxicity 

when it makes contact with skin or mucous membrane (21). 

Microtensile bond strength results were analyzed by statistical analysis for 

each composite. This study used the microtensile method for evaluating the bond 

strength of repaired laboratory composites. Adhesion analysis of dentin bonding 

agents has been performed by numerous mechanical testing methods, including shear 

bond strength, tensile bond strength, microleakage, and contraction gap size 

measurements. However, at bond strength values higher than 20 MPa in a shear test, 

cohesive failures of the substrate will more likely occur (38). Therefore, a new test 

needed to be developed to differentiate between adhesives that produces higher bond 

strengths. A microtensile bond strength methodology was introduced by Sano and 

others in 1994. These authors showed that microtensile bond strength was inversely 

related to the bonded surface area (32,39,40). Although much higher bond strength 

were measured, most failures still occurred at the interface between tooth substrate and 
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adhesive. In the present study, the microtensile test effectively permitted higher value 

compared to studies from other authors who used shear test. SEM analysis showed that 

all fractures occurred within the interface, classified as adhesion or mixed failures.  

This study used the microtensile tester for the testing method. The microtensile 

tester has a maximum load cell 0f 200 newtons, a closer value to the repaired bond 

strength of the laboratory composites when compared to the use of the instron 

universal testing machine. The values of the bond strengths in the study were higher 

when compared to using other test methods. Failure mode analysis indicated that the 

failures occurred with the adhesive joint and all failures were mixed failures. This 

suggests that the surface treatments were more effective for laboratory composite 

materials. 

For SR Adoro and belleGlass NG laboratory composites, treatment surface 

with aluminum oxide sandblast followed by silane agent application presented the 

highest microtensile bond strengths. Sandblasting was introduced to enhance bonding 

between laboratory composites and Filtex Z-350. Previous studies showed that 

sandblasting removes impurities, promotes non-selection degradation and also 

roughness on the composite, creating an irregular surface and strong mechanical 

attachment of the adhesive resin to sandblasted composite. Moreover, it removes the 

resin matrix, porosity, exposing and maintains filler particles on the composite surface 

for silanization (41,42). 

Silane is a coupling agent and its bifunctional molecule bond to both the 

exposed composite filler particles and the bonding resin. In its hydrolyzed state, silane 

silane contains silanol groups bonding to the filler surface by formation of siloxane 

bondc (Si-O-Si) with  release of water. The resin active vinyl group is responsible for 

adhesion to organic resin of bonding agent. This part of the silane molecule contains a 

double bond, which enables the molecules to react with the methacrylic groups in the 

bonding agent. The exposure of the particles produced by sandblasting with 50 µm 

aluminum oxide particle abrasion facilitated bonding in the silanization step, because 

the large area of filler particles was present on the laboratory composite surface. 

Moreover, all composites tested present a high filler content that can improve bonding 

with the luting agent.  



Siriluck Samorapoom                  Discussion / 30 

However, the results in this study showed the higher bond strength in those 

treated with sandblast followed by silane application when compared to treated with 

sandblast only, but the difference was not statistically significant. The result was same 

as the previous studies (9).  In the groups those were treated with silane only  

presented the lower bond strengths for SR Adoro and GC gradia when compared with 

control groups. This suggests that silanization without any pre surface treatment did 

not produce high bond strength. The result was the same as the previous studies (43).  

The reported effectiveness of a silane coupling agent in enhancing the bond of 

composite resin to pervious sandblasted composite surface is equivocal (6,10,35). The 

failure of silane coupling agents to predictably increase the bond of new composite to 

old composite, suggest that mechanical interlocking is the most significant factor 

contributing to repair strength, and thus silane use appears to be unnecessary for 

composite repair (44). Overall, methods of mechanical roughening  may prove more 

effective than other methods. This seems to be in accordance with other studies where 

mechanical interlocking was determined to be the most significant factor in 

maximizing the bond strength (10,14,35,45). Moreover, in the study of Bonstein et al 

(2005) found that silane agent changed the structure of the matrix of the aged 

composite, leaving the filler particles bare (not shown). This changed of the matrix 

structure might have reduced the microretention quality of the surface treatment. A 

hybrid layer may have formed between filler particles of the aged composite and 

dentin bonding agent. Traces from this hybrid layer were found on surface of the new 

composite. Even through some areas of failure within a hybrid layer are seen, this 

failure might indicate the higher fragility of the aged composite treated with silane 

rather than a stronger cohesive bond (46). 

There was difference in repair bond strength when three laboratory composites 

each received the same surface treatment. GC Gradia composite, showed significantly 

higher bond strength in control group and silane treated group when compare with SR 

Adoro and belleGlass NG. This indicated that difference in composition, quantity of 

organic matrix or filler, and the polymerization methods may influence surface 

treatment prior to repair. Additional studies should evaluate in these points. 
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CHAPTER VI 

CONCLUSION 
 

 
According to the results obtained, the following conclusions may be drawn: 

1. Aluminum oxide sandblast followed by silane application are the most 

efficient surface treatment method for bonding direct resin composite to SR Adoro. 

2. GC Gradia has the higher microtensile bond strengths than belleGlass NG 

and SR Adoro when it has no surface treatment or has silane surface treatment. 
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