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Abstract 

Evaluation of Composite Repair with Various      

Surface Treatments and Bonding Systems 

 

Total replacement of the failed restoration is one of the most common procedures done in 

daily practice. This approach may remove more sound tooth structure and consume more 

time than partial repair. However, the bond strength between the old and new composite 

restorations have been lower than the new ones. For recovering the bond strength, many 

methods have been tested, such as roughening the surface with a diamond bur, sandblasting 

with aluminum oxide particles, sandblasting with the silica coating particles, or surface 

activator.  

 The purpose of this study was to evaluate the aged composite repair ability using various 

surface treatments and bonding systems through micro-shear bond test. 

108 composite specimens (diameter 8mm, height 2mm) were made with Ceram-X mono. 

The top surface of each specimen were polished with POGO and aged by thermocycling. 

After aging, the specimens were randomly divided into six groups according to the surface 

roughening methods.  

  - Al2O3 sandblasting (50 mm) with (1) and without (2) silane application 

  - CoJetTM Sandblasting with (3) and without (4) silane application 

  - Extra-fine grit bur grinding with (5) and without (6) silane application 

 After roughening the composite surface, one of the following bonding systems were 

applied - 1) Heliobond 2) AdperTM Single Bond 2 and 3) XP Bond - and composite was 

packed into Tygon tube. The specimens were further subdivided into postaging (5,000 

thermocycled, 5-55℃) and non-aging groups and micro-shear bond strength was measured. 

Fracture modes were examined under the microscope (x10). The morphological change of 
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the specimens after surface roughening procedure was observed using SEM. For statistical 

analysis, bond strength data were submitted to one-way ANOVA. Tukey test (for 

comparing the individual group) and LSD multiple comparisons (to analyze each factor) 

were made (=0.05) 

36 experimental groups showed no significant difference. (p>0.05) Surface treatment 

procedures, silane treatment, and post-aging factors had no significant effect on the bond 

strength. Heliobond showed highest repair bond strength, followed by XP Bond and 

AdperTM Single Bond 2 respectively. (p<0.05) For the fracture mode analysis, adhesive and 

mixed failures were the most frequent type.    

According to the results of this study, repair of the aged composite was affected only by 

the bonding system.  

 

Keywords: Composite repair, Surface treatment, Bonding system, Micro-shear bond 

strength  
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Evaluation of Composite Repair with Various      

Surface Treatments and Bonding Systems 

 

Sun-Woong Hwang, D.D.S. 

Department of Dental Science, Graduate School, Yonsei University 

(Directed by Prof. Jeong-Won Park, D.D.S., PhD.) 

 

I. Introduction 
The use of resin-based composites became routine with the improvement of the bonding 

systems, curing systems and mechanical and physical properties of the resin systems.1 Even 

though the properties of composites have been enhanced, factors such as wear, 

discoloration, polymerization shrinkage and microleakage still limit the longevity of 

composite restorations.2,3 Fractures and failures of composite restorations do occur from 

time to time, and the clinician must decide whether to replace or simply repair these 

restorations4 

Total replacement of the failed restoration is the most common method in daily practice. 

Clinicians spend 70% of their chairside time replacing restorations.5 However, the 

complete removal and remaking of a defective composite restoration is time consuming6 

and involves the risk of removing sound tooth substance as well as injuring the pulp 

tissue.7 By repair of composite restorations, intact part of the restoration and/or tooth 

tissues could be maintained and repair could be considered an alternative to total 

replacement. 

The bond strength of composite that is incrementally built upon fresh, uncontaminated 
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composite is the same as the cohesive strength of the material.8 However, many studies 

have shown that once the resin composite has been contaminated, polished, laboratory 

processed, or aged, the bond strength of fresh composite to that surface drops 

considerably.9,10 Interfacial repair bond strengths are widely variable and typically in the 

range of 25% to 80% of the cohesive strength of the substrate materials.11-13 In previous 

studies, it was reported that unreactive methacrylate groups are reduced with time, thereby 

reducing the potential for bonding of resins.14,15 Moreover, the intervention of instruments 

for polishing composites accelerates the reduction of reactive groups and exposes the 

inorganic filler particles to the surface that may not present further bonding ability.11 

In the previous study, variety of surface treatment methods were tried to increase bond 

strength of the repaired composite restorations. In several studies, sandblasting with 

aluminum oxide particles led to significant increase in the strength of composite 

repairs.16,17 Bouschlicher et al18 concluded that surface treatment with CoJetTM Sand system 

results in a superior bond strength compared to surface treatement with aluminum oxide 

particles or diamond bur. Kupiec et al19 found that bond strength resulting from roughening 

of the surface with the diamond bur was statistically equivalent to that obtained when 

bonding to an air-inhibited layer on a cured composite. Soderholm et al20 reported that 

silanization increases the repair bond strength. Even though the literature presents several 

comparative studies, there is no consensus as to the best surface treatment for optimum 

repair strength of composites.  

For repairing the old composite restoration, bonding agent are necessary and the type and 

chemical composition can affect the bond strength and durability of the repaired 

restoration.21-23  

Recently 2-step etch and rinse system, named XP bond was launched. This system has 

carboxylic acid modified dimethacrylate (butan-1,2,3,4-tetracarboxylic acid, TCB) – 

adopted from Dyract – and tertiary butanol as solvent. TCB has affinity to adhere to the 

tooth structure chemically, and also has possibility of increasing the bond strength to the 
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aged composite24.  

Therefore, the purpose of this study is to evaluate the aged composite repair ability of 

various surface treatments and bonding systems using micro-shear bond test. 
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II. MATERIALS AND METHODS 

1. Materials 
The materials used in this study are listed in Table 1. 

 

 

 

Table 1. Materials used in this study 

Material Composition Manufacturer 

Ceram-X mono Methacrylate modified polysiloxane 

Dimethacrylate resin 

Fluorescece pigment 

UV stabilizer 

Stabilizer 

Camphoroquinone 

Ethyl-4 benzoate 

Barium-aluminum-borosilicate glass 

Methacrylate functionalized silicon dioxide 

nano filler 

Dentsply 

DeTrey, GmbH, 

Konstanz, 

Germany 

 

Heliobond Bis-GMA (60%wt) 

Triethylene glycol dimethacrylate (40 %wt) 

Stabilizer 

Photoinitiator 

Ivoclar Vivadent 

AG, Schaan, 

Liechtenstein 

AdperTM 

Single Bond 2 

Bis-GMA  

HEMA  

dimethacrylates 

ethanol, water,  

3M ESPE,  

St. Paul, MN, 

USA 
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a novel photoinitiator system and a 

methacrylate functional copolymer of 

polyacrylic and polyitaconic acids, silica 

nanofiller 

XP Bond Carboxylic acid modified dimethacrylate 

Phosphoric acid modified acrylate resin 

(PENTA) 

UDMA, TEGDMA, HEMA 

Butylated benzendiol (stabilizer) 

Ethyl-4-dimethylaminobenzoate, 

camphorozuinone 

Functionalized amorphous silica 

t-butanol 

Dentsply 

DeTrey, GmbH, 

Konstanz, 

Germany 

 

CoJetTM Sand Aluminum trioxide particles coated with 

silica 

3M ESPE AG, 

Seefeld, 

Germany 

Calibra  

silane coupling agent 

3-methacryloxypropyltrimethoxysilane Dentsply Caulk, 

Milford, DE, 

USA 
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2. Methods 
The outline of the experimental procedures is shown in Fig. 1. 

 

 

Composite 
curing

Ceram X

Aging

Thermocycling wth
Artificial saliva

Surface roughening

- 50 mm Al2O3

- CoJetTM Sand

- Extrafine diamond 
bur

Surface conditioning

H3PO4 (60 sec)

Bonding 

- HelioBond

- XP Bond

- AdperTM Single  Bond 2

Evaluation: 
Microshear test

Post-repair aging

None

Thermocycling wth
Artificial saliva

Silanization

YES

No

 
Fig. 1. Schematic diagram of experimental procedure  

 

 

a. Specimen preparation 

 One hundred eight composite specimens (Diameter 8mm, height 2mm) were made from 
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nanohybrid composite resin (Ceram-X mono M2 shade; Dentsply DeTrey GmbH, 

Konstanz, Germany). Cylindrical Teflon mold with an inner diameter of 8mm and a height 

of 2mm was used. Composite resins were inserted into the mold, and then covered with 

glass slide perpendicular to the long axis of the cylinder and cured for 20s from top and 

bottom surface each with a light curing unit (SmartLite; Dentsply DeTrey GmbH, Konstanz, 

Germany). The top surface of each specimen were roughened with #600 sandpaper and 

then polished with POGO (Dentsply Caulk, Milford, DE, USA). After polishing, the 

specimens were aged by 5,000 thermocycling between 5-55℃ with a dwell time of 30s 

each. After aging, the specimens were randomly divided into six groups according to the 

surface roughening methods.  

 

b. Surface roughening procedures 

1) Sandblasting with 50mm aluminum oxide particles  

 Each aged composite resin specimen was air abraded for 10 s using 50mm aluminum 

oxide particles with a chairside abrasion unit at 60psi (RONDOflex plus 360 ; KAVO, 

GmbH, Germany). The specimen was then rinsed for 10 s using a stream of oil-free 

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

excess surface water. The specimens were then equally divided into two groups of silane 

coupling agent treated group and non-treated group. A silane coupling agent was applied 

and allowed to dry for 1 minute. Any residual solvent was evaporated with compressed air. 

2) Sandblasting with CoJetTM Sand 

Each aged composite resin specimen was air abraded for 10 s using 30 mm aluminum oxide 

particles coated with silica (CoJetTM Sand,3M ESPE; Seefeld, Germany) with a chairside 

abrasion unit (60psi). The specimen was then rinsed for 10 s using a stream of oil-free 

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

excess surface water. The specimens were then equally divided into two groups of silane 

coupling agent treated group and non-treated group. A silane coupling agent was applied 
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and allowed to react for 5 min. Any residual solvent was evaporated with compressed air 

3) Bur grinding with a extra-fine grit diamond bur 

 An extra-fine grit diamond bur was used for 10 s to roughen the aged composite specimen 

surface. The specimen was then rinsed for 10 s using air/water from a syringe tip. An air 

syringe was then used for 5 s to remove excess surface water. The specimens were then 

equally divided into two groups of silane coupling agent treated group and non-treated 

group. A silane coupling agent was applied and allowed to dry for 1 minute. Any residual 

solvent was evaporated with compressed air.  

After roughening the composite surface, the specimens were etched with 37% phosphoric 

acid gel (Scotchbond Phosphoric Acid Etchant ; 3M ESPE, Seefeld, Germany) for 1 min, 

rinsed and dried thoroughly. And the specimens were further subdivided into three groups 

according to the bonding systems.  

 

c. Bonding and repair procedures 

 Each group was treated as following: 

1) Heliobond group : Heliobond (Ivoclar Vivadent, AG, Schaan, Lienchtenstein) 

2) Adper TM Single Bond 2 group : Adper TM Single Bond 2 (3M ESPE, St, Paul, MN, USA) 

3) XP Bond group : XP Bond (Dentsply, DeTrey, GmbH, Konstanz, Germany) 

 Directions for bonding procedure of each group are described in Table 2. 

 

Table 2. Manufacturers’ Guideline for adhesive systems used for repairs 

 

 

Adhesive System Manufacturer Direction for use 

Heliobond Ivoclar 

Vivadent 

- Apply a thin layer of Heliobond (use an 

air blower, if necessary). 

- Polymerize with light for 10 s 
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AdperTM Single Bond 2 3M ESPE - Apply 2-3 consecutive coats of adhesive 

for 15 s with gentle agitation using a 

fully saturated applicator. 

- Gently air thin for 5 seconds to 

evaporate solvent. 

- Light-cure for 10 s. 

XP Bond Dentsply  

 

- Wet all surfaces uniformly with XP 

Bond.(avoid pooling) 

- Leave surface undisturbed for 20 s 

- Evaporate solvent by thoroughly 

blowing with air from an air syringe for 

at least 5 s. 

- Light-cure for a minimum of 10 s. 

 

After carrying out bonding procedures, Micro bore tygon tubing(TYG-030, Small Parts 

Inc., Miami Lakes, FL) with 0.76 mm internal diameter and 2 mm height were placed on 

the bonded surface and nanohybrid composite resin (Ceram-X mono M2 shade; Dentsply, 

DeTrey, GmbH, Konstanz, Germany) was used to fill the tubes and light-cured for 40 s. 

Five microtubes were bonded to each specimen. After removing the tube, the specimens 

were further subdivided into two groups according to post-aging conditions in order to test 

the longevity of the repaired restoration. 

 

d. Post-repair aging procedures 

Each group was treated as the following: 

1) Immersion in deionized water at 37℃ for 24 hours 

2) Immersion in artificial saliva and thermocycling for 5,000 cycles between 5-55℃ with a 

dwell time of 30s each. 
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e. Control Groups 

For the positive control, composite was packed into tygon tubing immediately after the 

light curing of the base specimen without any surface conditioning or aging. For the 

negative control, after the aging procedure, and composite filling was done without any 

surface roughening or bonding procedure. 

 

f. Micro-Shear bond test 

 Following this post-repair aging procedures, micro-shear bond test was performed using a 

universal testing machine (Fig. 2. EZ-S test ; Shimadzu Co, Kyoto, Japan). The specimen 

was fixed in a mounting jig with a cyanoacrylate adhesive (Zapit, Dental Ventures of 

America, Corona, CA, U.S.A.) and a wire loop (0.2 mm diameter) wound round the 

cylinder at inter-material interface at one end and to a load cell connected to the computer 

at the other (Fig. 3). The bonds were stressed in shear at a cross-head speed of 0.5 mm/min 

until failure occurred. The maximum load at failure was recorded and converted to MPa 

stress by dividing the failure load by the surface area of the bonded surface. 
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Fig. 2. Micro-shear bond strength testing machine and jig used for this experiment  

 

 

Fig. 3. Specimen fixed on test jig for micro-shear bond strength test 
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g. Fracture mode examination 

 Fracture modes were examined under the operating microscope (S8 APO ; Leica 

Microsystems, GmbH, Wetzlar, Germany) at a standard x 10 magnification and digital 

photos were taken of the surfaces. The fracture modes were categorized as cohesive within 

the substrate or the repairing composite, adhesive within the adhesive, or mixed failure.  

 

h. SEM Evaluation 

 The morphological change of the specimens after surface roughening procedure was 

observed. After one of 6 aforementioned surface roughening procedures, the specimens 

were gold sputtered and then examined using a scanning electron microscopy (S-3000N ; 

Hitachi Co, Japan). Surface treated images were taken at magnifications (1000X) in order 

to document the surface texture created by the different surface roughening procedures. 

 

i. Statistical analysis 

 For statistical analysis one-way ANOVA was performed using the SAS 9.1.2, with 

significance set at the 95% confidence level. Bond strength data (MPa) were submitted to 

one-way ANOVA. Tukey test were done for the comparison of the 38 experimental groups. 

Multiple comparisons were made using LSD test with the six surface roughening methods, 

three bonding procedures and two post-repair aging procedures as the independent factors. 

Statistical significance was set at p<0.05 in all tests. 

 

 

 

 



 

１３ 

 

III. Results 

1. Micro-shear bond strength test 
The thirty-six experimental groups were compared using Tukey test, and there weren't 

any significant difference among the groups. (p>0.05) 

The mean micro-shear bond strength and standard deviation associated with surface 

roughening procedures are presented in Table 3. Different surface roughening procedures 

had no significant effect on micro-shear bond strength between the old and new resin. 

(p>0.05)  

Fig. 4 shows the effect of silane treatment on the micro-shear bond strength. The 

additional use of silane didn’t obtain any significant improvement of micro-shear bond 

strength. (p>0.05) 

Table 4 displays the mean micro-shear bond strength and standard deviations associated 

with bonding procedures. The group treated with Heliobond had the highest repair bond 

strength, followed by the group treated with XP bond, and the group treated with AdperTM 

Single Bond 2 had the lowest repair bond strength. 

Fig. 5 shows whether the post repair aging procedure influences the micro-shear bond 

strength for each bonding procedure. In all three bonding procedures, there was no 

statistically significant difference in micro-shear bond strength whether the post repair 

aging procedure was done or not. (p>0.05) 
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Surface roughening procedures N Mean(MPa) Std Dev(MPa) 

Aluminum oxide + silane 87 16.0 3.2 

Aluminum oxide only 88 15.4 3.1 

CoJetTM Sand + silane 92 16.2 3.1 

CoJetTM Sand only 89 15.3 3.3 

Bur grinding + silane 89 15.1 2.7 

Bur grinding only 89 15.2 2.9 

Positive Contol * 10 19.5 3.9 

Negative Contol ** 10 10.5 2.9 

*, ** means statistically significant difference (p< 0.05) 

Table 3. The mean micro-shear bond strength associated with surface roughening 

procedures 

 

Fig. 4. The effect of silane treatment on the micro-shear bond strength 
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Bonding procedure N Mean(MPa) Std Dev(MPa) 

Heliobond * 176 16.5 3.2 

XP bond ** 182 15.5 2.9 

AdperTM Single Bond 2 *** 176 14.6 2.8 

*, **, *** means statistically significant difference (p< 0.05) 

Table 4. The mean micro-shear bond strength associated with bonding procedures 

 

 

Fig. 5. Comparison of repair bond strength with or without post repair aging 

procedure according to different bonding systems 
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2. SEM evaluaton of the composite surface according to surface 
roughening procedures 
 Fig. 6A displays SEM view of the composite surface polishied with POGO. The 

composite surface polished with POGO revealed a smooth surface with some air bubbles 

present.  

Fig. 6B displays SEM view of the composite surface after aging procedures. The 

composite surface after the aging procedure showed destruction of filler and resin matrix, 

and some small pores were observed. micro fillers, which had been exposed during the 

destruction process of the resin matrix, were seen between the large fillers. 

 Fig. 7A displays SEM view of the composite surface roughened with an extra fine–grit 

diamond bur. The composite surface roughened with an extra fine–grit diamond bur 

resulted in irregular surface topography of polymerized particles and a smear layer and 

grooves were produced by the diamond bur 

 Fig. 8A displays SEM view of the composite surface roughened with 50mm aluminum 

oxide particles. The composite surface roughened with 50mm aluminum oxide particles 

resulted in a roughened, highly irregular surface covered with abundant sand particles on 

the substrate surfaces. 

 Fig. 9A displays SEM view of the composite surface roughened with CoJetTM Sand. The 

composite surface roughened with CoJetTM Sand showed a rough surface similar to 

composite surface roughened with 50mm aluminum oxide particles, but had more 

microretentive features. 

 Fig. 7B, Fig. 8B, and Fig. 9B respectively shows the SEM view after surface treatment 

and silanization. Silanization did not cause any morphological change in the retentive 

pattern of the roughened surface. 
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A.                         B. 

 

 

 

 

 

Fig. 6A. SEM view of the composite surface polished with POGO (X1000) 

Fig. 6B. SEM view of the composite surface after aging procedures (X1000) 

 

 

 

 A.                         B. 
 

 

 

 

 

Fig. 7A. SEM view of the composite surface roughened with an extra fine–grit 

diamond bur (X1000) 

Fig. 7B. SEM view of the composite surface roughened with an extra fine–grit 

diamond bur and treated with a silane coupling agent (X1000) 
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A.                          B. 
 

 

 

 

 

Fig. 8A. SEM view of the composite surface roughened with 50mm aluminum oxide 

particles (X1000) 

Fig. 8B. SEM view of the composite surface roughened with 50mm aluminum oxide 

particles and treated with a silane coupling agent (X1000) 

 

 

 

A.                          B.’ 
 

 

 

 

 

Fig. 9A. SEM view of the composite surface roughened with CoJetTM Sand (X1000) 

Fig. 9B. SEM view of the composite surface roughened with CoJetTM Sand and 

treated with a silane coupling agent (X1000) 
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3. Fracture mode evaluation 
 Fig. 10 shows distribution (percentage) of failure mode according to surface roughening 

procedures. And fig. 11 shows distribution (percentage) of failure mode according to 

bonding systems. Adhesive failures in the composite-repair interface and mixed failures 

were the most frequently observed. If a composite repair tends to fracture cohesively, one 

can assume that the approach selected was appropriate to bear the occlusal loads. In the 

present study, no predominately cohesive composite failures were observed, irrespective of 

the high bond strength values found in repaired groups. 

 

 

 

 

Fig. 10. Distribution (percentage) of failure mode according to surface roughening 
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Fig. 11. Distribution (percentage) of failure mode according to bonding systems 
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IV. Discussion 
Repairs are alternatives for correcting some failures in composite restorations. For a 

successful repair, an adequate bonding interface between the existing resin and the new one 

must be created. This interface must provide bond strength similar to the cohesive strength 

of the substrate composite. With such interface, the possibility of failures at the composite-

repaired interface, such as fractures or microleakage, is diminished. In the present study, 

the average repair bond strength of the experimental group was 15.5 Mpa, and 19.5 Mpa 

for the positive control group. So, repair strength was about 80% of the cohesive strength. 

 In the present study, several composite repair procedures were evaluated, and the 

microshear bond testing was used. Recently, many micro bond tests have been performed 

using the tensile method25. Unfortunately, the ‘micro-tensile bond test’, although an 

effective method in terms of testing small areas, is difficult to conduct and time consuming 

because of specimen preparation. Compared to the ‘micro-tensile bond test,’ trimming of 

the sample after the bonding procedure is not necessary for the micro-shear bond test. In 

addition, preparing the specimens for this test is so facile that multiple samples can easily 

be made. Much criticism converges on the large variation of shear bond test results and 

clinical relevance26,27. It has been shown that the stress distributions in the tested interface 

is uneven26,27. But, another advantage of the micro-shear test is that the bonded interface of 

small specimens has a better stress distribution during loading, and this test often results in 

higher apparent bond strengths than those found in tests using large specimens. A wide 

variety of configurations are used including wire loops, points and knife edges to apply the 

shear force28-32. In the present study, wire loops of 0.2mm in diameter were used.  The use 

of a wire loop rather than a knife edge for shear bond tests is reported to reduce the stress 

concentration magnitude adjacent to the interface26.And In order to avoid extra axial shear 

forces and torques, precise application of the rod at the repaired interface is required.33 As a 

result, to avoid bending forces or torsion in this study, effort was made to position the wire 
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as close to the bonded interface as possible. Nonetheless, micro-shear bond strength tests 

may cause cohesive fractures of the substrate. Considering the limitations of shear test due 

to uneven stress distributions, one must acknowledge that the bond strengths reported are 

nominal values and need cautious interpretation.  

When a restoration is repaired in an oral cavity, it is likely that the restoration has been 

aging for a long time in a humid environment. However, there is no consensus for the aging 

regimens simulating the oral conditions. In the present study, At aging and post-repair 

aging procedure, specimens were stored in artificial saliva and thermocycled for 5000 

cycles between 5-55℃ with a dwell time of 30 s, as in other studies dealing with bond 

strength between restorative materials and repair composites.34-36 Thermocycling is a 

combination of hydrolytic and thermal degradation and a method to simulate temperature-

related breakdown by repeated sudden temperature changes. According to Gale MS, It is 

estimated that approximately 10000 thermal cycles correspond to 1 year of clinical 

function.37 This estimate is based on the hypothesis that such cycles might occur 20 to 50 

times a day,37 which makes the 500-cycle regimen proposed by the ISO standard (ISO TR 

11450) insufficient to simulate the long-term challenges of bond durability.37-39 Many 

reports that used ISO protocol concluded that thermocycling did not affect the bond 

strength and microleakage of adhesive systems.37,39-41 On the other hand, Miyazaki and 

colleagues38 observed that a regimen of 30,000 cycles was able to decrease bond strength. 

This suggests that thermocycling has a negative effect on the restorative interface after a 

large number of cycles. In the present study, in all three bonding procedures, there was no 

statistically significant difference in micro shear bond strength whether post repair aging 

procedure was performed or not.  Using the study of Gale MS as reference, 5000 cycles of 

thermocycling used in this study is equivalent to 6 months of clinical function, which may 

have been too short to result in changes in repair bond strength. Therefore, in order to 

evaluate the longevity of repaired composite fillings, the cycle number of thermocycling 

should be increased in future studies. 
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The primary focus of this study was to evaluate the effectiveness of different adhesive 

systems and surface roughening procedures for repairing aged composites. Several 

previous studies have recommended application of bonding systems to improve bond 

strength for repairs.4,42-45 A bonding agent is usually applied with the expectation of 

penetration of monomers into roughened composite surfaces, as well as production of a 

surface unpolymerized layer after a short period of light exposure.46 The ability of 

monomers and solvent systems to penetrate into the composite surface depends on the 

chemical affinity.44,47 In the present study, XP Bond group had lower repair bond strength 

compared to Heliobond group. This may be explained by the fact that XP Bond has a 

priming component that contains hydrophilic acidic monomer, resulting in less chemical 

affinity for composite resin, while Heliobond is relatively hydrophobic. Although both XP 

bond and AdperTM Single Bond 2 contain hydrophilic acidic resin monomer, XP bond had 

higher repair bond strength compared to AdperTM Single Bond 2. This is probably due to 

the fact that XP bond contains TCB resin. TCB resin is an acidic polymerizable monomer 

with innovative features. Besides the two methacrylate groups terminating the chemical 

structure, it also contains two carboxyl groups. The formation of free carboxyl groups after 

water uptake may result in chemical bonding between the new and aged composite and 

thus higher repair bond strengths in XP Bond group.24  

 There wasn’t any significant difference in repair bond strength among different surface 

roughening procedures, but sandblasting with 50mm aluminum oxide particles or CoJetTM 

Sand provided a slight improvement in repair bond strength compared to bur grinding with 

a extra-fine grit diamond bur. Sandblasting is a surface treatment that cause ‘micro’ 

retentive features while diamond bur grinding yield ‘macro’ retentive features and ‘micro’ 

retentive features. Without a bonding system, greater bond strength is expected from 

devices yielding macro retentive features.48 On the other hand, with bonding agents, a 

better surface wetting occurs by infiltration of the resin into microscopic surfaces. Thus, a 

greater improvement in repair bond strength is expected from devices causing more 
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microretentive features.4,48,49 Moreover bur grinding with a diamond burs causes irregular 

microscopic pattern by rotary instruments, leading to scratch and tenacious smear layer and 

resulting in lower repair bond strength .4 However, in this study, the bur grinding group 

showed improved results comparable to the sandblasting group. This is probably due to the 

fact that extra-fine grit diamond bur of 38-44mm particle size was used in this study while 

previous studies used coarse diamond bur with particle size of 125-150mm.23   

Silanes are molecules with two functional groups :silanol groups react with the inorganic 

filler particles of resin and organo-functional group reacts with the methacrylate groups in 

the adhesive system. Alumina or silica on the surface of the substrate form strong enough 

chemical bonds, covalent bridges, through its surface hydroxyl groups with hydrolyzed 

silanol groups of the silane. The methacrylate groups of the organosilane g–MPS 

compound form covalent bonds with the resin when polymerized. Moreover, silane also 

increases the wettability of the adhesive system, allowing it to more easily infiltrate into the 

irregularities. However, in this study, silanization slightly improved the repair strength, but 

the differences were not statistically significant. The failure of silane coupling agents to 

predictably increase the bond of new composite to old composite may suggest that 

mechanical interlocking is a significant factor contributing to repair strength and thus silane 

coupling agent appears to be unnecessary for composite repair.48   
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V. Conclusions 
 Within the limitations of the present study, the following conclusions were made; 

 

1. Among the bonding procedure used in the present study, the group treated with 

Heliobond had the highest repair bond strength, followed by the group treated with XP 

bond, and the group treated with AdperTM Single Bond 2 had the lowest repair bond 

strength.  

2. Surface roughening procedures used in this study had no significant effect on the 

composite repair bond strength.  

3. Silanization had no significant effect on the composite repair bond strength.  

4. After composite repair, in half groups post repair aging procedure was performed by 

immersing the specimen in artificial saliva and thermocycling for 5000 cycles between 5-

55℃ with a dwell time of 30s. The post repair aging procedure didn’t cause any significant 

difference in repair bond strength. 
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국문 요약 

표면 처리 및 접착시스템에 따른  

복합레진 부분수복 평가 
 

실패한 수복물의 재수복은 진료실에서 가장 흔히 시행되는 술식중의 하나이다. 이

러한 재수복은 부분적인 수리만 시행할 경우에 비해 건전한 잔존치질을 더 많이 제

거하게 되며, 더 많은 치료 시간을 소비하게 된다. 하지만, 수리를 시행하게되면, 기

존의 복합레진 부위와 새로운 복합레진간의 결합력이 떨어지는 것으로 알려져 있다. 

이에 복합레진 수리시 결합력을 증진시키기 위해 다이아몬드 버를 이용하여 표면을 

거칠게 하거나, 알루미나를 이용한 샌드블라스팅, 실리카 처리된 입자를 이용한 샌

드블라스팅, 또는 표면 활성제의 이용 같은 많은 방법들이 실험되어왔다.  

 이 연구의 목적은 미세 전단 결합 강도 시험을 통해 다양한 표면 처리법과 접착시

스템을 이용하여 노화된 복합레진의 수리 능력을 평가하기 위한 것이다. 

총 108개의 복합레진 시편(직경 8mm, 높이 2mm)을 Ceram-X mono를 이용하여 제

작하였다. 각 시편의 윗면을 POGO를 이용하여 연마하고 열순환으로 노화처리하였

다. 노화처리 후 시편은 무작위로 표면처리법에 따라 6개의 그룹으로 나누었다.

  

 -알루미나(50mm) 샌드블라스팅 처리 군 : (1) 실란전처리제 도포, (2) 실란전처리제 

미도포   

 - CoJetTM 샌드블라스팅 처리 군 : (3) 실란전처리제 도포, (4) 실란전처리제 미도포   

 -초미세 입자 다이아몬드 버 처리 군 : (5) 실란전처리제 도포, (6) 실란전처리제 미

도포   

표면 처리후, 다음의 접착시스템중 - 1) Heliobond 2) AdperTM Single Bond 2 and 3) XP 

Bond -  하나를 적용한 후. 새로운 복합레진을 Tygon tube안에 채웠다. 시편은 다시 

술후 노화(5-55도,5,000 회 열순환) 시행 그룹과 술후 노화 미시행 그룹으로 나누고, 
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미세 전단 결합 강도를 측정하였다. 파절 양상은 10배의 광학현미경하에서 관찰되

었다. 표면 처리 후 시편의 표면 변화는 주사전자현미경을 이용하여 관찰하였다. 통

계 분석은 결합 강도 결과는 one-way ANOVA를 이용하여 분석하였다. 개별군을 비

교하기 위해 Tukey test를 사용하였고, 각 요소를 분석하기 위해 LSD multiple 

comparisons을 사용하였다.(=0.05) 

36개 실험군들은 통계적으로 유의차를 보이지 않았다.(p>0.05) 표면 처리법, 실란전

처리제 처리, 그리고 술후 노화 과정 요소들은 결합강도에 유의할만한 영향을 주지 

못했다.  Heliobond 처리군은 가장 높은 수리 결합 강도를 보였고, 그 다음으로 XP 

Bond 처리군과 AdperTM Single Bond 2 처리군의 순서였다.(p<0.05) 파절 양상은 대부

분 접착성 파절 또는 혼합 파절을 보였다. 

본 실험의 결과에 따르면, 노화된 복합레진의 수리시 접착 시스템만이 영향을 주

는 것으로 나타났다.  

 

주요어 : 복합레진 수리, 표면 처리법, 접착 시스템, 미세 전단 결합 강도 
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