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ABSTRACT
Objective: Radiotherapy (RT) beams are proved to have detrimental
effects on dental tissues. Aim of the present study was to evalu-
ate the microtensile bond strengths of different modes of univer-
sal adhesives on RT-effected dentin. Methods: One hundred and
twenty premolars of patients who had not diagnosed with any
systemic disease and 120 premolars of patients who had under-
gone >50Gy (Gray) dose of radiotherapy 6–9 months ago were
extracted. Teeth were sectioned perpendicularly to expose super-
ficial dentin. Different adhesive modes [etch-and-rinse (ER), select-
ive-etch (SE)] of universal adhesives [Single Bond Universal (SBU),
Prime&Bond Universal (PBU)] were formed the 8 groups of the
study (n¼ 30). After composite build-ups were bonded to dentin,
samples were sectioned into microspecimens. Then, these speci-
mens were subjected to micro-tensile bond strength test. Data
were analyzed by t-test at p< 0.05. Results: Except for the PBU-SE
group, control group had higher bond strength than treatment
group. In treatment group, SBU-ER showed the highest bond
strength followed by PBU-SE and SBU-SE (p> 0.05). PBU-ER had
the lowest bond strength among all groups. There is also statis-
tical significance between all modes of two universal adhesives
(p< 0.05). Adhesive fracture was the most predominant in groups.
Conclusion: Design of the methodology ensures the dentin sam-
ples of treatment group to benefit from oral condition changes
after RT. According to results, only Prime&Etch Universal adhesive
is recommended to be used in SE mode. In order to gain a com-
mon protocol for material choices, it is necessary to plan studies
with similar methodologies and various universal adhesives.
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Introduction

As the number of head and neck cancer cases has risen in the last decades, the survival
rate has also increased [1]. Annually, 55,000 people affected by these cancers worldwide
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suffer various oral complications. Hence, professional dental consultations are critical
to correct these complications and drastically improve a patient’s quality of life [2,3].
The most common treatment for head and neck cancer patients is radiotherapy (RT),
which uses an ionizing radiation beam to destroy tumor cells [1]. The clinical dose of
radiation varies from 30 to 70Gy, applied over four to seven weeks. Dental hard tissues
are affected greatly as a result of the intense treatment plans.

After RT, in vitro studies reported some structural changes of enamel and dentin;
these changes increased with doses from 30Gy [2,4,5]. The morphological alterations
consist mainly of a more evident interprismatic portion of enamel, obliteration of den-
tin tubules, and fragmentation of collagen fibers which are leading to a significant
reduction in dentin microhardness as well [4,6]. In ‘The Evidence-Based Management
Strategies of Oral Complications from Cancer Treatment’, the MASCC/ISOO suggests
the use of resin-modified glass ionomer cement, composite resin, and amalgam restor-
ation in patients who have undergone RT; it also specifies that conventional glass iono-
mer cement is not a material of choice [2]. Some studies support the use of composite
resins instead of resin-modified glass ionomers for their wear resistance and esthetic
properties [7,8]. Also, adhesive restorations need less preparation, and minimal loss of
tissue is more desirable in RT cases. However, addition of changes in salivation, oral
flora, and lack of oral hygiene to the structural changes of dental hard tissues, a
remarkable loss of adhesion over resin restorations are expected [9].

Studies have shown conflicting results regarding adhesion quality [1,10,11]; it is evident
that the obliterated dentin tubules and degenerated collagen network lead to a weakened
hybrid layer. Recently, universal adhesives were introduced and classified as the latest gen-
eration of adhesives; however, it is not clear how universal adhesives react with RT-affected
dental tissues. The adhesive bi-functional monomer, known as 10-MDP, can react with
resin materials using its hydrophobic methacrylate group and bond chemically to hard tis-
sues with its hydrophilic polar phosphate group [12]. In addition, 10-MDP forms stable
MDP-calcium salts among the tooth/adhesive interface, and with its hydrophobic nature, it
creates an adhesive layer resistant to water sorption and, thus, degradation [13]. Moreover,
the related phosphate ester monomer creates the acidic structure of the universal adhesive
so that these adhesives can be used in etch-and-rinse (ER), self-etch, and selective-etch (SE;
only etching the enamel tissue) modes, highlighting why universal adhesives are also
termed as ‘multi-mode’ adhesives [12]. Studies have shown high bonding strength values
for both enamel and dentin tissues, especially with ER [14,15] and SE modes [16].

The current in vitro study used tooth samples that had been affected by RT in the
previous 6–9 months, so structural changes of dental hard tissues in the time period
should be reflected to the samples. So, there was no need to radiate the teeth samples
ex vivo and expect the effects of radiation beams to occur. This study is the first to
evaluate only the modes of universal adhesives using teeth that were affected by RT
and then extracted. Therefore, the present study aimed to evaluate the effects of univer-
sal adhesive modes on the microtensile bond strength of RT-affected dentin compared
to sound dentin. The null hypotheses were: (i) that at least 50Gy dose of RT would not
affect the dentin bond strength of universal adhesives, (ii) that there would be no dif-
ference on the bond strength values of universal adhesives, and (iii) different modes of
universal adhesives would not improve the dentin bond strength.
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Materials and methods

Ethical aspects and sample selection

This study was approved by the Ethics Committee for Clinical Researches of Istanbul
University Faculty of Dentistry (No:2020/12). The study used 120 premolars of patients
who had not been diagnosed with any systemic illness and 120 premolars of head and
neck cancer patients who had undergone an RT dose �50Gy in the previous 6–9
months. The patients had extractions completed at the Istanbul University Oral and
Maxillofacial Surgery Department due to trauma, periodontal aspects, or prosthetic
treatment planning. The extracted teeth were stored in 0.5% thymol at 4 �C for disin-
fection. Then, teeth were washed under running water, dried, and cleaned with peri-
odontal curettes to eliminate any residual gingiva. Afterward, teeth were stored in
distilled water at 4 �C until used.

Sample preparation

Occlusal surfaces of the sound (control group) and RT-affected (treatment group) teeth
were sectioned perpendicularly to the long shaft under running water through a dia-
mond disc attached to a precision cutter machine (Isomet 1000, Buehler Ltd, Lake
Bluff, IL, ABD), exposing a flat surface of superficial dentin. A stereomicroscope
(Olympus SZ61, Munster, Germany) was used at 40� magnification to ensure that
occlusal enamel had been accurately removed. Then, dentin surfaces were flattened,
using 600 and 800-grain silicon carbide sandpaper under water coolant in the polishing
machine (Buehler MetaServ 25 – grinder-polisher, Dusseldorf, Germany) at low speed.
In both the control and treatment groups, samples were divided randomly into two
groups based on the universal adhesives tested: Single Bond Universal (SBU) and
Prime&Bond Universal (PBU). Then, each group was randomly divided into two sub-
groups according to the application mode (n¼ 30): ER and SE. Manufacturers and
compositions of universal adhesives are shown in Table 1.

For the ER group, samples were etched with 37% phosphoric acid (Uni-Etch,
Bisco, Schaumburg, IL, USA) before adhesives were applied. Adhesive agent modes
were used following the manufacturers’ instructions, as shown in Table 2. All of
the samples were light-cured with an LED curing unit (Elipar Deepcure S, 3M
ESPE, USA).

Table 1. Manufacturers and composition of universal adhesives used in the study.
Universal adhesive Manufacturer Composition

Single Bond Universal 3M ESPE, St. Paul, MN, USA 10-MDP, Bis-GMA, phosphate
monomer, dimethacrylate resins,
HEMA, methacrylate-modified
polyalkenoic acid copolymer,
filler, ethanol, water, initiators,
silane-treated silica, silane.

Prime&Bond Universal Dentsply DeTrey, Konstanz, Germany PENTA, 10-MDP, Bi- and
multifunctional acrylate, Initiator,
Stabilizer, Isopropanol, water.

MDP: methacryloyloxy-decyl-dihydrogen-phosphate; Bis-GMA: bisphenol-A-glycidyl-methacrylate; HEMA: 2-hydrox-
yethyl methacrylate; PENTA: dipentaerythritol penta acrylate monophosphate.
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Following the adhesive application procedure, composite resins (Filtek Z550, 3M
ESPE) were layered with 2mm increments and cured for 20 s with the same curing
unit used for adhesive polymerization, repeated twice to obtain a 6mm build-up. Then,
samples were stored in distilled water on a stove at 37 �C for 24 h.

Evaluation of microtensile bond strength test

Specimens were longitudinally sectioned in both X and Y directions across the bonded
interface with a low-speed diamond saw under water cooling (Isomet 1000, Buehler).
The stick dimensions were controlled with a digital caliper (Tchibo GmbH, Hamburg,
Germany) to ensure a cross-sectional area of 1 ± 0.05mm2. Afterward, the sticks were
affixed to the microtensile tester machine (Micro tensile tester, Bisco, Schaumburg, IL,
USA) with cyanoacrylate-based adhesive (Pattex, Henkel, Dusseldorf, Germany).
Samples were stressed in tension in the machine with a 15 Kgf load cell at a crosshead
speed of 0.5mm/min until failure. The lTBS (MPa) was calculated by dividing the
force (in N) at the time of failure by its cross-sectional bonded area (in mm2). An illus-
tration of the experimental period is shown in Figure 1. The failure modes were eval-
uated at 40� magnification using a stereomicroscope. Modes were classified as
cohesive failures (exclusive within dentin or composite resin), adhesive failures (at
resin/dentin interface), or mixed failures.

Statistical analysis
The normality of data of microtensile bond test was analyzed with Shapiro–Wilk test.
According to abnormal distribution, logarithmic transformation was done. T-test was
applied due to normal distribution of data after log transformation. All tests employed
at p¼ 0.05 as level of significance and were carried out with the SPSS Statistics 22.0
programme (SPSS Inc., Chicago, IL, USA).

Results

The mean microtensile bond strength of groups with standard deviations are presented
in Table 3.

The results show that, except for the PBU-SE group, the control group of sound
teeth had higher bond strength values than RT-affected teeth. In the control group,
SBU-SE showed the highest microtensile bond strength, followed by SBU-ER, with no

Table 2. Pre-etching procedures of modes and adhesive application methods used in the study.
Mode Pre-etching procedures
ER Phosphoric acid is applied to both enamel and dentin surfaces at the same time for 15 s. Then, rinsed

with air/water spray for 15 s and dried
SE Phosphoric acid is applied only to enamel surfaces for 15 s. Then, rinsed with air/water spray for 15 s

and gently dried
Adhesive Adhesive application
SBU Adhesive is applied and surfaces were rubbed for 20 s. Medium air-pressure was applied for 5 s and

light-cured for 10 s
PBU Adhesive is applied and surfaces were rubbed for 20 s. Gently air-pressure was applied for at least 5 s

and light-cured for 10 s

ER: Etch-and-rinse; SE: Selective-etch; SBU: Single Bond Universal; PBU: Prime&Bond Universal.
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significant difference (p> 0.05). Besides, the PBU adhesive had significantly lower
bond strength values than the SBU adhesive (p< 0.05). In the treatment group, SBU-
ER showed the highest bond strength, followed by PBU-SE and SBU-SE, with no sig-
nificant difference. PBU-ER had the lowest bond strength among all groups. The t-test
indicated statistical significance between the treatment and control groups for all
modes of both universal adhesives (p< 0.05). Microtensile bond strength scores for all
groups are shown in Figure 2.

Fracture pattern

In analyzing fracture patterns, an adhesive fracture was the most predominant type in
all groups (Graphic 1). However, the SBU-SE subgroup presented a high number of
cohesive fractures. There were no mixed fractures in any group, and no significant dif-
ferences were observed among samples regarding failure modes (p> 0.05).

Discussion

The present study was conducted to compare the microtensile bond strength of differ-
ent modes of universal adhesives to RT-affected dentin samples. The first null hypoth-
esis stated, ‘RT would not affect the dentin bond strength of universal adhesives’. This
hypothesis was partially rejected due to the statistically significant decrease in the mean

Figure 1. Illustration of experimental period.
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bond strength values of all treatment groups except the PBU-SE group, which displayed
significantly higher bond strength than the same adhesive’s control group.

Existing data confirms that RT directly affects the organic and inorganic parts of dentin
[5,17,18]. After RT treatments, dentin tubules are obliterated by a lack of vascularization
and metabolism thanks to ‘radiogenic cell damage’ [17,18]. On the other hand, after con-
tinuous doses of 30–60Gy, the collagen fiber network, which constitutes the organic part
of dentin, begins to degrade, and the micro-morphological structure changes [4]. With
the loss of collagen hydration, collagen fibrils begin to fragment, and dentinal tissue
becomes vulnerable with a lower elastic modulus [9]. The obvious degradation of both the
organic and inorganic portion of dentin might impair the integrity of the hybrid layer and
hamper the adhesion of resin materials. In addition, mandibular volumes receiving
50–60Gy (in cm3) were associated even with osteoradionecrosis in a recent cohort study

Figure 2. Microtensile bond strength of (MPa) all groups tested in the study. Blue columns repre-
sent control, grey columns represent treatment groups.

Table 3. Mean and standard deviations (SD) of microtensile bond strength (MPa) of different
modes of adhesives systems used in the study.

Treatment group (Radiotherapy-effected)
Mean ± SD

Control group (Sound)
Mean ± SD

SBU-ER 35.42 ± 8.81a 47.38 ± 9.66A

SBU-SE 33.34 ± 10.47a 48.97 ± 6.57A

PBU-ER 26.17 ± 8.69b 34.01 ± 9.82B

PBU-SE 34.19 ± 6.47a 30.56 ± 7.92B

Different lowercase letters of treatment group show statistical significance (p< 0.05). Different uppercase letters
show statistical significance among control group (p< 0.05).
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[19]. The present study used teeth radiated by at least 50Gy; thus, the results of the RT
samples were potentially impacted by these changes. The higher bonding values of the
treatment group of PBU-SE group could be attributed to a couple of reasons. There are
both studies that had found higher bond strength values as same as in the present study
[2] and showed no statistically significant difference between treatment and control
groups [10]. If the main constitutes of collagens, proline and hydroxyproline, are not
affected by the radiation beams, tensile strength would not be decreased [10]. Collagens
are being responsible from the cross-linking reactions, which are providing the necessary
tensile strength to dentin. Thus, the collagen structure may not be damaged enough on
treatment groups of PBU-SE group. On the other hand, the results can be attributed to
the non-standardized teeth samples used in the methodology.

In the literature, there are controversies regarding indicated adhesive systems on
RT-affected teeth. A study evaluating the modes of universal adhesives states that self-
etch applications result in unsatisfactory bonding results, even to primary enamel [16].
Thus, the present in vitro study compared the prior enamel etching, termed as
‘selective-etch’ (SE) and ER modes of universal adhesives. Moreover, the present
study’s methods have advantages over in vivo studies on RT. First, radiation beams
were not applied in ex vivo conditions; thus, samples for this study were obtained from
patients who were exposed to regular head and neck RT for 6–9 months. Today,
numerous methods make it is easier and more possible to imitate in vivo conditions for
in vitro studies; the current test materials reflect the actual media by the actual radi-
ation dose and beams received by a patient. Second, the present method did not
require imitating oral environment changes due to RT. The teeth included in the study
were affected by the probable outcomes of RT treatment, such as hyposalivation, oral
pH fluctuations, and thermal and masticatory stresses. Third, RT-related alterations to
the dental hard tissue structure were previously obtained; samples should have had a
more permeable intertubular layer, obliterated dentin tubules, and vulnerable enamel
[20]. With the advantage of not imitating oral conditions after RT ex vivo, microtensile

Graphic 1. Number of fractures observed in tested groups.

JOURNAL OF ADHESION SCIENCE AND TECHNOLOGY 7



bond strength values in the present study were higher than other studies. In Cunha’s
study [15], SBU adhesive was used in ER mode and presented values around 23MPa
after a 70Gy dose. Similarly, studies [1,7,11] declared 17–24MPa microtensile bond
strengths from three-step ER adhesives, up to at least 50Gy doses. Thus, the design of
the present research model may allow for more realistic bond strength values.

The universal adhesives used in the present study are the most frequently used prod-
ucts on the market globally. In both the treatment and control groups, the adhesives
showed significant differences between microtensile bond strength values. Thus, the
second hypothesis that proposed ‘there would be no difference in the bond strength
values of universal adhesives’ was rejected. When different modes of adhesives were
evaluated, one adhesive (PBU) showed statistically significant scores in tested modes;
thus, the third hypothesis was rejected as well. Universal adhesives were introduced to
the market to minimize the handling steps and technical sensitivity. Other than ER and
‘Self-etch’ application of the adhesives, SE is an option for ‘multi-mode’ usage.
Universal adhesives can bond using the adhesion-decalcification concept [13] by chem-
ically bonding a functional 10-MDP monomer to hydroxyapatite crystals and forming
calcium salts; with the acidic primer in the content and the slightly low pH, demineral-
ization occurs as in self-etch systems. However, etching capacity was declared adequate
for dentin tissue [21], so that extra etching approach (SE) was confirmed to supply
more durable bonding to dentin [22]. The reason for this is most likely that hydroxy-
apatite crystals are well-protected inside the interfibrillar collagen areas that are hard to
reach [23]. Also, the water content of the dentin structure is harmed by the ‘indirect
effects’ of RT, which induce the free radicals in water that can be used to avoid
denaturation of dentin molecular structures [9]. One study declared that this harmful
effect on the water could lead to the formation of a permeable adhesive interface [11].
Evaluating the adhesion studies, much of the research [12,16,22] has investigated the
SE mode of universal adhesives. However, there is no research on the bond strength of
RT-affected dentin and universal adhesives used with the SE method. According to the
treatment group results, there is no significant difference among modes of SBU adhe-
sive; however, the PBU adhesive used with the SE method had significantly better bond
strength than the ER method. It is also remarkable that PBU-SE samples showed no
statistical difference in bond strength values for both modes of SBU adhesive.
Therefore, in RT-treated patients, using universal adhesives in SE mode has only been
proven when using PBU adhesive.

On the other hand, both SBU and PBU are termed as ‘mild’ universal adhesives,
with pH values of 2.7 and 2.5, respectively. These types of adhesives are highly recom-
mended for their bond stability [24]. These acidity levels could ensure both the enamel
conditioning and the ‘primer’ layering of dentin. Studies have also shown that prior
acid etching does not influence the dentin bond strength of mildly acidic universal
adhesives [24,25], which could explain the numerically similar bond strengths of ER
and SE modes of tested adhesives. Moreover, the acidic monomer concentration and
water ratio of the adhesives play a crucial role in adhesion stability. A high concentra-
tion of acidic monomers is required to enable tissue demineralization and subsequent
monomer infiltration [26]. The adhesives’ water content affects the degree of ionization
of the acidic monomer, initiating the adhesion process [27]. Therefore, even though
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the acidities of the tested universal adhesives are similar, the water and acidic monomer
concentrations may be the reason for the statistically significant bond strength values.
Both of the tested adhesives contain 10-MDP as monomer but additionally PBU has
PENTA as well. Due to the possible changes in dentin structure, additional etching
with ER system might have failed PENTA monomer to infiltrate to already-obliterated
dentin tubules [28]. That may also explain the increased bonding scores of PBU-SE
and higher adhesive failures of PBU-ER treatment groups.

On the other hand, the interaction of 10-MDP with HEMA in adhesive solutions
may produce aggregates that reduce the hydrophobicity of MDP and infiltration by
MDP or HEMA through collagen fibrils. Due to the elevated hydrophobic nature of
MDP and, similarly, the elevated hydrophilic structure of HEMA, less interaction may
occur [29,30]. For this reason, one study [20] speculated that using universal adhesives
containing 10-MDP in ER mode may cause inconsistent resin monomer infiltration
and distribution into the collagen network, leading to low bonding scores. However,
the present study is not consistent with those results due to the significantly greater
bonding scores of SBU adhesives containing both 10-MDP and HEMA.

Lower scores of three of the PBU groups may be also related to its solvent. While
PBU has acetone (isopropanol) as an organic solvent, SBU contains ethanol. Acetone
has higher vapor pressure when compared to ethanol, leading to greater evaporation.
Therefore, not only are collagen fibers possibly not adequately infiltrated, but also, the
acetone exchanges with less water in the structure [20]. Due to the denaturation of the
collagen matrix, it could be difficult for RT-affected dentin to bind with an adhesive
that includes acetone.

Fracture pattern results were varied according to study design as well. Many of the
studies [9,17] involving RT-affected dentin samples recorded cohesive fractures the
most. In the cited studies, cohesive fractures were generally attributed to the dentin
structural changes. However, Arid et al. [2] and Cunha et al. [15] had similar methods
and fracture results as the present study; restorations applied after RT and samples
treated with high doses (70Gy), respectively, showed more adhesive fractures. It is
assumed that the lack of oral conditions in the in vitro studies may lead to more cohe-
sive fractures and the structural changes resulted in more adhesive fractures.

Regarding the limitations of the present study, it should be noted that samples were
prepared from the extraction-indicated teeth of RT patients. However, patients were
not examined before RT treatment, so tooth- and oral-cavity-induced factors were not
investigated. The biology of the oral environment, such as saliva flow and buffer, and
the number of patients, as well as the oral habits, such as brushing and using extra
hygiene products, were not determined. These factors could alter the mineralization
and mechanical characteristics of tested dental tissues, so further in vitro studies with
standard tooth samples should be designed.

Based on the in vitro results of the present study, the microtensile bond strength of
dentin is affected by 50Gy or greate RT doses. Both the SE and ER modes of SBU
showed better performance on irradiated teeth compared to the ER mode of PBU.
These materials, with optional application modes, can be considered reliable for use in
adhesive restorations for head and neck cancer patients who have undergone RT. The
current study design ensured that the dentin samples of the treatment group benefited
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from the oral condition changes after RT. Nevertheless, long-term bond strength stud-
ies are needed to investigate universal adhesives with maximum imitations of oral con-
ditions after RT. Moreover, studies investigating the bonding efficiency vary highly in
radiation dose and duration. Studies with similar methodologies must be planned to
gain a standard protocol for material choices. Also, due to the significant decrease of
adhesive bond strength values of dentin, it is crucial to monitor adhesive restorations
closely by providing extra appointments for patients with head and neck cancer.

Ethical approval

This study was approved by the Ethics Committee for Clinical Researches of Istanbul
University Faculty of Dentistry (No:2020/12).

Consent to participate/publication

There is no human or animal subject involved in the study.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Authors’ contributions

GO, RO and HSS designed the paper, GO and RO searched the literatures, KBK extracted total
of the teeth, RO did the experimental period, all of the authors contributed writing of the
manuscript and GO and UE critically revised and edited the paper for final approval of the
final version.

ORCID

Gunce Ozan http://orcid.org/0000-0003-1018-3173
Rasha Owda http://orcid.org/0000-0002-4453-064X
Kivanc Bektas Kayhan http://orcid.org/0000-0001-7149-9230
Ugur Erdemir http://orcid.org/0000-0002-4673-8284
Hande Sar Sancakli http://orcid.org/0000-0001-8063-0413

Data availability statement

Shareable if editor/reviewers needed.

References

[1] Carvalho EJD, Camara MELV, Almeida JRMD, et al. Evaluation of bond strength of a
conventional adhesive system in irradiated teeth. Rev Odontol Unesp. 2017;46:244–248.

[2] Arid J, Palma-Dibb RG, de Oliveira HF, et al. Radiotherapy impairs adhesive bonding
in permanent teeth. Support Care Cancer. 2020;28:239–247.

[3] Murphy BA, Deng J. Advances in supportive care for late effects of head and neck can-
cer. J Clin Oncol. 2015;33:3314–3321.

10 G. OZAN ET AL.



[4] Goncalves LM, Palma-Dibb RG, Paula-Silva FW, et al. Radiation therapy alters micro-
hardness and microstructure of enamel and dentin of permanent human teeth. J Dent.
2014;42:986–992.

[5] Hegde MN, Hegde ND, Sanjeev G, et al. Techniques to analyze the effects of radiation
therapy on enamel and dentin-a review. J Health Allied Sci NU. 2016;6:71–78.

[6] Yesilyurt C, Bulucu B, Sezen O, et al. Bond strengths of two conventional glass-iono-
mer cements to irradiated and non-irradiated dentin. Dent Mater J. 2008;27:695–701.

[7] Bernard C, Villat C, Abouelleil H, et al. Tensile bond strengths of two adhesives on
irradiated and nonirradiated human dentin. BioMed Res Int. 2015;2015:798972.

[8] De Moor RJG, Stassen IG, van’t Veldt Y, et al. Two-year clinical performance of glass
ionomer and resin composite restorations in xerostomic head and neck-irradiated can-
cer patients. Clin Oral Invest. 2011;15:31–38.

[9] Ugurlu M. Effect of the double application of universal adhesives on the dentine bond
strength after radiotherapy. Aust Dent J. 2020;65:181–188.

[10] Galetti R, Santos-Silva AR, da Gama Antunes AN, et al. Radiotherapy does not impair
dentin adhesive properties in head and neck cancer patients. Clin Oral Invest. 2014;18:
1771–1778.

[11] Rodrigues RB, Soares CJ, Junior PCS, et al. Influence of radiotherapy on the dentin
properties and bond strength. Clin Oral Invest. 2018;22:875–883.

[12] Alex G. Universal adhesives: the next evolution in adhesive dentistry. Compend Contin
Educ Dent. 2015;36:15–26.

[13] Yoshida Y, Yoshihara K, Nagaoka N, et al. Self-assembled nano-layering at the adhesive
interface. J Dent Res. 2012;91:376–381.

[14] Takamizawa T, Barkmeier WW, Tsujimoto A, et al. Influence of different etching
modes on bond strength and fatigue strength to dentin using universal adhesive sys-
tems. Dent Mater. 2016;32:e9–e21.

[15] da Cunha SR, Ramos PA, Haddad CM, et al. Effects of different radiation doses on the
bond strengths of two different adhesive systems to enamel and dentin. J Adhes Dent.
2016;18:151–156.

[16] Antoniazzi BF, Nicoloso GF, Lenzi TL, et al. Selective acid etching improves the bond
strength of universal adhesive to sound and demineralized enamel of primary teeth.
J Adhes Dent. 2016;18:311–316.

[17] Naves LZ, Novais VR, Armstrong SR, et al. Effect of gamma radiation on bonding to
human enamel and dentin. Support Care Cancer. 2012;20:2873–2878.

[18] Lieshout HFJ, Bots CP. The effect of radiotherapy on dental hard tissue—a systematic
review. Clin Oral Invest. 2014;18:17–24.

[19] Caparrotti F, Huang SH, Lu L, et al. Osteoradionecrosis of the mandible in patients
with oropharyngeal carcinoma treated with intensity-modulated radiotherapy. Cancer.
2017;123:3691–3700.

[20] Zhang ZY, Tian FC, Niu LN, et al. Defying ageing: an expectation for dentine bonding
with universal adhesives? J Dent. 2016;45:43–52.

[21] Mine A, De Munck J, Cardoso MV, et al. Dentin-smear remains at self-etch adhesive
interface. Dent Mater. 2014;30:1147–1153.

[22] Stape THS, Wik P, Mutluay MM, et al. Selective dentin etching: a potential method to
improve bonding effectiveness of universal adhesives. J Mech Behav Biomed Mater.
2018;86:14–22.

[23] Bertassoni LE, Orgel JPR, Antipova O, et al. The dentin organic matrix – limitations of
restorative dentistry hidden on the nanometer scale. Acta Biomater. 2012;8:2419–2433.

[24] D€onmez N, G€ung€or AS, Karabulut B, et al. Comparison of the micro-tensile bond
strengths of four different universal adhesives to caries-affected dentin after ER: YAG
laser irradiation. Dent Mater J. 2019;38:218–225.

[25] Rosa WL, Piva E, Silva AF. Bond strength of universal adhesives: a systematic review
and meta-analysis. J Dent. 2015;43:765–776.

JOURNAL OF ADHESION SCIENCE AND TECHNOLOGY 11



[26] Cardoso SA, Oliveira HL, M€unchow EA, et al. Effect of shelf-life simulation on the
bond strength of self-etch adhesive systems to dentin. Appl Adhes Sci. 2014;2:1–10.

[27] Gupta A, Tavane P, Gupta PK, et al. Evaluation of microleakage with total etch, self
etch and universal adhesive systems in class V restorations: an in vitro study. J Clin
Diagn Res. 2017;11:ZC53–ZC56.

[28] Kensche A, D€ahne F, Wagenschwanz C, et al. Shear bond strength of different types of
adhesive systems to dentin and enamel of deciduous teeth in vitro. Clin Oral Invest.
2016;20:831–840.

[29] Hiraishi N, Tochio N, Kigawa T, et al. Monomer–collagen interactions studied by sat-
uration transfer difference NMR. J Dent Res. 2013;92:284–288.

[30] Hiraishi N, Tochio N, Kigawa T, et al. Molecular level evaluation on HEMA interaction
with a collagen model. Dent Mater. 2015;31:88–92.

12 G. OZAN ET AL.


