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A B S T R A C T

Objectives: Hydroxyethyl-methacrylate (HEMA) is still widely used in simplified adhesives. Indeed, several
shortcomings occur with this monomer, such as water uptake and formation of linear polymers. This study aimed
to compare the effects of HEMA replacement by glycerol-dimethacrylate (GDMA) on selected physicochemical
properties and bonding performance of simplified model adhesives.
Materials and Methods: Experimental simplified etch-and-rinse and self-etch adhesives were formulated con-
taining 20wt% HEMA or GDMA. Three-point bending test was used to obtain the elastic modulus of bar-shaped
specimens, and water sorption and solubility were attained by ISO-4049 (ISO, 2009) method. Degree of con-
version was surveyed by Micro-Raman spectroscopy, and microtensile bond strength was tested after 24 h or 6
months simulated pulpal pressure aging. Statistical analysis was realized with two-way ANOVA and Tukey's test
(p < 0.05).
Results: GDMA promoted higher elastic modulus to the self-etch adhesive, and GDMA-containing etch-and-rinse
adhesive achieved overall lower water sorption and solubility. The degree of conversion was statistically higher
for GDMA adhesives than for HEMA etch-and-rinse one. All bond strengths dropped significantly after aging,
except that of GDMA self-etch adhesive. The nanoleakage was higher and gaps were found in the interface of
HEMA-containing adhesives, which were less present in GDMA equivalents.
Conclusions: GDMA is a feasible hydrophilic dimethacrylate monomer to replace HEMA in simplified adhesives,
thereby providing better polymerization, mechanical properties and dentin adhesion as well as lower water
uptake and solubility.

1. Introduction

Upon the composition of simplified dental adhesives, hydrophilic
monomers able to aid the infiltration of hydrophobic adhesive blend
into partially-demineralized wet dentin are widely encountered (Van
Meerbeek et al., 2011). Hydroxyethyl-methacrylate (HEMA) is the hy-
drophilic monomer most used in commercial adhesives, due to its low
molecular weight and “solvent” ability thereby reducing the viscosity
and ameliorating the miscibility of water and hydrophobic monomers
(Van Landuyt et al., 2008). Nevertheless, HEMA (Fig. 1A) possesses
only one polymerizable functionality (it is a mono-methacrylate), pro-
moting the formation of only linear polymer chains. Often, such
monomer is found in relatively high concentrations that might result in
higher polymer degradation, low degree of cross-linking and HEMA
leaching to the pulp, which may cause cytotoxicity (Gallorini et al.,

2014; Barbosa et al., 2015).
To overcome negative effects of HEMA, Zanchi et al. (2013) pro-

posed the use of high-molecular weight surfactant monomers. These
monomers are relatively hydrophilic long carbon-chain dimethacrylates
that were included in small amounts of three-step etch-and-rinse and
self-etch adhesives (Zanchi et al., 2013; Münchow et al., 2014) in order
to diminish hydrolytic degradation and prevent phase separation. The
durability of composite restorations is directly related to the mechan-
ical properties, water sorption and solubility of adhesive resins. Al-
though HEMA is widely employed in the current simplified adhesives,
the presence of such monomer is also associated with rapid degradation
processes of resin-dentin interface (Van Landuyt et al., 2007), pro-
moting the water seepage from dentinal tubules and formation of water
droplets within adhesive layer (Van Landuyt et al., 2008).

Glycerol dimethacrylate (GDMA) is a hydroxyl-containing
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hydrophilic functional monomer (Fig. 1A) with low molecular weight,
which may replace HEMA due to its hydrophilic characteristics, but
generating crosslinked polymers upon polymerization. Furthermore,
GDMA might improve mechanical properties and afford adhesives with
higher hydrolytic resistance, thereby reducing degradation and
leaching of monomers with consequent lower cytotoxicity (Becher
et al., 2006). Nevertheless, to our knowledge, no reports regarding the
replacement of HEMA by GDMA have been published so far.

Therefore, the aim of this in vitro investigation was to assess the
physicochemical and adhesion properties of simplified experimental
self-etch and etch-and-rinse adhesives containing standardized con-
centration of HEMA or GDMA. The null hypotheses tested were (1)
GDMA does not improve physicochemical properties of simplified ad-
hesives; and (2) GDMA does not ameliorate dentin bonding of experi-
mental adhesives tested.

2. Materials and methods

2.1. Formulation of experimental adhesives

A self-etch adhesive (SEA) resin was prepared by mixing 20wt%
urethane-dimethacrylate (UDMA), 20 wt% hydroxyethyl-methacrylate
(HEMA) or glycerol dimethacrylate (GDMA), 15 wt% hydroxyethyl-
methacrylate-phosphate (HEMA-P), 15 wt% deionized water, 30 wt%
absolute ethanol and 1.5 wt% photoinitiation system. The photo-
sensitive molecule used was camphoroquinone (CQ, 0.5 wt%). The
ethyl 4- dimethylaminebenzoate (EDAB, 1 wt%). An etch-and-rinse
adhesive (ERA) resin was prepared by mixing 20wt% UDMA, 10wt%
bisphenol-A-glycidyl-dimethacrylate (BisGMA), 20 wt% HEMA or
GDMA, 10wt% deionized water, 40 wt% absolute ethanol and 1.5 wt%
photoinitiation system (0.5 wt% CQ and 1wt% EDAB).

2.2. Water sorption and solubility test

Water sorption and solubility tests were based on the 4049 ISO
standard, except for specimen's dimensions (8.0 mm diameter x 1.0 mm
thickness). Specimens were created with standardized silicone molds
and were individually light-cured by the LED unit DB85 (Dabi Atlante,
Ribeirão Preto, Brazil) with 1100mW/cm2 irradiance 40 s. After 24 h,
the specimens were placed in a desiccator device containing silica gel
and stored at 37 °C under vacuum. The specimens were repeatedly
weighed on an analytical balance± 0,0001 g (Metter-Toledo AG285,
São Paulo, Brazil) every 24 h, until a constant mass in which variation
was less than 0.2mg within a 24 h period (m1) was obtained (Chimeli

et al., 2014). The thickness and diameter of the specimens were mea-
sured at three different points to the nearest 0.01mm using a digital
caliper, and these measurements were used to calculate the volume (V)
of each specimen (in mm3). Specimens were then individually placed in
test tubes (Eppendorf vials) containing 1.5mL of distilled water (pH
7.2) at 37 °C for 7 days. Afterwards, the tubes were removed from the
incubator and left to equilibrate at room temperature for 30min. The
specimens were gently wiped with a soft absorbent paper, weighed in
an analytical balance (m2). Further, the specimens were dried inside a
desiccator containing fresh silica gel and weighed daily until a constant
mass (m3) was obtained (as previously described). The initial mass
determined after the first desiccation process (m1) was used to calculate
the mass change after each fixed-time interval of the 7 days of storage.
Changes in mass were plotted to obtain the water sorption and solu-
bility. The water sorption (Wsp) and solubility (Wsl) over 7 days of
water storage were calculated (µg/mm3) by means of the following
formulae [10]:

= −Wsp m m
V

2 3

= −Wsl m m
V

1 3

Where, m1 refers to the initial dry constant mass (mg) prior to im-
mersion in water; m2 is ascribed to the mass (mg) after water immer-
sion at various time periods; m3 is the mass (mg) after final drying the
specimens, and V refers to the specimen volume (mm3) (Argolo et al.,
2015). Data were analyzed by two-way ANOVA and Tukey's post-hoc
test (p < 0.05).

2.3. Flexural modulus

Bar-shaped specimens (n=8) of each experimental adhesive were
created using silicone molds (0.5 mm thickness, 7 mm length and 2mm
width). The assessment was realized following a protocol similar to that
of Loguercio et al. (2009). The resins were poured into the molds
without solvent evaporation and gently air-blasted for 20 s. A polyester
strip covered the resins and the light-activation was undertaken using
DB85 LED curing unit (Dabi Atlante) with 1100mW/cm2 irradiance
was realized for 40 s with the light tip in contact with strip (on the top
of the specimen). The light tip diameter was 10mm; therefore, it cov-
ered the entire specimen allowing a single light-activation for each
specimen. Specimens were carefully removed from the molds and
stored in a dark environment with 100% relative humidity for 24 h.
Specimens were tested on three-point bending set-up (5mm span

Fig. 1. Experimental design of the study. A- Chemical structures
of hydroxyethyl-methacrylate (HEMA, left) and glycerol-di-
methacrylate (GDMA, right). B- Schematic division of groups
tested in microtensile bond strength evaluation, where ERA (etch-
and-rinse adhesive) and SEA (self-etch adhesive) were experi-
mentally formulated. 6-SPP means 6 months of simulated pulpal
pressure. C- Schematic drawing of specimens’ preparation under
simulated pulpal pressure regimen to induce aging of bonded
teeth under 20 cm H20 hydrostatic pressure.
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between supports) in a universal testing machine (Instron 4484; Instron
Inc., Canton, USA), with a 500 N load cell at 0.5mm/min crosshead
speed. Load-displacement curves were converted to stress-strain curves.
Width and thickness of the specimens were measured and the elastic
modulus was calculated at 10% strain. The exact cross-sectional area of
each tested specimen was measured before testing using a digital ca-
liper. The data were transformed to MPa. The results were statistically
analyzed using two-way ANOVA and Tukey's test (p < 0.05).

2.4. Degree of conversion (DC)

Micro-Raman spectroscopy analysis was used to assess the degree of
conversion of adhesives 10min after light-curing. The micro-Raman
spectrophotometer (Xplora, Horiba JobinYvon, Paris, France) was
firstly calibrated using a silicon standard sample supplied by the
manufacturer. HeNe laser with 3.2mW power and 532 nm wavelength
was employed with 1.5 µm spatial resolution, 2.5 cm−1 spectral re-
solution associated with 10×magnification lens (Olympus, London,
UK). The degree of conversion was calculated based in a previous in-
vestigation [13] by means of the formula:

⎜ ⎟= ⎛
⎝

− ⎞
⎠

DC% 1 R
R

x100cured

uncured

Where R is the ratio between the heights of 1639 cm−1 and 1609 cm−1

peaks of uncured and light-cured material. Three readings were un-
dertaken on the top surface of each specimen (Miletic and Santini,
2012). The results were statistically analyzed using two-way ANOVA
and Tukey's test (p < 0.05).

2.5. Microtensile bond strength (µTBS)

Extracted human third molars were used after approval of the
Institutional Ethics Committee (protocol 127/2011) and stored in 0.5%
thymol/water solution at 4 °C for no longer than four months. Deep
dentin specimens with remaining dentin thickness of approximately
0.9 mm [14] were obtained by removing the roots 2mm beneath ce-
mento-enamel junction (CEJ) and the occlusal crown 2mm above CEJ
using a slow-speed water-cooled diamond saw (Isomet 1000; Buehler,
Lake Bluff, IL, USA). The pulpal tissue was removed with small tweezers
without scratching the pre-dentin surface along the walls of the pulpal
chamber. The dentin surface of each specimen was wet-abraded with a
#600 SiC paper for 60 s to create a standard smear-layer. The speci-
mens were thoroughly rinsed using deionised water (5 s) and im-
mediately bonded with the tested experimental adhesives. They were
actively applied for 30 s, gently air-dried and light-cured for 40 s using
the DB85 unit (1100mW/cm2). For etch-and-rinse adhesives, this was
conducted after 15 s 35% phosphoric acid etching (Condac, FGM,
Joinville, Brazil). TPH Spectrum (Dentsply Caulk, USA) composite was
used for build-ups.

Subsequent to the restorative procedures, the specimens of each
group were divided into two subgroups based on the aging protocol
(Fig. 1B):

1) Control: immersion in deionized water for 24 h (37 °C) and subse-
quently sectioned into sticks;

2) Simulated pulpal pressure (SPP): submitted to 20 cm H2O of simu-
lated pulpal pressure (Fig. 1C) immersed in H2O for 6 months
(37 °C) and finally sectioned into sticks (Feitosa et al., 2012a);

Resin-bonded teeth were sectioned in small resin–dentin sticks
(0.9× 0.9mm) suitable for the µTBS. The sticks from the most per-
ipheral zone presenting residual enamel were excluded. The exact
cross-sectional area of each tested stick was measured with a digital
calliper. The sticks were glued to a jig with a cyanoacrylate gel (Super
Bonder gel; Loctite Henkel, Rocky Hill, CT, USA) and tested in universal

testing machine (DL 2000, EMIC, São José dos Pinhais, Brazil) with a
500-N load cell and 0.5mm/min cross-head speed. The µTBS results
were calculated and expressed in MPa. The value (MPa) attained from
the sticks of the same resin-bonded tooth were averaged and the mean
bond strength was used as one unit for statistical analysis. Ten resin-
bonded teeth (n=10) were evaluated for each condition. Subsequent
to the µTBS testing, the mode of failure of each single fractured stick
was determined using a stereomicroscope at x100 (Olympus Sz 40–50;
Tokyo, Japan). The fractures were classified as adhesive, mixed, co-
hesive in composite or cohesive in dentine. The µTBS data were sta-
tistically analyzed using two-way ANOVA (adhesive and aging period)
and Tukey's test at α=5%.

2.6. Nanoleakage evaluation

Two central sticks were selected from each teeth of each subgroup
(n= 10) and processed for nanoleakage assessment as previously de-
scribed (Feitosa et al., 2012b). In brief, bonded sticks were immersed in
50 wt% ammoniacal silver nitrate [Ag(NH3)2]NO3 (aq) solution in total
darkness for 24 h. Subsequently, the specimens were rinsed in H2O to
remove the excess silver nitrate and then immersed in a photo-devel-
oping solution for 8 h under fluorescent light (60 cm from the speci-
mens) to reduce silver ions into metallic silver grains along the re-
sin–dentin interface. The silver-impregnated sticks were embedded in
epoxy resin and wet-polished using #600, #1200, #2000 SiC papers
and diamond pastes (Buehler) 3, 1, and 0.25 µm. The specimens were
ultrasonically cleaned for 20min after each abrasive/polishing step.
Finally, they were air-dried, dehydrated for 48 h, coated with carbon
and observed using a SEM (Inspect 50; FEI, Amsterdam, Netherlands) in
backscattered electron mode for proper evaluation of silver impregna-
tion along the interfaces.

3. Results

The water sorption of SEA-HEMA (332.6 ± 99.6 µg/mm3) and
SEA-GDMA (369.1 ± 99.5 µg/mm3) were not different (p= 0.848)
and statistically higher than that of ERA-GDMA (150.2 ± 47.6 µg/
mm3). Similarly, the solubility of ERA-GDMA (8.9 ± 14.5 µg/mm3)
was significantly lower than that of SEA-HEMA (99.0 ± 67.6 µg/
mm3). No further significant differences were found in this experiment.
The spreading of results of water sorption and solubility is found in
Fig. 2A. Outcomes of flexural test are presented in Fig. 2B. Higher
elastic moduli were found for ERA-GDMA (22.4 ± 8MPa) and SEA-
GDMA (17.1 ± 14.4MPa), which were statistically higher than SEA-
HEMA (0.41 ± 0.1MPa), but similar between them (p=0.80). ERA-
HEMA achieved intermediate results. The degree of conversion of ERA-
GDMA (86.2 ± 6.4%) and SEA-GDMA (84.2 ± 3.7%) were sig-
nificantly similar (p=0.984) and statistically higher (Fig. 3) than ERA-
HEMA (66.4 ± 10.3%). Again, ERA-HEMA obtained intermediary re-
sults.

Higher initial bond strength was attained with ERA-GDMA
(29.2 ± 15.8MPa) which was statistically higher than SEA-GDMA and
ERA-HEMA (Fig. 4). However, after 6-month simulated pulpal pressure,
all experimental bonding agents dropped significantly (p < 0.05) the
bond strength, except SEA-GDMA (p=0.744). The fracture mode of
sticks was predominantly adhesive for all groups. Fig. 5 depicts the
nanoleakage of resin-dentin specimens after aging. Specimens created
using ERA-GDMA (Fig. 5A) and SEA-GDMA (Fig. 5B) provided low
silver infiltration and overall tight interface. Conversely, ERA-HEMA
(Fig. 5C) and SEA-HEMA (Fig. 5D) depicted intense presence of gaps
and silver nanoleakage.

4. Discussion

Both study hypothesis needs to be rejected, once GDMA improved
physicochemical properties as well as dentin bonding stability of self-
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etch strategy. Herein, four experimental simplified adhesives were
employed, two etch-and-rinse and two self-etch, with equal composi-
tion apart from the presence of HEMA or GDMA in same concentra-
tions. All further components, acidic functional monomer, hydrophobic
dimethacrylates and initiators (Van Landuyt et al., 2007), were in-
cluded in standardized concentration in order to assess solely the in-
fluence of GDMA in comparison to HEMA on the selected

physicochemical properties and bonding ability to dentin.
HEMA is a relatively hydrophilic monomer frequently added to

dental adhesives (Van Dijken, 2013), as it works ensuring optimal
wetting of dentin surface and contributing as a solvent (Barbosa et al.,
2014). Therefore, it improves the stability of adhesive solution con-
taining hydrophobic and hydrophilic compounds (Van Landuyt et al.,
2007), especially in the presence of water (Rodrigues et al., 2015).
Furthermore, HEMA facilitates the infiltration of adhesive resin around
partially demineralized collagen fibrils (Van Landuyt et al., 2008).
Major drawback of such monomer is that, upon polymerization, only
linear polymer chains are constructed because it is a mono-methacry-
late, and its hydrophilic nature increases the water uptake. Altogether,
these properties increase the degradation of adhesive interface (Van
Landuyt et al., 2008; Rodrigues et al., 2015).

The proposal of the present investigation was to study the perfor-
mance of simplified dental adhesives without the presence of HEMA,
but rather containing another hydrophilic monomer with similar che-
mical characteristics. GDMA (MW 228.24 g/mol) was the monomer of
choice because it is a low molecular weight hydrophilic monomer like
HEMA (MW 113.14 g/mol), but possesses two methacrylate function-
alities along with one hydroxyl unit (Fig. 1A). Overall, present out-
comes have demonstrated several improvements of GDMA on physi-
cochemical properties. Higher water sorption and solubility were
attained with self-etch adhesives. A suitable explanation for this is the
presence of hydrophilic acidic functional monomer in composition,
which increases the hydrophilicity of these adhesives (Ito et al., 2010).

Fig. 2. Results of water sorption and solubility (µg/mm3) in A and flexural modulus (MPa) in B. Different capital letters indicate significant (p < 0.05) differences in water sorption (A)
and flexural modulus (B). Different small case letters depict statistical differences (p < 0.05) in solubility.

Fig. 3. Degree of conversion outcomes (%). Different letters represent significant differ-
ence between groups (p < 0.05).
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The use of GDMA in the model etch-and-rinse adhesive achieved lowest
water sorption and solubility, likely thanks to the additional polymer
crosslinks provided by the dimethacrylate nature of GDMA, which
might create stable polymer mesh with reduced hydrolysis likelihood
(Dailing et al., 2014).

Further evidence demonstrating the crosslinking ability of GDMA in
adhesive resins was the outcome of three-point bending test. Both ex-
perimental adhesives containing GDMA obtained high elastic modulus
(Fig. 2B), with statistical significance difference for the self-etch ones.
Indeed, SEA-HEMA tends to form linear polymeric chains, with few

crosslinks, reducing the rigidity and elastic modulus of final resin (Van
Landuyt et al., 2007). Moreover, the presence of two methacrylate
functionalities in GDMA ameliorated the degree of conversion of etch-
and-rinse adhesive. Moreover, GDMA might undergo cyclization due to
the formation of primary cycles by the pendant vinylic double bonds.
More methacrylate groups yield in higher double bonds to be broken
and transformed in free radicals, thus, more monomers are prone to be
included in the chain reaction. Further important issue to be considered
is the longer spacer chain of GDMA in comparison to HEMA. This has
been demonstrated to improve the mobility of monomers during

Fig. 4. Results of microtensile bond strength test (MPa). Different
capital letters indicate significant (p < 0.05) differences among
immediate groups whilst different small case letters depict sta-
tistical differences (p < 0.05) among groups submitted to aging
under simulated pulpal pressure for 6 months. The horizontal bar
represents statistical similarity between before and after aging
within the same adhesive (p > 0.05).

Fig. 5. Micrographs from SEM depicting common features of nanoleakage after simulated pulpal pressure for ERA-GDMA (A), SEA-GDMA (B), ERA-HEMA (C) e SEA-HEMA (D). Higher
silver uptake (arrows) was found in the hybrid layer of ERA-GDMA (A), SEA-GDMA (B) and SEA-HEMA (D) with the presence of water tress in the interface of self-etch adhesives (pointers
in B and D). However, the degradation attained noteworthy gaps (asterisks) in adhesives containing HEMA (Figs. B and D). Co- composite; Ad- adhesive layer; Hy- hybrid layer; De-
dentin.
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polymerization without altering the final degree of conversion
(Gajewski et al., 2012). Therefore, one may speculate that for self-etch
adhesives, the lack of statistical difference between HEMA and GDMA
does not mean necessarily that both polymers possess similar degree of
crosslinking (Coessens et al., 2001).

Apart from the physicochemical properties, a strikingly important
feature for dental adhesives is the initial bond strength achieved, and
more relevant is the stability of the bond strength after aging. All pre-
sent bond strength values were in an acceptable (higher than 5MPa
according to ISO 11405:2015) range to induce adequate bonding for
resin composite restorations. An important outcome to highlight con-
cerning the µTBS test is the higher initial bond strength of ERA-GDMA
than ERA-HEMA. These results may likely be related to optimal wetting
ability of GDMA, adequate penetration in demineralized collagen mesh
and improved polymerization crosslinking, the latter is difficult to at-
tain in water-wet environment (Dailing et al., 2014).

Some investigations (Takahashi et al., 2013; Chiba et al., 2016)
showed that HEMA and TEGDMA (MW 286.0 g/mol) are able to pe-
netrate in spaces around collagen fibrils due to their small chemical
structure. Therefore, GDMA might also have an optimal infiltration
capacity, once its molecular weight is lower than that of TEGDMA.
Besides, the presence of GDMA in the self-etch adhesive has engaged
dentin bonding stability for this system. With etch-and-rinse adhesives,
reduction on bond strength was already expected (Tjäderhane et al.,
2013; Tezvergil-Mutluay et al., 2015) due to the rapid collagen de-
gradation and water seepage in hybrid layer (Fig. 5A). As SEAs expose
less collagen fibrils than ERAs (Tezvergil-Mutluay et al., 2015; Sarr
et al., 2010), the former tend to resist more to degradation than the
latter (Tezvergil-Mutluay et al., 2015).

In the present study, only SEA containing GDMA maintained the
bond strength after 6 months of simulated pulpal pressure. This high-
lights the protection of hybrid layer provided by GDMA, confirmed by
the low silver uptake in Fig. 5B. It is hypothesized that bond strength
reduction of HEMA-containing SEA after 6 months might be related to
the highly hydrophilic characteristic of HEMA and HEMA-phosphate
(acidic functional monomer), both creating linear polymers which are
more prone to degradation (Zanchi et al., 2013) and water uptake.
Indeed, this explains the formation of water channels (water trees) in
hybrid layer (Fig. 5D) (Ito et al., 2010). Yet, the presence of HEMA
negatively interferes on the adhesion-decalcification process of self-etch
adhesives (Yoshida et al., 2012), reducing the formation of ionic in-
teractions with hydroxyapatite and increasing the nanoleakage
(Yoshida et al., 2012). Nevertheless, the mechanism of nanolayering
reinforcement of resin-dentin bond durability was recently questioned
(Tian et al., 2016) which may turn such hypothesis uncertain.

Particularly for self-etch adhesive containing HEMA, the high de-
gree of conversion did not result in high stiffness as demonstrated in
Young's modulus assessment. This indicates the formation of linear
polymers which are more likely to plasticization, water seepage and
degradation, as evidenced in microtensile bond strength outcomes
(Fig. 4).

In a recent investigation, Mahdan et al. (2013) concluded that
commercial HEMA-free adhesives attained bond strength reduction
after simulated pulpal pressure, but none of the tested adhesives had
GDMA in composition as a substitute for HEMA. Some studies (Zanchi
et al., 2013, 2011) already showed satisfactory bond strength outcomes
replacing HEMA by surfactant dimethacrylate monomers, such as PEG
400 UDMA. However, none of these surfactant monomers are too small
to properly infiltrate the intrafibrillar spaces of collagen in hybrid layer
(Chiba et al., 2016). Conversely, GDMA formed tight interface in both
adhesive strategies (Fig. 5), providing adequate polymerization (Fig. 3)
and bonding resistance to aging.

5. Conclusion

In conclusion, within the limitations of this investigation, GDMA has

the potential to replace HEMA as a diluent monomer in etch-and-rinse
and self-etch simplified adhesives. With GDMA, better physicochemical
properties are attained and stability of dentin bond is accomplished for
self-etch adhesive.
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