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ABSTRACT

Effect of the hydrophilicity of dentin adhesives a bond

strength after aging in water

Dong-Hwa Lee

Department of Dental Science

The Graduate School Yonsei University

(Directed by Professor Kyoung-Nam Kim)

Purpose: The objective of this study was to evaluate tHeatfof the hydrophilicity of

dentin adhesives on bond strength after agingstilldd water.

Materials and Methods: Twenty 7x7x5mm composite resin blocks of Renewewe

prepared and polished to sandpaper and the bonsimtaces were treated with
sandblasting. Five different adhesives were appdiedhe treated surfaces and covered
with another composite resin and were divided five groups (Group 1-5) according to
the hydrophilicity of each adhesive. The composidaiposite blocks were cut with a

diamond saw machine producing sticks (n=550). Tamrol specimens were randomly



selected from each group for baseline UTS evaloatithe UTS of the experimental

specimens were measured after 1, 2, 3, 4 and 5vwededging in water. The UTS of each
group at different storage periods in water weralymed using the Friedman multiple

ANOVA on ranks and Dunn's multiple comparison tett85% confidence level.

Results: Significant reduction (p<0.01) in UTS was obseruedsroup 3, 4 and 5 after

five weeks storage in water, while the relativeyyltophobic adhesive group (Group 1 and
2 ) showed no significant change (p>0.05) in thees@eriod. The percentage reduction in

UTS increased with the hydrophilicity of the adiesi

Conclusion: The bond strengths of the hydrophilic dentin esilies markedly reduced
after aging in water for 5 weeks. It can be assumthed the durability of resin-dentin

bonds may be affected by the hydrophilicity of dtemidhesives.

Key words: dentin adhesive, hydrophilicity, ultimate temsstrength, bond strength,

composite resin
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I . INTRODUCTION

In order to simplify the bonding procedure, sel/siiagle bottle primer-adhesive systems
have recently been introduced. Early generatidrdentin adhesives could not penetrate
through smear layers because they were relativgtyrophobic. The bond strengths
between dentin and material were very low. To nthkeadhesives to wet the dentin, the
manufacturers reformulated the adhesives by addirgydroxyethyl methacrylate
(HEMA). As a result, the adhesives became moreadontewith moisture. This moisture
tolerance led the introduction of the "total-etancept” (simultaneous etching of enamel
and dentin) (Fusayama et al., 1979).

With the advent of contemporary self-etching a&ilfes, greater concentrations of acidic
(ionic) resin monomers were incorporated into tliesives to enable them to etch
through the smear layer and demineralize the uyidegrintact dentin (Van Meerbeek et
al., 2003; Perdigo, 2002; Tay et al., 2002). Theoiporation of hydrophilic and acidic
resin monomers has substantially improved theainitonding of contemporary total-etch
and self-etching adhesives. However, there are gmutential problems associated with
these increasingly hydrophilic adhesives.

This hydrophilic and acidic nature of the cuesthesive layer introduces new issues of
permeability and adhesion compatibility. One resieahas shown that some of the
two-step and all of the one (single)-step adhesas@s not compatible with self-cured
composite materials because the acidic monometkeroxygen-inhibited layer on the
adhesives effectively neutralize the self-cure megm (Swift et al., 2001). Another
research also shows that some adhesives, namelysomge)-step and some two-step
adhesives, act as a permeable membrane that cendatgr from the underlying dentin
(Ittahagarun et al., 2004). This property leadeéak adhesive-composite interfaces when

the cure of subsequent restorative materials isyddl Such a delay occurs when
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self-cured and dual-cured cements and composieessad. This weak interface can lead
to immediate restorative failure. The long-term cass of restorations using these
semi-permeable adhesives may also be adversebtedfeue to water sorption within the
adhesive layer.

Hashimoto et al. (2002) reported that there thasdegradation of resin composite and
the depletion of collagen fibrils among the specimeaged in an oral environment
(Hashimoto et al., 2002). De Munck et al. (20030ateported that direct exposure of
total-etch adhesives to water for 4 years affettendds produced by two-step total-etch
adhesives (De Munck et al., 2003).

The long-term effects of the hydrophilic compotseof dentin adhesives on water
sorption and the subsequent changes in mechanipéies of the composite resin are
not fully elucidated. It has been speculated that permeability of polymerized dentin
adhesives may be related to their hydrophilicityri®w et al., 1999), and that hydrophilic
dentin adhesives will produce lower mechanical ngjtie after aging in water when
compared with relatively hydrophobic adhesives.

The objective of this study was to investigthe influence of the hydrophilicity of
dentin adhesives on degradation after their integavere exposed to water. Hypothesis
tested was that there is no difference in degradativertime in accordance with the

hydrophilicity of dentin adhesive.
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Il. MATERIALS AND METHODS

Five experimental dentin adhesives with differer@gres of hydrophilicity were
formulated for this study (Group 1-5). Their comitioss and respective Hoy's solubility
parameters are shown in Table 1. The hydrophilat ianic monomers that are used for

increasing the hydrophilicity in Group 3, 4 andré ahown in Figure 1.
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Table 1. Composition and Hoy's solubility parameters @ five adhesives

Hovy's solubility parameter(J/cm)1/2

Composition Wt % &d 5p Sh 5t
Group 1 Bis-GMA-E 70.00
TEGDMA 28.75 14.8 9.8 6.9 19.1
cQ 0.25
EDMAB 1.00
Group 2 Bis-GMA 70.00
TEGDMA 28.75 13.9 12.0 10.3 20.9
cQ 0.25
EDMAB 1.00
Group 3 Bis-GMA 70.00
HEMA 28.75 13.9 126 12.2 22.3
cQ 0.25
EDMAB 1.00
Group 4 Bis-GMA 40.00
HEMA 28.75
TCDM 30.00 13.6 12.6 11.3  21.9
cQ 0.25
DMABA 1.00
Group 5 Bis-GMA 40.00
HEMA 28.75
2MP 30.00 13.9 12.9 12.9 23.0
cQ 0.25
EDMAB 1.00

Abbreviations

2MP: Bis[2-(methacryloyloxy)ethyl] phosphate

Bis-GMA: bisphenol A diglycidyl ether dimethacryat

Bis-GMA-E: ethoxylated bisphenol A diglycidyl ethdimethacrylate

CQ: camphorquinone

EDMAB: ethyl N,N-dimethyl-4-aminobenzoate
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HEMA: 2-hydroxylethyl methacrylate

DMABA: dimethylaminobenzoic acid

TEGDMA: triethylene-glycol dimethacrylate

TCDM: di(hydroxyethylmethacrylate) ester of
5-(2,5-dioxotetrahydrofurfuryl)-3-methyl-3-cyclohexe-1,2-dicarboxylic anhydride

6d: dispersion component

6p: polar component

6h: hydrogen bonding component

Ot: total cohesive energy density value
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Fig. 1. HEMA, TCDM, and 2MP.
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Hoy's Solubility Parameter (Hoy, 1970)

The solubility parameter is a numerical valuet thradicates the relative solvency
behavior of a specific solvent. It is derived frothe cohesive energy density of
the solvent, which in turn is derived from the heaft vaporization. What this
means will be clarified when we understand the ti@iahip between vaporization,
van der Waals forces, and solubility parameter.1886, Joel H. Helderbrand (who
laid the foundation for solubility theory in hisaskic work on the solubility of
nonelectrolytes in 1916) proposed the square rdathe cohesive energy density as

a numerical value in indicating the solvency bebewf a specific solvent.

- e e

The Hoy's Solubility Parameter method is one tbé best and the fastest
methods to predict whether an organic material @ngmatible with another (or
soluble in) organic material (solvent, polymer...).

The method is essentially a group contributioathrad: for each chemical group
in the molecule, contributions are added to theltoThe Hoy solubility Parameter
method is special as it allows to "correct" forustural features like: cis, trans
(around double bonds), ortho-, meta-, para-sulbisiitu (aromatics), braching
(isopropyl, t-butyl) conjugation of double bondspdarings. The Hoy method for

the prediction of the Solubility Parameter is based three different contributions:
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® A dispersive contributiondd): i.e. all non-polar contributions

® A Polar contribution §p): polar contributions

® A hydrogen bond contributionSk): only present when the molecule can form
hydrogen bonds. Each of this can be regarded asctorvin three-dimensional
space, so the total solubility parameiéx(is defined by:

57 = 6d®° + 5p° + Sh?

Values for each of these parameters for a particular solvent or solute can be
obtained from various literature sources. For organic chemicals not having reported
parameters, methods are available in the literature for calculating or estimating the
parameters.

This flexibility in using solvent blends to match solubility parameters comes with a
price, however. If one was to calculate the optimal blend parameters of a
3-component solvent mixture for each unique combination from a database of, say,
500 "pure’ chemical solvents, more than 20 million possible combinations would result.

Such an evaluation would clearly require the use of a high-speed computer.
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Composite block preparation

Twenty 7x7x5 mm composite blocks were fabricateith Renew(universal hybrid
composite, BISCO Inc., Schaumburg, IL, USA). Thenposite resins were packed into
the mold and light-cured at 500 mM/for 80 seconds on each side. After air-drying, the
bonding surfaces of composite block were machitesdfdér surface standardization with
No. 600 grit silicon-carbide abrasive paper (Wetpshndpaper, 3M, St. Paul, MN, USA)
in figure-eight motion under continuous coolant evairrigation, washed in water and
dried with oil-free compressed air. The flattenenface of each composite block was
sand-blasted with 5am aluminum oxide particles for 5 seconds at a digtasfc10 mm
with a sandblasting device (Microcab Danville Eregring Inc., San Ramon, CA, USA),
operating at 35 psi. The blocks were rinsed ameddwrith oil-free compressed air for 30
seconds.

Then twenty blocks were divided into five grouf@Sroup 1-5). The five different
adhesives were applied to the prepared surfaceacti group of composite block and
light-cured at 500 mWii for 20 seconds. Following the adhesive applicattmmposite
resin (Renew, universal hybrid composite, BISCO.,Irechaumburg, IL, USA) was
placed on the prepared resin surfaces in three 2ok layers and each layer was light
cured for 40 seconds. Each composite-compositekbias attached to an acrylic resin
base with sticky wax (Kerr, MI, USA).

The composite-composite block was then mountedai slow-speed sectioning
saw(lsomet 1000, Buehler, Lake Forest, IL) regddtecut 0.9 mm wide slices with a 0.3
mm diamond-disc under running water(Fig. 2). Ting tuts through the composite block
produced six slabs of approximately 0.9 mm width. sAcond set of cuts made
perpendicular to the first cuts converted the slaiis 36 bars (bar shaped testing

specimens) approximately 0.9 mm x 0.9 mm in trarssveross section (Fig. 3).
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Fig. 3. Schematic illustration of specimen preparén for microtensile test.
(A) composite block; (B) composite-composite blockC) the first cut slice
pempendicular to the adhesive surface; (D) secorwlit, perpendicular (90 degree)

to first cut; (E) bar specimens
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Ultimate tensile strength(UTS) evaluation

Ten control specimens were randomly selected femoh group for baseline UTS
evaluation. Each bar specimen was glued on thgatesdf the Bisco Micro Tensile Tester
(MTT, Fig. 4) with cyanoacrylate adhesive (Zapigrial Ventures of America, Corona,
CA). Specimens were glued as parallel as possitileet direction of the test block keys to
avoid the bending forces (Fig. 5). Then the speosnwere subjected to tensile forces
until failure at a crosshead speed of 0.5 mm/mig. (). The dimension of each specimen
was measured using a digital caliper (Model CD-6BM&utoyo, Tokyo, Japan). The
rupture force was gauged in kgs and then dividedhlytransverse section area of each
sample. The UTS of each specimen was calculateé@gméssed in MegaPascals(MPa).

The 100 specimens from each group were randdnalgied into two groups of 50, for
aging in water, and 50 for aging in air as a cdntro

All specimens of test group were then storesgeialed vials containing either 20 mL of
unchanged distilled water at 37, in which 1% sodium azide was added to prevent
bacterial growth.

At specific time intervals of 1, 2, 3, 4 and Bels, 10 specimens of test group and 10
specimens of control group were randomly removenhfwater for UTS evaluation.

The dimensions of each tested bars were alsesures using a digital caliper (Model
CD-6BS, Mitutoyo, Tokyo, Japan) and the bond sw@farea of the specimen calculated;

this surface area was used to calculate the boedgih.

UTS (MPa) = Max. rupture Force (N) / surface arkeross sectionng®)
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Fig. 4. Bisco Microtensile Tester.

Fig. 5. The specimen placed on the test block key.

_23_



Fig. 6. The specimen at the point of UTS.
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Statistical analysis

The collected data were analyzed using a statissoftware package (Sigmastat
Version 2.03, SPSS, Chicago, IL, USA). The UTS attegroup of dentin adhesive at
different storage periods in water or air were wred using the Friedman multiple

ANOVA on ranks and Dunn's multiple comparison tegth statistical significant set at p

= 0.05.
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ll. RESULTS

The mean UTS and standard deviations of thedamin adhesives after aging in water
or air over a 5-week period are presented in Tablesnd 3, respectively. The baseline
UTS for the five dentin adhesives ranged from 578(to 67.3(9.3) MPa. Friedman
multiple ANOVA and Dunn's multiple comparison tesevealed significant reduction
(p<0.01) in UTS in Groups 3 (33.4 %), 4 (31.5 %) &(46.2 %) dentin adhesives after
5-week storage in water. Two-week aging in watarsed a drastic decrease in UTS of
Group 3, 4 and 5 with no further significant redoictin UTS thereafter (Fig. 7).
Conversely, the more hydrophobic Group 1 and 2idemihesives did not show any
significant change (p>0.05) in UTS over the 5-weekiod. Variation in the percentage
reduction in UTS of the five dentin adhesives afterage in water for a 5-week period is
shown in Fig. 9. Generally, the percentage redoctio UTS increased with the
hydrophilicity of the dentin adhesives. Converselfter 5-week of aging in air, the UTS
were preserved (p>0.05) in all groups. (Fig. 8 4dd
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Table 2. Ultimate tensile strengths (MPa) of the five derithesives after aging in water

Group 1 Group 2 Group 3 Group 4 Group b5

24h 57.3(7.8)  67.3(9.3) 62.4(8.7) 61.8(10.2) 61.1(11.0)

1 week 60.2 (6.5) 57.3(9.4) 46.6(5.8) 42.0(8.4)  32.0(6.3)
2 weeks 63.0(7.7)  53.4(7.2) 43.6(8.0) 32.1(56.9)  31.5(8.5)
3 weeks  60.6(8.6) 69.4(10.2) 53.3(6.3) 40.4(7.2)  35.2(6.2)
4 weeks  55.4(8.4) 53.3(8.0) 48.6(4.5) 44.5(12.3) 38.7(10.4)
5 weeks 61.8(11.1) 65.0(6.5) 41.5(8.5) 42.3(10.3)  32.8(8.0)

Data represents means (standard deviation). Data in each column (i.e.

ultimate tensile strengths of each group of dentin adhesive at different aging

periods in water) were analyzed using Friedman multiple ANOVA on ranks

and Dunn’s multiple comparison tests. For each column, values that are

indicated by the same superscripts are not statistically significant (P>0.05)
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Table 3. Ultimate tensile strength (MPa) of the five dergithesives after aging in air

Group 1 Group 2 Group 3 Group 4 Group 5
24 h 57.3(7.8) 67.3(9.3) 62.4(8.7) 61.8(10.2) 61.1(11.0)
1 week 59.6(5.8) 72.4(7.0) 65.8(9.4) 68.4(7.3) 62.1(11.3)
2 weeks 62.8(6.0) 85.1(4.3) 68.8(12.2) 70.3(9.4) 64.7(9.2)
3 weeks 66.7(7.7)  73.3(9.7) 78.5(8.2) 71.7(7.2) 69.4(8.8)
4 weeks 70.5(7.0)  75.2(10.2) 83.7(11.3) 66.9(6.7) 72.3(7.3)
5 weeks 65.8 (8.7) 70.0(6.8)  76.3(12.1) 58.5(6.5) 64.3(7.4)

Data represents means (standard deviation). Data in each column (.e.

ultimate tensile strengths of each group of dentin adhesive at different aging

periods in water) were analyzed using Friedman multiple ANOVA on ranks

and Dunn’s multiple comparison tests. For each column, values that are

indicated by the same superscripts are not statistically significant (P>0.05)
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Fig. 7. The change in UTS of five dentin adhesivester storage in water for 5 weeks.
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Group 5 : Bis-GMA + HEMA +2MP

Fig. 8. The change in UTS of five dentin adhesivester storage in air for 5 weeks.
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Fig. 9. Percentage reduction in UTS of the five déin adhesives after storage in water for

5 weeks.
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Fig. 10. Percentage reduction in UTS of the five dén adhesives after storage in air for 5

weeks.
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IV. DISCUSSION

It is known that air-drying of acid-etched dentiauses collapse of the collagen fibril
matrix and interferes with resin infiltration (Gwiett, 1994). Thus, the strength of
resin-dentin bonds was only half that of resin-eelabonds. The discovery that water or
water-HEMA primers could double the strength ofimetentin bonds led Kanca to
introduce the "wet bonding" technique (Kanka, 199%®)wever, this new technique raised
guestions about "how wet is wet dentin" (Tay et &B96; Pereira et al., 2001). The
optimal amount of surface wetness necessary forbseting varies among marketed
total-etch adhesive systems, which are acetonedbasthanol-based or water-based
(Asmussen et al.,, 2001; Perdigo et al., 2001). Aisis impossible to simultaneously
achieve uniform wetness on the axial, pulpal amgjigal walls because of differences in
hydraulic conductance between superficial and dksspin (Fogel et al., 1988; Tagami et
al., 1989; Ozok et al., 2002) and the presenceaoks-affected or sclerotic dentin in
which the dentinal tubules are partially or comglietobliterated by whitlockite crystals
(Daculsi et al., 1987; Yoshiyama et al., 1989; Seigh et al., 1992).

Another approach to decreasing the techniqusitbaty of wet bonding is to return to
dry bonding to smear layers, but using much morgli@omonomers dissolved in
water-HEMA primers. The materials used with thistmoel are known as self-etching
primer adhesives. These water containing adhesik@scidic enough to etch and prime
through thick smear layers and into the underlyirigct dentin (Tay et al., 2000). Those
with a pH between 1.9 and 2.4 incorporate the srfaaar into the hybrid layer if the
primers are not agitated during etching (Oliveitale 2002). If the primers are agitated,
the smear layer can be dissolved and dispersedthetdybrid layer and the overlying
adhesive.

All self-etching adhesives bond reasonably wellgtound enamel, there is a general
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consensus that the milder versions of these adéesio not etch well on unground,
aprismatic enamel where there is no resin tag foomaand little subsurface
demineralization for micromechanical retention (f#eg et al., 2001; Kanemura et al.,
1999; Perdigo et al., 2003).

To make self-etching primer systems even simpteanufacturers have recently
introduced single-step self-etching adhesives, wigich, prime and bond tooth surfaces
simultaneously. Some of these all-in-one adhedie®® been made more acidic and more
hydrophilic than the 2-step self-etching primerauiWeerbeek et al., 2003; Inoue, 2001).
One advantage of hydrophilic resin systems istthey attract water (Tanaka et al., 1999).
However, it is difficult to evaporate water frometie all-in-one adhesive resins. This
water sorption plasticize polymers and lowers tineéchanical properties (Bastoli et al.,
1990). Although hydrophobic dimethacrylates areeaida all-in-one adhesives to produce
stronger cross-linked polymer networks, the hydiapmonomers tend to cluster together
before polymerization to create hydrophilic domajB$iades et al., 2001; Spenser et al.,
2002) and microscopic water-filled channels call\edter-trees” (Tay et al., 2002; Ferrari
et al., 2003). These water trees permit movemenwvaier from the underlying dentin
through the hybrid and adhesive layers to the ad&&®mposite interfaces (Tay et al.,
2003).

Through the results of this study, it was fouhdttthe percentage reduction in UTS
increased with the hydrophilicity of the dentin adives after storage in water for a
5-week period. Water uptake in polymer networkatated to resin polarity and chain
topology (Soles et al., 2000; Soles at al., 208&sin polarity influences the number of
hydrogen bonding sites and the attraction betwikempolymer and water molecules, while
chain topology determines the spatial configuratidrthe molecular segments and the
availability of nanopores within the polymer stiuet.

In this study, Hoy's solubility parameter metheas used to predict the hydrophilicity
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of respective dentin adhesives. There are thredskof component in the solubility
parameter: dispersion component, hydrogen bondamgponent, and polar component.
Based on the result of this study, it was posssiplgculated that there was little corelation
between the hydrophilicity of dentin adhesives aedpersion component or hydrogen
bonding component of solubility parameter. Ratlilee, percentage reduction of the UTS
was closely related to the polar component of tilekslity parameter. It can be assumed
that the hydrophilicity of dentin adhesives is niaimfluenced by the polarity or acidity
of the dentin adhesives.

Group 1 dentin adhesive showed no significanhgbain mechanical behavior after 5
weeks aging in water, as Bis-GMA-E resin is a reédy hydrophobic. Group 2 Bis-GMA
resin is comparatively more hydrophilic than Bis-&M as it contains two-OH groups;
consequently a 20.6 % reduction in UTS was obseantethe end of 2-week aging in
water. When the diluent monomer triethyleneglycamethacrylate(TEGDMA) was
replaced by HEMA, the mechanical behavior of Gr8updhesive fell significantly (30.1
%) after 2-week of aging in water. This findingcisnsistent with the result of a previous
study, which showed a significant decrease in th&SUof an experimental
Bis-GMA-HEMA bonding resin, after only 24h of wateanmersion (Paul et al., 1999).
The UTS of the more hydrophilic Groups 4 (TCDM) aBd(2MP) adhesives, with
carboxyl and phosphate functional groups, fell eweore drastically to 50 % of the
24-hour value after 2-week aging in water.

Uptake of water into polymer matrix is contrdll®y the Fickian (Type I) diffusion
process (Braden et al., 1984; Mair, 1999; Hunt®&)3). The patterns of diffusion are
governed by either the 'free volume theory', inakihivater diffuses through nanopores
without any mutual relationship to the polar molesun the material, or the hydrophilic
groups (Bellenger et al., 1989). Absorbed watestexin two distinct forms: ‘unbound

water' that occupies the free volume between tlaénshand the nanopores created during
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polymerization (Sderholm, 1984); and 'bound wateat is attached to the polymer chains
via hydrogen bonding (Van Landingham et al., 1998)h the formation of primary and
secondary hydration shells around the hydrophiiid @mnic domains of the resin matrices
(zaikov et al.). The presence of these domainsrou@ 3, 4 and 5 resins facilitated water
uptake into the resin matrices as 'bound waters T similar to a recent study that
investigated the effect of a hydrophilic resin momew, 4-methacryloxyethyl trimellitic
anhydride (4-META) on water sorption in polymetmkthacryloxethyl (PMMA) (Swift
et al., 2001). In that study, the "interaction thydi.e., hydrogen bonding via polar sites)
was found to provide a more mechanism, when ingrgaoncentration of 4-META was
incorporated in the PMMA resin (Unemori et al., 3D0Phase separation of the
hydrophilic HEMA and hydrophobic domains in theinematrices may further open up
the polymer network, leading to more microvoid fation with increased uptake of 'free’
water (Eliades et al., 2001; Spenser, 2002). Wadggtion initially caused a softening of
the polymer resin component by swelling the netwamnkl reducing the frictional forces
between the polymer chains (Ferracane et al., 1998) absorbed moisture also acts as a
plasticizer, lowering the glass transition tempamat(Tg) of the cured resin. Water
sorption may eventually cause irreversible damamethe material be formation of
microcracks through repeated sorption/desorptioclesy (Musto et al., 2002). This is
followed by hydrolytic degradation of the polymeitlwscission of the ester linkages and
gradual deterioration of the infrastructure of prudymer over time. Once the polar sites in
the polymer network become saturated with watewjlibgium is reached between bound
and free sites, with no further reduction of UTS@tved in Group 2, 3, 4 and 5 resins
after the second week of aging in water. This agi¢ie other studies, which demonstrated
that water sorption in resin-based composite (Moetoal., 1994) and fiber-reinforced
composite (Vallitu, 2002) stabilized, within one mtle. The fact that the UTS of control

groups were constant or increases after aging stppe results of previous studies
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(Carrilho et al., in press).

As water storage caused a marked reductionertehsile strength of the hydrophilic
dentin adhesives after 5-week storage in waterhase to reject the hypothesis. The
results of this study clearly indicate that the foyatilicity of dentin adhesive is the prime
factor in determining the extent of water sorptitinis speculated that water sorption may
enhance plasticizing of the cured dentin adhesMese effort should be devoted over the

next decade to improving the quality of bondingasdo increase their longevity.
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V. CONCLUSIONS

Within the limits of the present study, the follogiresults were obtained:

1. The bond strength of hydrophilic dentin adhesiverkedly reduced
after aging in water.

2. The reduction in bond strength of the hydrophdientin adhesives
occurred mainly during two-week aging in water.

3. The percentage reduction in the bond strengtteased with the
hydrophilicity of the dentin adhesives, as meagdiby their Hoy's
solubility parameter for hydrogen bonding.

4. The bond strength of hydrophobic dentin adhasivas generally

maintained even after aging in water.

From these results, it can be concluded that exeebgdrophilicity of dentin adhesives

may compromise the durability of resin-dentin bands
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