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Introduction

ABSTRACT

Background: High concentrations of acidic monomers in adhesives can inhibit proper
polymerization at the interface with self-curing composites.

Purpose: This study aimed to evaluate the effect of three oxygen-inhibited layer (OIL)
removal methods on the micro-shear bond strength (uUSBS) of dual-cure and self-cure
composites to dentin using a two-step self-etch adhesive.

Materials and Method: In this in vitro study, forty bovine incisor crowns were mounted
in acrylic resin. Dentin surfaces were abraded with 600-grit silicon carbide paper to create
a standardized smear layer. Experimental groups included using a two-step self-etch adhe-
sive (Clearfil SE Bond), curing it, and then dividing it into four groups: (1) control (no
preparation after adhesive application) and subsequent groups including removal of the
OIL with (2) cotton wool soaked in ethanol, (3) cotton wool soaked in pumice, and (4)
blocking air with glycerin and re-irradiation. Light-cure (Clearfil APX), self-cure (Alpha-
Dent Self Cure Composite), and dual-cure resin cement (Duo-Link Universal Adhesive)
were placed in cylindrical molds made of transparent polyethylene tubes (120 total, 30 per
group) on dentin. The uSBS of the samples was measured after thermocycling.

Results: In the light-cure composite, uSBS did not differ significantly in any group com-
pared to the control. In the dual-cure composite, only the alcohol group showed a signifi-
cant decrease in bond strength compared to the control. In the self-cure composite, all OIL
removal methods significantly improved bond strength compared to the control.
Conclusion: Although removing the OIL improved bond strength in self-cure composites,
it failed to achieve values comparable to light-cure groups. For dual-cure composites, OIL
removal is unnecessary and potentially detrimental.
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inhibiting adequate polymerization at the interface [1].

The oxygen-inhibited layer (OIL) present in acidic self-
etch adhesives can severely compromise bond strength
when used in conjunction with self-cured resin compo-
sites.

Uncured acidic surface monomers infiltrate the cur-
ing resin and react in a reaction with the aromatic ter-
tiary amine present in the composite material, thereby

Compatibility issues between adhesives with acidic
resin monomers and self-curing composites were first
noted for certain two-step etch-and-rinse adhesives [2-
3]. With the increase in acidic monomers in the adhe-
sive, their tendency to undergo acid-base reactions with
the amine component of self-cure composites increases.
From a clinical perspective, this means that these types
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of composites do not polymerize properly at their inter-
face with these adhesives [2].

However, it seems that these negative interactions
between self-cure resin composites and self-etch adhe-
sives can be prevented by sequentially using an acidic
primer and then a bonding resin free of acidic mono-
mers [4]. The study conducted by Moll et al. [5] found
that using self-cure resin composites in combination
with certain adhesive systems, like Clearfil SE Bond
and AdheSE (both two-step self-etch adhesives), result-
ed in a significant reduction in bond strength.

Certain manufacturers incorporate an additional ac-
tivator into both multi-step and single-step adhesives to
optimize their bonding effectiveness with dual-cure or
self-cure composites. This approach ensures adequate
polymerization occurs in deeper areas where light expo-
sure may be considerably insufficient. However, several
studies indicate that the introduction of a self-cure acti-
vator does not necessarily address potential compatibil-
ity issues [3, 6].

A study demonstrated that the application of an ad-
ditional layer of adhesive resin, free from acidic mono-
mers, or the placement of a low-viscosity composite
layer on bonded dentin, can effectively resolve compat-
ibility issues. This method significantly enhanced the
bond strength between the adhesive and the composite
material that incorporates a self-curing component [7].

Efforts to address this issue can be categorized at
three different levels including (1) elimination of the
acid-base reaction, (2) reduction of the effects of the
acid-base reaction, and (3) removal of the OIL [8].

The OIL can be managed by either preventing its
formation or removing it after it has formed. Prevention
methods include polymerization in a nitrogen environ-
ment or coating the adhesive with glycerin gel, although
the first method is not practical for clinical use. Remov-
al methods, such as cleaning with alcohol or using pum-
ice, have been discussed previously. However, these
methods may not be suitable for dentin adhesives, as
their thin layers can lead to the removal of the adhesive
itself [2].

The aim of this study was to evaluate the effect of
three distinct OIL removal methods on the micro-shear
bond strength (USBS) of light-cure, self-cure, and dual-
cure composites bonded to dentin using a two-step self-
etch adhesive.

Materials and Method

Sample Preparation and Study Design

This experimental in vitro study was conducted follow-
ing approval by the Ethics Committee of Guilan Uni-
versity of Medical Sciences (Ethical Code: IR.GUMS.
REC.1403.443).

Forty freshly extracted bovine incisors, free of car-
ies, cracks, and defects, were selected using a conven-
ience sampling method. While this sampling method is
acknowledged as a limitation, strict inclusion criteria
were applied to minimize potential selection bias. The
teeth were cleaned of soft tissue residues using a scaler
and stored in a 1% chloramine solution for one week,
followed by storage in distilled water at 4°C for less
than one month. The roots were removed using a dia-
mond disc (Isomet, Buehler, Evanstone, IL, USA) under
water cooling, and the pulp tissue was extracted. Ideally,
the pulp chamber was sealed with cotton to prevent
acrylic penetration. The crowns were then mounted in
acrylic resin molds (Acropars, Karaj, Iran), with the
labial surface exposed. The dentin surfaces were ground
using wet silicon carbide papers (60, 80, 240, and 320
grit) to expose flat mid-coronal dentin. Finally, the sur-
faces were polished with 600-grit paper to create a
standardized smear layer.

Grouping and Surface Treatments

Thirty-six of the mounted teeth were randomly divided
into four main groups (n=9 teeth per group) based on
the surface treatment applied to the OIL. On each tooth,
approximately 3 to 4 composite cylinders were bonded
to obtain a total of 30 samples per main group (Total
N=120).

The two-step self-etch adhesive, Clearfil SE Bond
(Kuraray, Osaka, Japan), was applied and cured accord-
ing to the manufacturer's instructions in all groups. The
specimens were then subjected to one of the following
surface treatments as:

Group 1 (Control): No surface preparation was per-
formed after the application and curing of the adhesive.

Group 2 (Ethanol): The OIL was removed by rub-
bing the surface with a cotton ball soaked in 70%

ethanol for 10 s applying gentle manual pressure,
followed by rinsing with an air-water syringe.

Group 3 (Pumice): The surface was scrubbed with a
mixture of fine-grained pumice powder and water using
a cotton ball for 10 s with gentle manual pressure, follo-
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wed by rinsing with an air-water syringe.

Group 4 (Glycerin): The adhesive surface was cov-
ered with a thin layer of glycerin gel (Ultradent Deox,
Ultradent Products, Inc, USA) and re-irradiated with a
light-curing device for 20 seconds. The distance be-
tween the light tip and the surface was maintained at 1
mm. The gel was then rinsed off.

Bonding Procedure

Following surface treatment, each main group was fur-
ther subdivided into three subgroups based on the re-
storative material used: (1) light-cure composite (Clear-
fil APX, Kuraray, Osaka, Japan, Shade A2), (2) self-
cure composite (Alpha-Dent Self Cure Composite, Den-
tal Tech Inc, USA), and (3) dual-cure resin cement
(Duo-Link Universal Adhesive Resin Cement, BISCO,
Inc., Schaumburg, IL, USA).

Transparent polyethylene tubes (internal diameter: 1
mm, height: 2 mm) were placed on the treated dentin
surfaces. To ensure stability and prevent marginal leak-
age, the tubes were peripherally sealed to the tooth sur-
face using sticky wax.

The restorative materials were inserted into the
molds according to their viscosity. For light-cure and
self-cure composites (paste consistency), the materials
were carefully inserted into the tubes using a condenser
to minimize air entrapment. For the dual-cure resin ce-
ment, the material was injected directly into the tubes
using the auto-mix syringe with a needle tip, ensuring
complete filling from the bottom up to avoid void for-
mation. In the light-cure group, the material was irradi-
ated for 20 seconds from the top (distance: 2 mm). For
the self-cure group, the material was allowed to set in a
light-proof container for 15 minutes. In the dual-cure
group, the material was light-cured for 40 seconds to
simulate clinical light attenuation.

All light-curing procedures were performed using a
Woodpecker O-Light device (Woodpecker Medical
Instrument Co., Ltd, China) with an intensity of 1200
mW/cm2. The intensity was verified using a radiometer.

To ensure standardization and consistency of the ap-
plied pressure and technique, all surface preparation and
bonding procedures were performed by a single cali-
brated operator.

USBS Test
After bonding, the polyethylene tubes were carefully
removed using a scalpel blade. The specimens were

examined under a light microscope (30x) to exclude any
samples with interfacial defects or bubbles. The samples
were stored in distilled water at 37°C for 24 hours and
then subjected to 5,000 thermal cycles (5°C-55°C,
dwell time: 30 s). The uSBS was measured using a
Universal Testing Machine (SANTAM-20, Tehran,
Iran) at a crosshead speed of 1 mm/min using a wire
loop (thickness: 0.2mm). The bond strength (MPa) was
calculated by dividing the failure load (N) by the bond-
ing area (mm3).

Degree of Polymerization

Four additional teeth (one representing each surface
treatment group) were prepared to evaluate the degree
of conversion (DC) of the adhesive layer using (Fourier-
transform infrared spectroscopy (FTIR). The degree of
polymerization was calculated by analyzing the peak
area ratios of the cured and uncured adhesive. The peak
at 1608 cm™ (aromatic C=C double bonds) was used as
an internal standard reference as it remains unchanged
during polymerization, while the peak at 1638 cm™
(aliphatic C=C double bonds) was monitored to deter-
mine the changes in the degree of conversion.

abs(aliphatic:C=C), .., 1

abs(aromatic:C....C) | o6 =1 | cyired 100
—— X
abs(aliphatic:C=C), ¢35 ;!
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Data Analysis

Data were analyzed using SPSS software (version 23).
The normality of distribution was assessed using the
Shapiro-Wilk and Levene's tests. Data were analyzed
using Two-way analysis of variance and Tukey's post
hoc tests (for normally distributed data) or the Kruskal-
Wallis test (for non-normal data). The significance level

was set at o= 0.05.

Results

uUSBS

Table 1 presents the mean and standard deviations of
the uSBS for all experimental groups.

In the light-cure composite, statistical analysis re-
vealed no significant difference in bond strength among
the experimental groups compared to the control (25.05
+7.97 MPa).

For the dual-cure composite, the control group ex-
hibited a mean bond strength of 25.38+5.70 MPa.

The ethanol-treated group showed a significant red-
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Table 1: Mean and standard deviation of uSBS (MPa) for
experimental groups

Group Light-cgre DuaI-cu_re Self—cure
composite composite composite
Control 25.05+7.97% 2538+570% 0.00+0.00°¢
Alcohol 19.70+826% 1351+7.80° 4.77+3.13°
Glycerin ~ 24.69+578% 1926+7.89% 384+195°
Pumice 2556+7.90% 23.09+7.25% 830+301°

Different superscript lowercase letters within the same column indicate statistically
significant differences (p Value < 0.05).
Note: (USBS: micro-shear bond strength)

uction in bond strength compared to the control,

whereas the pumice and glycerin groups showed no
statistically significant differences.

In the self-cure composite groups, the control spec-
imens exhibited complete adhesive failure prior to test-
ing (pre-test failures), resulting in a bond strength of 0
MPa. However, all three surface treatment methods
(ethanol, pumice, and glycerin) successfully facilitated
bonding. Among these, the glycerin re-irradiation group
demonstrated the highest mean bond strength (8.30+
3.01 MPa), followed by the ethanol (4.77+3.13 MPa)
and pumice (3.84+1.95 MPa) groups.

Degree of Polymerization (FTIR Analysis)

Figure 1 illustrates the FTIR spectra of the adhesive
surfaces following different treatments. The degree of
conversion (DC) was calculated based on the ratio of
the aliphatic C=C peak (1638 cm™) to the aromatic
C=C internal standard peak (1608 cm™). The calculated
surface polymerization rates were as follows:

* Glycerin group: 74%

* Pumice group: 72%

* Control group: 52%

* Ethanol group: 41%

These findings indicate that surface treatment with
glycerin and pumice effectively increased the degree of
polymerization compared to the control group. Con-
versely, the ethanol treatment resulted in a reduction in
the degree of surface polymerization (41%), suggesting
a potential degradation of the adhesive layer.

Discussion
Achieving optimal dentin bonding relies on the effective
separation of hydrophilic primers and hydrophobic ad-
hesives, a standard feature of gold-standard etch-and-
rinse systems [9]. However, in clinical scenarios requir-
ing bulk-fill restorations or core build-ups, practitioners
often combine simplified self-etch adhesives with chem-
ical-cured (self-cure or dual-cure) composites. This
combination presents a well-documented incompatibil-
ity in which the acidic monomers present in the OIL of
the adhesive interface react with and deactivate the ter-
tiary amines required for the chemical polymerization of
the composite [1-2]. While some manufacturers provide
specific activators to mitigate this issue, evidence sugg-
ests these are often ineffective or may even compromise
bond strength by diluting photoinitiators [6].

The primary objective of this study was to evaluate

200

Figure 1: Fourier-transform infrared spectroscopy (FTIR) analysis of samples
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whether removing or preventing the OIL could resolve
this incompatibility. Our findings confirmed the severity
of the issue; in the control group (no treatment), the self-
cure composite failed to bond entirely (0 MPa), demon-
strating a complete inhibition of polymerization at the
interface [10].

Regarding the efficacy of OIL removal methods, all
three tested methods- ethanol wiping, pumice scrub-
bing, and glycerin re-irradiation-successfully facilitated
bonding for the self-cure composite, proving that neu-
tralizing the OIL is a viable strategy. However, the ef-
fectiveness varied significantly among the methods.

The self-cure composite exhibited the most striking
changes. In the control condition, no measurable bond
strength was obtained (0 MPa), confirming severe in-
compatibility between chemically cured composites and
an oxygen-rich, under-polymerized adhesive surface.
The mechanism likely involves a competition for free
radicals between the acidic monomers and the com-
posite's initiator system, leading to deactivation of ter-
tiary amines and incomplete curing at the interface [10].

Among the tested methods, glycerin gel re-
irradiation produced the highest bond strength. This is
due to the oxygen-blocking effect of glycerin during
light activation, which promotes complete polymeriza-
tion of the superficial adhesive layer [11].

Ethanol and pumice also significantly increased self-
cure USBS, but to a lesser extent than glycerin.

Regarding Pumice Scrubbing, while abrasion re-
moves the inhibited layer and enhances micromechani-
cal interlocking, excessive abrasion may overly thin the
adhesive layer, creating stress-concentrating areas that
compromise bond strength. The limitation of this me-
chanical approach lies in the delicate nature of the adhe-
sive layer [8, 12].

Regarding ethanol cleaning, although it allowed the
self-cure composite to bond, it negatively impacted the
other groups. Ethanol is known to soften and partially
dissolve cross-linked resin matrices, decrease cross-link
density, and increase susceptibility to degradation [13].
Such effects can remove or plasticize the superficial
portion of the adhesive, reduce the number of available
double bonds, and create a porous, less homogeneous
interface. This mechanism is strongly supported by the
lower degree of conversion (41%) observed for the etha-
nol group in our FTIR analysis.

However, it is important to note that even after
treatment, USBS values for the self-cure composite re-
mained below commonly suggested thresholds for du-
rable dentin bonding. This aligns with earlier reports
stating that incompatibility problems cannot always be
fully resolved by surface treatments alone [11, 14].

These findings partially contrast with those of Tsu-
jimoto et al. [15] who suggested that removing the OIL
with ethanol is comparable to preventing its formation
using nitrogen gas. However, their study focused pri-
marily on surface free energy and did not fully account
for the chemical degradation caused by prolonged expo-
sure to alcohol on specific two-step self-etch adhesives.
Our study demonstrates that for dual-cure and light-cure
resins, the collateral damage caused by ethanol scrub-
bing (solvent-induced surface degradation) outweighs
the benefits of removing the OIL [15-16].

The dual-cure composite showed a unique behavior
in which only ethanol scrubbing significantly reduced
MSBS compared with the control. This suggests that the
dual-cure system is more sensitive to chemical altera-
tion of the adhesive surface than to oxygen inhibition
alone. As long as the adhesive surface remains structur-
ally intact, the chemical curing component can evidently
overcome moderate oxygen inhibition [16]. Interesting-
ly, for dual-cure composites, the OIL did not appear to
hinder bonding in the control group. In fact, removing
this layer (especially with ethanol) proved detrimental
[8]. This suggests that the light-activation component of
dual-cure resins provides sufficient initial polymeriza-
tion to overcome the acidic inhibition, making OIL re-
moval steps unnecessary and potentially harmful for
these materials. Therefore, aggressive chemical cleaning
methods like ethanol wiping should be avoided for these
materials, as solvent-induced surface damage appears to
be more detrimental than the OIL itself.

Considering the relationship between FTIR and
bond strength, the FTIR measurements showed that
glycerin and pumice yielded the highest degrees of con-
version at the adhesive surface, while ethanol produced
the lowest values, with the control group in an interme-
diate position. This pattern closely paralleled the me-
chanical results, where glycerin and pumice generally
supported higher uSBS, particularly in self-cure speci-
mens, and ethanol was associated with the weakest bon-
ds in dual-cure and self-cure groups.
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The concordance between degree of conversion and
bond strength observed here is in agreement with previ-
ous evidence indicating that higher conversion improves
cohesive properties, interfacial integrity, and long-term
durability of bonded interfaces [15]. Conversely, inade-
quate surface polymerization

may lead to plasticization, hydrolytic degradation,
and early failure of the adhesive layer.

From a clinical standpoint, the present findings sug-
gest that preventing oxygen inhibition during curing is
more effective than mechanically or chemically remov-
ing the OIL after it has formed. Using glycerin gel over
the adhesive before final light exposure represents a
simple, inexpensive, and non-destructive method to
improve surface conversion and bond strength, especial-
ly when bonding dual-cure or self-cure composites.

Pumice abrasion may provide some benefit, particu-
larly for self-cure materials, but should be used cau-
tiously because of the risk of thinning the adhesive layer
and causing unnecessary surface damage. Ethanol
scrubbing, based on the current and previous findings,
should be applied with care, as it can soften polymer-
ized resin matrices and reduce bond strength, particular-
ly in dual-cure systems [13].

This study had several limitations. It was conducted
in vitro on bovine teeth obtained by convenience sam-
pling, which may not perfectly represent human clinical
conditions. Only a single adhesive system and limited
composite formulations were evaluated, and aging was
restricted to thermocycling without long-term water
storage or mechanical fatigue. Future investigations
should assess the durability of bonds formed after dif-
ferent OlIL-modification strategies, explore additional
oxygen-blocking materials, and examine whether simi-
lar trends are observed with other adhesive chemistries
and universal adhesives.

Conclusion

In summary, while removing the OIL is essential for
establishing a bond with strictly self-curing composites,
it does not restore bond strength to the levels achieved
with light-cured materials. For dual-cure composites,
OIL removal is unnecessary and potentially detrimental.
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