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ABSTRACT

Aim: This study was conducted to evaluate the effect of various beverages and surface treat-
ments on micro-tensile bond strength of repaired CAD/CAM resin composite restorations. 

Materials and methods: A total of 12 plates of breCAM High-impact polymer composite 
(HIPC) (10 × 10 × 2 mm) were used. The plates were randomly assigned to different surface 
treatments as follow:  medium coarse diamond bur, Air abrasion, (Er:YAG) laser and No surface 
treatment as control group. After the surface treatment was applied, all specimens were repaired 
with Z250XT resin composite restorative material. The plates were sectioned into slices to produce 
beams for (µTBS) (n=50) for each group. Each group was then divided randomly into five sub-
groups according to the beverage used: Distilled water 37o C, Tea 37oC, Tea 60oC, Cola 37oC and 
Cola 4oC (n=10). The specimens were stored in these solutions for 28 days and then subjected to 
micro-tensile bond strength(μTBS) test. Universal testing machine was used for (μTBS) test and 
failure mode analysis was detected for each fractured beam. 

Results: Air abrasion group showed the highest bond strength value compared to either bur or 
laser treated groups. Both Tea and Cola at 37oC presented significantly lower (μTBS) than Distilled 
water. The Laser group (Tea 60°C) exhibited a statistically significant lower (μTBS) value than 
(Tea37°C). The specimens immersed in (cola4°C) showed statistically significant higher (μTBS) 
values than (cola37°C). 

Conclusions: Surface treatment using air abrasion improves the (µTBS) of CAD/CAM resin 
composite to repair material. Long term consumption of cola and tea beverages deteriorate (µTBS) 
of CAD/CAM resin composite. High temperature of tea beverage had a significant negative influ-
ence on (µTBS) of laser treated tested group. Finally patients who received CAD/CAM resin com-
posite repair should be advised to drink cola at 4oc.

KEYWORDS: CAD/CAM resin composite restorations, nanohybrid resin composite, repair, 
microtensile bond strength, beverages, temperature.
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INTRODUCTION 

Dental practices have recently extensively 
used computer-aided design/computer-aided 
manufacturing (CAD/CAM) technology. The 
development of new materials and improvements in 
adhesive technology are mostly to blame for this.1 
High-stability aesthetic materials and time-saving 
restoration manufacturing are offered by CAD/
CAM technologies.2 

In dentistry, composite blocks (CBs) have been 
used extensively. The preferred material for single 
crowns, inlays, and onlays is CBs. Compared to 
ceramic restorations, CBs are less abrasive to the 
opposing dentition, have a modulus of elasticity 
that is closer to dentin, and are less expensive.3 
However, with long-term serviceability, CAD/
CAM composite resin restorations may experience 
a number of serious issues, including fractures, 
color changes, and secondary caries. Depending 
on the degree of damage, there are two treatment 
alternatives in such cases: restoration replacement 
or repair. 4

Compared to replacing the indirect restorations 
entirely, intraoral repair of damaged restorations 
with composite resin is more conservative, less 
expensive, causes less pulpal stress and tooth 
tissue loss, and can be completed in a single visit.5 
Because of their high degree of conversion, CAD/
CAM restorations are thought to be difficult to 
repair, which makes intraoral repair harder.6

The damaged part of CAD/CAM resin-based 
restorations should be treated before applying the 
repair material. It has been demonstrated in earlier 
research that various surface treatments, including 
air abrasion, tribochemical silica coating, diamond 
burs, mechanical roughening with silicon carbide 
paper, acid etching, silane coupling agents, and 
universal adhesive application can strengthen the 
resin composite’s repair bond to the CAD/CAM 
blocks.1 

Due to recent advancements in dental laser 
technology, erbium-doped yttrium aluminum garnet 
(Er:YAG) laser surface treatment is being regarded 
as an alternative to other surface treatments. Laser 
applications are widely utilized in dentistry. It can 
improve the adhesion of new repair material to old, 
damaged restorations and raise the porosities of the 
aged composite resin.7

Composite-based dental restorations are 
constantly subjected to various harmful elements 
in the oral cavity. The restorations are significantly 
impacted by oral environment variables such 
temperature variations, masticatory stresses, 
and chemicals from food and drink. In the oral 
environment, exposure to saliva, food ingredients, 
and drinks can degrade restorations chemically 
and negatively impact their esthetics and physical 
characteristics, including surface roughness, 
microhardness, and translucency.8

Few studies have examined the effects of 
beverage types and temperatures on the bond 
strength of repaired CAD/CAM restorations.The 
purpose of this study is to examine how different 
surface treatments and widely consumed beverages 
affect the bond strength of repaired restorations. The 
null hypothesis was that the (μTBS) of the repaired 
CAD/CAM resin-composite restorations would 
not be impacted by various surface treatments or 
beverages. 

MATERIALS AND METHODS

The current study evaluated (μTBS) of an indus-
trial prepolymerized block of indirect resin compos-
ite, with three different surface pretreatment meth-
ods. All materials categories, compositions, manu-
facturers and lot numbers were listed in table (1). 

Sample size calculation

G*Power version 3.1.9.7 was used to calculate 
the sample size based on the findings of a prior study 
(Yiğit et al., 2023)9. To apply a two-sided statistical 
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test and reject the null hypothesis that there is no 
difference between groups, a power analysis was 
designed. Based on the findings of a previous study, 
an effect size (d) of 0.34 and an alpha level of 0.05 
and beta of 0.2 were determined, i.e. power= 80%.). 
The predicted sample size (n) was 50 samples per 
group; divided into four groups, and each group is 
divided into five subgroups (a total 200 samples and 
a total 20 sub-groups). To detect the micro tensile 
bond strength (μTBS) of all the groups.

Preparation of CAD/CAM composite resin 
Specimens. 

A high-precision low-speed water-cooled cutting 
machine (Micracut 151, Metkon, Bursa, Türkiye) 
was used to cut  12 CAD/CAM resin composite 
plate specimens (10 mm x 10 × mm × 2 mm). A 
permanent marker was used to identify each plate’s 
bottom surface. Silicon carbide abrasive paper 
with grits of 600 and 1200 was used to grind and 
polish each of the specimen’s upper surfaces under 
cold running water. Three minutes after polishing, 
distilled water ultrasonic cleaning was done. Before 

surface treatments, the specimens were kept in 
distilled water for a 24 hours. 

Grouping of specimens.

The Specimens were assigned into 4 groups 
(n=3) CAD/CAM plates according to the method 
of surface pretreatment into; Group 1: no surface 
pretreatment serving as a negative control, Group 
2: surface pretreatment by Air abrasion, Group (3): 
surface pretreatment by medium diamond bur and 
Group (4) ER: YAG laser surface pretreatment.  

Surface pretreatments.

All groups of the study were divided into: 

Group (1) No treatment: The specimens didn’t 
receive any treatment and were considered as a 
control group.

Group (2) Air abrasion pretreatment: The 
specimens were subjected to air abrasion (air 
prophy, Guangdong, China) with 50μm aluminum 
oxide particles operating at 3 bars pressure at a 
10mm distance and 90o to the specimen surface for 
four seconds.10

TABLE (1) Material brand names/manufacturers, chemical compositions and lot number 

Material Manufacturer Composition Lot number

breCAM.
High-impact polymer composite 
(HIPC) CAD/CAMresin composite 
disc

BreCAM.HIPC,
Bredent, Eiterfeld,
Germany

Matrix: ultracompact
Thermoplastic amorphous
cross-linked; PMMA Filler:ceramic microfiller 
(20%).

510761

Scotch bond Universal Plus 
Adhesive (SB)

3M; Seefeld, 
Germany

Adhesive: 2-HEMA  10-MDP, Bis-GMAethanol, 
photoinitiator, fillers, silane, water

7988470

Filtek™Z-250XT composite resin
Nanohybrid universal restorative 
A2 shade

3M; Seefeld, 
Germany

Bis-GMA, UDMA, Bis-EMA Zirconia/Silica 
(60%)

NE44583

Porcelain primer Bisco,Inc. 
Schaumburg USA

Silane coupling agent in an alcohol and acetone 
base

2100008551

HEMA: 2-hydroxyethyl methacrylate; BisGMA: Bisphenol-A glycidyl methacrylate; 10-MDP: 10-methacryloyloxydecyl 
dihydrogenphosphate; UDMA: urethane dimethacrylate ; Bis-EMA; Bisphenol-A ethyle methacrylate
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Group (3) Diamond grinding bur pretreatment: 
The specimens were subjected to roughening with 
medium diamond coated(106-125 μm)  tapered 
bur with rounded end (Oko dent,Germany). The 
surface was roughened for 5seconds with a high-
speed handpiece (Sirona) at 200.000 rpm with water 
coolant. Roughening was done in one direction 
for five strokes. The bur is changed after every 5 
specimens. The specimens were cleaned by water 
spray for 30 seconds then air-dried.

Group (4) Laser surface pretreatment: 2940 
wavelength Er:YAG hard laser machine (Fontana; 
AT Fidelis,Ljubljana,Slovenia) in non-contact mode 
at power of 5 watt 11(250mj/pulse and 20 Hz) by a 
non-contact handpiece that was perpendicular to the 
surface of the specimen with optical fiber (1.3mm 
in diameter and 8mm in length) was utilized. The 
surfaces were irradiated with sweeping movement 
under water coolant for 20seconds with pulse 
duration of 50μs (super short pulse mode) at a 
distance of 1mm and then air dried for 20seconds.  
For standardization all steps were applied by a 
single operator. 

After surface pretreatments were performed, the 
plates were placed in a special fabricated mold. All 
specimens were cleaned with 37% phosphoric acid 
which applied for 15 seconds, rinsed and dried. The 
surface of all groups was then silanized accord-
ing to manufacturer’s instructions using porcelain 
primer (Bisco) for 60 seconds and air dried for 5 
seconds. Adhesive application and polymerization 
were accomplished according to manufacturer’s 
instructions. The universal adhesive was applied 
by microbrush and light cured for 10 seconds with 
overlap technique using photopolymerizing LED 
unit (woodpecker B-cureplus, China). Fresh direct 
nanohybrid resin composite was built on top of the 
treated surface of each specimen in 2 layers of 2mm 
thickness. Each layer was photocured for 20s us-
ing overlap technique using LED light curing unit 
that was checked regularly with radiometer (to be of 
light output: 1200mw/cm2). After curing, the indi-

rect/direct resin block was removed from the mold. 
All specimens were prepared by the same operator 
at 22.0˚C (room temperature) and relative humid-
ity of 50%. The specimens were stored in distilled 
water at 37 ˚C in the incubator (Biotech, Egypt) for 
24 hours.

Specimens were sectioned into slices to produce 
beams with cross sectional area around one mm2 
as determined by a digital-caliper. using diamond 
disc at low speed under water cooling (Isomet 4000, 
Buehler Ltd., Lake Bluff, IL, USA). producing 
a total of approximately 20 beams per plate with 
total beams of 50/per group whereas peripheral 
beams were excluded forgiving insufficient resin 
composites at the margins. Each group was further 
divided into five sub groups (n=10) beams each 
according to the type and temperature of beverages.

Immersion in beverages:

Subgroup (1): Samples were immersed in 
distilled water at 37°C in an incubator (Biotech, 
Egypt) (as a control group).

Subgroup (2): Samples were immersed in 
60°C tea solution, which was prepared by steeping 
1tea bag (Lipton, UK) added to 200 ml of boiling 
distilled water and leaving it for 10 minutes then 
placed in an incubator at 60°C.

Subgroup (3): Samples were immersed in 37°C 
tea solution, which were prepared as group 2 and 
placed in an incubator at 37°C.

Subgroup (4) Samples were immersed in 37°C 
cola (coca-cola, Egypt) in an incubator.

Subgroup (5): Samples were immersed in 4°C 
cola in a refrigerator (Sharp, SJ 58C SL, Japan). 

The specimens of each subgroup were immersed 
individually in a graduated test tube for 28 days 
during the test period. The solutions were renewed 
daily to prevent microbial growth. The specimens 
were washed with distilled water, left to dry, and 
then assessed for (μTBS) testing.
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Microtensile bond strength testing.

 Each beam was attached using cyanoacrylate 
glue to a stainless steel notched Geraldeli’s jig 
25 and tested under tension using universal test 
machine (Instron, MA, USA) at a rate of 0.5 mm/
min crosshead speed till fracture. The broken bonded 
area of specimens and load were recorded. Micro-
tensile bond strength was calculated with (Bluehill 
Lite software, Instron, MA, USA) in MPa using the 
following equation:Ϭ (MPa)= f(newton)/A(mm2) 
where f is the load recorded till being fractured, A is 
the surface area of each beam in mm2.

Failure mode analysis.

To identify the failure modes—cohesive, adhe-
sive, or mixed—the broken beams were examined 
under a stereomicroscope at 15X magnification 
(Figure 1). Adhesive failure is the kind of failure 
observed at the interface between restorative and re-
pair material, whereas cohesive failure is the kind of 
failure whose boundaries stay inside the composite 
resin (either restorative or repair material). A mixed 

failure occurs when the restorative or repair mate-
rial fails both cohesively and adhesively.12

RESULTS

Microtensie bond strength:

The results of (μTBS) tests are shown in (Table 
2). Air abrasion group (Distilled water) showed 
the highest statistically significant bond strength 
value compared to other groups, while the lowest 
statistically significant (μTBS) value was noted in 
no surface treatment group(control). There was no 
statistically significant difference between tea and 
cola at (37°C) for the treated groups. Laser treated 
group (Tea 60°C) exhibited the lowest statistically 
significant (μTBS) value compared to the treated 
groups (Tea 37°C). At group (cola 4°C) showed 
higher statistically significant (μTBS) value than 
(cola 37°C) for all groups except for the diamond 
bur group which showed no statistically significant 
difference between them.

TABLE (2) Mean± SD values of (μTBS) Mpa results of three-way ANOVA and post hoc tests for the 
comparison between different tested groups

Groups Water
Tea Cola

Tea 60’c Tea 37’c Cola 37’c Cola 4’c

No surface treatment 56.91±9.53aA 40.66±9.37cA 37.28±5.35cA 48.02±10.85bA 53.65±7.63aA

Diamond bur Group 45.98±11.79aB 38.02±6.70bA 38.43±5.09bA 37.05±8.28bB 40.30±9.37bB

Air abrasion Group 52.29±9.03aAB 34.69±5.68bA 17.55±4.28cC 36.31±2.86bB 53.23±7.49aA

Laser Group 45.06±10.03aB 5.79±1.28cB 23.63±3.91bB 21.44±4.35bC 43.39±8.20aB

Data are expressed mean± and standard deviation

Different small letters indicate significant difference at (p<0.05) among means in the same row and different capital letter 
indicates significant difference at (p<0.05) among means in the same column
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DISCUSSION

CAD/CAM resin-based composite restorations 
manufacturing promotes high degree of conversion, 
leaving small number of free radicals available for 
bonding. Although a high degree of conversion 
improves the mechanical and physical properties of 
restoration. It may limit bonding of new direct resin 
composite on their surfaces making the intra oral 
repair more difficult. 13,14 

In this study mechanical surface treatment was 
performed by using different methods. Diamond bur 
has been reported to render retentive properties at 
the micro and macro levels15. Abrasion by airborne 
particles was effective in strengthening bonds. 
Nevertheless, it had a number of disadvantages, 
such as the potential for material weakness owing 

to crack development, the expensive device, the 
risk of health issues, excessive volume loss from 
the treated surface, and contamination of the surface 
with sand particles.16 Recently, lasers like Er:YAG 
lasers have been used as an alternate method. 
According to reports, Er:YAG lasers are among the 
best laser types for cavity preparation because of 
their efficacy, particularly on dentin. Additionally, 
when used with proper water cooling, there is 
no risk of pulp damage. It can be used to repair 
composite resins for surface treatment utilizing 
ablation.17.1810-methacryloyloxydecyldihydrogen 
phosphate monomer (MDP) was utilized in a 
universal adhesive. By creating a stable nanolayer 
at the adhesive contact, MDP monomer can interact 
chemically with hydroxyapatite. 

Fig. (1) Schematic diagram of failure mode analysis of the tested groups   

Failure mode analysis 
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 µTBS test allows the use of a small amount 
of material and more uniform stress distribution 
during loading, which leads to higher bonding 
values and less failure rates.19 Several in vitro 
studies have investigated methods to repair existing 
restorations by using various surface treatments and 
coating layers without taking into account aging of 
the repaired resin composite restorations.2,4,20 In the 
present study, the type of surface treatment and the 
age of repaired composite resin restorative material 
were considered as remarkable variables.

Dental restorations are exposed to thermal 
changes in oral cavity due to food and hot or cold 
beverages.21,22 As a result, this will cause aging and 
clinical failure in the restorative material. As Tea 
and cola are two of the most commonly consumed 
beverages so they were selected as immersion me-
dia. The period of 28 days immersion is reported in 
the literature to be equivalent more than two years.23

Based on the current results, surface prepara-
tion by air abrasion group (Distilled water group) 
showed the highest statistically significant bond 
strength value compared to either bur or laser 
treated groups. Differences in the results appeared 
to be due to different patterns of surface roughness 
following the use of these methods.24,25  also many 
previous studies documented that the use of air 
abrasion has been shown to increase significantly 
the bond strength of repair  direct.26–28 and indirect  
resin composite restorations.29–31In addition, another 
study has shown that surface pretreatment of the in-
direct composite resin using air abrasion reported  
higher repair bond strength compared to surface 
preparation with Er,Cr:YSGG laser.32 It has been 
reported that air abrasion  caused  exposure of fill-
ers, covalent bond is formed between the fillers and 
the monomers of adhesive, after silane application 
resulting in enhancement of bond strength.33 Nev-
ertheless, the crystalline phase and matrix may be 
destroyed by laser use, and these two phases may 
also separate. Furthermore, lasers have the ability 

to create deep surface voids that weaken bonds and 
cause subsurface destruction. 32

In the present study, the tested immersion tea 
and cola (37oC) had statistically decreased the 
bond strength of repaired restorations compared to 
distilled water. This might be due to the acidity of 
cola and tea which softened the matrix of the adhesive 
and the filler leached resulted in lowering the bond 
strength of the repaired restorative material.34These 
results were in accordance with Yigit, et al 2023, 
who observed that the bond strength decreased 
significantly in the tea and cola groups of repaired 
CAD/CAM Restorative Materials.9 

The higher temperature (tea 60°C) caused 
significantly decrease in(µTBS) values than 
immersion in (tea 37°C) in laser treated group 
compared to other groups. This could be attributed 
to the unequal and lower microscopic depth of 
porosities created and excessive destruction of the 
matrix phase and crystals or layers damaged by high 
temperature induced by laser35. This damage was 
synergistically increased by high temperature of tea. 
All treated groups immersed in (cola37°C) showed 
lower statistically significant (µTBS) values than 
(cola 4°C). It was explained that acidic drinks have 
a higher erosive power (lower pH values) if they 
are consumed at high temperature.36So increasing 
the erosive capability of beverage induce solubility, 
surface erosion and dissolution of the materials. 37 
Similarly, Tuncer, et al, 2013 investigated the effect 
of beverages’ temperature on the surface roughness, 
hardness, and color stability of a composite resin, and 
they detected significant decrease in microhardness 
in the samples stored in 37°C cola. 38

The null hypothesis was rejected based on the 
study’s findings. The repair bond strength of CAD/
CAM restorations may be impacted by intraoral 
factors, such as the patient’s oral hygiene and 
mastication habits. Additional invivo research will 
help in enhancing the repair procedure for CAD/
CAM restorations. 
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CONCLUSION

Within the limitations of the study, the following 
conclusions can be reached:

1. Surface treatment using Air abrasion followed 
by separate silane step application improves 
the (µTBS) of CAD/CAM resin composite to 
nanohybrid resin composite repair material.

2. Long term consumption of cola and tea 
beverages deteriorate (µTBS) of CAD/CAM 
resin composite to nanohybrid resin composite 
repair material.

3. High temperature of tea beverage had a sig-
nificant negative influence on (µTBS) of laser 
treated tested group.

4. Patients who received CAD/CAM resin com-
posite repair should be advised to drink cola at 
4oc.

REFERENCES

1.  Ozturk Yesilirmak S, Oglakci B, Ozduman ZC, Eliguzelo-
glu Dalkilic E. Shear Bond Strength of Repaired CAD/
CAM Resin-Based Composite Materials Submitted to 
Er:YAG Laser Treatments at Different Powers. Coatings. 
2023;13. 

2.  Şişmanoğlu S, Gürcan AT, Yıldırım-Bilmez Z, Turunç-
Oğuzman R, Gümüştaş B. Effect of surface treatments 
and universal adhesive application on the microshear 
bond strength of CAD/CAM materials. J Adv Prosthodont. 
2020;12:22. 

3.  Didangelou P, Dionysopoulos D, Papadopoulos C, Strakas 
D, Mourouzis P, Tolidis K. Evaluation of repair bond 
strength of a dental CAD/CAM resin composite after 
surface treatment with two Er,Cr:YSGG laser protocols 
following artificial aging. J Mech Behav Biomed Mater. 
2023;146:106101. 

4.  Ohno H, Suzuki M, Shinkai K. The Effect of Laser Irra-
diation to Surfaces of Computer-Aided Design/Computer-
Aided Fabrication Resin Blocks Coated with a Silane Cou-
pling Agent on Bond Strength between the Resin Blocks 
and Composite Resin. Dent J (Basel). 2023;11. 

5.  Loomans BAC, Mesko ME, Moraes RR, Ruben J, Bronk-
horst EM, Pereira-Cenci T, et al. Effect of different sur-

face treatment techniques on the repair strength of indirect 
composites. J Dent. 2017;59:18–25. 

6.  Assem El-Sherif S, Riad Farid M, Haridy MF. I. S. S. N 
0070-9484 EGYPTIAN DENTAL JOURNAL EFFECT 
OF DIFFERENT REPAIR PROTOCOLS ON BOND 
STRENGTH TO DIRECT AND INDIRECT RESIN 
COMPOSITE. Vol. 62. 

7.  Rashidi M, Berangi S, Chiniforush N, Ahmadi E, Omrani 
LR. Microtensile Repair Bond Strength of a Composite 
After Accelerated Artificial Aging: Effect of the Air Abra-
sion, Bur, Er:YAG Laser, Two-Step Self-etch Bonding, 
and Universal Bonding Repair System. J Lasers Med Sci. 
2022;13. 

8.  Özyurt E, Kurt A. Effect of Different Teas on Surface 
Roughness of Conventional and Bulk-Fill Composite 
Resins Beverage Effect on Composite Resins. Current Re-
search in Dental Sciences. 2023;33:84–9. 

9.  Yiğit E, Güngör Erdoğan H, Eyüboğlu TF, Özcan M. Ef-
fect of Various Beverages on Adhesion of Repaired CAD/
CAM Restorative Materials. J Funct Biomater. 2023;14. 

10.  Safwat Ahmed Helmy Z, Mohammed Abdel Moniem S, 
Hassan Ghallab O. AIN SHAMS DENTAL JOURNAL 
Official Publication of Ain Shams Dental School Bond 
Strength of Artificially Aged Fiber Reinforced Composite 
Material. (An in-vitro study) Endodontics and Conserva-
tive section. ASDJ March. 2024;33. 

11.  Ozturk Yesilirmak S, Oglakci B, Ozduman ZC, Eliguzelo-
glu Dalkilic E. Shear Bond Strength of Repaired CAD/
CAM Resin-Based Composite Materials Submitted to 
Er:YAG Laser Treatments at Different Powers. Coatings. 
2023;13. 

12.  Arkoy S, Ulusoy M. Effect of Different Surface Treatments 
on Repair Bond Strength of CAD/CAM Resin-Matrix Ce-
ramics. Materials. 2022;15. 

13.  Souza EM, Powers JM, Rached R, Vieira S. Effect of dif-
ferent surface treatments on the repair bond strength of in-
direct composites [Internet]. Available from: https://www.
researchgate.net/publication/5276409

14.  Gutierrez NC, Moecke SE, Caneppele TM, Perote LC, Ba-
tista GR, Huhtalla MF, et al. Bond Strength of Composite 
Resin Restoration Repair: Influence of Silane and Adhe-
sive Systems. J Contemp Dent Pract. 2019;20:880–6. 

15.  Bahadir HS, Polatoğlu S, Tuncer D, Çelik Ç. The com-
parison of the repair bond strength of the composite resin 



INFLUENCE OF POPULAR BEVERAGES AND SURFACE TREATMENTS ON BOND STRENGTH (2667)

to direct and indirect composite restorations with different 
surface preparations. J Dent Res Dent Clin Dent Prospects. 
2023;17:101–8. 

16.  Elkassaby AA, Kandil MM, Alian GA. The effect of re-
pair protocols and chewing simulation on the microtensile 
bond strength of two resin matrix ceramics to composite 
resin. BMC Oral Health. 2024;24. 

17.  Celiksoz O, Recen D, Peskersoy C. The effect of differ-
ent energy levels of the Er: YAG laser on the repair bond 
strength of a nanohybrid composite resin. Proc Inst Mech 
Eng H. 2023;237:124–33. 

18.  da Silva CL, Scherer MM, Mendes LT, Casagrande L, Lei-
tune VCB, Lenzi TL. Does use of silane-containing uni-
versal adhesive eliminate the need for silane application in 
direct composite repair? Braz Oral Res. 2020;34. 

19.  Park JH, Choi YS. Microtensile bond strength and micro-
morphologic analysis of surface-treated resin nanoceram-
ics. J Adv Prosthodont. 2016;8:275–84. 

20.  Cengiz-Yanardag E, Kurtulmus Yilmaz S, Karakaya I, 
Ongun S. Effect of Different Surface Treatment Methods 
on Micro-Shear Bond Strength of CAD-CAM Restor-
ative Materials to Resin Cement. J Adhes Sci Technol. 
2019;33:110–23. 

21.  Morresi AL, D’Amario M, Capogreco M, Gatto R, Marzo 
G, D’Arcangelo C, et al. Thermal cycling for restorative 
materials: does a standardized protocol exist in laboratory 
testing? A literature review. J Mech Behav Biomed Mater. 
2014;29:295–308. 

22.  Palmer DS, Barco MT, Billy EJ. Temperature extremes 
produced orally by hot and cold liquids. J Prosthet Dent. 
1992;67:325–7. 

23.  Bahadır HS, Bayraktar Y. Evaluation of the repair capaci-
ties and color stabilities of a resin nanoceramic and hybrid 
CAD/CAM blocks. J Adv Prosthodont. 2020;12:140–9. 

24.  Batista GR, Kamozaki MBB, Gutierrez NC, Caneppele 
TMF, Rocha Gomes Torres C. Effects of Different Sur-
face Treatments on Composite Repairs. J Adhes Dent. 
2015;17:421–6. 

25.  Wendler M, Belli R, Panzer R, Skibbe D, Petschelt A, Lo-
hbauer U. Repair Bond Strength of Aged Resin Composite 
after Different Surface and Bonding Treatments. Materials 
(Basel). 2016;9. 

26.  Söderholm KJ, Roberts MJ. Variables influencing the 
repair strength of dental composites. Scand J Dent Res. 
1991;99:173–80. 

27.  Swift EJ, LeValley BD, Boyer DB. Evaluation of new 
methods for composite repair. Dent Mater. 1992;8:362–5. 

28.  Oztas N, Alaçam A, Bardakçy Y. The effect of air abrasion 
with two new bonding agents on composite repair. Oper 
Dent. 2003;28:149–54. 

29.  Lucena-Martín C, González-López S, Navajas-Rodríguez 
de Mondelo JM. The effect of various surface treatments 
and bonding agents on the repaired strength of heat-treated 
composites. J Prosthet Dent. 2001;86:481–8. 

30.  Cesar PF, Meyer Faara PM, Miwa Caldart R, Gastaldoni 
Jaeger R, da Cunha Ribeiro F. Tensile bond strength of 
composite repairs on Artglass using different surface treat-
ments. Am J Dent. 2001;14:373–7. 

31.  Swift EJ, Brodeur C, Cvitko E, Pires JA. Treatment of 
composite surfaces for indirect bonding. Dent Mater. 
1992;8:193–6. 

32.  Moezizadeh M, Ansari ZJ, Fard FM. Effect of surface 
treatment on micro shear bond strength of two indirect 
composites. J Conserv Dent. 2012;15:228–32. 

33.  Burnett LH, Shinkai RSA, Eduardo CDP. Tensile bond 
strength of a one-bottle adhesive system to indirect com-
posites treated with Er:YAG laser, air abrasion, or fluorid-
ric acid. Photomed Laser Surg. 2004;22:351–6. 

34.  Sirabanchongkran S, Wattanapanich S. Effects of Acidic 
and Green Tea Soft Drinks on the Shear Bond Strength of 
Metal Orthodontic Brackets Correspondence to. Vol. 65, J 
DENT ASSOC THAI. 2015. 

35.  Gökçe B, Ozpinar B, Dündar M, Cömlekoglu E, Sen BH, 
Güngör MA. Bond strengths of all-ceramics: acid vs laser 
etching. Oper Dent. 2007;32:173–8. 

36.  West NX, Hughes JA, Addy M. Erosion of dentine and 
enamel in vitro by dietary acids: the effect of temperature, 
acid character, concentration and exposure time. J Oral Re-
habil. 2000;27:875–80. 

37.  Abu-Bakr N, Han L, Okamoto A, Iwaku M. Changes in the 
mechanical properties and surface texture of compomer im-
mersed in various media. J Prosthet Dent. 2000;84:444–52. 

38.  Tuncer D, Karaman E, Firat E. Does the temperature of 
beverages affect the surface roughness, hardness, and color 
stability of a composite resin? Eur J Dent. 2013;7:165–71. 


