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ABSTRACT

Objective: This study verified the optical density of four composite resin luting agents —
RelyX ARC (RY), Enforce (E), C&B Cement (CB) and Flow it (FI) - at the thicknesses of
2, 3, and 4 mm. The optical density of the luting agents was compared with enamel and
dentin at the same thicknesses. Methods: Fifteen tooth crowns were embedded in PVC
cylinders with self-cured acrylic resin. In additional, acrylic resin was poured into 5 PVC
cylinders and made four equidistant 5 mm diameter holes, one luting material being
inserted in each hole. With a laboratory cutting machine, slices of the tooth crowns and
materials were obtained at the thickness of 4, 3, and 2 mm. Digora system was used to
obtain the digital images. Three radiographs of each thickness were obtained, totalizing 135
radiographs for the crowns and 45 for the materials. Three readings were carried out on
each radiograph, being three in enamel, three in dentin and three in each material, totalizing
1350. Results: According to Student’s t-test (p<0.05), the materials RY and CB did not
differ statistically from enamel at all thicknesses, but differed from E and FI that presented
statistically higher results. RY did not differ statistically from dentin, presenting a lower
value than enamel and lower than the other materials at all thicknesses. Conclusion: The
composite resin luting agents E and FI can be differentiated from dental structures, while

the CB and RY would not be easily differentiated.
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Densidade 6ptica de cimentos resinosos

RESUMO

Objetivo: Este estudo verificou a densidade Optica de quatro cimentos resinosos — RelyX
ARC (RY), Enforce (E), C&B Cement (CB) and Flow it (FI) — nas espessuras de 2, 3 e¢ 4
mm, € comparou esses materiais com e esmalte e a dentina nas mesmas espessuras.
Método: Quinze coroas de terceiros molars foram incluidas em cilindros de PVC com
resina acrilica autopolimerizdvel. Além disso, resina acrilica foi vertida dentro de 5
cilindros de PVC e feitos quatro orificios equidistantes, sendo um material inserido em cada
orificio. Fatias das coroas e dos materiais foram obtidos em mdaquina de corte laboratorial
nas espessuras de 4, 3 e 2 mm. O sistema Digora foi usado para obter as imagens digitais.
Trés radiografias de cada espessura foram obtidas, totalizando 135 radiografias para as
coroas e 45 para os materiais. Trés leituras foram realizadas em cada radiografia, sendo trés
em esmalte, trés em dentina e trés em cada material, totalizando 1350 leituras. Resultados:
De acordo com o teste de Student (p<0.05), os materiais RY e CB nao tiveram diferenca
estatistica do esmalte em todas as espessuras, mas se diferenciaram do E e do FI, os quais
apresentaram valores de densidade Optica estatisticamente superiores. RY ndo se
diferenciou estatisticamente da dentina, apresentando um valor menor do que o esmalte e
dos outros materiais em todas as espessuras. Conclusdo: Os cimentos resinosos E e FI
podem facilmente ser diferenciados das estruturas dentais, enquanto CB e RY ndo seriam

facilmente diferenciados.

Palavras-chave: radiografia digital, cimento resinoso, esmalte,dentina.



INTRODUCTION
The use of adhesive materials constitutes an inestimable advance in restorative
techniques. Composite resin belongs to this material category and has been used as an

esthetic alternative to metal restorations for over three decades.

Composite resin-based materials have been also used as luting agents and are habitually
named resin cements. The use of resin cements has become popular due to the increasing
demand for bonded restorations, such as composite/ceramic inlays, onlays, veneers, and
crowns. Resin cements present superior properties compared with the traditional ones, such
as zinc phosphate and glass ionomer cements, and they also optimize esthetics.' Moreover, resin
cements enable bonding to both tooth structure and indirect restorative material, increasing
the fracture resistance of this assembly.” In addition to resin cements, low viscosity

composite resins (flowable composite resins) have also been used as luting agents.

The usefulness of direct resins in Dentistry was recognized in 1977 through
specification N° 27 formulated by the Council on Dental Materials and Devices,” and one
of the desirable requisites of the material is its radiopacity. This radiopacity would help
clinicians to distinguish these restorative materials radiographically from decay, voids,
gaps, or other defects that could lead to clinical failure. *

Research on the radiopacity of restorative materials has contributed to clinical practice
diagnosis in dentistry. With the advance of digital technology, it has been possible to
measure the optical density of different materials, which aids the detection of unusual
structures.”'® Digital technology diminishes the variables that correspond to human

limitation and offers a great number of tools and benefits. The decrease in the radiation



dose, the reduced working time, and the possibility of working on-line are some of the
advantages of using digital technology g

In view of the importance of the radiopacity of materials and the development of digital
images, it seems vital to assess whether the resin cements can be observed and
distinguished from dental structures.

The aim of this study was to evaluate the optical density of three resin cements and one
flowable composite resin at different thicknesses (2, 3, and 4 mm) and compare them with

enamel and dentin at the same thicknesses. The null hypothesis is that there is no difference

in the optical density of the different luting agents in comparison with enamel and dentin.



MATERIALS AND METHODS

The materials used in this study are listed in Table 1.

Table 1. Information about the materials used and their composition.

Material Composition Batch number Manufacturer
RelyX ARC Paste A: Bis-GMA, tri-ethylene 23074 3M/ESPE, Saint Paul,
glycol dimethacrylate, zircon/silica MN, USA

filler (67 wt%), photoinitiators,
amine, pigments.

Paste B: Bis-GMA, tri-ethylene

glycol dimethacrylate, benzoic

peroxide, zircon/silica filler (67

wt%)
C&B Cement Catalyst: silica, bisphenol A, 0200009892 Bisco Inc., ,
diglycidylmethacrylate, Schaumburg, IL, USA

trietyleneglycoldimethacrylate

Base: bisphenol A,
diglycidylmethacrylate, ethoxylated
bisphenol A dimethacrylate, silica,

glass frit, sodium fluoride

Enforce Bis-GMA, BHT, EDAB, 6506 Dentsply, York,
TEGDMA, fumed silica, PA, USA
silanized barium, aluminum
borosilicate glass (66 wt%)

Flow-it Bis-GMA, TEGDMA, barium 63908 Jeneric-Pentron,
glass, silica, titanium dioxide Wallingford, CT,
USA




Preparation of enamel and dentin samples

Fifteen human molars extracted by therapeutic indication were used in this study. The
Ethical Committee of Pontifical Catholic University of Rio Grande do Sul approved this
study. The teeth were cleaned using running water, stored in distilled water under
refrigeration at 4° C, and used within 6 months after extraction. Before use, the teeth were

sterilized for 20 minutes in an autoclave at 121°C and pressure of 1.4 to 1.8 KgF/cm2 .

The roots were removed at the level of the cement-enamel junction. The convex buccal
and lingual surfaces of the crowns were removed using a diamond disk (KG Sorensen, Sao
Paulo, SP, Brazil) under water cooling. The buccal-lingual distance was measured with a
digital caliper with a precision of 0.01 mm (Mitutoyo Sul Americana Ltda., Suzano, Sdo
Paulo, Brazil). Each tooth crown was fixed with wax with the lingual surface against a
glass plate. A 3 cm high PVC cylinder, with an external diameter of 2.5 cm and internal
diameter of 2 cm, was placed over the glass plate with the tooth crown in the center. Self-
cured acrylic resin was poured into the cylinder to completely embed the tooth crown,
without covering the lingual face (Fig. 1). Extreme care was taken to avoid contact of the

acrylic resin with the lingual surface.

The tooth crown embedded in acrylic resin was fixed to a laboratory cutting machine
(Labcut 1010, EXTEC Corp., London, England) by means of the remainder of the PVC
tube. The first cut thickness was calculated according to the measurement of the embedded
tooth crown, which was previously measured with the caliper. This cut was made in order
to obtain a remaining thickness of 4 mm, of which the first radiograph was taken. For
instance, if the crown measured 6.45 mm, the first slice would be of 2.45 mm so that a

remaining thickness of 4 mm could be obtained. The other two cuts were of 1 mm thick



each, in order to obtain measurements of 3 and 2 mm, respectively. Radiographs were taken
at each thickness. Fifteen specimens were obtained for each thickness.

Preparation of composite resin luting agent samples

Marks were made on five 3 cm-high PVC cylinders, with external diameters of 2.5 cm
and internal diameters of 2 cm, at the measurement corresponding to 4 mm cylinder height.
The cylinder was placed on a glass plate and then self-cured acrylic resin was poured into it
up to the mark. When polymerization was complete, a milling cutter was used to make four
equidistant 5 mm diameter holes along the entire thickness (4 mm) of the acrylic resin. To
enable the materials to escape at the time they were applied inside the holes, niches were
made in the acrylic resin with low speed No.2 diamond burs. These niches were made in

the positions of 3, 6, 9 and 12 hours to identify the material inserted in each hole (Fig. 2).

Before inserting the resin materials, contact paper with the same diameter as the PVC
cylinder was placed in its internal portion to prevent the material from leaking to the
internal part of the PVC tube, and to guarantee that the thickness would remain at 4 mm.
The materials were manipulated in accordance with the manufacturers’ recommendations.
Shade A3 was used for all the luting agents, with the exception of C&B Cement which is
presented in a universal shade. The resin cements were inserted in the holes with the aid of
a Centrix syringe with metal pointers, and the flowable composite resin was inserted with a
pointer provided by its manufacturer. The materials were placed in two increments of 2 mm
each, the first increment being light-cured for 40 s with the XL3000 (3M/ESPE, Saint Paul,
Minnessota, USA) light-curing unit. A clear matrix strip and a glass plate were placed over
the second increment, leaving the niche free for the material to escape. With the glass plate

in position, the last increment was light-cured for 10 s, and after the plate was removed, for



another 30 s, with a total of 40 s of light-curing. The light intensity of the unit was
controlled by a radiometer (model 100 — Demetron/Kerr, Danbury, Connecticut, USA),
remaining in the interval of 580 and 630 mW/cm?. For the self-cured resin cement (C&B
Cement) a time of 15 min was waited before the glass plate was removed. The materials
inserted in the acrylic resin were fixed to a laboratory cutting machine and the cuts were
obtained, as described for the tooth crowns. Five specimens were obtained of each

thickness, and each of them contained the four different materials.

Digital imaging and optical density measurement

Four small-sized optical plates (26 x 35 x 1.6 mm, from the direct digitizing system
Digora®) were used (Soredex, Orion Corp., Helsinki, Finland). A preliminary test was
carried out to define the exposure time. The exposure time was varied in order to determine
which digital image would show the best density and contrast, according to the agreement
between two radiologists. Digital image standardization was obtained in accordance with
the following description: a) utilization of an x-ray device (Gnatus®) with electrical regime
of 120 V and 50/60 Hz; b) exposure time of 0.1 sec; c) maintenance of 40 cm of focal
distance; d) x-ray central beam perpendicular to the center of the specimen. Three
radiographs of each thickness were obtained, totalizing 135 radiographs for the crowns and
45 for the materials. This was performed in order to minimize the probability of error due
to possible variation of the electric current during the obtainment of radiographs or during
the scanning process. The specimen was placed in a centralized position on the optical

plate.

Image digitizing was carried out in a room with poor lighting by means of the Digora

direct image digitizing system. Each optical plate was unpacked and introduced into the



laser reader, and each plate presented the image of one thickness. The optical plate with the
image of the 4 mm thickness was always the first one to be inserted in the scanner,
followed by the thicknesses of 3 and 2 mm, respectively. Each radiograph was identified

within the system by a number.

For the optical density reading, a point at x and y coordinates was selected, always
located in the same area of the sample. Three readings were carried out on each radiograph,
being three in enamel, three in dentin and three in each material, and the mean was
considered the value for each of the specimen. As 180 radiographs were taken (135 for the
crowns and 45 for the materials) a total of 1350 optical readings were obtained. Both image

digitalization and optical readings were always carried out by the same professional.

Statistical Analysis

The data were analyzed by two-way ANOVA and Tukey multiple comparisons test.
Materials and thicknesses were the two factors. For comparison between the dental
structures (enamel and dentin) and each material, one by one, and at each thickness,
Student’s t-test was applied. All statistical analyzes were performed at a significant level of

0.05.



RESULTS
Results of the ANOVA are summarized in Table 2. The material and thickness factors

were significant. The interaction between the factors was not significant.

Table 2. Two-way ANOVA for the results.

Source Observed
Sum of Squares Df F-value Sig. Power(a)
Corrected Model 168157.292(b) 17 36.195 .000 1.000
Intercept 2157303.522 1 7893.819 .000 1.000
Materials 132727.867 5 97.133 .000 1.000
Thicknesses 30871.872 2 56.482 .000 1.000
Material * 1302.649 10 477 903 239
Thickness
Error 36074.308 132
Total 2584485.138 150
Corrected Total 204231.600 149

In accordance with Tukey multiple comparisons test, Enforce (182.02) and Flow It
(172.67) presented the highest mean optical density, differing statistically from enamel
(122.43), dentin (98.95), and the other materials (p<0.05). C&B Cement showed the third
highest mean optical density, differing statistically from enamel, dentin, and RelyX ARC
(p<0.05). RelyX ARC (97.79) did not differ statistically from dentin, presenting a lower
mean when compared to enamel and the other materials (p<0.05) (Table 3).

Table 3. Mean Optical density of the luting agents, enamel, and dentin at all thicknesses.

Material n Mean optical density (pixel)
Enforce 15 182.02°
Flow It 15 172.67*
C&B Cement 15 145.36 "
Enamel 45 122.43°¢
Dentin 45 98.95 ¢
RelyX ARC 15 97.79 ¢

* Means followed by the same letter did not differ statistically according to Tukey’s test at significant level of 5%.



In accordance with the Student’s t-test, Flow It and Enforce presented greater and
statistically different optical densities in comparison with enamel at all thicknesses. RelyX
ARC and C&B Cement did not differ statistically from enamel at all thicknesses. The
increase in thickness was proportional to the increase in optical density values for both

luting agents and enamel (Table 4).

Table 4. Mean optical density of enamel compared with the luting agents at each thickness.

Thickness | Material (n=5) Mean optical density Mean optical density P

(pixel) (pixel)
Material Enamel

2mm Flow it 147.37 (35.31) 104.84 (17.11) 0.0001

RelyX ARC 78.43 (26.02) 0.174

Enforce 156.81 (35.84) 0.0001

C&B Cement 124.48 (28.25) 0.681

3mm Flow it 175.66 (19.39) 121.80 (10.78) 0.0001

RelyX ARC 100.37 (24.75) 0.527

Enforce 185.43 (15.91) 0.0001

C&B Cement 146.43 (18.46) 0.275

4mm Flow it 194.99 (7.78) 140.66 (11.62) 0.0001

RelyX ARC 118.06 (10.10) 0.427

Enforce 203.81 (6.86) 0.0001

C&B Cement 165.17 (9.43) 0.283

RelyX ARC did not present significant difference when compared with dentin at
all thicknesses, whereas all other materials presented greater optical density than dentin.
The increase in thickness was proportional to the increase in optical density values for both

luting agents and dentin (Table 5).



Table 5. Mean optical density of dentin compared with the luting agents at each thickness.

Thickness Materials Mean optical density Mean optical density P

(n=5) (pixel) (pixel)
Material Dentin

2mm Flow it 147.37 (35.31) 84.02 (12.63) 0.0001

RelyX ARC 78.43 (26.02) 1.000

Enforce 156.81 (35.84) 0.0001

C&B Cement 124.48 (28.25) 0.001

3mm Flow it 175.66 (19.39) 96.32 (8.82) 0,0001

RelyX ARC 100.37 (24.75) 1.000

Enforce 185.43 (15.91) 0.0001

C&B Cement 146.43 (18.46) 0,0001

4mm Flow it 194.99 (7.78) 113.04 (10.61) 0.0001

RelyX ARC 118.06 (10.10) 1.000

Enforce 203.81 (6.86) 0.0001

C&B Cement 165.17 (9.43) 0.0001

DISCUSSION

The selection of the resin cements (C&B Cement, Enforce, and RelyX ARC) and the

flowable composite resin (Flow It) in this study was based on their wide use in Dentistry.
Flowable composite resins can be beneficial when applied to areas with difficult access,
such as the gingival floor of proximal boxes in class II restorations. These low viscosity
materials also feature the possibility of being used as luting agents.'*'

One of the major advantages that a luting agent can offer is a radiographic image that
differs from the radiographic image of dental structures. For this reason, the radiopacity of
these materials must be higher than that of dentin, and must also be similar to or even
higher than that of enamel.>'*'® An adequate radiopacity leads to an optimum radiographic

contrast. This is clinically relevant because of the possibility of differentiating the dental

materials radiographically from tooth structure and decay, voids, gaps, or other defects. In



addition, the radiopacity allows the identification of dental materials in cases of aspiration,
deglutition or penetration into the tissues as a result of accident or trauma."’

In accordance with the results, the null hypothesis of this study was rejected because the
luting agents presented different optical densities in comparison with enamel and dentin.

Enforce and Flow It showed higher optical density than enamel and dentin, which
suggests that these two materials can be easily differentiated in a radiograph. Rubo and El-
Mowafy® also found higher values for Enforce when compared with enamel. Murchison et
al."” and Bouschlicher et al.'® compared the radiopacity of flowable composite resins with
enamel and dentin, and also reported higher values for the composite resin Flow It in
comparison with enamel.

The optical density of C&B Cement was higher than that of enamel and dentin, which
would make it easier to differentiate this material from these tissues (Table 3). However,
when the thicknesses were separately evaluated, the optical density of C&B Cement did not
differ statistically from that of enamel. Irrespective of whether the statistical test did or did
not find difference between the optical density values, it is important to verify the clinical
significance of these numerical values. According to a subjective visual evaluation of the
optical density on the computer screen while the values of optical density were being
obtained, it was observed that numerical differences above 30 pixels would allow visual
differentiation between the materials. As the numerical difference of the optical density of
C&B Cement and enamel was lower than 30 pixels, it can be assumed that although there is
a statistical difference, this material would not be easily distinguished from enamel.
Enforce and Flow It would be differentiated because they presented numerical differences

in optical density far above 30 pixels in comparison with enamel.



RelyX ARC had the lowest optical density mean at all thicknesses, being similar to
dentin and statistically lower than enamel, suggesting that it would be more difficult to
visualize and differentiate it from the dental tissues than the other materials. However, there
was no statistical difference when the thicknesses were separately evaluated and compared
with enamel. In the same way as with C&B Cement, irrespective of whether the test found
statistical difference or not, the differences in the optical density value were lower than 30
pixels. The results of the present study corroborate those of Attar et al.,*’ in which RelyX
ARC was also the material with the lowest optical density.

Different chemical elements with high atomic number, such as barium, strontium,
zirconium, zinc, yttrium, ytterbium and lanthanum are responsible for the radiopacity.*' >
In addition to the atomic composition, the density of each atom in the material and its
physical structure may also influence the optical density.** The different chemical elements
used in each material, as well as the percentage of these elements in the composition, are
factors that can probably interfere with the optical density of those materials. This can
possibly justify the different optical density values among the materials evaluated. Toyooka
et al.** and Sabbagh et al.” found a linear correlation between the percentage of fillers and
the radiopacity of the tested materials. Elements with a low atomic number, such as
silicium, result in radiolucent materials, while materials with high atomic numbers (Barium,
Ytrium, Ytterbium, Zirconium, Strontium) are more radiopaque.”’26 Toyooka et al.??
emphasized that the chemical element zirconium confers greater radiopacity on materials
than barium does.

The manufacturers, however, do not inform the exact percentage of each element in the
composition of the dental materials. RelyX ARC contains 67 wt% of silica and zirconium

fillers, but the manufacturer does not specify the exact percentage of zirconium. Most likely



there is not a sufficient percentage of this element to allow an optical density greater than
the enamel and dentin, since this resin cement presented the lowest optical density mean
value. The manufacturers of C&B Cement did not report any radiopaque particle in its
composition. It can be assumed that some radiopaque particles may be present since this
luting agent showed satisfactory optical density. Enforce and Flow It present barium in
their compositions. The percentage of this element may be high in those materials since the
optical density was found higher than that of enamel.

When evaluating each material at the three thicknesses, the optical density means were
higher as the thickness increased for all materials tested. This finding was predictable, since
the greater the thickness, the greater the quantity of radiopacifying elements.

In the present study, the luting agents samples were evaluated separately from the tooth
samples, as in previous studies.*® A larger number of samples (n=15) was used for the
dental structures than for the materials (n=5). This was due to the variability of the dental
structure, especially dentin.’ In spite of this variability, the optical density means obtained
for enamel and dentin in this study corroborate the values found by Bouschlicher et al.'®
and Fonseca et al.,27 who also compared base and luting materials with enamel and dentin
at the thickness of 2 mm.

The clinical significance of the present study was the identification of which materials
did not present adequate radiopacity. The lack of radiopacity suggests that these materials
would not be appropriate for clinical use since their differentiation from the dental
structures would not be possible. According to the methodology used and within the
limitations of this study, the results suggest that Enforce and Flow It can be easily
differentiated from dental structures, while the C&B Cement and Rely X would not be

easily differentiated.
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LEGENDS

Figure 1: Tooth crown embedded in self-cured acrylic resin. 1- PVC tube, 2- acrylic

resin, 3 - tooth crown.

Figure 2: PVC tube with the four equidistant holes and niches, in which the materials

were inserted.






