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Purpose: To evaluate the influence of resin cements and aging on cuspal deflection, fracture resistance, and
mode of failure of endodontically treated teeth restored with composite resin inlays.

Materials and Methods: Seventy-two maxillary premolars were divided into 6 groups: 1: sound teeth as control
(C); 2: preparations without restoration (WR); 3: inlays luted with RelyX ARC (ARC); 4: inlays luted with RelyX
Unicem (RLXU); 5: inlays luted with Maxcem Elite (MCE); 6: inlays luted with SeT (ST). Groups 2 to 6 received
mesio-occlusal-distal preparations and endodontic treatment. Stone casts were made for groups 3 to 6. Com-
posite resin inlays were built over each cast and luted with the resin cements. A 200-N load was applied on the
occlusal aspect and the cuspal deflection was measured using a micrometer before and after 500,000 cycles of
fatigue loading (200 N; 500,000 cycles). The specimens were then submitted to an axial load until failure.

Results: The median cuspal deflection (um) and median fracture resistance (N) were calculated and statisti-
cally analyzed using Kruskal-Wallis and Mann-Whitney tests (p < 0.01). Values followed by the same letter rep-
resent no statistically significant difference. Cuspal deflection before cyclic loading: C = 3 um@; ARC = 4 pmab;
RLXU = 5 pmab; MCE = 21 pmP; ST = 51 pmbe; WR = 69 pme. Cuspal deflection after cyclic loading: ARC = 6 umg;
RLXU = 19 pmab; MCE = 33 pmP; ST = 62 pmP. Fracture resistance in N: C = 19022; ARC = 980P; RLXU = 670¢;
MCE = 533¢; ST = 601°; WR = 526¢. According to the Wilcoxon test, there was no statistical difference between
the cuspal deflection before and after cyclic loading only for ARC (p = 0.015). There was a predominance of recov-
ery fractures for the restored groups.

Conclusion: Composite resin inlays luted with RelyX ARC maintained cuspal deflection stability and showed

higher fracture resistance of the teeth than did inlays luted with the other cements tested.

Keywords: resin cements, cuspal deflection, fracture resistance.

J Adhes Dent 2013; 15: 561-568.
doi: 10.3290/j.jad.a29608

a MS Student, Department of Restorative Dentistry, School of Dentistry, Pontif-
ical Catholic University of Rio Grande do Sul, Brazil. Study design, performed
experiments, wrote manuscript.

b Adjunct Professor, Department of Dental Materials, School of Dentistry,
Uberaba University, Brazil. Reviewed manuscript.

¢ Adjunct Professor, Department of Restorative Dentistry, School of Dentistry,
Pontifical Catholic University of Rio Grande do Sul, Brazil. Contributed to ex-
perimental design.

d Adjunct Professor, Department of Restorative Dentistry, School of Dentistry,
Pontifical Catholic University of Rio Grande do Sul, Brazil. Statistical analy-
sis, co-wrote manuscript.

€ Adjunct Professor, Department of Dental Materials, School of Dentistry,
Pontifical Catholic University of Rio Grande do Sul, Brazil. Idea, hypothesis,
study design, wrote manuscript.

Correspondence: Ana Maria Spohr, Av. Ipiranga 6681, Block 6 - School of
Dentistry, Porto Alegre, RS, Brazil 90619900. Fax: +55 51 3320-3528. e-mail:
ana.spohr@pucrs.br

Vol 15, No 6, 2013

Submitted for publication: 31.05.12; accepted for publication: 26.02.13

Posterior teeth naturally suffer cuspal deflection under
application of a load as a result of their structural
design. When mesio-occlusal-distal (MOD) preparation
and endodontic treatment are performed, this trend
towards cuspal deflection under masticatory loads is
increased due to the decrease in the stiffness of the
tooth.15,21,33 Therefore, a coronal restoration must be
capable of restoring the stiffness of the original tooth to
a certain degree to decrease mechanical fatigue of the
cusps.”’

Numerous techniques and restorative materials have
been indicated to recover the stiffness of endodontically
treated teeth.27.39 Teeth with wide MOD cavities and re-
stored with amalgam present less fracture resistance due
to the inability of the amalgam to bond to the dental
substrate and reinforce the weakened tooth.6:7 In view

561



Salaverry et al

Table 1 Resin cements used in the study

Material Batch no. Composition Manufacturer
RelyX ARC GW9JJ Bis-GMA, tri-ethyleneglycol dimethacrylate, zircon/silica filler, 3M ESPE; StPaul, MN, USA
(conventional) photoinitiators, amine, benzoic peroxide, pigments
RelyX Unicem Clicker 395667 Methacrylate monomers containing phosphoric acid groups, 3M ESPE
(self-adhesive) methacrylate monomers, silanated fillers, initiator components,
stabilizers
Maxcem Elite (self- 3200650 GPDM, monomers, non-hazardous inert mineral fillers, ytterbium  Kerr; Orange, CA, USA
adhesive) fluoride, activators, stabilizers, and colorants
SeT (self-adhesive) S0907083 Acidic monomers, camphorquinone, fluoroaluminosilicate glass, SDI; Bayswater, VIC, AS
urethane dimethacrylate
Bis-GMA: bisphenol-A-glycidyl methacrylate; HEMA: 2-hydroxyethylmethacrylate; GPDM: glycerol phosphate dimethacrylate.

of esthetic demands, the most commonly used mater-
ials are ceramics and composite resins. In the case of
composite resin restorations, the indirect technique is
considered the best treatment option to restore teeth
with wide cavities and to overcome polymerization shrink-
age.34 These indirect restorations are luted with adhesive
materials, such as adhesive systems associated with
resin cements, which favor reinforcement of the weak-
ened tooth.6,8,29,35

Compared with conventional cements, resin cements
are widely used because of their favorable mechanical
properties (compression strength, low solubility, and
greater wear resistance), esthetics, and the ability to bond
to restorative materials when properly pretreated.5 A new
category of resin cements, self-adhesive resin cements,
has gained popularity with clinicians because they are
easy to use and the luting procedure takes less time
compared with resin cements that require the application
of an adhesive system. Without the adhesive system,
part of the sensitivity of the technique is eliminated.1.5
Despite being easier to apply, the ability of these self-
adhesive materials to bond adequately to both the dental
structures and the restorative material to strengthen the
tooth should still be a priority.

Most studies have evaluated the bond strength of self-
adhesive resin cements to enamel and dentint:11,26 and
to restorative materials,45 as well as their mechanical
properties.24:31 However, there are no studies showing
the influence of these cements on cuspal deflection and
resistance of endodontically treated teeth restored with
composite resin inlays.

The aim of this study was thus to evaluate the influ-
ence of four resin cements, one conventional and three
self-adhesive, on the following variables: (1) cuspal de-
flection before and after cyclic mechanical loading, (2)
fracture resistance, and (3) fracture mode of endodonti-
cally treated maxillary premolars restored with compos-
ite resin inlays. The null hypothesis was that the use of
different resin cements to lute composite inlays do not
influence cuspal deflection, fracture resistance, or frac-
ture mode of the teeth.
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MATERIALS AND METHODS

MOD Preparation

Seventy-two sound maxillary first premolars, extracted
for therapeutic reasons, were obtained from the Tooth
Bank after the approval of the Ethics Committee of
the Pontifical Catholic University of Rio Grande do Sul.
The teeth were cleaned and disinfected in 10% thymol
for 24 h, and then stored in distilled water at 4°C. The
water was changed every week, and the teeth were
used within 6 months. The buccal-palatal and mesio-
distal dimensions of each tooth were measured with a
digital caliper (Mitutoyo; Suzano, SP, Brazil). A variation
of 0.5 mm was allowed for each measurement to stan-
dardize the dimensions of the teeth.

Each tooth was mounted vertically in a plastic cylin-
der with self-curing acrylic resin (Jet Classico; Sao Paulo,
SP, Brazil) up to 2 mm below the cementoenamel junc-
tion (CEJ). The teeth were randomly divided into 6 groups
(n=12): group 1, sound teeth (control); groups 2 to 6,
teeth with MOD preparation and endodontic treatment.
Group 2 was not restored, and the other groups were re-
stored with composite resin inlays, which were luted with
RelyX ARC (group 3), RelyX Unicem (group 4), Maxcem
Elite (group 5) and SeT (group 6). Table 1 shows the com-
position and manufacturers’ details of the materials used.

A single operator performed the MOD preparations
using a standardized preparation machine. This device
consisted of a high-speed handpiece (Kavo; Joinville, SC,
Brazil) coupled to a mobile base. The mobile base moves
vertically and horizontally in increments of 3 pym with the
aid of a micrometer (Mitutoyo; Tokyo, Japan). The long
axis of the tooth was positioned vertically on the prepar-
ation machine, and the tooth was cut using a no. 4159
diamond bur (KG Sorensen; Barueri, SP, Brazil) attached
to the high-speed handpiece under constant water and
air cooling. The preparations presented rounded internal
angles, divergent walls, and an occlusal box width of two-
thirds of the intercuspal distance, yielding a bucco-palatal
distance of 4 mm, with a maximum variation of 0.5 mm.
The bottom of the proximal boxes was located 1 mm
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above the CEJ, with a depth of 5 mm at the isthmus and
a maximum variation of 0.5 mm. The preparations had
only buccal and palatal walls, and a common floor from
mesial to distal, so that the pulp floor of the occlusal box
and the gingival floor of the proximal boxes were unified
on the same level (Fig 1). The diamond bur was replaced
after every five preparations.

After the preparations were completed, endodontic ac-
cess was prepared with a no. 8 spherical carbide bur
(SS White; Lakewood, NJ, USA). The preparation of the
chamber was round, with divergent walls. Flexo-File files
(Kerr; Orange, CA, USA) numbers 15 to 40 were manually
placed in the root canals to standardize the preparation.
A 2.5% sodium hypochlorite solution was used to irrigate
and clean the root canal. After the root canal preparation,
all teeth were filled with gutta-percha cones (Dentsply
Maillefer; Ballaigues, Switzerland) and N-Rickert endo-
dontic sealer (Inodon; Porto Alegre, RS, Brazil) using the
lateral condensation technique. The sealer excess was
removed from the cavity using a cotton pellet embedded
with 70% ethanol. The access to root canals was covered
with gutta-percha. The teeth were stored in distilled water
at room temperature.

Restorative Procedures

Impressions of the preparations were taken with Express
XT polyvinyl siloxane (3M ESPE; St Paul, MN, USA) using
individual trays made from self-curing acrylic resin (Jet
Classico, Sao Paulo, SP, Brazil) with the putty/wash one-
step technique. The impression material was allowed to
set for 10 min before it was removed from the prepar-
ation. After 1 h, the impressions were poured using Du-
rone Type IV stone (Dentsply; York, PA, USA). After 1 h,
the casts were removed from the impression, numbered
according to their group, and placed in dry storage.

Cavity surfaces were lined with two coats of die spacer,
which corresponds to a thickness of approximately
30 pm,20 maintaining a distance of 1.0 mm to the mar-
ginal areas. Four horizontal layers of Filtek Z350XT nano-
filled composite resin (3M ESPE) were inserted in the casts
using Thompson spatulas no. 2 and 12, which resulted in
a 90-degree inclination between the internal slopes and
cusps. Each resin layer was light cured for 40 s. Restor-
ations were then light cured for 60 s on each free surface,
followed by finishing with flexible disks (TDV; Pomerode,
SC, Brazil) and 8093F and 8093 FF silicone tips (KG So-
rensen). During all the experiment, a quartztungsten-halo-
gen curing unit (Optilux Plus; Ribeirao Preto, SP, Brazil) was
used for photopolymerization. A light intensity between 450
and 500 mW/cm?2 was controlled with a radiometer (model
100, Demetron/Kerr; Danbury, CT, USA).

Luting Procedures
The internal surfaces of the inlays were sandblasted
with 50-uym aluminum oxide for 5 s, followed by silane
application (Ceramic Primer, 3M ESPE) and a layer of
bond (Scotchbond Multi-Purpose bond, 3M ESPE), fol-
lowed by light curing for 20 s.

In group 3, Scotchbond Multi-Purpose adhesive sys-
tem (3M ESPE) was applied. The tooth preparations were
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Fig 1 MOD cavity. The preparations presented rounded inter-
nal angles, divergent walls, and an occlusal box width of two-
thirds of the intercuspal distance. The bottom of the proximal
boxes was located 1 mm above the CEJ. The preparations had
only buccal and palatal walls, and a common floor from mesial
to distal.

etched with 37% phosphoric acid for 15 s, followed by
rinsing with air and water spray for 15 s. The excess water
was removed with cotton buds. A layer of primer was ap-
plied, followed by gentle air drying for 5 s. Then, the bond
was applied with a microbrush and light cured for 10 s.
Equal lengths of base and catalyst pastes of RelyX ARC
resin cement were mixed for 15 s and put on the inlay
and preparation.

For RelyX Unicem, Maxcem Elite, and SeT, the tooth
structure was simply cleaned with an air-water syringe and
the excess water was removed with cotton buds. Subse-
quently the self-adhesive resin cements were applied. In
group 4, equal quantities of base and catalyst pastes of
RelyX Unicem Clicker were mixed and applied on the inlay
and preparation. In group 5, the Maxcem Elite was placed
directly on the inlay and preparation with the aid of a self-
mixing tip. In group 6, the internal content of a capsule of
SeT was activated for 10 s and applied on the inlay and
preparation. In groups 3 to 6, the inlay was placed on
the preparation and a load of 1 kg was applied by means
of a metal tool. After 2 min, the excess of cement was
removed with a microbrush, followed by light curing for
60 s on each free surface. The specimens were stored in
distilled water at 37°C for 72 h and then submitted to the
cuspal deflection test.

Cuspal Deflection Test

Resin spheres (approximately 1.5 mm in diameter)
were fixed with adhesive on both cusps. Following the
methodology described by Gonzéles-Lopez et al,15 the
spheres were positioned on the cuspal vertices and
served as reference points for measuring the intercus-
pal distance using a precision micrometer (Mitutoyo)
with a measurement sensitivity of 1 ym. A fixation
device was used to fix the micrometer in the same pos-
ition. Each specimen was attached to the lower platen
of a universal testing machine (Emic DL-2000, EMIC;
Sao José dos Campos, PR, Brazil), and a steel sphere
with an 8-mm diameter was used to apply a 200-N oc-
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Fig 2 Cuspal deflection test: the resin spheres are pos-
itioned on the cuspal vertices and served as reference points
for measuring the intercuspal distance using a micrometer. A
steel sphere with 8 mm diameter contacts the buccal and pala-
tal cuspal inclines.

clusal load at a crosshead speed of 0.5 mm/min. The
load was applied parallel to the long axis of the tooth,
simultaneously contacting the buccal and palatal cuspal
inclines (Fig 2). When the 200-N load was achieved, the
machine was locked and three consecutive measure-
ments of the cuspal deflection were made. The mean
distance of the composite resin spheres prior to applica-
tion of the load was subtracted from the mean distance
of the spheres after application of the load, yielding the
cuspal deflection value. The specimens were then sub-
mitted to cyclic fatigue loading (Erios ER-11000, Erios;
Sao Paulo, SP, Brazil) at 200 N for 500,000 cycles at 1
Hz in distilled water. After cyclic fatigue loading, the cus-
pal deflection was measured again as before. The teeth
with nonrestored prepared cavities were not submitted
to cyclic fatigue loading.

Fracture Resistance Testing

The specimens were subjected to compression-in a
universal testing machine (EMIC). A'steel sphere with
an 8-mm diameter was used to apply-an occlusal load
parallel to the long axis of the tooth at.a crosshead
speed of 0.5 mm/min, simultaneously-contacting_the
buccal and palatal cuspal inclines. The load was applied
until fracture occurred. The maximum load was recorded
in Newtons.

Fracture Mode Analysis

After visual examination, the fractures were classified
as follows: type I, cusp fracture at the CEJ; type Il,
cusp fracture below the CEJ; type lll, cusp fracture at
the CEJ with part of the inlay attached; type IV, cusp
fracture below the CEJ with part of the inlay attached;
and type V, longitudinal fracture dividing the tooth
along the axis.

Statistical Analysis

Cuspal deflection and fracture load data were submitted
to the Kolmogorov-Smirnov normality test. As there was no
normality, both variables were analyzed by Kruskal-Wallis
and Mann-Whitney non-parametric tests. The Wilcoxon non-
parametric test was used to compare the cuspal deflection
data before and after cyclic loading (o < 0.01).

RESULTS

According to the Kruskal-Wallis test, there was a sig-
nificant difference between the groups for cuspal de-
flection (p < 0.0001). Before cyclic loading, the highest
cuspal deflection was obtained in group 2 (nonrestored
cavity; 69 um); this did not differ statistically sig-
nificanlty only from the SeT group (51 pm). The lowest
cuspal deflections were obtained in group 1 (sound
teeth; 3 ym), group 3 (RelyX ARC; 4 pm), and group 4
(RelyX Unicem; 5 um); these did not differ statistically
between each other (p < 0.01). An intermediate value

Table 2 Median cuspal deflection (pm) of the groups before and after cyclic loading

Groups n Cuspal deflection before cyclic loading  Cuspal deflection after cyclic loading
(25th and 75th percentile values) (25th and 75th percentile values)

1. Sound teeth 12 32 (3-4) n.a.

2. Cavity 12 69¢ (56-83) n.a.

3. RelyX ARC 12 4abA (2-8) GaA (4-9)

4. RelyX Unicem 12 5abA (4-30) 193bB (7.49)

5. Maxcem Elite 12 21bA (6-36) 33bB (7-57)

6. SeT 12 510cA (25.75) 6208 (43.91)

Medians in the columns followed by the same superscript small letter did not differ statistically according to the Mann-Whitney test at a significance level of

1%. Medians in the rows followed by the same superscript capital letter did not differ statistically according to the Wilcoxon test at a significance level of 1%.

n.a.: not applicable.
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was obtained in group 5 (Maxcem Elite; 21 pm), which
did not differ statistically from the RelyX ARC, RelyX
Unicem, and SeT groups. After cyclic loading, the high-
est cuspal deflection was obtained for group 6 (SeT
group; 62 um), which did not differ statistically from
group 5 (Maxcem Elite; 33 pm) or group 4 (RelyX Uni-
cem; 19 pym). Group 3 (RelyX ARC; 6 uym) had the low-
est cuspal deflection, which did not differ statistically
from the RelyX Unicem group (Table 2).

According to the Wilcoxon test, there was a statis-
tically significant difference between the cuspal deflec-
tion before and after cyclic loading for the RelyX Unicem
(p = 0.001), Maxcem Elite (p = 0.004), and SeT groups
(p = 0.0001). There was no statistically significant differ-
ence only for the RelyX ARC group (p = 0.015) (Table 2).

According to the Kruskal-Wallis test, there was a stat-
istically significant difference for fracture resistance be-
tween the groups (p < 0.0001). The highest fracture re-
sistance was obtained for group 1 (sound teeth; 1902 N),
which differed statistically significantly from the other
groups (p < 0.01). The second highest value was obtained
for group 3 (RelyX ARC; 980.8 N), which was statistically
significantly different from the other groups. Groups 4
(RelyX Unicem; 670.6 N), 5 (Maxcem Elite; 533.5 N),
6 (SeT; 601.3 N), and 2 (nonrestored cavity; 526.6 N)
were not statistically significantly different from each
other (p > 0.01) (Table 3).

Table 3 Median fracture resistance (N) of the experi-
mental groups

Groups n Median of fracture resistance (N)

(25th and 75th percentile values)

1. Sound teeth 12 19022 (1434.5-2421.5)

2. Cavity 12 526.6° (408.5-652.3)

3. RelyX ARC 12 980.8P (761.4-1450)

4. RelyX Unicem 12 670.6° (523.6-728.6)

5. Maxcem Elite 12 533.5C (413.4-675.5)

6. SeT 12 §01.3¢(523.8761.5)

Medians followed by the same superscript letter did not differ statistically
significantly according to the Mann-Whitney test at a significance level of 1%.

All the sound teeth presented type | fractures (100%).
Type Il fractures occurred in all samples of the nonre-
stored cavity group and the Maxcem Elite group. Five type
| fractures (Fig 3A), six type |l fractures (Fig 3B), and one
type IV fracture (Fig 3C) occurred in the RelyX ARC group.
There was a predominance of type Il fractures in the RelyX
Unicem and SeT groups. There was no occurrence of type
Il or V fractures (Table 4).

Fig 3 Fracture modes observed in the study: a — type | fracture occuring in the RelyX ARC group: cusp fracture at the CEJ; the frac-
ture was in the tooth/inlay interface, preserving the restoration; b — type Il fracture occuring in the RelyX Unicem group: cusp frac-
ture below the CEJ; the fracture was in the tooth/inlay interface, preserving the restoration; ¢ — type IV fracture occuring in the RelyX
ARC group: cusp fracture below the CEJ; the fracture was in the composite resin inlay first, preserving the tooth/inlay interface and
leaving part of the restoration attached to the cusp.

Table 4 Fracture mode in the groups

Type of 1. Sound teeth 2. Nonrestored 3. RelyX ARC 4. RelyX 5. Maxcem 6. SeT
fracture cavity Unicem Elite

| 12 5 1 3

Il 12 6 11 12 9

I

v 1

\"

Type |, cusp fracture at the CEJ; type Il, cusp fracture below the CEJ; type Ill, cusp fracture at the CEJ with part of the inlay attached; type IV, cusp fracture
below the CEJ with part of the inlay attached; type V, longitudinal fracture dividing the tooth along the axis.
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DISCUSSION

The null hypothesis of the present study was rejected,
as there was a difference in cuspal deflection and frac-
ture resistance between the groups.

Cuspal deflection is a nondestructive method that veri-
fies the deformation of the cusps when a load is applied
in the occlusal region. The clinical importance of cuspal
deflection is that an increase in deflection results in a
greater degree of deformation, thereby increasing the po-
tential for fatigue failure. This type of failure, character-
ized by fracture in the presence of stress far below the
maximum strength of the restored tooth, occurs in most
dental fractures.3

In this study, a standard occlusal load of 200 N was
applied to perform the cuspal deflection test. The load
of 200 N can be applied without the risk of tooth frac-
ture,2! as it is intermediate between 100 and 300 N,
which corresponds to the range of normal biting force for
maxillary premolars.40,42 Cuspal deflection was measured
before and after cyclic fatigue loading with the objective
of analyzing the stiffness stability of the restored teeth
after artificial aging. This evaluation is important, since
the restored teeth are submitted to occlusal stresses in
the oral environment.

Although the methodology used tried to avoid the influ-
ence of confounding variables, the variability of the cuspal
deflection values was high, and the non-parametric test
had to be applied. There was a statistically difference
between group 1 (sound teeth; 3 um) and group 2 (teeth
with a nonrestored prepared cavity; 69 pm). This small
cuspal deflection of the sound teeth is due to the very
stiff behavior of sound teeth under load.?2 Loss of dental
structure, such as enamel and dentin, causes a decrease
in tooth stiffness, and consequently there is an increase
in cuspal deflection under occlusal loads.15.21 Therefore,
it is necessary to try to recover this stiffness when res-
toring the tooth.

RelyX Unicem was the only self-adhesive resin cement
that did not differ statistically from the sound-tooth group
(3 um) before the fatigue loading. The bond mechanism
of RelyX Unicem to tooth structures appears to be chem-
ical rather than micromechanical in nature.14 This bond
is established by the specific multifunctional phosphoric-
acid methacrylate, which is ionized at the time of mixing
and reacts with the hydroxyapatite of the mineral tissues
of the tooth.14 According to the manufacturer, Maxcem
Elite contains glycerol dimethacrylate dihydrogen phos-
phate monomer (GPDM) and other adhesive monomers
to improve wettability. GPDM is purportedly responsible in
part for its self-etching and adhesive properties (Technical
Bulletin, 2007).

Various factors may influence the adhesion of self-
adhesive resin cements to dentin, including chemical
composition, viscosity and pH. Maxcem Elite tends to
maintain its low pH (2.2), while the pH of RelyX Unicem
increases after 48 h (from 2.8 to 7.0).18 Although a low
pH is necessary for adequate tooth etching, it has been
speculated that if the pH is maintained for a long time, as
in the case of Maxcem Elite, there could be an adverse
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effect on the bond between this cement and the dental
structure.18 Studies have shown higher bond strength
to dental substrate for RelyX Unicem in comparison with
Maxcem Elite.16:26 As the bond strength between the
luting agent and the tooth is important“to, reinforce. the
weakened tooth,® this difference in bond.strength could
explain the lower cuspal deflection for RelyX Unicem than
for Maxcem Elite.

The self-adhesive resin cement SeT contains an acidic
monomer that is responsible for etching the tooth surface.
However, it is not known exactly what type of acid mono-
mer is used, or whether it has a chemical interaction with
the tooth. In a recent study comparing the bonding ability
of different self-adhesive resin cements, the adhesion of
SeT to dentin did not withstand the cutting methodology
used to obtain the test specimens (beams) for evaluation
of the microtensile bond strength (personal communica-
tion, Dr. Priscila Stona, School of Dentistry of Pontifical
Catholic University of Rio Grande do Sul, Brazil). This
material probably interacted less with dental substrates
than did RelyX Unicem and Maxcem Elite, explaining the
highest cuspal deflection.

All self-adhesive resin cements allowed a significant
increase in cuspal deflection after cyclic fatigue loading,
and the conventional resin cement RelyX ARC was the
only material that retained the stiffness of the teeth. The
different values in cuspal deflection after fatigue loading
may be related to the quality and stability of the adhesion
between the resin cements and the tooth structures.

Several studies showed that self-adhesive resin ce-
ments perform comparably to multistep systems on cor-
onal dentin,12,11,16,19 while others showed significantly
lower bond strengths to dentin.10.26,41 These resin ce-
ments did not cause demineralization of the superfi-
cial dentin, and formation of a hybrid layer was not ob-
served.2,11,28,44 On enamel, self-adhesive resin cements
have lower bond strength compared with resin cements
requiring an adhesive system.1.16,26 |n the present study,
all the inlay margins of the prepared teeth were within
enamel. It is likely that the micromechanical retention ob-
tained with the hybrid layer formed on enamell7 and den-
tin30 by the 37% phosphoric acid etching and subsequent
adhesive polymerization is important for the bond stability
after aging, justifying the lower cuspal deflection of RelyX
ARC. An alternative for increasing the bond strength of
self-adhesive resin cements was to etch the enamel with
phosphoric acid;11,12,19 however, on dentin, this etching
harms the effectiveness of the bond. De Munck et alll
showed that a weak layer of hydroxyapatite-depleted col-
lagen remained between RelyX Unicem and unaffected
dentin, and concluded that this poorly infiltrated collagen
mesh is the weak link in the whole adhesive complex.

Among the properties required of a luting agent, its
potential for adhesion to restorative materials is of great-
est importance. According to Zang and Degrange,4> the
adhesion of self-adhesive resin cements to the restorative
material depends on the nature of the multifunctional
monomer contained in the formulation, and these luting
agents have potential for specific adhesion to selected
restorative substrates. In the present study, the internal
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surface treatment of the composite resin inlays was the
same for all groups. The surface was sandblasted with
50- ym aluminum oxide, followed by silane and a bond
layer application. According to the study by Fuentes et
al,13 self-adhesive resin cements do not require applica-
tion of an intermediate agent to microretentive Filtek Z250
overlays to improve the bonding capacity of the dentin/
indirect composite restoration complex. However, these
authors evaluated the bond to dentin, and not specifically
the bond between self-adhesive resin cements and the
composite resin surface with and without a bond layer. We
chose to apply a bonding agent because it would facilitate
the penetration of resin monomers into surface irregu-
larities allowing micromechanical interlocking.® Therefore,
the different viscosities and the different penetration abili-
ties of the resin cements into the surface irregularities
were eliminated, and the adhesion was established be-
tween the resin cements and the bonding agent.

The fracture resistance and mode of fracture were also
evaluated in this study. The group of sound teeth pre-
sented the highest fracture resistance (1902 N), which
differed significantly from the experimental groups; these
data concur with previously published studies.8:35,36,39,43
The enamel is supported by the total dentin volume, mak-
ing it less prone to fracture, which explains the higher
value obtained for the fracture resistance.23 Among the
resin cements used, the RelyX ARC group obtained the
highest value (980 N). It seems that the application of an
adhesive system on the tooth substrate before the resin
cement allows better adhesion at the tooth/restoration
interface. Studies have shown that indirect restorations
fixed with the adhesive technique provided greater strength
to the dental structure compared with the conventional lut-
ing technique, eg, zinc phosphate cement.4 Therefore, the
use of adhesive restorations has been recommended for
reinforcing remaining dental structures,27.38 even if the
recovery of strength is only partial.35:39 Composite resin
inlays luted with RelyX ARC recovered 51% of the strength
of sound teeth.

The fracture resistance in groups luted with self-adhe-
sive resin cements did not differ significantly; the values
were lower in comparison with the sound-tooth group and
the RelyX ARC group. RelyX Unicem recovered 35% of
the resistance of sound teeth; Maxcem Elite recovered
28% and SeT 31%. The fracture resistance of the teeth
restored with inlays and luted with self-adhesive resin
cements did not differ statistically significantly from the
teeth with nonrestored cavities. However, the teeth with
nonrestored cavities were not submitted to mechanical
fatigue, because it was technically impossible to adapt
the plunger of the cyclic loading machine when there was
no restoration.

In the sound-tooth group, all fractures were type | (CEJ
limit), which might be due to the maximum strength inher-
ent in sound teeth. When a sound tooth is submitted to
a compressive load, it is presented with a higher stress
concentration in the enamel and dentin around the cervical
area, which explains the fractures in this region.23 In the
teeth with nonrestored cavities (group 2) and teeth luted
with self-adhesive resin cements (groups 4 to 6), there
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was a predominance of type Il fractures (cuspid fracture
below the CEJ). This may be explained by the tooth prepar-
ation and loss of tooth volume, both depth and thickness,
leading to an increase in stress in the region below the
CEJ.23.25 The loss of dental structure associated with the
lower adhesion capacity of the self-adhesive resin'cements
in comparison with resin cements requiring an adhesive
system?,10,16,26,41 probably contributed to the similar frac-
ture mode found for this category of resin cement and
the nonrestored cavities group. RelyX ARC was the only
experimental group that had similar numbers of type | and
Il fractures, showing that the conventional adhesive luting
technique (adhesive system + resin cement) favors adhe-
sion and higher tooth preservation in the case of fracture,
but does not recover the resistance of the sound tooth. Be-
sides that, one specimen had type IV fracture. In this case,
the fracture occurred in the composite resin inlay first, pre-
serving the tooth/inlay interface and leaving part of the res-
toration attached to the cusp. This finding could be related
to the higher adhesion capacity of RelyX ARC to the tooth
structure. In general, there was a predominance of type
| and type Il fractures in the experimental groups. These
fractures occurred between the tooth substance and the
inlay, indicating that this interface represents the weakest
part of the restored tooth, independent of the resin cement
used. Nevertheless, the fractures that occurred in the ex-
perimental groups allowed recovery of the dental structure,
probably because the teeth were restored with composite
resin inlays, instead of ceramic inlays. Composite resin has
a lower elastic modulus than ceramic; thus, higher loads
are absorbed within the composite resin than in ceramic.32
Therefore, because composite resin transmits less of the
applied load to the underlying tooth structure,?? less severe
fractures occurred. Dalpino et al8 and Silva et al37 also veri-
fied a prevalence of recoverable fractures when the teeth
were restored with resin materials.

Transfer of the results of laboratory studies to the clin-
ical situation must be done with caution, because in vitro
studies cannot reproduce the real situation in the oral
cavity. According to the results obtained, self-adhesive
resin cements were less able to maintain the stiffness of
the tooth/restoration complex than was the conventional
resin cement RelyX ARC. However, clinical studies are ne-
cessary to confirm this observation.

CONCLUSION

Despite the limitations of this in vitro study, the follow-
ing conclusions can be drawn: 1. The composite resin
inlays luted with the conventional resin cement RelyX
ARC provided lower cuspal deflection after cyclic fatigue
loading, as well as higher fracture resistance compared
with the self-adhesive resin cements. 2. None of the
composite resin inlays luted with the resin cements was
capable of recovering the resistance of a sound tooth.
3. Fractures that occurred in the inlays luted with RelyX
ARC were more favorable for recovery of the dental
structure in comparison with the inlays luted with self-
adhesive resin cements.
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Clinical relevance: Composite resin inlays luted with
the conventional resin cement RelyX ARC may more
effectively maintain the stiffness of the restored
teeth after aging in comparison with self-adhesive
resin cements.
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