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Abstract
Objective: In the present study, the ability of posterior resin composite to repair aged bulk-fill

resin composite and vice versa were assessed by shear bond strength testing.

Materials and Methods: Resin composite substrates were aged and surfaces were abraded with

abrasive papers, then bulk-fill substrates were repaired with posterior resin composite and vice

versa using different surface treatments (no surface treatment [control]; etching with 37%

phosphoric acid [H3PO4] for 20 seconds; etching with 10% hydrofluoric acid [HF] for 20 seconds;

etching with 37% H3PO4 for 20 seconds + adhesive application; etching with 10% HF for

20 seconds + adhesive application; adhesive application only). Shear bond strengths (SBS) were

then measured and surface roughness values (Ra) were determined. Cohesive strengths of non-

aged resin composites were measured and used as reference groups. Resin composite surfaces

after acid etching were evaluated by SEM. Data were analyzed using ANOVA and Fisher’s LSD

tests (P < .05).

Results: ANOVA showed that resin composite repair type did not affect SBS significantly

(P = .850), while it showed that surface treatments significantly affected the SBS (P = .000).

Only a combination of etching with 10% HF for 20 seconds with resin adhesive application pro-

vided similar SBS values with those of the positive control.

Conclusions: It was concluded that the aged bulk-fill resin composite would be effectively

repaired with conventional posterior resin composite or vice versa if proper repair protocol was

deployed.

Clinical Significance: The combination of 10% HF etching and adhesive application would pro-

vide efficient repair strength when the aged bulk fill resin composite is repaired with conven-

tional posterior resin composite or vice versa.
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1 | INTRODUCTION

The increased esthetic demands of the patients and the improvement

of clinically successful resin adhesive systems mean that resin compos-

ite materials have become the material of choice for posterior

restoration of teeth for many dentists. However, in spite of the many

advantages of the resin composite materials, polymerization shrinkage

and its associated stress still remains a major concern for direct resin

composite restorations.1,2

The bulk placement of conventional resin composites into

prepared cavities results in significantly more polymerization shrink-

age and its associated stress. Therefore, the incremental placement
*This research was presented at CED-IADR/NOF Oral Health Research Con-
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technique has been strongly recommended to reduce shrinkage

stress.3 This technique requires multiple resin composite increments

of maximum 2 mm thickness for restoration of the prepared cavity.

Light irradiation time can vary from 20 seconds to 40 seconds per

increment. This is considered time-consuming and must be done with

attention and care, especially in the posterior area.4 In addition, incre-

ments may increase the potential of voids forming between resin

composite layers.5 Resin composites must be placed in a dry field, and

the risk of contamination leading to a compromised restoration is

adversely impacted by the time it takes to place, adapt and cure each

increment.6

To overcome these disadvantages, several manufacturers have pro-

duced bulk-fill resin composites with reported significantly low polymeriza-

tion shrinkage and greater depth of cure. Manufacturers have customized

the composition of materials by using some tailor-made resin monomers,

photo initiators and fillers to reduce polymerization stress and to obtain

greater depth of cure, producing a totally different composite material

class from the conventional composites. They suggest that bulk-fill resin

composites have greater depth of cure and can be placed in a 4-mm or

even 5-mm bulk increment and will have adequate polymerization.7

Several studies have been conducted to investigate the marginal

quality,8 the cuspal deflection,7 the adhesion to dentine,9 polymeriza-

tion shrinkage,10 and postcure depth11 for newly marketed bulk-fill

resin composite materials. Campos et al. reported that the bulk-fill

resin composites exhibited adequate marginal adaptation similar to

the results of the resin composite materials used up to now.8 Van

Ende et al. stated that the bulk-fill resin composites provided satisfac-

tory bond strengths regardless of filling technique and cavity depth,

and also adhesion failed when conventional resin composites were

used in bulk.9 Campodonico et al. suggested that the technique which

used bulk-fill composites did not result in significant difference in the

amount of cuspal deflection between the tested resin composites.7

However, Alrahlak et al. stated that bulk-fill resin composites can be

cured to an acceptable postcure depth (4–5 mm).12

Despite the continuing development of resin composites with

improved properties, several factors, including fracture and discolor-

ation, may still present concerns. As a result, dentists must decide

whether to replace or simply repair these restorations. Complete

removal of defective composite restoration is not always necessary or

desirable.13 Resin composite restoration repairs are generally per-

formed by adding of fresh resin composite to remaining old resin com-

posite restorations. The old, aged resin composite restorations do not

preserve an unpolymerized oxygen inhibition layer on their surfaces.

Thus, a number of repair methods are recommended to increase the

repair strength of newly added resin composite to aged resin compos-

ite surfaces. The most common recommendations are increasing sur-

face roughness and the application of an adhesive agent.14

Although effectiveness of repair techniques for conventional

resin composite materials are discussed in available literature, to our

knowledge, there has been no report about the repair potential of

bulk-fill resin composite with a conventional posterior resin composite

or vice versa. Therefore, the aim of the present study is to determine

the repair strength of an artificially aged bulk fill resin composite

material with conventional posterior resin composite or vice versa by

using different surface treatment techniques. The null hypothesis of

the present study was that repair strength will not be affected by

different surface treatment techniques and different resin composite

repair materials.

2 | MATERIALS AND METHODS

2.1 | Sample preparation

Materials used in the present study are shown in Table 1. A bulk-fill

resin composite (3M Filtek Bulk-fill, 3M ESPE Dental Products,

St. Paul, Minnesota) and conventional posterior resin composite

(3M Filtek P60, 3M ESPE Dental Products, St. Paul, Minnesota) were

selected as substrates. The substrates for the test specimens were

prepared by individually filling shaped cavities (2 mm depth and 6 mm

diameter) in a Plexiglas block with the resin composite materials. The

substrate was polymerized with a LED curing device for 20 seconds

(Mini Led Satelec, Acteon Group, Merignac, France; light intensity

>1200 mW/cm2). The substrate samples were immersed in tap water

and boiled for 8 hours and then stored in water for 2 weeks to be

artificially aged.15 Then, the substrate surfaces were finished with

400-grit silicon carbide abrasive papers under water cooling, to obtain

flat and standardized surfaces covered with smear layers similar to the

smear layers created with coarse diamond burs.15

2.2 | Surface treatment groups

The substrate samples were divided randomly into six subgroups,

according to repair techniques and surface treatments, following

(n = 10) (Figure 1);

1. No surface treatment (Control group)

2. Etching with 37% phosphoric acid (H3PO4) for 20 seconds

3. Etching with 10% hydrofluoric acid (HF) for 20 seconds

4. Etching with 37% phosphoric acid (H3PO4) for 20

seconds + Adhesive

5. Etching with 10% hydrofluoric acid (HF) for

20 seconds + Adhesive

6. Only adhesive system application

2.3 | Resin composite repair techniques

A bulk-fill resin composite was then applied in one 3-mm thick incre-

ment to the substrate surface of P60 posterior resin composite using

a two-piece Plexiglas mold with a diameter of 3 mm and was cured

with a LED light curing device for 10 seconds. Similarly, P60 posterior

resin composite was applied in 2-mm increments on the substrate sur-

faces of the bulk-fill resin composite using a two-piece Plexiglas mold

with a diameter of 3 mm, and was cured with a LED light curing device

for 20 seconds.

In addition, separate shear bond strength test samples (n = 10 for

each resin composite material) were prepared to determine the

cohesive strength of each resin composite, serving as reference

groups. These resin composite samples were not aged and no surface

treatment or finishing procedures were applied. They were prepared

at one time.
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2.4 | Shear bond strength test (SBS)

The bonded samples were stored in water at 37�C for 24 hours, then

a shear bond strength test was performed using a universal testing

machine (SD Mechatronic MTD 500, Germany). The bonded samples

were loaded at the interface of substrate and adhesive resin at a

1.0 mm/min crosshead speed until fracture occurred, and the shear

bond strengths were calculated in MPa. Failure surfaces of debonded

samples were observed with a stereo microscope (Meade Bresser Bio-

lux, Meade Bresser, Rhede, Germany) at 40× magnification to deter-

mine the failure modes of the interfaces. Failure modes were

recorded as adhesive, mixed or cohesive failure.

2.5 | Surface roughness analysis

To evaluate the effects of physical surface treatments (etching

with 37% H3PO4 for 20 seconds and 10% HF for 20 seconds) on

the surface roughness of the aged resin composites, an additional

twenty-four resin composite discs (6 mm in diameter and 2 mm in

thickness) of each resin composite were prepared and divided into

three subgroups according to physical treatments and a control group

of nonetched resin composite (n = 8). Surface roughness (Ra in μm)

measurements were performed on each disc using a surface profil-

ometer device (Perthometer, Mahr, Gottingen, Germany) with a mea-

suring length of 4 mm. Three tracings on each disc were obtained and

a mean value was calculated.

2.6 | Scanning electron microscopy evaluation

Three randomly selected resin composite discs, which were used for

surface roughness analysis from each group, were positioned on the

aluminum plate using a double-sided adhesive conductive carbon

band. Specimens were gold sputter-coated and observed under a field

emission SEM (Zeiss Evo LS10, Bruker, Bremen, Germany) equipped

with an SE (secondary electron) detector.

TABLE 1 Materials used in the present study

Composite Filler%(wt/vol) Composition

Filtek P60
(3M ESPE Dental Products, St. Paul, MN, USA)
LOT: 472A3

83/61 Filler: Zirconia/silica
Resin matrix: Bis-GMA, UDMA, and Bis-EMA

Filtek Bulk Fill Posterior (3M ESPE Dental
Products, St. Paul, MN, USA)
LOT: 4864A1

76.5/58.4 Filler: Zirconia/silica, ytterbium trifluoride
Resin matrix: AUDMA, AFM, DDDMA, and UDMA

Adhesive Instructions for use Composition

Adper Single Bond 2 (3M ESPE Dental
Products, St. Paul, MN, USA)
LOT: 51202

Apply 2 consecutive coats of Adhesive.
Dry gently for 5 seconds. Light cure for
10 seconds.

Bis-GMA, HEMA, dimethacrylates, polyalkenoic
acid copolymer, initiators, water and ethanol

AUDMA, aromatic-urethane-dimethacrylate; AFM, addition-fragmentation monomers; Bis-EMA, bisphenol A ethoxylated methacrylate; Bis-GMA,
Bisphenol A glycidyl methacrylate; HEMA, 2-hydroxyethyl methacrylate; DDDMA, 1, 12-Dodecanediol dimethacrylate; UDMA, urethane
dimethacrylate.

FIGURE 1 Schematic study design and groups of treatment
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2.7 | Statistical analysis

The bond strength data and the surface roughness data were first ana-

lyzed for normality with the Kolmogorov-Smirnov test and the

Levene’s test for homogeneity of variances, respectively. These data

were normally distributed. Two-way ANOVAs were applied to bond

strength data, the surface roughness data with “surface treatment”

and “resin composite repair type” as factors. Fisher’s LSD (least signifi-

cant difference) test was then used for multiple comparisons among

surface treatments for each resin composite repair type. All tests were

run at the significance level of P < .05 with SPSS 18.0 (Statistical

Package for Social Science, SPSS Inc., Chicago, Illinois).

3 | RESULTS

3.1 | Shear bond strength test

Shear bond strength means and standard deviations for each group

are presented in Table 2. Two-way ANOVA indicated that resin com-

posite repair type did not affect the bond strength (P = 0.70), while it

showed that surface treatments significantly influenced bond strength

(P = 0.00). Also, there was no interaction among these factors

(P = 0.820). Additional one-way ANOVAs and post-hoc comparisons

were conducted to reveal significant differences among the means of

the groups for each resin composite repair type. Aging substrates

resulted in significant drops in bond strength for controls. Post-hoc

comparisons showed that only the combination of etching substrate

surfaces with 10% HF for 20 seconds and resin adhesive application

provided similar bond strength values with the reference groups for

both resin composite repairs.

The findings of the failure mode analyses are presented in

Table 1. Generally, it can be seen that most failures were cohesive

within the substrate resin composite for reference groups and groups

which combined physical treatments and chemical agent application.

Increased rates of adhesive failure for both substrates were seen in

groups with significantly lower bond strength means.

3.2 | Surface roughness analysis

The surface roughness (Ra in μm) values according to the physical

surface treatments used for resin composite repairs are presented in

Table 3. Additional etching of 400-grit roughened resin composite

surfaces with 37% H3PO4 did not produce significantly rougher sur-

faces for both resin composites. However, etching with 10% HF

resulted in significantly rougher surfaces in comparison to the control

group for Bulk Fill substrate (P < .000) and P60 substrate (P < .025).

3.3 | Scanning electron microscopy analyses

Selected SEM images of the surfaces of the aged nonetched control

resin composite specimens and resin composite specimens etched by

37% H3PO4 acid or 10% HF acid are presented in Figure 2. SEM

showed the presence of surface grinding groove patterns with the

formation of smeared debris in the control groups and 37%H3PO4

groups for both resin composites. These were the characteristic fea-

tures of resin composite specimens treated by grinding procedure.

SEM images (Figure 2C,F) show the removal of the smeared grinding

debris by the action of the 10% HF acid etching exposing the fillers

on the surface.

TABLE 2 Shear bond strength means (MPa) and failure modes (%) according to surface treatments

Substrate material Aging
400-grit SiC
paper grinding Surface treatment Repair material Repair Strength Failure modes

X P60 No No No P60 20.81 ± 7.6 a 30/20/50
Y P60 Yes Yes No Bulk-Fill 10.76 ± 4.3 b 80/20/0

P60 Yes Yes 37% H3PO4 for 20 seconds Bulk-Fill 10.79 ± 5.9 b 60/30/10

P60 Yes Yes 10% HF for 20 seconds Bulk-Fill 13.87 ± 6.3 b 60/20/20

P60 Yes Yes 37% H3PO4 for 20 seconds + Adhesive system
application

Bulk-Fill 13.46 ± 8.4 b 60/40/0

P60 Yes Yes 10% HF for 20 seconds + Adhesive system
application

Bulk-Fill 22.32 ± 5.3 a 30/30/40

P60 Yes Yes Adhesive system application Bulk-Fill 13.59 ± 6.3 b 50/40/10
X Bulk-fill No No No Bulk-fill 21.35 ± 7.0 a 30/30/40
Y Bulk-fill Yes Yes No P60 11.32 ± 5.7 b 60/40/0

Bulk-fill Yes Yes 37% H3PO4 for 20 seconds P60 12.05 ± 4.0 b 80/20/0

Bulk-fill Yes Yes 10% HF for 20 seconds P60 12.30 ± 4.0 b 70/30/0

Bulk-fill Yes Yes 37% H3PO4 for 20 seconds + Adhesive system
application

P60 13.07 ± 6.9 b 80/20/0

Bulk-fill Yes Yes 10% HF for 20 seconds + Adhesive system
application

P60 18.10 ± 6.3 a 20/30/50

Bulk-fill Yes Yes Adhesive system application P60 14.59 ± 5.7 b 50/40/10

Different upper superscripts indicate significant differences for each resin composite class (P < .05).
a XMeans reference group.
b YMeans control group.
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4 | DISCUSSION

The present study aims to compare the repair potential of aged bulk-

fill posterior resin composite with conventional posterior composite

and vice versa after different surface treatment techniques. It was

found that different surface treatment techniques resulted in different

repair strengths, while both resin composite repairs provided similar

repair strengths. Therefore, the null hypothesis was partially accepted.

Aging the resin composites before repair procedure is critical to asses-

sing their repair potential in a study design that imitates the oral environ-

ment.16 Resin composite failures that need to be repaired mostly occur in

medium or long term oral conditions when resin composite ages.17 Newly

polymerized resin composites have better chemical bonding potential than

aged ones due to their potential for good chemical coupling between

materials at the bonded surface. Proper in-vitro aging of the composite

restrict the bonding to micromechanical retention and to avoid chemical

bonding between methacrylate radicals from the substrate and the repair

resin composite.16 Different in-vitro aging methods including water stor-

age for different time periods,16,18,19 thermocycling,20,21 acid challenges20

or water boiling15,20 have been used to age resin composites. Immersion in

boiling water accelerates thermal and hydrolytic degradation in the com-

posite.20 Although there is no gold standard for aging dental resin compos-

ites in-vitro and simulating quite complex oral conditions, the water boiling

is considered in the literature to be one of the most aggressive aging

methods.20 Therefore, the resin composite substrates were aged by boil-

ing in water for 8 hours and then stored in water for two weeks prior to

repair in the present study.15

The cohesive strengths of nonaged resin composites were used

as a reference for the optimal repair bond strength of aged resin com-

posites in the present study. Since the cohesive strength of nonaged

resin composite is greater than that of aged ones, the ultimate goal

was to reestablish original resin composite cohesive strength and

reveal which surface treatment yielded bond strengths at least similar

to the original resin composite cohesive strength values when resin

composite repair is needed.22

Bulk-fill resin composites were developed with the intention of

solving the problems of complex and time consuming resin composite

placement procedures.23 Although conventional posterior resin com-

posite resins have high mechanical properties today,17 their place-

ment technique is troublesome due to low depth of cure and the fact

that they require multiple, separately adapted and cured layers. On

the other hand, bulk-fill resin composites would be placed in only one

increment of 4 to 5 mm, resulting in similar polymerization stress with

those of conventional resin composites.24 Thus, bulk-fill resin com-

posites allow dentists to place restorations with greater ease and

speed.

TABLE 3 Mean surface roughness (Ra in μm) values and standard deviations according to physical treatments

Composite repair type
Surface treatments

Untreated (Control) 37% H3PO4 for 20 seconds 10% HF for 20 seconds

P60 surface 0.43 ± 0.04a 0.46 ± 0.04ab 0.49 ± 0.05b

Bulk fill surface 0.40 ± 0.06a 0.38 ± 0.03a 0.54 ± 0.05b

Different superscripts indicate significant differences in the same row (P < .05).

FIGURE 2 SEM micrographs of the aged P60 and the aged Bulk Fill restorative surfaces after different physical surface treatments. (A) Bulk Fill

Restorative surface sanded with 400-grit SiC sandpaper, (B) Bulk Fill Restorative surface etched with 37% phosphoric acid for 20 seconds,
(C) Bulk Fill Restorative surface etched with 10% hydrochloric acid for 20 seconds. (D) P60 surface sanded with 400-grit silicon carbide (SiC)
sandpaper, (E) P60 surface etched with 37% phosphoric acid for 20 seconds, (F) P60 surface etched with 10% hydrochloric acid for 20 seconds
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Various surface treatments have been proposed to improve the

repair strength of composites, including psychical surface treatments

such as sandblasting, air abrasion, acid etching treatments, bur rough-

ening, and chemical surface treatments such as silane and resin adhe-

sive applications.14 Ozcan et al, demonstrated that chairside silica

coating and silanization provided higher resin–resin bond strength val-

ues compared to acid etching with phosphoric acid followed by adhe-

sive resin applications.20 On the another hand, this repair method need

any special equipment and thus it would not be considered as simplest

and most common method used in everyday clinical practice.16

As a clinical scenario, an aged resin composite restoration made

with P60 posterior resin composite would be required to be repaired

with Bulk Fill Restorative composite or vice versa. Regarding to repair

potential of aged P60 substrate with Bulk Fill Restorative composite,

according to the findings of the present study it seems that a combi-

nation of hydrofluoric acid etching for 20 seconds and a low-viscosity

adhesive system application is required to reestablish the original resin

composite cohesive strength. Our findings also showed that a repair

strength of P60 with Bulk Fill Restorative Composite after only physical

surface treatments, including phosphoric acid and hydrofluoric acid

etching or only chemical surface treatment with adhesive system, was

not able to provide bond strength values comparable to the cohesive

strength of any composite tested. These findings are in line with stud-

ies showing that combinations of diamond bur roughening, phosphoric

acid etching and application of an adhesive agent significantly improved

the repair bond strength of 6-month-old resin composite for some resin

composites.16,22 Other studies have also revealed similar improvements

in repair strengths when physical and chemical surface treatments

were combined.18,25,26 However, it should be mentioned that, hydro-

fluoric acid application in mouth would be dangerous, thus necessary

protections such as using rubber dam should be taken.20

Our results showed that a combination of phosphoric acid etching

and resin adhesive system application did not yield similar repair

strengths for both resin composite repairs, unlike combination of

hydrofluoric acid and resin adhesive system applications. Surface

roughness analysis of repair surfaces after different physical surface

treatments by profilometry showed that the etching of bulk fill and

conventional resin composite surfaces after roughening with 400-grit

SiC abrasive paper, plus 10% hydrofluoric acid for 20 seconds,

resulted in significantly rougher surfaces than 37% phosphoric acid

etching for 20 seconds. However, phosphoric acid etching showed no

effect on surface roughness. One previous study reported similar

results; namely that hydrofluoric acid etching for 20 seconds resulted

in significantly higher surface roughness than phosphoric acid etching

for both nanofilled and hybrid filled resin composites, due to the

greater aggressiveness of 10% hydrofluoric acid when compared to

37% phosphoric acid etching.27 However, SEM evaluation of resin

composite surfaces revealed that 10% hydrofluoric acid etching

removed the smear layer and exposed fillers on the resin composite

surfaces. In short, a combination of profilometry and SEM evaluation

of aged resin composite surfaces suggested that increased surface

roughness and better smear layer removal after hydrofluoric acid

etching would contribute significantly to better repair strength, and

that this was best obtained by a combination of hydrofluoric acid

etching and adhesive application among other surface treatments.

Substrate surfaces were grinded with 400-grit silicon carbide

sandpapers under watery conditions prior to any surface treatments

to obtain flat and standardized surfaces covered with smear layers

similar to the smear layers created with coarse diamond burs in the

present study. According to a recent review, grinding repair surfaces

with silicone carbide abrasive papers ranging between 60 and

1200-grit is a common procedure in the literature.14 It is interesting

that although this procedure likely increases surface roughness, it was

frequently reported that this was not enough to re-establish the repair

bond strength of resin composites when compared to the original

cohesive strength of nonaged resin composite,15,26 as is also shown in

this study for both aged P60 and aged Bulk Fill Restorative compos-

ites. Although grinding of surface by abrasive papers is far from a clini-

cal procedure, similarly, it was reported also that roughening substrate

surfaces by only bur treatment without adhesive system application

would not be successful in repair of aged resin composite.16 Combin-

ing bur treatment with adhesive system application would show better

repair performance.16,28 Therefore, under clinical conditions, simply

roughening P60 or Bulk Fill Restorative composite surfaces to be

repaired by a coarse bur without application of adhesive system would

provide low repair strength; thus, clinicians might avoid this kind of

repair procedure when they intend to repair P60 restorations with

Bulk Fill Restorative or vice versa.

It should be reemphasized that the aim of the present study was

to repair “aged restorations” rather than new ones. Repair approaches

tested in this study indicated a good performance of hydrofluoric acid

etching and adhesive system application combination for repairing

both aged bulk-fill and conventional posterior resin composites with

each other. These acceptable repair performances appear to be related

to possible chemical interactions between adhesive and resin compos-

ite materials and increased surface area due to hydrofluoric acid

etching.

5 | CONCLUSION

Within the limitations of the present study, artificial aging of both of

bulk-fill resin composite and conventional posterior resin composite

substrates resulted in significantly reduced repair strengths. However,

the combination of increased surface roughness as a result of 10%

hydrofluoric acid etching and enhanced chemical bonding between

aged resin composite substrate and repair resin composite as a result

of resin adhesive application would provide efficient repair strength

when Bulk Fill Restorative Composite is repaired with conventional

posterior resin composite or vice versa.
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