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Introduction 

 

 

 

       In the last decade, growing demands by patients for mercury-free esthetic 

restorations had markedly increased the use of resin composites in restorative 

dentistry. However, despite the continuing development of resin composites 

with improved properties, several factors, such as discoloration, color 

mismatch, wear; chipping or bulk fracture might present clinical problems 

(Mjor and Gordan. 2002, Vichi et al. 2004 and Kolbeck et al. 2006).                  

 

As a result, the clinician should decide whether to replace or simply 

repair these restorations. Total replacement of the restoration might be 

regarded as over-treatment since in most cases, large portions of the 

restorations might be clinically and radio graphically considered free of failure. 

Moreover, complete removal of the restoration inevitably resulted in 

weakening of the tooth, unnecessary removal of intact dental tissues, more 

money and time consuming. For these reasons, the repair of the restoration 

instead of its removal would be a favorable procedure (Lucena-Martin et al. 

2001, Frankenberger et al. 2003 a and Oztas et al. 2003). 

 

            The key element in the determination of successful repair procedures 

was the adequate bond strength between the existing resin composite and the 

new one. Various methods have been suggested to improve the bond strength 

of the repaired resin restorations (Tezvergil et al. 2003 and Bonstein et al. 2005). 

Mechanical and/or chemical treatments had been investigated for preparation 

of the aged resin restorations to be repaired (Tezvergil et al. 2003, Ozcan  et al. 

2005 and Hannig et al. 2006). These treatments were introduced to counteract 

the problems of aged resin restorations which were limited amount of residual 

free radicals available for reaction with the repair material, contaminated 

surface, and highly cross-linked resin matrix ( Dall’Oca et al. 2006 and  

Papacchini et al. 2007 a) 

 

          Previous studies emphasized that mechanical treatments are the most 

important factor in obtaining optimal repair bond strength (Turners and Meiers. 

1993 and Hannig et al. 2006). Others proved that the application of chemical 
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intermediate agents on a mechanically treated surface recorded the best 

results for bond strength (Bubb et al. 1994 and Ozcan et al. 2005). 

 

In earlier investigations the intermediate material used as a repair 

material was generally unfilled resin but the entire field of dental materials was 

changing rapidly. The newer generations of bonding systems were being filled 

resin. These bonding agents were said to produce bond strengths which were 

much superior to earlier materials. In addition to the use of bonding agent as 

an intermediate material for resin restoration repair, the flowable composite 

was demonstrated to be a valid alternative to it (Frankenberger et al. 2003 a). 

 

After light polymerization of the resin composite restorations, the 

unreacted methacrylate groups, present on the surface of the restoration, 

allowed for adhesion of new resin layers. Since these unreactive groups were 

reduced with time, then the potential for bonding of resin was also reduced. 

Therefore, aging had a major effect on the interfacial quality and repair 

strength of resin composite materials (Ozcan et al. 2007).  

 

         Thus, studying the effect of different surface treatments together with 

the use of intermediate agents on the bond strength of repaired resin 

restorations with different pre-repair aging periods might aid to our knowledge. 
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Effect of different surface treatments on the repair bond strength 

 

                Oztas et al, 2003, studied the effect of air abrasion with two new 

bonding agents on composite repair. Fifty-six hybrid resin composite samples 

were prepared. Sample test surfaces were sanded with aluminum oxide 

sandpaper to produce a flat surface perpendicular to the sample long axis. 

Samples were numbered and stored in saline at room temperature then finally 

aged with thermo-cycling. The composite samples were divided into six 

different repair groups. The 1st group was air-abraded only with 25 microns 

aluminum oxide, the 2nd group was air-abraded besides application of 

Optibond Solo and the 3rd group was air-abraded besides application of 

Solobond M. The 4th group was sanded by 500-grit aluminum oxide 

sandpaper only, the 5th group was sanded besides application of Optibond 

Solo and the 6th group was sanded besides application of Solobond M. A 

control test group was separated to test the cohesive strength of the substrate 

resin. The prepared surfaces were cleaned with 37% phosphoric acid and 

dentin bonding agents were applied in the 2nd, 3rd, 5th and 6th groups. Resin 

composite was applied as a repair material and the repaired samples were 

thermo-cycled as before. Shear bond strengths were calculated and all the 

samples were investigated under light microscope to evaluate the fracture 

surface.  They found that the 2nd group followed by the 3rd group had a 

significantly high mean shear bond strength value. The first group showed the 

lowest mean bond strength of the air-abraded group. While the groups which 

were sanded with or without a bonding agent (4th, 5th and 6th groups) had 

lower mean bond strength values than the 2nd and 3rd group and showed 

some failures during thermo-cycling. Moreover the air-abraded groups 

showed cohesive failure while the sanded samples showed adhesive fracture 

surface. They concluded that the air abrasion technique resulted in 

significantly higher bond strengths than sanding with 500-grit sandpaper. In 

addition, air abrasion method and application of Optibond Solo had the 

highest shear bond strength. 
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           Shen et al, 2004, investigated the effect of mechanical undercuts on the 

strength of composite repair. Three composite cylinders were prepared from 

each of the three repair materials tested (Beautifil , Durafil and Filtek Z250). 

Each cylinder was ground flat with silicon carbide abrasive paper. To prepare 

specimens with undercuts, two cylinders from each group were used and 

grids of 2.25×2.25 mm² were made on the non-flattened end of the specimen 

which aided in indexing the location of the undercuts on the flattened surface. 

Then arrays of fissure-like undercuts were made on the ground surfaces. The 

prepared surfaces were etched with phosphoric acid etchant then a bonding 

adhesive was applied on the prepared surfaces before building up a flowable 

composite. Finally, the cylinders were cut into slander bars for three point 

bending tests. The remaining cylinders were prepared as before except that 

there was neither indexing nor fissure like undercuts and these cylinders were 

referred to as “etched only cylinders”. One additional cylinder from each repair 

substrate material was prepared for the purpose of assessing their cohesive 

strength values. All specimens were stored in water for seven days before 

testing then the load of failure was determined and the flexure strength was 

calculated. The fracture mode was observed with a stereomicroscope. They 

found that non-repaired bars exhibited statistically significant higher flexure 

strength values than did repaired bars. Repair substrate with elastic modulus 

close to that of the repair material exhibited a greater percentage of recovery 

of the respective cohesive strength. Compared with the etched-only group, 

the undercut group yielded higher mean flexure strength with one composite 

(Beautifil) but lower mean flexure strength with the other two (Durafil and 

Filtek Z 250). In addition, about one-half of the repaired Filtek Z 250 

specimens fractured at the incremental interface, also examination of the 

fractured surfaces showed that a significant number of undercuts were filled 

only partially. They concluded that flexure strengths of repaired specimens 

were lower than the cohesive strengths of the materials being repaired. 

Undercuts didn’t generally improve repair strength; in addition, incompletely 

filled undercuts lead to stress concentration. The material and surface 

treatment significantly influenced the flexure strength of the repaired 

specimens. 
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        Tabatabaei et al, 2004, evaluated the effect of various surface treatments 

on repair strength of resin composite. Seventy-two cylindrical composite 

samples (Tetric Ceram) were prepared, 12 in each group. All samples were 

stored in distilled water at 37ºC for 24 hours and then hand polished by fine 

grit sand paper disk. After polishing, all samples were stored again in distilled 

water at 37ºC for 100 days. Test samples were randomly distributed into 6 

groups for repair using the following methods;1st group; air abrasion with Cojet 

sand particles ,silane and dentin bonding agent(Excite), 2nd group; air 

abrasion with aluminum oxide particles ,phosphoric acid ,silane and dentin 

bonding agent, 3rd group; air abrasion with aluminum oxide ,phosphoric acid 

and dentin bonding agent, 4th group; roughening with diamond bur 

,phosphoric acid, silane and dentin bonding agent, 5th group; roughening with 

diamond bur, phosphoric acid and dentin bonding agent, and 6th group; 

roughening with diamond bur ,phosphoric acid ,surface surfactant(composite 

activator) and dentin bonding agent. All specimens were stored in distilled 

water at 37ºC for a week and then thermo-cycled and finally shear bond 

strength was calculated. They found that the highest bond strength was found 

for the 4th group followed by the control group while the lowest bond strength 

was recorded for the 6th group. It was also indicated that there was significant 

difference between the three diamond bur groups. Silane had a significant 

effect on repair bond strength for the 4th group but it had no effect in the air 

abrasion group. Also there was no significant difference between the 5th and 

6th group. They concluded that Cojet-Sand with silane was recommended for 

composite repairs. Air abrasion and silane produced acceptable bond strength 

and also diamond bur should be used with silane. Finally composite activator 

produced the lowest repair bond strength. 

 

            Cavalcanti et al, 2007, studied the effect of surface treatments and 

bonding agents on the bond strength of repaired composites. One hundred 

ten composite specimens were made from a hybrid composite by using a 

quadrangular mold with certain dimensions which was filled with two 

increments of the composite specimens. They were stored in distilled water at 

37ºC for 24 hours then repair procedures were performed. Ten additional 

specimens were prepared using a quadrangular mold with different 
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dimensions that was filled with four increments of the composite to act as a 

control group. After 24 hours, specimens were divided into 12 groups 

according to the combination of surface treatment (none, air abrasion, 

diamond bur) and bonding procedure (none, Single Bond after phosphoric 

acid cleansing, Clearfil SE Bond after phosphoric acid cleansing , Clearfil SE 

Bond without phosphoric acid cleansing). For the repair procedure, the 

quadrangular mold of the second dimensions was used and different shade of 

composite was used as repair material. The experimental units were prepared 

for micro-tensile bond test. Also the fracture mode was evaluated using a 

stereoscopic microscope. They found that the highest bond strength was 

obtained by two groups which were; air abrasion combined with Clearfil SE 

Bond after phosphoric acid cleansing, and air abrasion combined with Clearfil 

SE Bond without phosphoric acid cleansing. Combinations of surface 

treatments and bonding procedures were not statistically different. Cohesive 

failure showed only in high bond strength value groups. It was concluded that 

when repair is performed 24 hours after composite polymerization, the repair 

techniques resulted in similar bond strength. Higher repair bond strength was 

observed for specimens air abraded and bonded with the self etching system, 

irrespective of the phosphoric acid cleansing. 

 

          Furuse et al, 2007, evaluated the bond strength of resin-resin interfaces 

contaminated with saliva and submitted to different surface treatments. A total 

of 150 specimens were made by inserting two increments of an Ormocer-

based resin composite in a metallic matrix. The specimens were divided into 

five groups. One group was assigned as the control group while the other four 

groups were contaminated with fresh human saliva. Four different treatments 

were tested directly on the contaminated surfaces; group (G1)- rinsing with 

water spray and drying, group (G2)- application of adhesive system , group 

(G3)- abrasion with finishing disks , etching with 35% phosphoric acid, then 

application of the adhesive system  and after each step rinsing and drying 

was performed, and group (G4)- etching, application of silane then application 

of the adhesive system . A split Teflon mold was clamped to the treated resin 

surfaces and filled with the same resin composite in two increments and light 

cured. Specimens were then divided into three subgroups according to the 
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storage conditions at 37 ºC in: distilled water for 24 hours, distilled water for 3 

months and 75%volume. ethanol solution for 3 months. Shear bond strength 

was tested and failure modes were examined. They found that the highest 

bond strength was registered for the control group and similar results were 

shown in G3, G4 and G2 when stored in water for 24 hrs or 3 months while 

the lowest bond strength was observed in G1. The bond strength of all groups 

decreased as the storage period increased. Regarding the failure mode, the 

highest adhesive fractures were found in G1 in all storage conditions and G2 

in ethanol solution for 3 months. They concluded that contamination with 

saliva significantly reduces the adhesive strength between resin increments. 

Also the abrasion of the contaminated surface followed by application of the 

adhesive system or the application of silane and adhesive, resulted in more 

stable resin-resin bonding. 

 

               Papacchini et al, 2007 a, investigated the effect of surface treatment 

and oxygen inhibition on composite to composite micro-tensile bond strength 

in the repair of a micro-filled hybrid resin. Forty cylinder-shaped composite 

substrates were made of Gradia Direct Anterior and stored in a saline solution 

at 37ºC for 24 hours before the repair procedures were performed. They were 

randomly assigned into 4 groups of 10 specimens each, as follows, 1st group; 

air abrasion with aluminum oxide particles was performed followed by 

application of 37% phosphoric acid, 2nd group; a mixture of hydrochloric acid 

(HCl) and hydrofluoric acid (HF) was applied to the experimental surface, 3rd  

and 4th groups; roughening with diamond bur then 37% phosphoric acid was 

applied. In all groups, the self-priming etch-and-rinse adhesive (Prime & Bond 

NT) was then applied on the treated substrate surface in air atmosphere or 

under a nitrogen atmosphere then the repair was performed by the same type 

of composite but different shade. After 24 hours storage in a 37ºC saline 

solution, specimens were prepared for micro-tensile bond testing. The failure 

mode was observed using an optical microscope and scanning electron 

microscope evaluation was also performed. They found that the atmosphere 

under which the material was cured didn’t have a significant effect on the 

interfacial strength. Irrespective of the presence or absence of oxygen 
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inhibited layer, aluminum oxide abrasion achieved the highest bond strength 

values. In the majority of loaded specimens, fracture developed at the 

interface, however, the highest number of cohesive and mixed failures was 

recorded for air abraded groups and the lowest for HF/HCL acid treated 

groups. SEM evaluation revealed roughened irregular surface in the air 

abraded groups while the HF/HCL group resulted in extensive dissolution of 

the upper layer of the composite substrate. They concluded that, regardless of 

the presence or absence of an oxygen inhibited layer, air abrasion showed 

higher bond strength than that obtained by the other groups. Also 37% 

phosphoric acid didn’t improve the bond strength but only had a cleansing 

effect.    

 

            Papacchini et al, 2007 c, studied the effect of air-drying temperature on 

the effectiveness of silane primers and coupling blends in the repair of a 

micro-hybrid resin composite. Thirty-six composite cylinders were made of a 

micro-filled hybrid resin composite (Gradia Direct Anterior) and stored in a 

saline solution at 37ºC for 1 month. One of the flat surfaces of the cylinders 

was sandblasted with aluminum oxide powder then etched with 35% 

phosphoric acid. The samples were divided into 6 groups according to the 

silane coupling agent applied on the composite surface: 1st group; a pre-

hydrolyzed silane agent (Monobond S)was applied, 2nd group; a pre-

hydrolyzed silane agent (Porcelain Primer) was applied, 3rd group; a two 

component silane coupling agent (Porcelain Liner M) was applied, 4th group; 

Clearfil Porcelain Bond Activator (PBA) was used in combination with the etch 

and rinse self-curing adhesive system (Clearfil New Bond), 5th group; PBA 

was used in combination with the two-step self-etching adhesive Clearfil SE 

Bond, 6th group; PBA was used in combination with the one-step self-etching 

adhesive Clearfil Tri-S Bond. For each experimental group, two subgroups 

were created according to different air-drying temperatures applied: a) 23ºC 

representing the room temperature or b) 38ºC (warm air drying). After that, the 

repair procedures were performed by the same substrate material but of 

different shade. As control groups, six unrepaired composite cylinders were 

made and stored in a saline solution at 37ºC for 24 hours and 1 month in 
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order to measure the cohesive strength of the tested resin composite. 

Repaired samples were stored in saline solution at 37ºC for 24 hours before 

testing. Specimens were prepared for micro-tensile testing. Finally they were 

observed using an optical microscope. They found that when air-dried at 

23ºC, Clearfil New Bond and Clearfil SE Bond mixed with PBA attained the 

highest microtensile bond strengths. Values recorded by applying the pre-

hydrolyzed silane agent Monobond S at 23ºC were the lowest compared to 

silane/adhesive blends. Warm air-drying was significantly beneficial to 

composite repairs mediated by silane primers.  A percentage of adhesive 

failures was recorded for all intermediate agents air dried at 23ºC. Cohesive 

failures mostly occurred using the silane/adhesive coupling systems. After 

warm drying, a higher number of cohesive failures were recorded. They 

concluded that the coupling potential of silane-based primers used as 

intermediate agents in composite repair might be significantly improved by 

warm air drying. This procedure might improve their repair strengths to the 

level of cohesive strength of the composite material. In contrast, 

silane/adhesive couplings were not influenced by the air-drying temperature. 

 

          Valandro et al, 2007, investigated the effect of surface conditioning of a 

composite used for inlay/onlay restorations on micro-tensile bond strength 

µTBS to resin cement. A total of 42 blocks of a micro-filled composite were 

made by being packed into a silicon matrix and grouped into 21 pairs. One 

surface of each block was finished with silicon carbide abrasive then stored 

for 24 hrs at 37ºC. The 21 pairs of resin blocks were assigned into 3 groups 

according to the composite surface conditioning method: Gr1; etching with 

37% phosphoric acid, Gr2; air abrasion with 50µm Al2O3 particles and Gr3; air 

abrasion with 30µm Al2O3 particles modified with SiO2. After conditioning, a 

silane coupling agent followed by the Single Bond adhesive was applied. 

Each pair of composite blocks was joined together with resin cement to 

produce 7 specimens then they were stored in distilled water at 37ºC for 7 

days. The specimens were prepared for µTBS and the fracture mode was 

examined under an optical microscope. They found that µTBS values of Gr2 

and Gr3 were similar to each other and higher than Gr1. Also, examination of 
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the fractured surfaces revealed that all failures occurred at the adhesive zone. 

They concluded that conditioning methods with 50µm Al2O3 or tribochemical 

silica coating allowed bonding between resin and composite that was 

statistically similar and stronger than conditioning with acid etching. 

 

          Dall’Oca et al, 2008, evaluated the repair potential of a laboratory-

processed nano-hybrid resin composite. Thirty-one resin composite blocks 

were prepared from Gradia Forte composite and stored in saline solution at 

37ºC for 24 hours before the repair procedures were performed. Thirty of 

them were assigned into three groups equally as follows; in the 1st group; air 

abrasion with aluminum oxide particles was used, in the 2nd group; a diamond 

stone was used to roughen the surface and in the 3rd group; no mechanical 

treatment was used (control group). In the three groups, 37% phosphoric acid 

was applied. One specimen from each group and the remaining untreated 

specimens were examined using a scanning electron microscope. In the nine 

remaining samples per group, the adhesive agent Adper Scotchbond  

Multipurpose Adhesive was applied. For each group, three subgroups were 

created according to the materials used for repair which were the direct resin 

Gradia Direct or the indirect Gradia and Gradia Forte. After storage for 24  

hours in saline solution at 37ºC, a microtensile bond strength test was 

performed and failure mode was observed. They found that the 3rd group 

showed significantly superior repair strength to 1st and 2nd groups, whereas 

the 2nd group showed significantly weaker repair strength to 1st and 3rd 

groups. Irrespective of surface treatment, Gradia Direct and Gradia gave 

similar results, which were better than those obtained using Gradia Forte. The 

lowest probability of failure was found for Gradia Direct and Gradia in the 3rd 

group, whereas the highest was found for Gradia Forte in the 1st and 2nd 

group. Premature failures occurred mainly with Gradia and Gradia Forte. No 

pre-testing failures were found in the sandblasting/Gradia Direct subgroup. 

Surface-treated composites showed different textures under SEM, whereas 

composite-repair bonds showed comparable interfacial features. They 

concluded that surface abrasion with aluminum oxide particles produced high 

micro-tensile bond strength with prevalence of cohesive failures indicating that 
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favorable composite-to-composite coupling was achieved in the repair 

procedure. Surface treatment and repair materials were factors that 

significantly affected repair strength whereas their interaction had no 

significant effect. 

   

           Fawzy et al, 2008, studied the effect of surface treatments on the 

tensile bond strength of repaired water-aged anterior restorative micro-fine 

hybrid resin composite. A total of 80 anterior restorative composite (Gradia 

Anterior) specimens were prepared as an hour-glass shaped slabs. Eight 

slabs were used as controls and stored in distilled water for 30 days at 37ºC. 

The remaining 72 slabs were also aged in the same way and divided into 9 

groups according to the surface treatment performed as following; 1st group; 

control group, 2nd group; self priming adhesive(Excite) was applied, 3rd group; 

silane was applied followed by the adhesive, 4th group; 37% phosphoric acid 

etching followed by the adhesive application, 5th group; acid etch was applied 

followed by silane and adhesive, 6th group; grinding with abrasive stone 

followed by adhesive application, 7th group; grinding with abrasive stone 

followed by silane and adhesive application, 8th group; grinding with abrasive 

stone followed by acid etching and finally the adhesive was applied, 9th group; 

grinding with abrasive stone followed by acid etching and finally silane and 

adhesive were applied. Following surface treatment, repair procedures were 

performed by the same material of different shade. The repaired specimens 

were stored in distilled water for 24 hours at 37ºc then tensile bond testing 

was performed. Also the surface topography of the specimens was 

characterized by Atomic Force Microscope (AFM) and SEM. They found that 

all repaired groups had lower tensile strength than the cohesive strength of 

the control group. Repairing with grinding- silane/adhesive or grinding-acid 

etch-silane/adhesive improved the tensile strength whereas the control group 

recorded the lowest values. The surface topography characterization showed 

macro-roughness in non treated aged specimens more than the other treated 

specimens. Specimens treated by acid etching showed significant increase in 

surface area compared to the non-treated and treated specimens. They 

concluded that aging process resulted in the formation of degradable surface 
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layer which adversely affected the repair bond strength. The use of silane 

primer prior to the application of the adhesive after mechanical grinding ,with 

or without the use of acid etching, improved the repair bond strength of the 

aged material used. 

 

           Junior et al, 2009, studied the influence of surface treatments on the 

bond strength of repaired resin composite restorative materials. A total of forty 

blocks of a micro-hybrid Filtek Z250™ (Z2) and a nano-particulate Filtek 

Supreme™ (SU) with dimensions 8x8x4mm were fabricated using a silicon 

mold. The composite blocks were finished using 1200-grit silicon carbide 

paper and then stored for 9 days in 37ºC deionized water. After the aging 

procedure, the blocks were randomly assigned into four groups according to 

the surface treatment performed as follows; HA group: etching with 9.5% 

hydrofluoric acid gel, AB group: abrasion with diamond bur, AO group: 

sandblasting with aluminum oxide particles and SC group: sandblasting with 

silica-modified alumina particles. The treated aged resin composite surfaces 

were additionally primed with a silane coupling agent (SI) and/or an adhesive 

system, and then finally the repair composite of the same material but 

different shade was packed and light cured. The restored blocks were 

prepared for micro-tensile bond test then the fractured surfaces were 

examined using a stereomicroscope. They found that the greater µTBS values 

were concentrated in groups where the specimens were treated with AO and 

SC, independent of the primer used while HA resulted in the lowest µTBS 

values.  The fracture analysis revealed fracturing of the specimens out of the 

adhesion zone. They concluded that treatments based on sandblasting of the 

composite surfaces tested produced the highest mean repair bond strength 

values. The microstructure of the composite material influenced the bond 

strength values which were greater for the micro-hybrid than for the nano-

particulate composite. Using hydrofluoric acid should be avoided in repairing 

aged resin composite restorations. 

 

             Kameyama et al, 2009, investigated the interaction between diamond 

stone roughness and coating material on the micro-tensile bond strength of 
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indirect resin composite to resin coated dentin. A total of 26 caries-free human 

molars were collected and stored in an aqueous solution of 0.5% Chloramine-

T at 4ºC for 3 months. The coronal surfaces of the teeth were trimmed, 

flattened by silicon carbide paper and ground with regular-grit diamond stone. 

A superfine-grit diamond bur was used to prepare another 14 dentin surfaces. 

The two types of dentin substrate were randomly assigned to one of the three 

groups: two coated adhesive groups and a non-coated control group. To 

prepare indirect composite discs, Gradia® was poured into an acrylic ring. 

After polymerization, the Gradia slabs were sand-blasted with 50µm alumina 

then surface treated with Composite Primer (GC) immediately prior to 

bonding. Each adhesive system (2-step self-etch and 2-step etch & rinse) was 

applied to the ground dentin surfaces followed by immediate application of the 

flowable composite UniFil Flow. Then the dentin surface was sealed with the 

resin cement which bonded the Gradia slab into the dentin surface. The 

bonded interface was further built up with Superbond resin composite. All 

specimens were stored in water at 37ºC for 24 hrs then   the specimens were 

subjected to micro-tensile bond strength test and the failure mode was tested 

using a stereomicroscope. They found that the µTBS with the superfine-grit 

bur was significantly higher than with the regular-grit stone.  Almost all 

specimens failed at the adhesive interface or showed mixed failure. With the 

control group, more than half of the specimens showed interfacial failures with 

both types of stones but almost all dentinal tubules were plugged with the 

resin cement. They concluded that the superfine-grit preparation of the dentin 

decreased the micro-tensile bond strength when a 2-step etch&rinse adhesive 

was applied. Selection of stone showed no effect on micro-tensile bond 

strength when no resin coating was applied. 

 

          Yesilyurt et al, 2009, evaluated the effect of surface treatments and 

bonding agents on initial repair bond strength of a nano-filled hybrid resin. A 

nano-filled resin composite disks (Filtek Supreme XT) were prepared and 

aged in an accelerated aging chamber. After the aging procedure, all 

specimens were stored in distilled water for 24 hours at room temperature. 

The specimens were randomly divided into six groups of 30 specimens each, 
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according to the following surface treatments: 1st group; control group, 2nd 

group; coated with phosphoric acid, 3rd group; coated with hydrofluoric acid, 

4th group; sandblasted with sodium bicarbonate particles, 5th group; 

sandblasted with aluminum trioxide particles, and 6th group; roughened with 

diamond bur. Each group was randomly assigned equally into two subgroups 

according to the following adhesive systems applied which were either a total-

etch adhesive (Prime&Bond) or a self-etch adhesive (Clearfil SE Bond). Both 

adhesive systems were applied on the composite surface then the repair 

material was applied. Thereafter, all specimens were stored in distilled water 

at 37ºC for one day. The shear bond strength test was performed and one 

sample from each test group was examined under a scanning electron 

microscope. They found that both sodium bicarbonate sandblasting and 

phosphoric acid treatment had lower bond strength values than the other 

groups. The mean shear bond strength values of the diamond bur and 

aluminum trioxide sandblasting groups were similar to that of the sodium 

bicarbonate abrasion group but significantly higher than those of the control, 

phosphoric acid and hydrofluoric acid groups. For all surface treatments, the 

shear bond strength of the Clearfil SE Bond groups was higher than those of 

the Prime&Bond groups. As determined by SEM analysis, the diamond bur 

gave a rougher surface than the other treatments. Both the control and the 

phosphoric acid etched samples had smooth surfaces. The particle abrasion 

treated groups exhibited rougher surfaces than the acid treated groups. They 

concluded that surface abrasion and micromechanical retention in composite-

to-composite repairs were significant. For the repair of nanofilled composites, 

diamond bur and aluminum trioxide abrasion achieved more effective surface 

preparation than the other surface treatments tested. As an intermediate 

adhesive, Clearfil SE Bond resulted in higher bond strengths than Prime & 

Bond NT.  

 

Effect of using intermediate agents on the repair bond strength: 
 

          Kallio et al, 2001, evaluated the bonding of restorative and veneering 

resin composite to some polymeric composites. A total of 180 specimens 

comprising 8 types of fiber-reinforced composites FRC and 4 types of visible 
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light-curing composites VCR substrates were fabricated and divided into 36 

different groups. The test specimens were fabricated by placing FRC and 

VCR substrates into the retentive cavity of acrylic resin, surrounded by a 

stainless steel cylinder. The substrate surfaces of all specimens were wet 

ground flat with silicon carbide grinding paper, cleaned and conditioned for 

five days. The ground substrate surfaces of six test specimens of each 

material were either left untreated or treated with intermediate resin IMR. The 

repair composite RC was then applied on the substrate surface using tubular 

polyethylene mold. Sixty IMR treated specimens were thermo-cycled. The 

specimens were prepared for shear bond strength test and surface roughness 

was measured. They found that the highest shear bond strength for FRC 

substrates was achieved with StickNet /Z-100 combination and for VCR 

substrates with Sinfony /Sinfony combination. Surface roughness varied from 

0.10µm of Targis VRC to 0.50µm for Vectris Pontic FRC. They concluded that 

surface roughness seemed not to influence shear bond strengths of RC to 

FRC and VCR substrates. 

 

           Lucena-Martin et al, 2001, studied the effect of various surface 

treatments and bonding agents on the repaired strength of heat-treated 

composites. The chosen composites for this study were hybrid composite 

(Herculite XRV) and a micro-filled composite (Helimolar Radiopaque). Ten 

specimens were prepared without repair material to act as controls. Twenty 

aluminum molds with a central cavity, in which silicon disk was placed, were 

used to form composite specimens. Composite was packed into the molds to 

form a cylinder shaped specimens which were submitted to a secondary 

postpolymerization cycle. One hundred eighty molds were divided into 2 

groups and the specimens were stored in distilled water for 4 weeks at room 

temperature. The specimens of each group were randomly assigned to 1 of 9 

study subgroups for different combinations of surface treatments and bonding 

agents. The treatment protocols involved the use of air abrasion, 37% 

orthophosphoric acid, 99% acetone, Helibond, Special Bond II and/or Prime 

&Bond. The bonding agent was applied followed by addition of fresh resin 

onto the treated postpolymerized composite, then the specimens were stored 
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dry at room temperature for 24 hours. Finally shear bond strength was 

calculated and the area of fracture was examined with an optic microscope. 

They found that the surface treatment with air abrasion resulted in the 

strongest repairs while surface treatment with phosphoric acid resulted in the 

weakest repairs. The optic microscope showed mostly adhesive failures in all 

groups except for the treatment groups, the fractures were mixed with 

predominance of cohesive failures. They concluded that; Air abrasion 

produced the strongest bond, the composition of the composite didn’t modify 

the effect of air abrasion on bond strength. Prime &Bond adhesive produced 

higher bond strengths than Helibond, and the combination between surface 

treatments and dentin adhesives that produced bond strengths similar to the 

cohesive strength of both types of composites, was air abrasion plus the 

application of a one-component adhesive. 

 

         Hagge et al, 2002, evaluated the shear bond strength of bis-acryl 

composite provisional material repaired with flowable composite. A total of 30 

specimens of bis-acryl composite were made by injecting into halves of size 5 

gelatin capsules, inverted onto smooth mixing pad, and allowed to set for 10 

min. The specimens were divided into 6 groups of five specimens each; group 

1: air abrasion only, group 2: air abrasion then application of bonding agent     

(OptiBond Solo Plus) then flowable composite was applied and light cured. 

Shear bond strength values were calculated and failure mode was tested. The 

remaining four groups (3-6) were transferred to a 37ºC distilled water bath. 

After 6 days of storage, groups 5 and 6 were thermo-cycled and returned to 

the storage bath overnight. The next day, the groups were treated as follows; 

groups 3 and 5: air abrasion only and group 4 and 6: air abrasion and 

application of bonding resin. Flowable composite was applied and the 

specimens were tested as before. They found that specimens that were air 

abraded only had significantly higher shear bond strength than specimens 

that added bonding resin while air abraded specimens had lower shear bond 

strengths than thermo-cycled specimens. All specimens failed cohesively and 

didn’t fail adhesively. They concluded that flowable composite was 
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successfully used to repair a bis-acryl composite and surface treatment using 

air abrasion alone was recommended for clinical use. 

 

          Hisamatsu et al, 2002, investigated the effect of silane primers and 

unfilled resin bonding agents on repair bond strength of a prosthodontic 

microfilled composite. A composite material (Dentacolor) was selected as a 

substrate and repair material of different shades. Two materials were used as 

the unfilled resin bonding agents; the Dentacolor Opaker liquid and the New 

Metacolor Photo Opaque liquid. In addition, Porcelain Liner M and Silicer 

were used as silane primers. A total of 160 cylinderical specimens were made 

of the dentin portion of the Dentacolor past , 144 specimens were cured 

between two pieces of glass plate, whereas the remaining 16 specimens were 

cured without shielding the top surfaces so as to produce an oxygen-inhibited 

unpolymerized layer. The 144 specimens were ground with silicon-carbide 

abrasive paper followed by abrasion with silicon carbide rotary cutting 

instrument. The other 16 specimens were used as controls. The ground and 

abraded 144 specimens were divided into 18 groups which were then either 

unprimed, silane treated, treated with a bonding agent, or treated with both a 

silane primer and a bonding agent. After surface preparation, the enamel 

portion of the Dentacolor material was placed. Thirty minutes after 

preparation, half of the specimens were stored in a dry environment provided 

by an incubator at 37ºC for 24 hours and the remaining specimens were 

immersed in 37ºC water for 24 hours. Shear bond strengths were measured 

and failure mode was observed. They found that the combined use of a silane 

primer and a bonding agent generally showed the greatest magnitude of bond 

strength regardless of material variation. Failure modes indicated that the high 

bond strength groups tend to exhibit cohesive failure while the low bond 

strength groups tend to show adhesive failure. They concluded that the use of 

an unfilled bonding agent after application of a silane primer was 

recommended to ensure adequate repair bonding strength. 

 

             Hannig et al, 2003, studied the influence of different repair procedures 

on bond strength of adhesive filling materials to etched enamel in vitro. A total 
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of 315 enamel specimens were embedded in acrylic resin and their surfaces 

were wet ground flat with silicon carbide paper then etched with 37% 

phosphoric acid etching gel. Then the specimens were divided into 3 groups 

according to the repair agent applied as follows: group A; the adhesive resins 

were applied without their corresponding bonding agents (ERC=etched 

enamel, repair system and composite), group B; repair procedures were 

performed then the corresponding bonding agents were applied 

(ERAC=etched enamel, repair system, adhesive and composite) and group C; 

the control group (EAC=etched enamel, adhesive and composite). In this 

study, the composites were tested with their corresponding agents which 

were; Tetric Ceram and Syntac Single Comp, the poly acid modified resin 

composite Dyract and Prime &Bond NT and the Ormocer Definite and 

Etch&Prime. In addition, the three repair systems Monobond S, Co-Jet and 

Silibond were tested. All the specimens were stored in artificial saliva at 24ºC 

for 14 days and thermo-cycled. Shear bond strength was measured and 

stereomicroscopic evaluation of the fracture modes was performed. They 

found that the use of Monobond and Silibond without their respective bonding 

agents resulted in lower bond strengths than the controls. Using Co-jet led to 

significantly lower shear bond strength than the other repair systems in 

groups A and B for all composites. Except for Co-jet group, all the groups that 

used Definite showed lower bond strength than both Tetric and Dyract. In all 

groups, no cohesive fractures were observed and the controls showed mainly 

mixed fractures. When Co-jet was used, many specimens failed during 

thermo-cycling. They concluded that applying the corresponding adhesive 

system was recommended to obtain optimal bonding composite to etched 

enamel contaminated with the repair systems Monobond and Silibond. 

 

              Teixeira et al, 2005, evaluated the shear bond strength of self-etching 

bonding systems in combination with various composites used for repairing 

aged composites. A total of 200 composite cylinders were fabricated from four 

hybrid composites by inserting each material into PMMA mold and light cured. 

Aging of composite substrates was achieved by immersion in an aqueous 1% 

sodium chloride solution at 23ºC for 6 years. After aging, experimental 
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surfaces were wet polished by silicon carbide abrasives and randomly 

assigned to of the five repair systems which included 4 self etching bonding 

systems with the corresponding composite: Adper prompt L-Pop and Z100; 

Tyrian 1-step Plus and AeliteFil; OptiBond Solo Plus SE and Prodigy, and 

Xeno III and TPH. A total-etch Prime & Bond NT was used with TPH as a 

control. In the control group, the surfaces were treated with 37% phosphoric 

acid before application of the adhesive system. Specimens were stored in the 

same sodium chloride solution at 23ºC until testing after 48 hrs. Finally, shear 

bond strength test was performed and fractured surfaces were examined to 

classify the failure mode. They found that shear bond strength values graded 

from highest to lowest as Prime&Bond NT, OptiBond Solo Plus SE, Adper 

Prompt L-Pop , Xeno III, then Tyrian 1-step Plus. The bond strength of the 

repair systems to Z100 was lower than those of the other substrates. Most 

fracture modes were adhesive failures rather than cohesive failures which 

were observed most in the Prime&Bond NT and OptiBond Solo Plus SE 

groups. They concluded that repair procedures for aged substrates could be 

performed using a self-etching resin bonding system and new composite, but 

the shear bond strength of the repaired interface was dependent on the 

adhesive used.  

 

           Hannig et al, 2006, investigated the shear bond strength of repaired 

adhesive filling materials using different repair procedures. The resin 

composite Tetric, the polyacid-modified resin composite Dyract and the 

Ormocer Definite were tested. The materials were used with their 

corresponding adhesive bonding agents which were; Syntac Single 

Composition, Prime &Bond NT and Etch & Prime respectively. Pretreatment 

with Cojet was performed then ESPE Sil silane coupling agent was then 

applied followed by application of the bonding agent Visio-Bond. A total of 480 

standardized test samples were fabricated and the adhesive repair materials 

were placed as follows; 1st group; served as control, 2nd group; wet ground 

and etched with phosphoric acid then the corresponding bonding agents was 

applied followed by the restorative material, 3rd group; wet ground and etched 

with phosphoric acid then the repair system (Monobond S, Cojet and Silibond) 
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was applied followed by the restorative material and 4th group; wet ground 

and etched with phosphoric acid then the different repair procedures were 

performed and the corresponding bonding agents followed by the restorative 

material. Finally, all the specimens were stored in artificial saliva at 24ºC for 

14 days and then thermo-cycled. After shear bond testing, the surfaces of the 

specimens were examined for fracture mode under stereomicroscope. They 

found that the significantly best bond strength of repair filling material on 

Tetric was achieved by pre-treating with Co-Jet followed by application of the 

corresponding bonding agent. A single application of the bonding agent or use 

of Monobond with bonding agent also yielded bond strengths of 20 MPa or 

more on Tetric. For Dyract or Definite, bond strengths of 15.5 MPa or less 

were achieved with the different repair procedure. They concluded that 

successful pretreatment of hybrid composite to be repaired could be best 

achieved by application of Cojet followed by the corresponding bonding 

material, whereas sufficient repair of Ormocers and polyacid modified resin 

composites was less certain. 

  

          Papacchini et al, 2007 b, studied the effect of intermediate agents and 

pre-heating of repairing resin on composite repair bonds. Forty –five cylinder-

shaped composite discs were made of a micro-filled hybrid resin composite 

(Gradia Direct Anterior) then stored in saline solution at 37ºC for one month. 

The substrate surfaces were sandblasted with aluminum oxide powder then 

cleaned with 35% phosphoric acid etchant. The discs were randomly divided 

into three experimental groups according to the different intermediate agents 

applied. In the 1st group, direct bonding between old and fresh composite was 

performed, the 2nd group, an unfilled bonding agent (Scotchbond Multipurpose 

Adhesive) was applied and the 3rd group, a flowable composite (Gradia LoFlo) 

was applied. For each experimental group, the repairing resin of the same 

material but different shade were stored at different temperatures before use 

which were; 4ºC,23ºC and 37ºC leading to three subgroups. After 24 hours of 

storage in saline solution at 37ºC, three bonded specimens from each 

subgroup were selected for micro-tensile bond testing and finally the failure 

mode was observed using stereomicroscope. They found that bond strengths 
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were lower using a 4ºC-repairing resin in groups where intermediate agents 

were used. The highest results were recorded when flowable composite was 

used as an intermediate agent under each of the three temperature 

conditions. Interfacial quality improved by raising the resin temperature from 

4ºC to 37ºC. Cohesive and mixed failures were mostly recorded when 

Scotchbond Multipurpose was used. Adhesive and mixed failures were 

predominant in the Gradia LoFlo/4ºC subgroup, while a frank cohesive failure 

in substrate/repairing resin was the main failure mode when the flowable 

composite was covered by 23ºC and 37ºC composite. They concluded that 

the use of cooled (4ºC) resin composite as a repairing material resulted in 

poor composite to composite interfacial adaptation and lower repair strengths 

which might be a result of the difficult adaptation of the highly viscous material 

to the roughened or intermediate agent-covered substrate. Pre-heating of the 

repairing material to 37ºC enhanced repair strengths when no intermediate 

agent was used which might be referred to a decrease in the viscosity of the 

material which led to uniform adaptation. Also the use of a low-viscosity 

flowable composite as an intermediate agent resulted in a significant 

improvement in repair strength under each of the three temperature 

conditions of the repairing resin. 

 

         Papacchini et al, 2007 d, investigated the hydrolytic stability of composite 

repair. A total of seventy cylinder-shaped composite disks were fabricated 

from an ultrafine hybrid resin composite (Gradia Direct Anterior). All 

specimens were aged for one month in 0.9% saline solution at 37ºC. 

Following storage, the flat composite surface of each cylinder was 

sandblasted with aluminum oxide particles and then cleaned with 35% 

phosphoric acid gel. After that, specimens were randomly assigned to one of 

the following seven groups according to the intermediate agents investigated; 

1st group; the unfilled bonding resin Scotchbond Multipurpose Adhesive was 

applied, 2nd  and 3rd group; flowable resin composites ( Filtek Supreme XT 

Flow and Gradia LoFlo) were applied, 4th group; the prehydrolized silane 

Monobond-S was applied, 5th group; Clearfil Porcelain Bond Activator (PBA) 

was used with the self-cure etch&rinse Clearfil New Bond adhesive system, 
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6th group; PBA was used with the two-step self-etch Clearfil SE Bond, 7th 

group; PBA was used in combination with the one-step self-etch Clearfil Tri-S 

Bond. Repair procedures were then performed using the same substrate 

material but of different shade on the previously treated surfaces. In each 

group, specimens were divided into two subgroups according to the storage 

conditions which were either 24 hours in 0.9% saline solution at 37ºC or 

thermo-cycling in 0.9% saline solution at 5-55ºC. Specimens were prepared 

for micro-tensile bond testing and failure modes were observed using a 

stereomicroscope. They found that Filtek Supreme XT Flow resulted in the 

highest repair bond strengths while a pre-hydrolysed silane agent recorded 

the lowest repair values. After 24 hours, higher percentages of cohesive 

failures were recorded when using flowable composites and silane /adhesive 

couplings while adhesive failures occurred by applying Monobond S silane 

agent.  After thermo-cycling, the mode of failure shifted to more adhesive 

pattern in all groups.  They concluded that high flowability and hydrophobic 

nature might enhance composite-composite bond. Also the satisfactory 

results achieved by using flowable composites might render those materials 

suitable for composite repair procedures. 

 

               Ribeiro et al, 2008, evaluated the shear strength of composite-

composite resin associations. A total of five types of light-cured resin 

composites were evaluated; Filtek Z250: shades UD/A2 (hybrid), Filtek 

Supreme : shade YT (nanoparticulate), Charisma : shades A2/ OA2  (hybrid), 

Herculite XRV: shades B2E/B2D (hybrid) and Durafill VS: shade A2 

(microparticulate) and nine composite-composite associations were prepared 

in groups as follows; Z/Z group: Filtek Z250 UD+Filtek Z250 A2, Z/D group: 

Filtek Z250 UD+Durafill VS A2, Z/S group: Filtek Z250 UD+Filtek Supreme 

YT, C/C group: Charisma OA2+ Charisma A2, C/D group: Charisma 

OA2+Durafill VS A2, C/S group: Charisma OA2+Filtek Supreme YT, H/H 

group: Herculite XRV B2D+Herculite XRV B2E, H/D group: Herculite XRV 

B2D+Durafill VS A2 and H/S group: Herculite XRV B2D+Filtek Supreme YT. 

The first segment of the composite pair (6x2mm) was placed into the Teflon 

matrix and light cured then the second segment was prepared as the first one. 
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Ten test specimens of each association were prepared for shear tests then 

the fractured surfaces of the test specimens were evaluated using a 

stereomicroscope. They found that the highest shear bond strength values 

were recorded for Z/Z group which value showed no significant statistical 

difference from C/S, H/S, H/H, Z/S and C/C groups. On the other hand, H/D 

group recorded the lowest shear bond strength value. They concluded that 

the micro-particle resin composite associations presented lower shear 

strength than hybrid and nano-particle resin composite associations, once the 

only significant difference was found when the Durafill resin was involved.   

 

          Rinastiti et al, 2010, evaluated immediate repair bond strengths of 

micro-hybrid, nano-hybrid and nano-filled composites after different surface 

treatments. Disc shaped specimens were fabricated from four types of 

composite which were; Quadrant Anterior Shine AS(microhybrid), Grandio G 

(nanohybrid), Tetric Evo Ceram TE (nanohybrid) and Filtek Supreme XT FS 

(nanofilled) by placing unpolymerized composites incrementally into cylindrical 

undercut cavities that were prepared in auto-polymerized PMMA 

polymethylmethacrylate. The specimens were assigned into 4 groups 

according the surface conditioning methods which were; control group, control 

with Mylar strip, intermediate adhesive resin IAR of the corresponding 

composite  which were; Quadrant unibond (Q) for AS, Solobond Plus (S) for 

G, Multilink (M) for TE and Adper Scotchbond 1 XT (A) for FS, and 

tribochemical silica coating (SC) which was followed by coating with a silane 

coupling agent then application of Visio™-Bond (VB) which was an IAR 

specific for SC. Following surface conditioning, repair composites were 

packed and polymerized followed by storage in the dark in dry condition for no 

more than 24 hrs. Shear bond strength values were measured and failure 

mode was evaluated under light microscopy. They found that there was no 

bond strength difference between both control groups which were highest for 

the nano-hybrid composite G. Failure mode in the both control groups was 

predominantly cohesive. IAR application increased the bond strength 

significantly only in TE compared to both control groups. On application of 

their corresponding IARs, FS showed mainly cohesive failure while TE yielded 

more adhesive failure. After application of SC, significantly higher bond 
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strengths were observed for AS and FS than for their two corresponding 

controls and IAR groups. Application of SC yielded exclusively cohesive 

failures in the substrate for all composites. They concluded that application of 

an IAR didn’t improve shear bond strengths but in general SC created the 

highest bond strengths. A high bond strength after immediate repair didn’t 

associate with high incidence of cohesive failure in the composite substrate.    

 

Effect of aging periods on the repair bond strength: 

 
          Tezvergil et al, 2003, studied the effect of different adhesion primers on 

composite-composite repair bond strength. The substrates for test specimens 

(Z250) were fabricated in a cylinder form. They first were  stored in 37ºC 

water for 48 hours, then boiled in water for 8 hours and then stored again in 

37ºC water for 3 weeks to age the material. The aged substrate surfaces of 

the specimens were wet-ground flat with silicon carbide grinding paper. The 

specimens were randomly subjected to either one-step adhesion primer 

(Compoconnect) or multi-step (Clearfil Repair) or an intermediate adhesive 

resin (Scotchbond Multipurpose). The repair of the aged substrate surface 

without any surface treatment was used as control. Particulate filler composite 

Z250 was then applied to the substrate surface. Eight specimens for each 

material combination group were stored either in distilled water at 37ºC for 48 

hours, or 24 hours and then thermo-cycled. Twenty four hours after thermo-

cycling, a shear bond test was performed. Fracture surfaces of the specimens 

were examined with a light microscope. They found that all surface treatment 

methods showed significant difference compared to the control. Clearfil 

Repair showed higher bond strength than Compoconnect and Scotchbond 

Multipurpose. Storage condition didn’t show a significant difference in bond 

strength values. Visual analysis of the fracture surface showed cohesive 

failures with Clearfil Repair, whereas it was an adhesive-cohesive mixed type 

of failures for Compoconnect and Scotchbond Multipurpose and totally 

adhesional for the control. They concluded that multi-step adhesion primer 

yielded higher bond strength compared to one-step primer or intermediate 

resin. 
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           Bonstein et al, 2005, evaluated the various repair protocols applied to 

aged resin composite. A total of 100 micro-hybrid composite specimens were 

made and aged for 20 days being stored in 37ºC water then kept for 24 hours 

at ambient room temperature. Following this aging process, the samples were 

randomly divided into 5 groups treated as follows; 1st group; control group, 2nd 

group; etching with 37% phosphoric acid, 3rd group; abrasion with diamond 

bur, 4th group; air abrasion with aluminum oxide, 5th group; diamond bur 

roughening followed by application of a silane primer (Monobond). Then an 

adhesive bonding agent (Excite) was applied followed by the repair material 

which was a flowable composite. All samples were shear tested within 10 min 

of their repairable composite application and finally the fracture mode was 

observed. They found that the specimens that received surface treatment with 

a diamond bur had higher bond strength than any of the other repaired 

groups. Specimens treated with air abrasion displayed the next highest shear 

bond strength, but this difference was not significant if compared with the 

control group. Specimens treated with phosphoric acid showed almost no 

difference from those of the control group. Specimens that received treatment 

with diamond bur and silane agent had lower bond strengths than those 

treated with the diamond bur alone. However, those differences didn’t reach 

the level of statistical significance when compared to the control group. In all 

cases, mixed mode fractures were found. They concluded that diamond bur 

treated specimens had the highest shear bond strength and the application of 

silane agent decreased the bond strength. Moreover, mechanical interlocking 

generally proved to be more efficient in securing the bond strength of the 

repair and might be assumed to play a major role in composite repair. 

  

           Brendeke and Ozcan, 2007, investigated the effect of physiochemical 

aging conditions on the composite- composite repair bond strength. A total of 

120 disk-shaped resin composite specimens (Clearfil Photo Bright) were 

prepared and the exposed surfaces of each specimen were ground using 

silicon carbide paper. The specimens were randomly assigned to one of five 

aging conditions; 1) immersion in deionized water at 37ºC for 1 week, 2) 

immersion in citric acid for 1 week, 3) boiling in water for 8 hours, 4) thermo-
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cycling and 5) immersion in deionized water at 37ºC for 2 months. After aging 

methods, the specimens were assigned to one of the following treatment 

conditions; 1st group; silica coating was achieved using silica coated alumina 

particles followed by coating with silane coupling agent, while the 2nd group, 

silane coupling agent (Clearfil SE Bond Primer and Clearfil Porcelain Bond 

Activator) was applied followed by Clearfil SE Bond bonding agent. Following 

surface conditioning, a low viscosity composite (Quadrant Anterior Shine) was 

bonded onto the substrates as a repair material. Then shear bond strength 

was tested and failure mode was observed. They found that the silica coated 

group showed higher bond strength values than the other group in all aging 

conditions. Aging the composite substrates through water storage for 2 

months produced significantly lower bond strengths than those of water or 

acid storage for 1 week. The silica-coated method showed cohesive failure 

while the silane coupling agent and Clearfil SE Bond bonding agent showed 

adhesive failures. SEM analysis showed micro-cracks on the surface of the 

boiled specimens, whereas the specimen stored in citric acid demonstrated 

loss of filler particles. They concluded that silica coating and silanization 

provided the highest bond strength values on aged composites with almost 

cohesive failures in the substrates compared to silane/bonding agent 

application only. Aging through water storage for 2 months showed worse 

results than those of water or acid storage for 1 week. 

 

          Ozcan et al, 2007, investigated the effect of surface conditioning 

methods on the micro-tensile bond strength of resin composite to composite 

after aging conditions. Thirty-six composite blocks were obtained with a hybrid 

composite (Esthet.X). The composite blocks were randomly divided into three 

groups according to the aging procedure; a)immersion in citric acid at 37ºC for 

one week, b)boiling in water for 8 hours and c)thermo-cycling. After aging, the 

blocks were further divided into two groups depending on the surface 

conditioning methods prior to repair. In the 1st group, silica coating was 

achieved followed by silane coupling agent while in the second group, the 

substrates were etched with 35% phosphoric acid gel then an intermediate 

monomer resin (Single Bond) was applied. Resin composite was then bonded 

to the conditioned substrates incrementally and the specimens were stored in 
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water for 24 hours at 37ºC then prepared for micro-tensile bond testing. They 

resulted that aging the composite substrates with thermo-cycling affected the 

repair bond strengths significantly in both surface conditioning groups 

compared to citric acid and boiling aging methods. After all three aging 

conditions, silica coated and silanized groups showed higher bond values 

compared to acid etching with phosphoric acid and bonding agent 

applications. They concluded that silica coating and silanization provided 

higher composite-composite repair bond values compared to acid etching with 

phosphoric acid followed by adhesive resin applications. Also thermo-cycling 

the composite substrates resulted in the lowest repair bond strength 

compared to citric acid and boiling in water.  

 

           Padipatvuthikul and Mair, 2007, studied the bonding of composite to 

water-aged composite with surface treatments. A total of 280 cylinderical 

composite samples were prepared for each of three composites (Spectrum, 

Durafil VS and Herculite XRV). Two-hundred and ten samples of each 

composite were placed in a deionized water as a storage media while the 

remaining 70 samples were divided into 7 groups of 10 each and bonded 

immediately. After 1,4 and 12 weeks, 70 water-aged specimens of each 

material were removed, divided into groups and treated as follows; the 1st 

group was left untreated, the 2nd group was abraded using pumice in a rubber 

cup, the 3rd group was coated with Prime & Bond, the 4th group was abraded 

and treated with Prime & Bond, the 5th group was coated with Optibond Solo 

Plus, the 6th group was abraded and treated with Optibond and finally the 7th 

group was treated with bis-GMA/TEGDMA resin (bis-GMA= bisphenol A-

glycidyl dimethacrylate, TEGDMA=tryethylene glycol dimethacrylate). The 

repair composite was added after treatment and the bonded specimens were 

stored in water for 24 hours. The water aged part of the specimen was 

embedded in PMMA (polymethyl methacrylate) leaving the new composite 

protruding. After 24 hours, the specimens were loaded to failure in shear 

mode until fracture and the fracture surface was examined by scanning 

electron microscope. They resulted that, for all materials, the highest bond 

strength was obtained by dentin bonding agent whether or not the surface had 

been abraded. After 1 week, the bond strength of the 1st group was too low. 
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The bis-GMA/TEGDMA material resulted in good bond strengths up to 1 

month but for all materials, this reduced at 3 months. The bond strengths for 

the Durafil were lower than the other two materials. For the bond strength 

after 90 days, it was indicated that the groups treated with a bonding agent 

had the highest bond strength regardless they had been abraded or not. The 

light and scanning electron micrograph study indicated that when the bond 

strength was low, most specimens fractured through the interface (adhesive 

failure) while all the fractures were cohesive with high bond strengths. They 

concluded that the treatment that provided a strong bond between the new 

and the water aged composite was treatment with the dentin bonding agents; 

Optibond and Prime & Bond regardless abraded or not. With the two 

microhybrid composites, there was no bond between the new and the water 

aged composite after 7 days immersion in water. 

 

            Rathke et al, 2009, studied the effect of different surface treatments on 

the composite-composite repair bond strength. A total of 280 composite discs 

were fabricated from a micro-hybrid resin composite (Spectrum TPH). The 

exposed test surfaces of the repair groups were wet-polished with silicon 

carbide paper to remove the oxygen-inhibited layer. Aging of the composite 

discs was achieved by storing them in 0.9% sodium chloride solution at 37ºC 

for 24 hours or 6 months. The test surfaces in each aging group were treated 

with three mechanical treatments as follows: in the 1st group; the surfaces 

were roughened with a diamond bur followed by cleaning with 34.5% 

phosphoric acid, in the 2nd group; the surfaces were sandblasted with 

aluminium oxide powder, and the 3rd group; silica-coated aluminum oxide 

powder was used. The three mechanical treatment groups were divided into 

four adhesive treatment subgroups which were performed with the 

components of a multi-step bonding system (Optibond FL Prime and 

Adhesive) or with one-bottle primer-adhesive (Excite). The third group was 

then extended by two additional subgroups to investigate the effect of a silane 

coupling agent (Monobond-S). After application of the repair composite, the 

specimens were stored in sodium chloride at 37ºC for 24 hours. Tensile bond 

strengths were measured and additional test surfaces were sandblasted with 
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aluminum oxide powder or Cojet Sand for micro-morphological analysis. They 

found that, in all mechanical treatment groups, the use of an adhesive tended 

to enhance repair bond strengths compared to the controls. With one 

exception (CoJet Sand/OptiBond FL Adhesive), adhesive treatments 

significantly increased repair bond strengths to 6-month-old composite when 

compared to the controls.  SEM examination of surfaces sandblasted with 

aluminum oxide powder as well as Cojet Sand revealed an irregular 

composite surface. They concluded that, for optimal repair bond strength, 

mechanical roughening of the old composite should be followed by application 

of an adhesive. The age of pre-existing composite had no significant effect on 

bond strength.   
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         The present investigation was conducted to study the effect of different 

surface treatments and different intermediate agents on the bond strength of 

repaired resin restorations. 

 

Objectives: 

This study was conducted to investigate: 

1- The effect of two different surface treatments either by phosphoric acid                                            

or by diamond stone on the bond strength of repaired resin restoration. 

2- The effect of two different intermediate agents, including bonding agent 

and flowable composite, on the bond strength of repaired resin restoration. 

3- The effect of different pre-repair aging periods on the bond strength of 

repaired resin restoration. 
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I- Materials: 

The materials used in this study, along with their specifications, 

chemical composition, batch number and manufacturers are listed in (table 1). 

Table (1): Material name, specifications, chemical composition, batch number 

and manufacturers. 

Material 
brand  
name 

 
Specifications 

 
Chemical composition 

 
Batch # 

 
Manufacturer 

Etch & 
rinse. 

A phosphoric acid 
gel. 

Phosphoric acid  
(37% wt in water), 
thickening agent  
and pigments. 

550588 
Ivoclar-Vivadent AG 
FL-9494 Schaan/ 
Liechtenstein 

Te-Econom 
Bond. 

A single- 
component 
bonding agent for 
enamel and dentin 
bonding in 
conjunction with 
the total-etch 
technique. 

Consists of HEMA,  
di- and mono-
methacrylates, inorganic 
fillers, initiators and 
stabilizers in an alcohol 
solution. 

610908 
Ivoclar-Vivadent AG 
FL-9494 Schaan/ 
Liechtenstein 

Tetric N-
Flow 

A flowable, light-
curing, radiopaque 
nanohybrid 
composite for 
restorative 
treatment and  
cementation of 
ceramic and 
composite 
restorations. 

36 wt% dimethacrylates 
(including TEGDMA), 63wt 
% fillers (barium glass, 
ytterbium trifluoride, highly 
dispersed silica and mixed 
oxide) and 1 wt % 
catalysts, stabilizers and 
pigments. 

604048 
Ivoclar-Vivadent AG 
FL-9494 Schaan/ 
Liechtenstein 

Te-Econom 
plus. 

Light-curing,hybrid 
radiopaque 
composite for 
restorative 
treatment. 

Matrix: 
Dimethacrylate and 
TEGDMA (22 wt %). 
              Filler:  
       Barium glass,      
  ytterbium trifluoride,   
   silicon dioxide and  
mixed oxide (76 wt%). 
   The mean particle    
      size is 850 nm. 

610908 
Ivoclar-Vivadent AG 
FL-9494 Schaan/ 
Liechtenstein. 

Acrylic 
resin 

Cold Cure Denture 
Base Material- 
cross linked 

  
Acrostone Dental 
Factory 

Artificial 
saliva 

 

NaCl   0.4mmol/L, 
KCl    0.4, 
CaCl2.2H2O    0.795, 
Na2HPo4    0.69, 
NaS.9H2O    0.005, 
Urea   1g, 
Deionized water   1000ml 
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II-Methods: 
 

1- Molds fabrication: 

    1.a.  Acrylic resin mold: 

For the present study a cylindrical mold (negative replica) was 

fabricated to create the acrylic resin mold (positive replica) which hold the 

composite specimens. This mold was composed of three parts: 

Part A:  It is a plastic cylinder with external diameter of 17mm, internal 

diameter of 15mm, and height of 20mm (Fig. 1.A). It held the two halves of the 

split teflon cylinder ( part B) together.          

 Part B: It is a split teflon cylinder with an external diameter of 15mm, internal 

diameter of 10mm and height of 18mm. It was that part which act as a 

negative replica for the acrylic resin which act as a holder for resin composite 

specimens. This part was split into two halves to facilitate removal of the 

acrylic resin mold (Fig. 1.B). The external diameter of this part had the same 

dimensions of the internal diameter of the 1st part so that they snugly fit 

together. (Fig. 1.D) 

Part C: It is a teflon base which had an external diameter of 19mm, internal 

diameter of 17mm and height of 4mm (Fig. 1.C). In the center of that base 

there was a central elevation which was cylindrical in shape with dimensions 

of a 2mm height and 6mm diameter. It created a negative replica in the acrylic 

resin mold to be a room for the resin composite placement, i.e, the central 

depression in the acrylic resin mold accommodated for the resin composite 

material that represented a seat for the aged resin composite. The resin 

composite was shaped as disc samples within the acrylic mold of dimensions 

2m.m. height x 6m.m.diameter.  
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Fig. (1): Parts of acrylic resin mold assembly: A- Plastic cylinder 
                                                     B- Split teflon cylinder 
                                                C- Teflon base 
                                                       D- Whole assembly 
 

  1.b.  Molds for resin composite application: 

 Part A: A split teflon disc for the aged composite.  It had an external diameter 

of 15mm, internal diameter of 6mm and 2mm for height (Fig. 2.A).This ring 

was placed over the acrylic resin mold with central composite disc. It was 

used to add another increment of the resin composite so that the total length 

of the aged resin composite was 4mm.  

 

Part B: A split teflon disc for the repaired composite. It had an  external 

diameter of 15mm, internal diameter of 6 mm and 4mm for height marked 

midway internally at 2mm height to allow for proper curing depth of the resin 

A B 

C 

D 
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composite (Fig. 2.B). This ring was placed over the split Teflon ring A used for 

aged composite and was used to build up the repair composite material. 

 

 

Fig. (2): A - Split teflon disc (2mm height) 

             B - Split teflon disc (4mm height) 

2- Preparation of acrylic molds: 

A total of 90 acrylic blocks were prepared using cylindrical Teflon mold 

to serve as carrier for the composite resin specimens. A chemically cured 

acrylic resin was mixed in a glass container then packed into the mold until 

filling it completely (Fig. 3.i). A glass slab was placed over the mold to obtain a 

flat smooth surface. The plastic ring was separated from the Teflon molds 

releasing acrylic resin mold which had a central depression of 6mm diameter 

and 2mm depth to accommodate for the aged resin composite material (Fig. 

3.ii) 

 

Fig. (3): i- Acrylic block inside the teflon mold. 

              ii- Acrylic resin block after separation from the teflon mold. 

A B 

i ii 
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3- Grouping of specimens: 

A total of 180 resin composite specimens were prepared in this study. 

All the prepared specimens were stored in artificial saliva to simulate the 

natural human saliva at 37ºC before the repair procedures were performed. 

The specimens were divided into two equal groups; each consisted of 90 

specimens, according to the surface treatment performed either by 

phosphoric acid or diamond stone. Each group was subdivided into three 

equal subgroups; each consists of 30 specimens, according to the aging 

periods determined 24 hrs, one week, or one month. Each subgroup was 

subdivided into three equal classes; each consists of 10 specimens, 

according to the intermediate agent applied without, with bonding agent or 

with flowable composite. Finally, a total of 18 groups were determined 

according to the combinations between the different variables. (Tables 2 and 

3). 

 

Table (2): Variables of the study: 

Variables Symbol Denoting to 

Surface treatment 
A1 

 A2 

Phosphoric acid 

Diamond stone 

Intermediate agent 

B0 

B1 

B2 

No intermediate agent (Control Group) 

Bonding agent 

Flowable composite 

Aging periods 

C1 

C2 

C3 

24 hours 

One week 

One month 
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Table (3): Interaction of variables at different levels of the study: (n=10) 
 

Surface 

treatment 
A1 A2 Total 

          
            Aging     
            period 
 
 

 

Intermediate 
agent 

C1 C2 C3 C1 C2 C3  

B0 A1C1B0 A1C2B0 A1 C3 B0 A2C1B0 A2C2B0 A2C3B0 60 

B1 A1C1B1 A1C2B1 A1C3B1 A2C1B1 A2C2B1 A2C3B1 60 

B2 A1C1B2 A1C2B2 A1C3B2 A2C1B2 A2C2B2 A2C3B2 60 

Total 30 30 30 30 30 30 180 

 
 
4- Application of substrate restorative material: 

          The resin composite Te-Econom plus, shade A1 was placed inside the 

central depression of the acrylic resin mold. The appropriate amount of the 

resin composite was dispensed from the syringe until complete filling of the 

hole using a plastic instrument to pack the composite material inside the 

central depression (Fig. 3.ii). A celluloid matrix strip was applied over the resin 

composite under standardized weight of 250 gm to obtain a uniform smooth 

flat surface and prevent formation of an oxygen inhibition layer, and then it 

was light cured for 20 seconds according to manufacturer instructions using 

the curing unit LEDition* (light intensity 500mW/cm², wave length range 430-

490 nm and transparent white light probe 10 mm). The tip of the curing unit    

*LEDition curing unit: Ivoclar Vivadent AG, Clinical Bendererstr. 2, FL-9494 Schaan, 

Principality of Liechtenstein 
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 was placed directly above the surface of the composite specimens (zero 

distance). Then the split teflon disc A was placed over the acrylic resin mold 

with its central hole adjusted over the composite specimen and filled with the 

resin composite and light cured in the same way as previously described.(Fig. 

4.i). After removal of the split Teflon ring (Fig. 4.ii) and the Teflon mold 

assembly, the substrate resin composite specimens were obtained (Fig. 4.iii). 

A radiometer was used after curing every 10 specimens to ensure adequate 

curing intensity for all specimens. After removing the celluloid strip, the excess 

was removed using sharp scalpel. 

 

        Fig. (4): i-Split Teflon disc A enclosing the substrate composite. 

ii- Teflon mold containing the acrylic resin mold with the                               
substrate composite inside it. 

                     iii-Substrate resin composite in acrylic blocks. 

5- Pre-repair aging of the specimens:        

           The prepared specimens were divided into three groups (60 specimens 

each) according to the aging periods determined which were 24 hrs, one 

week and one month. Each group was stored in freshly prepared artificial 

saliva at room temperature starting from one month then one week group 

ending with the 24 hrs group. The resin composite samples were aged in 

artificial saliva in order to simulate one of the oral environmental conditions 

which is the natural saliva. The artificial saliva was periodically changed every 

week to avoid saturation of the artificial saliva by ions leaching out from the 

acrylic resin or the resin composite due to their degradation. 

i 

ii iii 
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6- Surface treatment of the specimens: 

In the present study, two treatment procedures were achieved:  

6.a-  Phosphoric acid :          

A 37% phosphoric acid etching gel was applied using its dispenser 

syringe to the aged composite resin surface for 15 seconds. The specimens 

were then rinsed with water spray for 10 seconds and then dried for 10 

seconds using a stream of oil-free compressed air. 

6.b- Diamond stone: 

A tapered diamond stone* (Fig. 5) was used in a high speed hand-

piece of 450,000 rpm with water spray moving back and forth in 5 strokes with 

minimum pressure until abrading a standard 0.5 mm off  the resin composite  

length , measured by a caliber, from all the diamond stone treated specimens. 

A new diamond stone was used for each four samples to ensure adequate 

sharpness and efficiency.  

 

 

Fig. (5): Tapered diamond stone 

  

*Diamond stone: ISO 806 314 249524 014 (862), 450000RPM, LOT 248766. 
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7- Application of intermediate agents: 

  The treated groups were cleaned with air-water spray and divided 

according to the applied intermediate agent into three groups which were the 

control group, the bonding agent group and the flowable composite group. For 

all specimens, the teflon disc (A) was placed over the acrylic resin mold 

enclosing the 2nd increment of the aged resin composite in order to support 

the teflon disc (B). The control group didn’t receive any intermediate agent.    

In the bonding agent group Te-Econom Bond was applied on all aged 

resin composite specimens. A generous amount of Te-Econom Bond was 

applied on the surface of the aged resin composite specimens using enclosed 

applicator brush. Then the material was brushed gently on the treated 

composite surface. Next, any remaining solvent was evaporated with a slow 

stream of air. Finally, the adhesive was light cured for 20 sec using the same 

light cure unit used with the resin composite. 

In the flowable composite group, Tetric N-Flow was applied on all aged 

specimens. The teflon disc (B) was placed over the teflon disc (A) after 

marking 1mm of its length which was the increment thickness of the flowable 

composite as intermediate agent. Then the flowable composite was injected 

directly from its syringe into the ring over the aged composite until reaching 

the desired height then light cured for 20 sec. according to the manufacturer’s 

instructions.  

8- Application of the repair resin composite: 

Each specimen was returned to the mold and the split teflon disc (B) 

was placed over the aged resin composite specimens enclosed in the teflon 

disc (A) with its central hole adjusted over the treated surfaces for all 

specimens.  The necessary amount of the repair resin composite (shade A3) 

was packed onto the previously treated surface in the central hole of the split 

teflon disc (B) (Fig. 6.i). The repairing material was the same as the 

respective composite substrate except for its shade. This was intentionally 

done to facilitate visual identification of the failure mode after micro-tensile 
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bond strength testing. A teflon coated applicator was used to pack the repair 

composite resin in the central hole. The resin composite was light cured for 40 

seconds at 2mm distance then the other 2mm increment was applied in the 

central hole and a celluloid strip was applied over it under standardized weight 

of 250 gm to obtain a uniform smooth flat surface.  The repair composite was 

light cured for 20 sec with zero distance between the tip of the light cure unit 

and the surface of the mold. After removal of the split Teflon rings A and B 

(Fig. 6.ii) and the Teflon mold assembly, the repaired resin composite 

specimens were obtained (Fig. 6.iii). For the flowable composite groups, the 

last composite increments were 1mm only. The celluloid strip was removed 

and the excess was removed by using a sharp scalpel.    

 

Fig. (6): i-Split teflon disc B enclosing the repaired composite specimen. 

 ii- Teflon mold containing the acrylic resin mold with the repaired 
composite inside it. 

                   iii-Repaired resin composite in acrylic mold. 

9- Separation of the specimens from the mold:        

          The split teflon disc was separated from its ring then split at its middle 

to remove the two halves of the disc from the top of the mold. The resin 

composite was detached from the disc and held by the acrylic resin mold. 

Additional light curing cycles were performed from different directions to 

ensure adequate polymerization of the resin composite. Since polymerization 

kinetics was known to continue even after the end of light exposure and the 

polymerization of resin composite reached its peak at about 24 hrs after 

ii i iii 
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polymerization, the repaired specimens were restored in artificial saliva for 

another day before slicing.  

10- Production of beam-specimens for microtensile 

bond strength testing: 

           The specimens were sectioned along x and y axes using a slow speed 

diamond disk under water cooling fixed into a hard tissue microtone device 

CATALOG* (Fig. 7) to produce multiple beam-shaped sticks with dimensions 

of approximately 1x1x8mm. Therefore, the sticks consisted of the old aging 

composite in one half of their length and the new repair composite in the 

remaining half.  

 
 

Fig. (7): Hard tissue Microtone 
 

11- Micro-tensile bond strength assessment: 

 
          Each beam was glued with cyanoacrylate glue to specially designed jig 

(Fig. 8.i) which in turn mounted onto the lower fixed compartment of a testing 

machine** with a load cell of 5 KN and data were recorded using computer 

 

 

*CATALOG: frame 42-38201, spec. B 2907 K9, H.p ¼ SF 1.25, volts 115/230, AMPS 4.0/2 0, 

cycle 60 phase 1, RPM 3450, rating 550C and serial 54340 

**Testing machine: Model LRX-plus; Lloyd Instruments Ltd., Fareham, UK. 
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 software.*(Fig. 9). A tensile load with compression mode of force was applied 

via testing machine at a crosshead speed of 0.5 mm/min. The relatively slow 

crosshead speed was selected in order to produce a tensile force that 

resulted in debonding along the substrate-adhesive interface. The load 

required to debonding was recorded in Newton (Fig. 8.ii). The load at failure 

was divided by bonding area to express the bond strength in MPa. The load-

deflection curves were recorded using computer software. 

    

Fig.(8): i-Composite beam specimen glued to the jig before force application.       

ii-Fractured composite beam specimen after micro-tensile bond  
strength test. 

 

Fig. (9): Universal testing machine 

 

*Computer software: Nexygen-MT Lloyd Instruments.

i ii 
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12- Stereo-microscope analysis: 

All the fractured specimens, after micro-tensile bond testing, were 

examined using a Stereomicroscope * by magnification x6.3.  The specimens 

were stored for 2 days in absolute alcohol, air dried for 2 hours and mounted 

to allow for proper vision of the area of fracture to verify whether the fracture 

occurred within the adhesion zone or out of it. The adhesion zone was defined 

as the region where the intermediate material (adhesive system or flowable 

composite) interacts with the substrates, meaning, the interface between the 

intermediate material and the repair resin composite, the intermediate 

material itself, and the interface between the intermediate material and the 

treated surface of the aged resin composite. The cohesive failure occurred 

within the resin composite material while the mixed failure contained both 

adhesive and cohesive failures. 

 

 
 

Fig. (10): Stereomicroscope 

13- Statistical analysis: 

          Data were presented as mean and standard deviation (SD) values. 

Regression model with Three-way Analysis of Variance (ANOVA) was used to 

test significance of differences for the effect of surface treatment, intermediate 

 *Stereomicroscope: LEICA S8APO. 
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agent, aging and their interaction on bond strength. Tukey’s post-hoc test was 

used for pair-wise comparison between the means when ANOVA test was 

found significant. The significance level was set at P ≤ 0.05. Statistical 

analysis was performed with SPSS 16.0® * for Windows. 
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        This study was designed to evaluate the effectiveness of the use of 

surface treatment with or without using intermediate agents on the micro-

tensile bond strength of the repaired resin composite. Also the influence of 

aging on the repair bond strength was judged.  Following the bond strength 

testing, all the fractured specimens were examined by using the 

stereomicroscope. Data were presented as mean and standard deviations 

values (SD). Regression mode using three-way analysis of variance (ANOVA) 

was used in testing significance for the effect of each variable alone and their 

interactions on the bond strength. Tukey’s post-hoc test was used for pair-

wise comparison between the means when ANOVA test was significant at P 

≤0.005.  

 

(A) Results of micro-tensile bond strength: 
 

              The repair micro-tensile bond strength values of the current study 

were shown in tables (4-14) and plotted in figures (11-20). The results were 

presented in the term of means and standard deviations in MPa unit. 

 

 Effect of surface treatment: 

 

1) Results of phosphoric acid surface treatment: 

1.a. Control group without intermediate agents: 

        Table (4) and fig. (11) revealed the mean and descriptive statistics 

for repair micro-tensile bond strength values (in MPa) and standard 

deviation of the control group (no intermediate agent) treated with 

phosphoric acid etchant at different aging periods. They showed that 

using phosphoric acid etchant as surface treatment without 

intermediate agent for 24 hrs pre-repair aging period recorded mean 

bond strength values equal to 20(±2) MPa. At one week aging period, 

the mean bond strength values were 15.3(±2.1) MPa. At one month 

aging period, the recorded values were 6.2(±0.8) MPa. 
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Table (4): Mean and descriptive statistics for bond strength values in MPa of 

phosphoric acid surface treatment without intermediate agent (control group) using 

ANOVA test. 

Surface treatment    Intermediate agent    Aging Mean SD 

Phosphoric acid      Control 

24 hours 20.0 2.0 

1 week 15.3 2.1 

1 month 6.2 0.8 

  

 

    Fig. (11): Column chart showing the mean repair micro-tensile bond strength     

     values of control group treated with phosphoric acid at different aging periods. 

 

1.b. Bonding agent group ( Te-Econom Bond adhesive system): 

        Table (5) and fig. (12) revealed the mean and descriptive statistics 

for repair micro-tensile bond strength values (in MPa) and standard 

deviation of the bonding agent group treated with phosphoric acid 

etchant at different aging periods. They showed that using phosphoric 

acid etchant as surface treatment together with using the bonding 

agent as an intermediate agent for 24 hrs pre-repair aging period 

recorded mean bond strength values equal to 19.4(±2.2) MPa. At one 

week aging period, the mean bond strength values were 18.3(±3.4) 
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MPa. At one month aging period, the recorded values were 7.2(±1.1) 

MPa. 

 

Table (5): Mean and descriptive statistics for bond strength values in MPa of 

phosphoric acid surface treatment with bonding agent as intermediate agent using 

ANOVA test. 

Surface treatment Intermediate Agent Aging Mean SD 

Phosphoric acid Bonding agent 

24 hours 19.4 2.2 

1 week 18.3 3.4 

1 month 7.2 1.1 

 

 
 

Fig. (12): Column chart showing the mean repair micro-tensile bond strength values 

of the bonding agent group treated with phosphoric acid at different aging periods. 

 

1.c. Flowable composite group (Tetric N-Flow): 

 
         Table (6) and fig. (13) revealed the mean and descriptive 

statistics for repair micro-tensile bond strength values (in MPa) and 

standard deviation of the flowable composite group treated with 

phosphoric acid etchant at different aging periods. They showed that 

using phosphoric acid etchant as surface treatment together with using 
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flowable composite as an intermediate agent for 24 hrs pre-repair 

aging period recorded mean bond strength values equal to 32.6(±2.9) 

MPa. At one week aging period, the mean bond strength values were 

22.5(±2.4) MPa. At one month aging period, the recorded values were 

14.3(±1.5) MPa. 

 

Table (6): Mean and descriptive statistics for bond strength values in MPa of 

phosphoric acid surface treatment with Flowable composite as intermediate agent 

using ANOVA test. 

Surface treatment Intermediate Agent Aging Mean SD 

Phosphoric acid Flowable composite 

24 hours 32.6 2.9 

1 week 22.5 2.4 

1 month 14.3 1.5 

 

 
 

Fig. (13): Column chart showing the mean repair micro-tensile bond strength values 

of flowable composite group treated with phosphoric acid at different aging periods. 

 

2) Results of diamond stone surface treatment: 

 

2.a.  Control group without intermediate agents: 

          Table (7) and fig. (14) revealed the mean and descriptive 

statistics for repair micro-tensile bond strength values (in MPa) and 

standard deviation of the control group treated with diamond stone at 

different aging periods. They showed that using diamond stone 
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abrasion as surface treatment without an intermediate agent for 24 hrs 

pre-repair aging period recorded mean bond strength values equal to 

19.7(±2.3) MPa. At one week aging period, the mean bond strength 

values were 16.1(±3.8) MPa. At one month aging period, the recorded 

values were 8.5(±1.4) MPa. 

 

Table (7):  Mean and descriptive statistics for bond strength values in MPa of 

diamond stone surface treatment without intermediate agent (control group) using 

ANOVA test. 

 

Surface treatment 

 

Intermediate Agent 

 

Aging 

 

Mean 

 

SD 

  Diamond stone               Control 

 

24 hours 

 

19.7 

 

2.3 

 

1 week 

 

16.1 

 

3.8 

 

1 month 

 

8.5 

 

1.4 

 

 

Fig. (14): Column chart showing the mean repair micro-tensile bond strength values 

of control group abraded with diamond stone at different aging periods. 

 

2.b. Bonding agent group ( Te-Econom Bond adhesive system): 

          Table (8) and fig. (15) revealed the mean and descriptive 

statistics for repair micro-tensile bond strength values (in MPa) and 

standard deviation of the bonding group treated with diamond stone at 

different aging periods. They showed that using diamond stone 



Results 

50 

abrasion as surface treatment together with using the bonding agent as 

an intermediate agent for 24 hrs pre-repair aging period recorded mean 

bond strength values equal to 30.7(±8) MPa. At one week aging period, 

the mean bond strength values were 21.6(±3.1) MPa. At one month 

aging period, the recorded values were 12.3(±2.5) MPa. 

 

Table (8):  Mean and descriptive statistics for bond strength values in MPa of 

diamond stone surface treatment with the bonding agent as intermediate agent using 

ANOVA test. 

 
 

 

 
 
Fig. (15): Column chart showing the mean repair micro-tensile bond strength values 

of the bonding agent group abraded with diamond stone at different aging periods. 

 

2.c. Flowable composite group (Tetric N-Flow): 

          Table (9) and fig. (16) revealed the mean and descriptive 

statistics for repair micro-tensile bond strength values (in MPa) and 

Surface treatment Intermediate Agent Aging Mean SD 

Diamond stone 

  

Bonding agent 

 

24 hours 30.7 8.0 

1 week 21.6 3.1 

1 month 12.3 2.5 
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standard deviation of the Flowable composite group treated with 

diamond stone at different aging periods. They showed that using 

diamond stone abrasion as surface treatment together with using 

flowable composite as an intermediate agent for 24 hrs pre-repair 

aging period recorded mean bond strength values equal to 39.7(±5.6) 

MPa. At one week aging period, the mean bond strength values were 

34.4(±2.7) MPa. At one month aging period, the recorded values were 

18.9(±3) MPa. 

 

Table (9): Mean and descriptive statistics for bond strength values in MPa of 

diamond stone surface treatment with the bonding agent as intermediate agent using 

ANOVA test 

Surface treatment Intermediate Agent Aging Mean SD 

Diamond stone 

 

 Flowable composite    

     

24 hours 39.7 5.6 

1 week 34.4 2.7 

1 month 18.9 3.0 

 

 
         

Fig. (16): Column chart showing the mean repair micro-tensile bond strength 

values of the flowable composite group abraded with diamond stone at different 

aging periods. 
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3) Comparison between mean bond strength values of phosphoric 

acid etchant versus diamond stone: 

            Table (10) and fig. (17) revealed  the mean repair micro-tensile 

bond strength values (in MPa)and standard deviation of both surface 

treatment groups (phosphoric acid and diamond stone) regardless of other 

variables. They showed that using phosphoric acid as surface treatment 

recorded mean repair bond strength values equal to 17.3(±7.9). While the 

mean bond strength value of the diamond stone surface treatment were 

22.4(±10.6).The overall comparison between surface treatments using 

ANOVA test showed that there was a statistically significant difference 

between the two different surface treatments at P<0.001. Tukey’s post-hoc 

test represented in table (10) and fig. (17) showed that the statistically 

higher bond strength was found with diamond stone group than the 

phosphoric acid group which showed lower mean bond strength. 

 

Table (10): Mean and descriptive statistics for bond strength values in MPa of 

phosphoric acid and diamond stone surface treatments regardless of other variables 

using Tukey’s pot-hoc test. 

Phosphoric acid Diamond stone 
P-value 

Mean SD Mean SD 

17.3 7.9 22.4 10.6 <0.001* 

       * Significant at P ≤ 0.05, Means with different letters are statistically significantly different 

according to Tukey’s test                     
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Fig. (17): Column chart showing the mean repair bond strength values of the two 

surface treatments regardless of other variables. 
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 Effect of intermediate agents: 

            Table (11) and fig. (18) revealed a comparison between the mean 

repair micro-tensile bond strength values (in MPa)and standard deviation of 

the different intermediate agents ( control group, bonding agent and flowable 

composite) regardless of other variables. They showed that using no 

intermediate agent (control group) recorded mean repair bond strength values 

equal to 14.3(±5.7). While the mean bond strength value of the bonding agent 

group were 18.3(±8.4). On the other hand, the flowable composite group 

recorded 27.1(±9.7). The overall comparison between the intermediate agents 

using ANOVA test showed that there was a statistically significant difference 

between the different intermediate agents at P<0.001. Tukey’s post-hoc test 

represented in table (11) and fig. (18) showed that the flowable composite 

showed statistically significantly the highest mean bond strength values while 

the control group showed the lowest mean bond strength values. 

  
Table (11): Mean and descriptive statistics for bond strength values in MPa of the 

different intermediate agents regardless of other variables using Tukey’s pot-hoc test. 

Control Bonding agent Flowable composite 
P-value 

Mean SD Mean SD Mean SD 

14.3
 c 

5.7 18.3
 b 

8.4 27.1
 a 

9.7 <0.001* 

* Significant at P ≤ 0.05, Means with different letters are statistically significantly different 

according to Tukey’s test 

 

0

5

10

15

20

25

30

Control Bonding agent Flow able composite

M
e
a
n
 b

o
n
d
 s

tr
e
n
g
th

 (
M

p
a
)

 

Fig. (18): Column chart showing mean repair bond strength values of the different 

intermediate agents regardless of other variables. 
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 Effect of aging periods: 
 
          Table (12) and fig. (19) revealed a comparison between the mean 

repair micro-tensile bond strength values (in MPa)and standard deviation of 

the different aging periods (24 hrs, one week and one month)regardless of 

other variables. They showed that, at 24 hrs aging period, the mean repair 

bond strength values recorded 27(±9). While the mean bond strength value of 

the one week aging group were 21.3(±7). On the other hand, the one month 

aging group recorded 11.2(±4.8). The overall comparison between the 

different aging periods using ANOVA test showed that there was statistically 

significant difference between the three aging periods at P ˂0.001. Tukey’s 

post-hoc test represented in table (12) and fig. (19) showed that the highest 

mean bond strength values were found after 24 hrs followed by one week 

storage. The statistically significantly lowest value was found after one month 

storage.  

 
Table (12): Mean and descriptive statistics for bond strength values in MPa of the 

different aging periods regardless of other variables using Tukey’s pot-hoc test. 

 

24 hours 

 

1 week 

 

1 month P-value 

Mean SD Mean SD Mean SD 

27
 a 

9 21.3
 b 

7 11.2
 c 

4.8 <0.001* 

* Significant at P ≤ 0.05, Means with different letters are statistically significantly different 

according to Tukey’s test 
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Fig. (19): Column chart showing the mean repair bond strength values of the 

different aging periods regardless of other variables. 
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 Ranking of the tested variables: 

 
 

Table (13) and fig. (20) revealed the mean and descriptive statistics for 

repair micro-tensile bond strength values in MPa of different interactions of 

variables used in this study. There was no statistically significant difference 

between (Phosphoric acid x Flowable composite x 24 hours), (Diamond stone 

x Bonding agent x 24 hours), (Diamond stone x Flowable composite x 24 

hours) and (Diamond stone x Flowable composite x 1 week) which showed 

the statistically significantly highest means bond strength at P < 0.001. There 

was no statistically significant difference between (Phosphoric acid x Control x 

1 month), (Phosphoric acid x Bonding agent x 1 month) and (Diamond stone x 

Control x 1 month) which showed the statistically significantly lowest means 

bond strength. The highest mean micro-tensile bond strength values were 

shown in the group grinded with diamond stone, used flowable composite and 

stored for 24 hrs while the lowest mean micro-tensile bond strength values 

were shown in the group etched with phosphoric acid only and stored for one 

month. 

 

            Table (14) revealed the regression model for the effect of different 

variables on the micro-tensile bond strength using Tukey’s post-hoc test. It 

showed that the regression model was fit to describe the relationship between 

the studied variables. It also showed that surface treatment, intermediate 

agent, aging and the interaction between all variables had a statistically 

significant effect on mean bond strength at P≤0.001. 
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Table (13):  Comparison between mean bond strength values with interactions of 

different variables: 

Surface treatment Intermediate Agent Aging Mean SD P-value 

Phosphoric acid 

 

 

 

 

 

 

 

 

Control 

 

 

24 hours 20.0
 b
 2.0 

<0.001* 

1 week 15.3 
c 

2.1 

1 month 6.2 
d 

0.8 

Bonding agent 

 

 

24 hours 19.4
 b
 2.2 

1 week 18.3
 b
 3.4 

1 month 7.2
 d
 1.1 

Flowable composite 

 

 

24 hours 32.6
 a
 2.9 

1 week 22.5 
b 

2.4 

1 month 14.3
 c
 1.5 

 

Diamond stone 

 

 

 

 

 

 

 

Control 

 

 

24 hours 19.7
 b
 2.3 

1 week 16.1
 c
 3.8 

1 month 8.5
 d
 1.4 

Bonding agent 

 

 

24 hours 30.7
 a
 8.0 

1 week 21.6
 b
 3.1 

1 month 12.3
 c
 2.5 

Flowable composite 

 

24 hours 39.7 
a 

5.6 

1 week 34.4
 a
 2.7 

1 month 18.9
 b
 3.0 

*: Significant at P ≤ 0.05, Means with different letters are statistically significantly different 

according to Tukey’s test 
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Fig. (20): Column chart showing the mean repair bond strength values of different 

interactions of variables. 
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Table (14 ): Regression model results for the effect of different variables on bond 

strength using Tukey’s post-hoc test. 

 

Source 

Type III Sum 

of Squares df 

Mean 

Square F-value P-value 

Corrected Model 15015.2 17 883.3 82.353 <0.001* 

Surface treatment 1191.5 1 1191.5 111.089 <0.001* 

Intermediate agent 5131.7 2 2565.9 239.236 <0.001* 

Aging 7703.3 2 3851.6 359.120 <0.001* 

Surface treatment x 

Intermediate agent x 

Aging 

298.139 4 74.535 6.949 <0.001* 

R Squared = 0.896 (Adjusted R Squared = 0.885), df: degrees of freedom,  

*: Significant at P ≤ 0.05 
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(B) Results of failure mode:  
 

Failure mode data were presented as frequencies and percentages in 

tables (15-19) and fig. (21-25). Chi-square (x 2) test was used for comparisons 

between the groups.  

 

1. Results of phosphoric acid surface treatment with different 

intermediate agents:           

           Table (15) and fig. (21) revealed descriptive statistics of the frequency 

and percentage of the failure modes of the phosphoric acid surface treatment 

at different aging periods using different intermediate agents. They presented 

that on application of phosphoric acid etchant, for the 24 hrs aging period, the 

control group showed 40% adhesive failure, 20% cohesive failure and 40% 

mixed failure, the bonding agent group showed 40% adhesive failure, 20% 

cohesive failure and 40% mixed failure, and the flowable composite group 

showed 40% adhesive failure and 60% cohesive failure. The difference 

between the failure mode in this group was not statistically significant at 

P=0.463. 

 

However at one week aging period, the control group showed 60% 

adhesive failure and 40% cohesive failure, the bonding agent group showed 

40% adhesive failure, 20% cohesive failure and 40% mixed failure, and the 

flowable composite showed 40% adhesive and 60% cohesive. The difference 

between the failure mode in this group was not statistically significant at 

P=0.259. 

 

While at one month aging period, the control group showed 60% 

adhesive failure and 40% mixed failure, the bonding agent group showed 40% 

adhesive failure and 60% mixed failure, and the flowable composite group 

showed 40% adhesive failure, 20% cohesive failure and 40% mixed failure. 

The difference between the failure mode in this group was not statistically 

significant at P=0.632. 
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Table (15): Descriptive statistics of the frequency and percentage of the failure 

modes of the phosphoric acid surface treatments at different aging periods using 

different intermediate agents. 

 

*Significant at P≤0.05. 

 

 

 

Fig. (21): Bar chart representing the percentage of failure modes of the phosphoric 

acid surface treatment at different aging periods using different intermediate agents. 

 

Surface        
treatment 

Aging 
period 

Intermediate 
agent 

 
 
 
 
 
 

 
Mode 

Control  
(n = 10) 

Bonding agent 
(n = 10) 

Flowable composite 
(n = 10) 

P-
value 

Frequency % Frequency % Frequency % 

Phosphoric 
acid 

24 
hours 

Adhesive 4 40 4 40 4 40 

0.463 Cohesive 2 20 2 20 6 60 

Mixed 4 40 4 40 0 0 

1 
week 

Adhesive 6 60 4 40 4 40 

0.259 Cohesive 4 40 2 20 6 60 

Mixed 0 0 4 40 0 0 

1 
month 

Adhesive 6 60 4 40 4 40 

0.632 Cohesive 0 0 0 0 2 20 

Mixed 4 40 6 60 4 40 
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2. Results of diamond stone surface treatment with different 

intermediate agents: 

           Table (16) and fig. (22) revealed descriptive statistics of the frequency 

and percentage of the failure modes of the diamond stone surface treatment 

at different aging periods using intermediate agents. They presented that on 

abrasion with diamond stone, for the 24 hrs aging period, the control group 

showed 20% adhesive failure, 40% cohesive failure and 40% mixed failure, 

the bonding agent group showed 60% cohesive failure and 40% mixed failure, 

and the flowable composite group showed 60% cohesive failure and 40% 

mixed failure. The difference between the failure mode in this group was not 

statistically significant at P=0.690. 

 

However at one week aging period, the control group showed 40% 

adhesive failure, 20% cohesive failure and 40% mixed failure, the bonding 

agent group showed 40% cohesive and 60% mixed failure, and the flowable 

composite showed 20% adhesive failure, 60% cohesive failure and 20% 

mixed failure. The difference between the failure mode in this group was not 

statistically significant at P=0.259. 

 

While at one month aging period, the control group showed 40% 

adhesive failure, 20% cohesive and 40% mixed failure, the bonding agent 

group showed 40% adhesive failure, 20% cohesive failure and 40% mixed 

failure and the flowable composite showed 40% adhesive failure and 60% 

cohesive failure. The difference between the failure mode in this group was 

not statistically significant at P=0.406. 
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Table (16): Descriptive statistics of the frequency and percentage of the failure 

modes of the diamond stone surface treatments at different aging periods using 

different intermediate agents. 

 

Surface 
treatment 

Aging 
period 

Intermediate 
agent 

 
 
 
 
 
 
 
Mode 

Control  
(n = 10) 

Bonding agent 
(n = 10) 

Flowable 
composite 
(n = 10) 

P-
value 

Frequency % Frequency % Frequency % 

Diamond 
stone 

24 
hours 

Adhesive 2 20 0 0 0 0 

0.690 Cohesive 4 40 6 60 6 60 

Mixed 4 40 4 40 4 40 

1 
week 

Adhesive 4 40 0 0 2 20 

0.406 Cohesive 2 20 4 40 6 60 

Mixed 4 40 6 60 2 20 

1 
month 

Adhesive 4 40 4 40 4 40 

0.463 Cohesive 2 20 2 20 6 60 

Mixed 4 40 4 40 0 0 

*Significant at P≤0.05. 

 

 

 
 
 
 
 

 

Fig. (22): Bar chart representing the percentage of failure modes of diamond stone 

surface treatment at different aging periods using different intermediate agents. 
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3. Results of 24 hrs aging period with different surface 

treatments and intermediate agents: 

      Table (17) and fig. (23) revealed descriptive statistics of the frequencies 

and percentage of the failure modes of the 24 hrs aging period with different 

surface treatments and intermediate agents. 

 

At 24 hrs aging period , the control group showed 40% adhesive 

failure, 20% cohesive failure and 40% mixed failure for the phosphoric acid 

etched specimens, and 20% adhesive failure, 40% cohesive failure and 40% 

mixed failure for the diamond stone abraded specimens. The difference 

between the failure mode in this group was not statistically significant at 

P=0.717.  

 

However the bonding agent group showed 40% adhesive failure, 20% 

cohesive failure and 40% mixed failure for the phosphoric acid etched 

specimens, and 60% cohesive failure and 40% mixed failure for the diamond 

stone abraded specimens. The difference between the failure mode in this 

group was not statistically significant at P=0.223. 

  

While the flowable composite group showed 40% adhesive failure and 

60% cohesive failure for the phosphoric acid etched specimens, and 60% 

cohesive failure and 40% mixed failure for the diamond stone abraded 

specimens. The difference between the failure mode was not statistically 

significant at P=0.135. 
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Table (17): Descriptive statistics of the frequencies and percentage of the failure 

modes of the 24 hrs aging period group with different surface treatments and 

intermediate agents. 

 

Aging 
period 

Intermediate agent 

 
Surface 

treatment 
 
 
 
 

Mode 

Phosphoric acid 
(n = 10) 

Diamond stone 
(n = 10) 

P-
value 

Frequency % Frequency %  

24 hours 

Control 

Adhesive 4 40 2 20 

0.717 Cohesive 2 20 4 40 

Mixed 4 40 4 40 

Bonding agent 

Adhesive 4 40 0 0 

0.223 Cohesive 2 20 6 60 

Mixed 4 40 4 40 

Flowable composite 

Adhesive 4 40 0 0 

0.135 Cohesive 6 60 6 60 

Mixed 0 0 4 40 

*Significant at P≤0.05. 

 
 

 
 

Fig. (23): Bar chart representing the percentage of failure modes of different 

intermediate agents treated with different surface treatments at 24 hrs aging period. 
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4. Results of the one week aging period with different surface 

treatments and intermediate agents:       

          Table (18) and fig. (24) revealed descriptive statistics of the frequencies 

and percentage of the failure modes of the one week aging period with 

different surface treatments and intermediate agents. 

 

At one week aging period , the control group showed 60% adhesive 

failure and 40% cohesive failure for the phosphoric acid etched specimens, 

and 40% adhesive failure, 20% cohesive failure and 40% mixed failure for the 

diamond stone abraded specimens. The difference between the failure mode 

in this group was not statistically significant at P=0.282.  

 

However the bonding agent group showed 40% adhesive failure, 20% 

cohesive failure and 40% mixed failure for the phosphoric acid etched 

specimens, and 40% cohesive failure and 60% mixed failure for the diamond 

stone abraded specimens. The difference between the failure mode in this 

group was not statistically significant at P=0.282. 

         

While the flowable composite group showed 40% adhesive failure and 60% 

cohesive failure for the phosphoric acid etched specimens, and 20% adhesive 

failure, 60% cohesive failure and 20% mixed failure for the diamond stone 

abraded specimens. The difference between the failure mode was not 

statistically significant at P=0.513. 
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Table (18): Descriptive statistics of the frequencies and percentage of the failure 

modes of one week aging period group with different surface treatments and 

intermediate agents. 

 

Aging 
period 

Intermediate agent 

Surface 
  treatment 

 
 
 
 
 

Mode 

Phosphoric acid 
(n = 5) 

Diamond stone 
(n = 5) 

P-
value 

Frequency % Frequency % 

1 week 

Control 

Adhesive 3 60 2 40 

0.282 Cohesive 2 40 1 20 

Mixed 0 0 2 40 

Bonding agent 

Adhesive 2 40 0 0 

0.282 Cohesive 1 20 2 40 

Mixed 2 40 3 60 

Flowable composite 

Adhesive 2 40 1 20 

0.513 Cohesive 3 60 3 60 

Mixed 0 0 1 20 

*Significant at P≤0.05. 

 

 

 

Fig. (24): Bar chart representing percentage of failure modes of different intermediate 

agents treated with different surface treatments at one week aging period. 
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5. Results of the one month aging period with different 

surface treatments and intermediate agents: 

       Table (19) and fig. (25) revealed descriptive statistics of the frequencies 

and percentage of the failure modes of the one month aging period with 

different surface treatments and intermediate agents. 

 

At one month aging period , the control group showed 60% adhesive 

failure and 40% mixed failure for the phosphoric acid etched specimens, and 

40% adhesive failure, 20% cohesive failure and 40% mixed failure for the 

diamond stone abraded specimens. The difference between the failure mode 

in this group was not statistically significant at P=0.549.  

 

However the bonding agent group showed 40% adhesive failure and 

60% mixed failure for the phosphoric acid etched specimens, and 40% 

adhesive failure,20% cohesive failure and 40% mixed failure for the diamond 

stone abraded specimens. The difference between the failure mode in this 

group was not statistically significant at P=0.549. 

         

         While the flowable composite group showed 40% adhesive failure, 20% 

cohesive failure and 40% mixed failure for the phosphoric acid etched 

specimens, and 40% adhesive failure and 60% cohesive failure for the 

diamond stone abraded specimens. The difference between the failure mode 

was not statistically significant at P=0.223. 
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Table (19): Descriptive statistics of the frequencies and percentage of the failure 

modes of one month aging period group with different surface treatments and 

intermediate agents. 

 

Aging 
period 

Intermediate agent 

      Surface          
       treatment 

 
 
 
 

 
Mode 

Phosphoric acid 
(n = 10) 

Diamond stone 
(n = 10) 

P-
value 

Frequency % Frequency % 

1 month 

Control 

Adhesive 6 60 4 40 

0.549 Cohesive 0 0 2 20 

Mixed 4 40 4 40 

Bonding agent 

Adhesive 4 40 4 40 

0.549 Cohesive 0 0 2 20 

Mixed 6 60 4 40 

Flowable composite 

Adhesive 4 40 4 40 

0.223 Cohesive 2 20 6 60 

Mixed 4 40 0 0 

*Significant at P≤0.05. 

 

 

Fig. (25): Bar chart representing the percentage of failure modes of different 

intermediate agents treated with different surface treatments at one month aging 

period. 
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            In order to preserve sound tooth structure, repair of a broken resin 

composite restoration, rather than its replacement, turned to be the optimal 

choice (Gordan et al. 2002).  Direct bonding between the aged composite and 

the new one didn’t show successful results in the bond strength tests due to 

the absence of the oxygen inhibited layer of unpolymerized resin monomers 

that led to low chemical bonding potential at the surface of aged composite 

(Dall’Oca et al. 2006). Moreover, the poor wettability of the highly viscous fresh 

composite retarded its penetration into the aged one (Shen et al. 2004 and  

Bonstein et al. 2005).  Also the polymerization shrinkage that pull the material 

away from the aged composite surface might be a contributing factor for the 

debonding of untreated composite restoration (Papacchini et al. 2007a).            

Therefore, using low viscosity chemical agents and performing mechanical 

surface treatments of the old composite might be considered as major factors 

in obtaining optimal repair bond strength. 

  

           The bonding ability of the oxygen inhibited layer on the composite 

surface was proved to have an important role in the repair mechanism. 

Oxygen from the ambient atmosphere could inhibit any free radical-initiated 

addition polymerization reaction (Gauthier et al. 2005). It had been reported 

that oxygen inhibition resulted from quenching free radicals generated via light 

activation of the photo-initiator in its excited triplet status, thus limiting the 

initiation stage of the polymerization reaction (Andrzejewska et al. 2001). The 

peroxy radicals, that were formed in the presence of oxygen, were more 

stable and less reactive towards carbon-carbon double bonds than the 

propagating radical. As a consequence, polymerization was strongly 

compromised and the surface of the polymerized layer might remain under 

cured and tacky (Papacchini et al. 2007 a). Some studies had shown that the 

presence of an oxygen inhibited layer was crucial for improving the adhesive 

strength between the composite layers by means of remaining unreacted 

acrylate groups forming chemical covalent bonds with an interpenetrating 

network (Truffier-Boutry et al. 2003 and Shen et al. 2004). 
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               Conversely, some studies reported that oxygen inhibited layer 

corresponded to soft undercured interface, thus local consumption of the 

photo-initiator on the substrate surface would be responsible for imperfect 

bonding with the overlying composite after polymerization. Rinastiti et al. 2010 

reported that oxygen inhibited layer was not necessary for bonding with 

composite. In the current study, the choice of different chemical and 

mechanical repairing procedures aimed to evaluate the validity of the simplest 

and the most common methods that could be used regularly in the clinical 

practice. 

        

               Regarding surface treatment, a 37% phosphoric acid etching that 

represented the chemical surface treatment showed lower microtensile bond 

strength values compared to the mechanical surface roughening represented 

by the diamond stone grinding.  The relative low bond strength of the 

composite specimens etched with phosphoric acid might be referred to the 

fact that its action was limited to superficial cleaning effect of the smear layer, 

grinding dust and debris (Hannig et al. 2006). Strong acids could dissolve 

inorganic filler particles on the composite surface. While this process 

increased microporosities on the surface due to filler loss, it didn’t necessarily 

increase the adhesion of resins to etched surfaces (Ozcan et al. 2007). Besides 

that, phosphoric acid etchant was unable to produce any significant 

morphological changes in the retentive pattern of resin matrix (Cesar et al. 

2001). This finding was in agreement with Lucena-Martin et al. 2001, Bonstein 

et al. 2005, Cavalcanti et al. 2007, Ozcan et al. 2007,  Papacchini et al. 2007 a and 

Dall’Oca et al. 2008  which confirmed that phosphoric acid etching didn’t 

improve the bond strength of the repaired restorations.  

           

             On the other hand, diamond bur roughening was proved to be an 

efficient repair surface treatment which improved the micro-tensile bond 

strength of the treated specimens. Defective or fractured adhesive filling 

should be ground in order to remove the outermost layers of the filling, which 

were affected by salivary components resulting in disintegration and chemical 

alterations of the composite. Furthermore, a micro-retentive surface was 
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achieved by the grinding process (Hannig et al. 2006). This conclusion was 

referred to the fact that diamond bur yielded macro and micro retentive 

features thus abrasion with diamond bur allowed for penetration of the repair 

composite into the surface of the aged one. Thus created micromechanical 

interlocking and increased the probability of finding residual free carbon bonds 

through the surface layer that increased the bond strength. This finding was in 

agreement with other studies such as Tabatabaei et al. 2004, Bonstein et al. 

2005 and Yesilyurt et al. 2009  who found that diamond bur grinding recorded 

significantly higher repair bond strength values compared to other treatments.                

On the contrary, other studies were in disagreement with this result, among 

those; Cavalcanti et al . 2007, Papacchini et al. 2007 a and Dall’Oca et al. 2008 

who found that diamond bur roughening exhibited lower repair bond strength 

value compared to other surface treatments. 

 

                 Regarding the intermediate agents used in the current study, the 

bonding agent exhibited higher bond strength than the control group which 

might be referred to the low viscosity of the bonding resin which produced a 

small contact angle and good wetting properties. This finding was in 

agreement with Cavalcanti et al. 2007 and Rathke et al. 2009  which recorded 

high bond strength values for the specimens receiving an application of 

bonding agents. On the contrary, Rinastiti et al. 2010, found that application of 

an intermediate adhesive resin resulted in non-significant increase in bond 

strength, possibly due to the high degree of conversion in fresh composites. 

 

              A bonding agent was applied with expectation of penetration of 

monomers into the roughened composite surfaces. It might create a surface 

of unpolymerized layer after a short period of light exposure by inhibition of 

oxygen that would eventually aid in the adhesion of new composite layers 

(Hisamatsu et al. 2002 and Ozcan et al. 2007). The use of bonding agents 

allowed better surface wetting and infiltration of the resin (Furuse et al. 2007). 

Additionally, single bottle adhesives contained solvents seemed to be able to 
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denature the glycoprotein sugars and remove salivary contamination (Eriksson 

et al. 2004). 

 

            Three chemical mechanisms, in which an adhesive resin was 

assumed to bridge the interface from the old to new composite, were possible. 

They included, 1st; the formation of chemical bonds between the new bonding 

system with the old and new composite matrix, 2nd; formation of chemical 

bonds between the new bonding system and the surfaces of exposed filler 

particles within both the old and new composite and finally; micro-

enlargement of new bonding system polymer chains with the polymer matrix 

of old and new composite. The last mechanism most likely dominated and 

could produce the greatest contributions to bonding (Lastumaki et al. 2002). 

 

              Other explanations for the effect of the bonding system were evident.  

First, the surface of the 1st increment of the repair composite might contain 

micro-defects that could be penetrated by the thin dentin bonding liquid 

resulting in a micro-mechanical attachment. Second, the solvents in the 

bonding systems might have caused swelling and gelation of the surface layer 

allowing the monomer in the second increment access to the unconverted 

vinyl groups –C=C in the subsurface (Padipatvuthikul et al. 2007).  

 

             However, the combination of surface treatments and bonding systems 

increased the repair bonding significantly (Oztas et al. 2003). When the 

composite substrate was mechanically treated, both chemically coupled to the 

resin matrix and to the exposed filler particles, and micromechanically 

retained through monomer penetration into the matrix micro-cracks, it could 

achieve high repair bond strength (Lucena-Martin et al. 2001 and Papacchini et 

al. 2006).   

  

             In the present study, the combined use of phosphoric acid etching 

and the application of the adhesive system recorded higher bond strength 

values than the etching with phosphoric acid alone. This conclusion was in 
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disagreement with Cesar et al. 2001, who recorded that no difference was 

observed between utilization of acid alone or acid followed by adhesive. 

 

             Moreover, the combined application of the bonding agent and surface 

grinding with diamond bur achieved higher repair bond strength than the 

diamond bur roughening alone. This result came in agreement with Hisamatsu 

et al. 2002, Bonstein et al. 2005, Papacchini et al. 2007 a and  Rathke et al. 2009 

who explained this by seeping into and leveling the adhesive off the micro-

relief produced by mechanical roughening and also the mechanical 

interlocking of the adhesive with the micro-retentions created by the diamond 

bur which contributed to the positive effect of the adhesive treatment. On the 

contrary, Cavalcanti et al. 2007 and  Padipatvuthikul et al. 2007  were in 

disagreement proving that the combined use of the bonding agent and 

diamond bur grinding recorded lower bond strength values compared with 

other treatments due to the fact that the surface wetting of the bonding agent 

was better when the adhesive resin infiltrated into microscopic surfaces only 

while the diamond bur produced macro and micro retentive features. 

 

              However, since flowable composites posed lower mechanical and 

physical properties than the traditional hybrid materials, their application in 

occlusal, high stress-bearing areas could represent a concern (Clelland et al. 

2005). Therefore, the use of flowable composites as intermediate agents prior 

to layering a repairing hybrid composite had been proposed (Frankenberger et 

al. 2003 b and Papacchini et al. 2008). That allowed flowable composites to 

overcome their potential clinical limitations, taking advantage of their stress-

relieving behavior (Ferracane. 2005 and Kleverlaan and Feilzer. 2005).  

  

                Additionally, in the present study, flowable composite application as 

an intermediate agent, recorded the highest repair bond strength values 

compared to the bonding agent application and the control group. This finding 

came in agreement with other studies like, Hagge et al. 2002 and   Papacchini et 

al. 2007 d  who attributed this finding to the low viscosity and high wettability of 
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these materials which provided better adaptation to the bonding substrate, 

easier handling and greater elasticity. In addition, the higher thickness of the 

flowable intermediate agent (1mm) to that of unfilled bonding resin was 

another factor that may have improved the stress-relieving potential of the 

composite-repair joint (Ausiello et al. 2002 and Kleveraan and Feilzer. 2005). 

Failure mode analysis revealed that the flowable composite specimens 

showed mostly cohesive failure. The high percentage of cohesive failure 

within the flowable composite might be explained by the its elasticity 

properties allowing for a stress-bearing ability higher than that of the hybrid 

resin composite (Bonilla et al. 2003 and Tjandrawinata et al. 2005).   

 

              Regarding the aging periods at which the specimens were stored, the 

24 hrs storage period recorded the highest micro-tensile bond strength values 

compared with the other aging periods. This finding was explained by the fact 

that the greatest monomer functional groups’ radical activity could be found 

on the composite surface during the first 24 hours after polymerization. During 

storage, the monomer functional groups’ radical activity was diminished 

(Tezvergil et al. 2003). 

 

              Despite of recording lower bond strength values in one week aging 

period than the 24 hrs one, the one week storage period recorded higher 

bond strength values than the one month aging period. This result came in 

agreement with Dall’Oca et al. 2008, referring to the fact that the exact period 

required for resin free radicals to decay to the extent that chemical coupling 

was no longer possible than 14 days. The decrease in repair strength was 

attributed to the accelerated reduction in unreacted methacrylate groups with 

time and intervention of the instruments for polishing of composite. Also,  

residual monomers were the main components released from composite after 

polymerization during the first 7 days lead to reduction in cross-linking (Ozcan 

et al. 2007). 
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                  On the other hand, the one month storage period recorded the 

lowest micro-tensile bond strength values of all aging periods which came in 

agreement with Fawzy et al. 2008, who referred this finding to the fact that the 

amount of available unsaturated double bonds diminished with aging process 

which complicated the bonding procedure. Moreover, during aging, resin 

based composite materials surfaces interacted with the surrounding medium 

thus absorbed water. This could lead to softening of the matrix by swelling of 

the polymer network, micro-cracks formation, ceasing of free radical activity, 

resin degradation, debonding of the filler/matrix interface, decreasing of the 

frictional forces between the polymeric chains and leaching out of some 

constituents (Furuse et al. 2007). This conclusion came in agreement with 

Valandro et al. 2007, who found that bond strength decreased with time. In 

addition, the unreactive methacrylate groups which allowed for adhesion of 

intermediate adhesive agent reduced with time (Yesilyurt et al. 2009). 

 

             One advantage of the micro-tensile test was that the bonded interface 

of small specimens had a better uniform stress distribution during loading 

within the interface and better approach to evaluate interfacial strength (Shen 

et al. 2004). As the small bonding surface area tested, it was thought to avoid 

the possible influence of structural faults on interfacial strength measurements 

(Dall’Oca et al. 2008). The micro-tensile test assessed the bond strength of 

specimens with reduced areas of adhesive joint where fractures occurred 

basically at the adhesive interface (Ozcan et al. 2007). 

 

             It was worth mentioning that the fractured surfaces were examined 

under a Stereomicroscope to classify the failure mode into adhesive, cohesive 

and mixed failures. The adhesive failure was the fracture at the intermediate 

material (adhesive system or flowable composite) which interacted with the 

substrates ,i.e, the interface between the intermediate material and the new 

resin composite, and the interface between the intermediate material and the 

treated surface of the aged resin composite. Cohesive failure occurs either in 

the aged resin composite, or in the repair materials. Mixed failure includes 
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both adhesive and cohesive failures. Previous studies found that adhesive 

failure was predominant in low bond strength value groups like; Truffier-

Boutry et al. 2003, Furuse et al. 2007 and Valandro et al. 2007. 
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          This study was performed to evaluate the effect of two different surface 

treatments (phosphoric acid etching and diamond stone abrasion), two 

intermediate agents (adhesive system and flowable composite) and three 

different pre-repair aging periods ( 24 hrs, one week and one month) on the 

micro-tensile bond strength of repaired resin composite restorations. A total of 

180 resin composite specimens were prepared using acrylic molds which 

were fabricated using a cylindrical Teflon mold of 20 mm length and 17 mm 

diameter. A central elevation of 2 mm length and 6 mm diameter in the base 

of the Teflon mold created a central depression of the same dimensions in the 

acrylic mold. 

 

           The resin composite Te-Econom plus (shade A1) was packed in the 

central depression inside the acrylic mold and light cured for 20 seconds 

according to the manufacturer’s instructions. A Teflon ring, with a central hole 

having the same dimensions of the central depression in the acrylic mold, was 

used to be a room for another composite increment that was also light cured 

in the same way to end with an aged resin composite sample of 4 mm length 

and 6 mm diameter. 

 

           All the prepared specimens were divided into three equal groups to be 

stored in artificial saliva at 37ºC for either 24 hours , one week  or one month . 

After aging, each time group specimens were divided into two equal groups 

according to the surface treatment performed which was either phosphoric 

acid etching or diamond stone abrasion. After surface treatment, each group 

was further divided into three equal groups according to the intermediate 

agent applied which were: control group which received no intermediate 

agent, bonding agent group in which the adhesive system Te-Econom Bond 

was applied to the aged composite surfaces and finally, flowable composite 

group in which Tetric N-Flow was also packed to the aged composite 

surfaces. Repair resin composite Te-Econom plus  was packed on top of the 

aged composite surfaces inside a Teflon ring of 4mm length and 6mm 

diameter and light cured according to the manufacturer’s instructions. 
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         Specimens were prepared for microtensile bond strength testing 

sectioned using the hard tissue microtone device to produce multiple beam-

shaped sticks. Then the repaired specimens were subjected to micro-tensile 

bond test using a universal testing machine. The stereomicroscope was used 

to examine the failure mode. 

 

           Surface treatments showed statistically significant effect on the micro-

tensile bond strength values, where the diamond stone abraded specimens 

showed higher mean micro-tensile bond strength values than the phosphoric 

acid etched specimens regardless of other variables. In addition, there was 

statistically significant difference between the intermediate agents applied 

where the flowable composite groups recorded the highest mean micro-

tensile bond strength values while the control group recorded the lowest mean 

micro-tensile bond strength values regardless of other variables. Moreover, 

the pre-repair aging periods showed statistical significant difference between 

their groups where the highest mean micro-tensile bond strength values were 

recorded for the 24 hrs stored groups while the one month group recorded the 

lowest mean micro-tensile bond strength values regardless of other variables. 

 

             The stereomicroscope examination showed mostly cohesive failure in 

the groups where the mean repair bond strength value was high relative to 

other groups and adhesive or mixed failure where the repair bond strength 

values were relatively low. The control groups showed mostly adhesive failure 

at one month and one week time intervals while at 24 hrs aging periods, the 

cohesive and mixed failure modes became more predominant. The flowable 

composite groups showed mostly cohesive failure especially at one week and 

24 hrs aging periods. 

   

Under the conditions of this research, the following conclusion might be 

evident: 

1- Surface treatment of the aged composite plays an important role in 

improving its bonding ability with the new composite. 

2- Diamond stone is a significant tool for achieving surface abrasion and 

micromechanical retention in composite-composite repair. 
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3- Successful repair can be best obtained by the application of the 

flowable composite as an intermediate agent. 

4- Combined use of surface treatment and intermediate agent is 

advisable for better results. 

5- Aging process adversely affected the repair bond strength. 
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Results of phosphoric acid: 
 
Table(I):  Raw data of repair micro-tensile bond strength values (in MPa) of 
control groups (no intermediate agent) treated with phosphoric acid and 
stored for 24 hrs. 
  

 

   
 
Table(II): Raw data of repair micro-tensile bond strength values (in MPa) of 
bonding agent group treated with phosphoric acid and stored for 24 hrs. 
 

Phosphoric acid Bonding agent 24 hours 15.1 

Phosphoric acid Bonding agent 24 hours 20.5 

Phosphoric acid Bonding agent 24 hours 21.8 

Phosphoric acid Bonding agent 24 hours 17.4 

Phosphoric acid Bonding agent 24 hours 20.3 

Phosphoric acid Bonding agent 24 hours 21.1 

Phosphoric acid Bonding agent 24 hours 18.5 

Phosphoric acid Bonding agent 24 hours 22.4 

Phosphoric acid Bonding agent 24 hours 18.2 

Phosphoric acid Bonding agent 24 hours 19 

 
 
Table(III): Raw data of repair micro-tensile bond strength values (in MPa) of 
Flowable composite group treated with phosphoric acid and stored for 24 hrs. 
 

Phosphoric acid Flowable composite 24 hours 28.9 

Phosphoric acid Flowable composite 24 hours 35.3 

Phosphoric acid Flowable composite 24 hours 34.5 

Phosphoric acid Flowable composite 24 hours 34.2 

Phosphoric acid Flowable composite 24 hours 30 

Phosphoric acid Flowable composite 24 hours 29.9 

Phosphoric acid Flowable composite 24 hours 35.4 

Phosphoric acid Flowable composite 24 hours 30 

Phosphoric acid Flowable composite 24 hours 31.2 

Phosphoric acid Flowable composite 24 hours 36.7 

 
 

Phosphoric acid Control 24 hours 19.7 

Phosphoric acid Control 24 hours 23.8 

Phosphoric acid Control 24 hours 16.4 

Phosphoric acid Control 24 hours 20.1 

Phosphoric acid Control 24 hours 19.9 

Phosphoric acid Control 24 hours 22.4 

Phosphoric acid Control 24 hours 18.3 

Phosphoric acid Control 24 hours 20 

Phosphoric acid Control 24 hours 19.3 

Phosphoric acid Control 24 hours 20 
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Table(IV): Raw data of repair micro-tensile bond strength values (in Mpa) of 
control group (no intermediate agent) treated with phosphoric acid and stored 
for one week. 
 

Phosphoric acid Control 1 week 13.6 

Phosphoric acid Control 1 week 15.5 

Phosphoric acid Control 1 week 16.4 

Phosphoric acid Control 1 week 19.3 

Phosphoric acid Control 1 week 14.4 

Phosphoric acid Control 1 week 15.3 

Phosphoric acid Control 1 week 17.1 

Phosphoric acid Control 1 week 11.4 

Phosphoric acid Control 1 week 15.6 

Phosphoric acid Control 1 week 14 

 
 
Table(V): Raw data of repair micro-tensile bond strength values (in MPa) of 
bonding agent group treated with phosphoric acid and stored for one week. 
 

Phosphoric acid Bonding agent 1 week 14.6 

Phosphoric acid Bonding agent 1 week 24.7 

Phosphoric acid Bonding agent 1 week 15.1 

Phosphoric acid Bonding agent 1 week 22.4 

Phosphoric acid Bonding agent 1 week 19.2 

Phosphoric acid Bonding agent 1 week 18 

Phosphoric acid Bonding agent 1 week 14.3 

Phosphoric acid Bonding agent 1 week 20.3 

Phosphoric acid Bonding agent 1 week 17.3 

Phosphoric acid Bonding agent 1 week 16.6 

 
 
Table(VI): Raw data of repair micro-tensile bond strength values (in MPa) of 
flowable composite group treated with phosphoric acid and stored for one 
week. 
 

Phosphoric acid Flowable composite 1 week 22.1 

Phosphoric acid Flowable composite 1 week 21.5 

Phosphoric acid Flowable composite 1 week 23.4 

Phosphoric acid Flowable composite 1 week 20.5 

Phosphoric acid Flowable composite 1 week 25.6 

Phosphoric acid Flowable composite 1 week 23.1 

Phosphoric acid Flowable composite 1 week 27 

Phosphoric acid Flowable composite 1 week 19.3 

Phosphoric acid Flowable composite 1 week 22.4 

Phosphoric acid Flowable composite 1 week 20 
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Table(VII): Raw data of repair micro-tensile bond strength value (in MPa) of 
control group ( no intermediate agent) treated with phosphoric acid and stored 
for one month. 
 

Phosphoric acid Control 1 month 6.7 

Phosphoric acid Control 1 month 5.3 

Phosphoric acid Control 1 month 6.1 

Phosphoric acid Control 1 month 7.2 

Phosphoric acid Control 1 month 5.6 

Phosphoric acid Control 1 month 6 

Phosphoric acid Control 1 month 6.1 

Phosphoric acid Control 1 month 4.8 

Phosphoric acid Control 1 month 7.2 

Phosphoric acid Control 1 month 6.6 

 
 
Table(VIII): Raw data of repair micro-tensile bond strength value (in MPa) of 
bonding agent group treated with phosphoric acid and stored for one month. 
 

Phosphoric acid Bonding agent 1 month 7.9 

Phosphoric acid Bonding agent 1 month 7.3 

Phosphoric acid Bonding agent 1 month 6.9 

Phosphoric acid Bonding agent 1 month 8 

Phosphoric acid Bonding agent 1 month 9.3 

Phosphoric acid Bonding agent 1 month 5.5 

Phosphoric acid Bonding agent 1 month 7.1 

Phosphoric acid Bonding agent 1 month 6.2 

Phosphoric acid Bonding agent 1 month 5.9 

Phosphoric acid Bonding agent 1 month 7.7 

 
 
Table(IX): Raw of repair micro-tensile bond strength value (in MPa) of 
Flowable composite treated with phosphoric acid and stored for one month. 
 

Phosphoric acid Flowable composite 1 month 13.5 

Phosphoric acid Flowable composite 1 month 14.6 

Phosphoric acid Flowable composite 1 month 14.4 

Phosphoric acid Flowable composite 1 month 16.3 

Phosphoric acid Flowable composite 1 month 14.2 

Phosphoric acid Flowable composite 1 month 16 

Phosphoric acid Flowable composite 1 month 14.6 

Phosphoric acid Flowable composite 1 month 15.1 

Phosphoric acid Flowable composite 1 month 11.2 

Phosphoric acid Flowable composite 1 month 13 
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Results of Diamond stone: 
 
Table(X): Raw data of repair micro-tensile bond strength value (in MPa) of 
control group (no intermediate agent) abraded with diamond stone and stored 
for 24 hrs. 
 

Diamond stone Control 24 hours 24.2 

Diamond stone Control 24 hours 17.4 

Diamond stone Control 24 hours 19.8 

Diamond stone Control 24 hours 17.3 

Diamond stone Control 24 hours 21.4 

Diamond stone Control 24 hours 17 

Diamond stone Control 24 hours 18.4 

Diamond stone Control 24 hours 20.5 

Diamond stone Control 24 hours 19.2 

Diamond stone Control 24 hours 22 

 
 
Table(XI): Raw data of repair micro-tensile bond strength value (in MPa) of 
bonding agent group abraded with diamond stone and stored for 24 hrs. 
  

Diamond stone Bonding agent 24 hours 45.8 

Diamond stone Bonding agent 24 hours 34.1 

Diamond stone Bonding agent 24 hours 22 

Diamond stone Bonding agent 24 hours 19.2 

Diamond stone Bonding agent 24 hours 33.8 

Diamond stone Bonding agent 24 hours 36.8 

Diamond stone Bonding agent 24 hours 31.5 

Diamond stone Bonding agent 24 hours 22.6 

Diamond stone Bonding agent 24 hours 28 

Diamond stone Bonding agent 24 hours 33.6 

 
Table(XII): Raw data of repair micro-tensile bond strength value (in MPa) of 
Flowable composite group  abraded with diamond stone and stored for 24 hrs. 
 

Diamond stone Flowable composite 24 hours 34.5 

Diamond stone Flowable composite 24 hours 47.5 

Diamond stone Flowable composite 24 hours 37.3 

Diamond stone Flowable composite 24 hours 41.2 

Diamond stone Flowable composite 24 hours 38 

Diamond stone Flowable composite 24 hours 48 

Diamond stone Flowable composite 24 hours 29.9 

Diamond stone Flowable composite 24 hours 38.9 

Diamond stone Flowable composite 24 hours 44.1 

Diamond stone Flowable composite 24 hours 38 

 
 



Appendix 

90 

Table(XIII): Raw data of repair micro-tensile bond strength value (in MPa) of 
control group ( no intermediate agent) abraded with diamond stone and stored 
for one week. 
 

Diamond stone Control 1 week 11.1 

Diamond stone Control 1 week 23.4 

Diamond stone Control 1 week 14.4 

Diamond stone Control 1 week 20.1 

Diamond stone Control 1 week 17.3 

Diamond stone Control 1 week 15.2 

Diamond stone Control 1 week 14.1 

Diamond stone Control 1 week 19 

Diamond stone Control 1 week 12.6 

Diamond stone Control 1 week 14 

 
 
Table(XIV): Raw data of repair micro-tensile bond strength value (in MPa) of 
bonding agent group abraded with diamond stone and stored for one week. 
 

Diamond stone Bonding agent 1 week 26.1 

Diamond stone Bonding agent 1 week 21.2 

Diamond stone Bonding agent 1 week 16.8 

Diamond stone Bonding agent 1 week 22.5 

Diamond stone Bonding agent 1 week 24.1 

Diamond stone Bonding agent 1 week 22.6 

Diamond stone Bonding agent 1 week 16 

Diamond stone Bonding agent 1 week 21.6 

Diamond stone Bonding agent 1 week 22.4 

Diamond stone Bonding agent 1 week 22.4 

 
 
Table(XV): Raw data of repair micro-tensile bond strength value (in MPa) of 
Flowable composite group abraded with diamond stone and stored for one 
week. 
 

Diamond stone Flowable composite 1 week 33.6 

Diamond stone Flowable composite 1 week 33 

Diamond stone Flowable composite 1 week 37.3 

Diamond stone Flowable composite 1 week 37.2 

Diamond stone Flowable composite 1 week 34 

Diamond stone Flowable composite 1 week 33.1 

Diamond stone Flowable composite 1 week 37.1 

Diamond stone Flowable composite 1 week 32 

Diamond stone Flowable composite 1 week 29.5 

Diamond stone Flowable composite 1 week 37.1 
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Table(XVI): Raw data of repair micro-tensile bond strength value (in MPa)of 
control group (no intermediate) abraded with diamond stone and stored for 
one month. 
 

Diamond stone Control 1 month 9.4 

Diamond stone Control 1 month 6.1 

Diamond stone Control 1 month 6.9 

Diamond stone Control 1 month 9.9 

Diamond stone Control 1 month 9.6 

Diamond stone Control 1 month 10.3 

Diamond stone Control 1 month 8.1 

Diamond stone Control 1 month 7.3 

Diamond stone Control 1 month 8.3 

Diamond stone Control 1 month 9 

 
 
Table(XVII): Raw data of repair micro-tensile bond strength value (in MPa)of 
bonding agent group abraded with diamond stone and stored for one month. 
 

Diamond stone Bonding agent 1 month 15.4 

Diamond stone Bonding agent 1 month 13.5 

Diamond stone Bonding agent 1 month 8.7 

Diamond stone Bonding agent 1 month 11.9 

Diamond stone Bonding agent 1 month 17 

Diamond stone Bonding agent 1 month 12 

Diamond stone Bonding agent 1 month 10.5 

Diamond stone Bonding agent 1 month 11.1 

Diamond stone Bonding agent 1 month 13.2 

Diamond stone Bonding agent 1 month 10 

 
 
Table(XVIII): Raw data of repair micro-tensile bond strength value (in MPa)of 
Flowable composite group abraded with diamond stone and stored for one 
month. 
 

Diamond stone Flowable composite 1 month 14.5 

Diamond stone Flowable composite 1 month 18.5 

Diamond stone Flowable composite 1 month 17.8 

Diamond stone Flowable composite 1 month 19.3 

Diamond stone Flowable composite 1 month 18.5 

Diamond stone Flowable composite 1 month 22.5 

Diamond stone Flowable composite 1 month 13.8 

Diamond stone Flowable composite 1 month 21.4 

Diamond stone Flowable composite 1 month 22.5 

Diamond stone Flowable composite 1 month 19.9 
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تمت ىذه الدراسة لمعرفة تأثير طريقتين لعالج السطح وىما استخدام حمض الفوسفورك         
فترات   3مل متوسطة كنظام اللصق أو الراتنج ق ليل اللزوجة بعد  واستخدام حجر برد وأيضاً إستخدام عوا

أو شير على قوة الشد الميكروسكوبية للحشوات الراتنجية التى تم    ساعة، اسبوع 42تخزين مختلفة وهم  
بإستخدام ق الب من األكليريك الذى تم إعداده بإستخدام ق الب   عينة من الراتنج 081. ُحضَِّرت  إصالحيا

مم  6مم وقطرها  4تحتوى ق اعدة الق اب االسطوانى على منطقة مرتفعة طولها   لتيف الاسطوانى من ا
 .نفس األبعاد فى الق الب األكليريكلعمل تجويف مركزى ب

 
ثانية كما ورد   41تم ضغط الراتنج فى التجويف المركزى بالق الب األكليريك وعولج  بالضوء لمدة        

لون بيا فتحة مركزية وليا نفس أبعاد التجويف  تيف لاستخدمت حلقة من ا. المصنع  فى تعليمات
 .المركزى التى بالق الب األكليريك لتكون مركز لبناء الراتنج الذى سيتم تخزينو

 
خزن فى لعاب مصّنع فى درجة حرارة الغرفة ولمدة  مجموعات لت 3قسمت العينات المحضرة الى       

فرعيتين   قُسَِّمت كل مجموعة الى مجموعتينساعة، اسبوع أو شهر. بعد فترة التخزين السابقة   42
. بعد  متساويتين على حسب طريقة عالج السطح إما بإستخدام حمض الفوسفورك أو إستخدام حجر البرد

رتب على حسب استخدام المادة المتوسطة اما بدون إستخدام   3سطح قسمت كل مجموعة الى  عالج ال
صالح فوق الراتنج المخزن  بعد ذلك تم ضغط الراتنج المعد لإل. عامل الصق أو إستخدام راتنج ق ليل اللزوجة

 .باستخدام حلقة التيف لون وتم معالجتو بالضوء
 

قُطَّعت جميع العينات باستخدام جياز التقطيع الميكروسكوبى الخاص باألنسجة الصلبة إلنتاج العديد       
رابطة للشد الميكروسكوبى باستخدام  إلختبار قوة ال  من العينات دقيقة الحجم التي تعريضت فيما بعد

 .الستريو ميكروسكوب    . ُفِحَصت العينات بعد الكسر باستخدامآلة اإلختبار العالمية
 

 -:نتائج البحث
وجد بيذا البحث أن إستخدام طرق لعالج سطح الراتنج ليا تأثير فّعال على تحسين قوة الرابطة للشد       

إستخدام حمض  ا أن إستخدام حجر البرد أظهر نتائج أفضل من  . كمالميكروسكوبى مع الراتنج الجديد
ليا أثر واضح إحصائيًا وباألخص   . باإلضافة الى ذلك وجد أن إستخدام عوامل متوسطةالفوسفوريك

. أيضًا فترات التخزين السابقة لإلصالح لها   إستخدام الراتنج ق ليل اللزوجة على الرفع من جودة اإلصالح
ساعة وأن أق ل قيمة وجدت بعد   42حيث أن أعلى قيمة لقوة الرابط وجدت بعد    نفس التأثير الواضح

 .مرور شير
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أظير فحص العينات بالستريو ميكروسكوب بعد اختبار قوة الشد بأن العينات التي حققت نتائج       
مرتفعة لقوة الرابطة قد كسرت معظميا كسر تماسكي خالل الراتنج نفسو و أن العينات ذات القيم  

 .    المنخفضة قد كسرت معظميا خالل السطح البيني أو كالىما تماسكي و بيني
تحت الظروف المستخدمة فى ىذا البحث وبتحليل المجموعات المختلفة فى الدراسة يمكن إستخدام ما  

 -:يلى
 .عالج سطح الراتنج المخزن لو دور ىام فى تحسين القدرة على الربط مع الراتنج الجديد -ٔ

لبرد أداة فعالة فى تحقيق تآُكل للسطح وإظيار ترابط ميكانيكى ميكروسكوبى  يعتبر حجر ا -ٕ
 .بالراتنج مع الراتنج فى عملية اإلصالح

 .يمكن الحصول على إصالح ناجح بإستخدام الراتنج ق ليل اللزوجة كعامل متوسط -ٖ
 .ئجينصح باستخدام كالً من طرق عالج السطح مع العوامل المتوسطة للحصول على أفضل النتا -ٗ
تؤدى عملية التخزين الى تكوين طبقة سطحية غير محبذة تؤدى الى نتائج عكسية على قوة   -٘

 .الرابطة عند اإلصالح

 
 


