
Introduction

The radiographic exam in the dental field is essential for
accurate diagnosis and it is useful in assessing and moni-
toring the longevity of a restoration.1 Radiopacity is one
of the important properties of dental restorative materials
since it allows clinicians to assess the integrity of restora-

tions and the development of secondary caries lesions, and
to evaluate the interface between the restoration and tooth
structure. From this point of view, the radiopacity of the
restorative materials should be different than dental sub-
stances including enamel and dentin in order to distinguish
between them.2 Likewise, materials with a low radiopacity
value could lead to an incorrect diagnosis.3

Conventional and digital radiographs are frequently used
to evaluate the radiopacity of dental materials. In a con-
ventional radiograph, the radiopacity is based on the mea-
surement of optical density on the radiographic film, and
with digital images, special software is used for subsequent
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ABSTRACT 

Purpose: This study was performed to evaluate and compare the radiopacity of dentin, enamel, and 8 restorative com-
posites on conventional radiograph and digital images with different resolutions.
Materials and Methods: Specimens were fabricated from 8 materials and human molars were longitudinally sec-
tioned 1.0 mm thick to include both enamel and dentin. The specimens and tooth sections were imaged by conven-
tional radiograph using #4 sized intraoral film and digital images were taken in high speed and high resolution modes
using a phosphor storage plate. Densitometric evaluation of the enamel, dentin, restorative materials, a lead sheet, and
an aluminum step wedge was performed on the radiographic images. For the evaluation, the Al equivalent (mm) for
each material was calculated. The data were analyzed using one-way ANOVA and Tukey’s test (p⁄0.05), consider-
ing the material factor and then the radiographic method factor, individually.
Results: The high speed mode allowed the highest radiopacity, while the high resolution mode generated the lowest
values. Furthermore, the high resolution mode was the most efficient method for radiographic differentiation between
restorative composites and dentin. The conventional radiograph was the most effective in enabling differentiation
between enamel and composites. The high speed mode was the least effective in enabling radiographic differentiation
between the dental tissues and restorative composites.
Conclusion: The high speed mode of digital imaging was not effective for differentiation between enamel and com-
posites. This made it less effective than the high resolution mode and conventional radiographs. All of the composites
evaluated showed radiopacity values that fit the ISO 4049 recommendations. (Imaging Sci Dent 2013; 43: 145-51)
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measurement of the density values.4 The software in the
digital system can change the image resolution to enhance
the images according to the clinician’s needs.1,5,6

Digital radiography has the advantage of substantially
reducing the X-ray exposure time due to the greater sen-
sitivity of the image detectors compared with conventional
radiography.7 In addition, digital radiographic systems have
the practical utility of needing no darkroom processing
step. The image manipulation and enhancement through
basic and advanced techniques available in software allows
for dynamic analysis of the generated images, adding ano-
ther advantage to using a digital system. All of these fea-
tures can contribute to the diagnostic process and alleviate
the need for repeated exposures that are unnecessary to
the patient.8 Nevertheless, image manipulation such as
changes in image resolution might lead to erroneous inter-
pretation due to image degradation.9

Digital systems are widely used to evaluate the radio-
pacity of restorative composites, but only a few studies
have compared their use with conventional radiographs.10

In addition, no study comparing the radiopacity of mate-
rials in digital images of different resolutions has been
published. Therefore, this study was performed to evaluate
the radiopacity of eight composites as well as tooth subst-
ances, specifically enamel and dentin, using conventional
radiographs and digital images using phosphor storage
plates, and compared them. Also, a comparison among
digital images at different resolutions was performed.

Materials and Methods

This study was conducted according to stipulations of
the Helsinki Declaration (2000) and previously approved
by the Research Ethics Committee of the Federal Univer-
sity of Paraíba in Brazil under protocol number 0134/2009.

Sample preparation

This study evaluated 8 kinds of composites. Their respec-
tive brand names, chemical compositions, and manufac-
turers are presented in Table 1. All of the composites were
the same color (A2).

As recommended by ISO 4049:2009, stainless steel cir-
cular molds with a 10-mm internal diameter and 1-mm
height were used to prepare the specimens.11 Under a con-
trolled temperature (26±1�C), the mold was positioned
on a glass plate and the resin composites were inserted
until the mold was completely filled. Next, a polyester
strip was positioned on the upper surface and another glass
plate was placed over the strip to flatten the surfaces. Then,
the upper glass plate was removed and photo cured by a
halogen light device (Optilux Plus, Gnatus Ltda, São Paulo,
SP, Brazil; 400 mW/cm2 light intensity) for 40 seconds.
Five specimens for each composite were prepared. Before
preparation of the specimens of each group, the light out-
put was checked by a radiometer (Model 100 Curing Radio-
meter, Demetron Research Corporation, Danbury, CT, USA)
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Table 1. Restorative composites used in this study, its compositions, and manufacturers

Material
Composition: organic matrix; inorganic fillers;

Manufacturer
filler % in volume; filler % in weight.

Natural Flow BIS-GMA, dimethacrylate polymer; aluminum borosilicate glass and DFL Dental Products, 
silica; v. 43%; w. 60%. Rio de Janeiro, RJ, Brazil.

Fill Magic Flow BisGMA, TEGDMA; Barium aluminum silicate; v. NS; w. 70%. Vigodent SA Ind and Com.,
Rio de Janeiro, RJ, Brazil.

Filtek Z250 BIS-GMA, BIS-EMA, UDMA and TEGDMA; Zirconia and silica; 3M-ESPE, St. Paul, MN, USA.
v. 60%; w. 82%.

Filtek Z350 BIS-GMA, BIS-EMA, UDMA and TEGDMA; zirconia-silica nanocluster, 3M-ESPE, St. Paul, MN, USA.
silica nanoparticles; v. 59.5%; w. 78.5%.

Filtek Supreme BIS-GMA, UDMA, BIS-EMA and TEGDMA; zirconia-silica nanocluster, 3M-ESPE, St. Paul, MN, USA.
silica nanoparticles; v. 57.7%; w. 72.5%.

Esthet X U-BISGMA, BISEMA and EGDMA; Borosilicate aluminum barium Dentsply Caulk, Milford, DE, 
glass and silica; v. 60%; w. 77%. USA.

Opallis BIS-GMA, BIS-EMA, TEGDMA; Aluminum barium silicate glass; FGM Dental Products, 
v. 58%; w. 78.9%. Joinville, SC, Brazil.

TPH Spectrum U-BISGMA; Borosilicate aluminum, barium and sílica; v. 57.1%; w. 77%. Dentsply Ind. Com., Petropólis,
RJ, Brazil.

NS: Not specified.



and had to be equal to or greater than 400 mW/cm2. The
light-curing unit was positioned on both sides of the speci-
men for an additional 20 seconds after removing the strips
and glass slabs. The specimens were removed from the
metallic molds, polished using Sof-Lex discs (3M ESPE,
St. Paul, MN, USA) with decreasing grit to create a flat
surface, and measured with a digital caliper to verify the
thickness. The specimens were stored in 37�C distilled
water for 24 hours to complete their polymerization. Radio-
graphs of all of the specimens were taken, and the speci-
mens with radiographically heterogeneous images were
eliminated and replaced.

The present study also used 5 sound human permanent
third molars that had been recently extracted. Patients were
informed that their teeth were to be extracted for orthodon-
tic reasons and informed consent was obtained from each
patient. The teeth were cleaned and the roots were removed
2 mm below the cemento-enamel junction. Slices of molar
teeth were prepared using a diamond disk mounted on a
handpiece under water cooling. The most central portion
of the tooth in the bucco-lingual direction was used, and
the buccal and lingual portions were discarded (Fig. 1).
These slices were polished under water cooling down to
1200-grade sandpaper to regularize the occlusal surface
and 2-mm thick specimens were obtained. The slices were
maintained in distilled water until use.

An aluminum step wedge, made of 99.5% pure aluminum
with seven 1-mm thickness incremental steps, was used
as an internal standard for each radiographic exposure,
which allowed the radiopacity of each material to be cal-
culated in terms of aluminum thickness and controlled any
variation in exposure and processing.

Radiographic procedures

One specimen of each material, a tooth slice comprised
of both dentin and enamel, the aluminum step wedge, and
a lead plate were positioned side by side on a #4 sized
piece of conventional intraoral radiographic film (Insight,
Eastman Kodak Co, Rochester, NY, USA) (Fig. 2). The
conventional radiographs were obtained with a dental X-
ray unit (X Timex 70C, Gnatus, São Paulo, SP, Brazil),
with 2-mm aluminum equivalent total filtration, at 70 kVp,
7 mA, and 0.5 seconds using a standardized focus-to-film
distance of 40 cm. The films were manually developed in
a darkroom according to the time and temperature recom-
mendations of the manufacturer (Kodak, Manaus, AM,
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Fig. 1. Schematic illustration shows the procedure of tooth slice
preparation.

Fig. 2. The aluminum step wedge (a), specimens of each material
(b), a tooth slice comprised of both dentin and enamel (c), and a
lead plate (d) are positioned side-by-side on a #4 sized piece of
intraoral conventional radiographic film for irradiation procedures.

Fig. 3. Radiographic image of the set after X-ray exposure.



Brazil) (Fig. 3).
Digital radiographic images were obtained with 2 modes

of different resolution, “high speed” and “high resolution”
modes, which were possible with the digital radiographic
equipment. The digital images were acquired using a #4
sized storage phosphor plate (CR 7400, Kodak, Rochester,
NY, USA). The digital images were acquired using the
same dental X-ray unit with 0.32 seconds of exposure time.

Densitometric evaluation of conventional radiographs

Gross radiographic densities (GRD) of the radiographic
sets (specimen, aluminum wedge, and unexposed part of
the conventional film) were measured using a digital den-
sitometer (MRA, Ribeirão Preto, SP, Brazil). For each
specimen, three readings were taken, and the mean GRD
values were calculated. The net optical density (NOD)
was derived from the following equation: NOD==GRD-
(base++fog). Here, “(base++fog)” was the radiographic
density of the part of the film where the lead sheet had
been. The NOD values were converted to equivalent
mmAl (Eq mmAl) values by the following equation.12

Specimen radiopacity×Degree thickness (mm)
Eq mmAl==mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Degree radiopacity

Densitometric evaluation of digital images

The storage phosphor plates were scanned in either the
high speed or high resolution mode in the scanner using
the manufacturers’ software. The files were exported and
saved in the tagged image file format (TIFF). The scores
for the gray tones were measured using Digora Software
(ver. 2.5 for Windows, Soredex Co., Tuusula, Finland). The
transformation of the gray tones values (GTV) in mmAl
was performed according to the following equation:

GTV
Eq mmAl==mmmmm

IPV

Inverse pixel value (IPV) was calculated by the follow-
ing equation:7

IPV==255-GTV for 1 mm Al degree

Data analysis

The data were evaluated using one-way analysis of vari-
ance (ANOVA) and Tukey’s test to make pairwise com-
parisons. The data was considered individually for com-
parison with the material factor and then the radiographic
system factor (conventional radiographs, digital images of
high speed/high resolution modes). The level of signific-
ance was set at p⁄0.05.

Results

Conventional radiographs

On the conventional radiographs, the most radiopaque
material was Natural Flow®, which was the only material
as radiopaque as enamel (p¤0.05). On the other hand,
Natural Flow®, Opallis®, and Fill Magic Flow® were not
different from dentin (p¤0.05). All of the other materials
showed lower radiopacity compared with dentin, but they
showed no statistical difference (Table 2).

Digital images of high speed mode

The digital images in the high speed mode showed that
all evaluated restorative composites presented similar
radiopacity compared with enamel (p¤0.05). However,
Fill Magic®, TPH® Spectrum® and Esthet X® showed mean
values of radiopacity significantly higher than dentin (p⁄
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Table 2. The mean radiopacity expressed as millimeters of Al equivalent (±standard deviation) of the evaluated materials

Mean Radiopacity±SD (mm Al equivalent)
Material

Conventional Digital High Speed Digital High Resolution

Fill Magic Flow® 2.77 (±0.21)CDa 2.49 (±1.04)ABab 1.7 (±0.24)Cb

Esthet X® 2.4 (±0.12)DEb 3.64 (±0.44)Aa 2.8 (±0.25)Ab

Natural Flow® 3.21 (±0.17)ABa 2.22 (±0.54)ABab 1.49 (±0.37)CDb

Fill Magic® 2.37 (±0.17)Eb 3.83 (±0.54)Aa 2.84 (±0.37)Ab

TPH Spectrum® 2.42 (±0.15)DEb 3.67 (±0.48)Aa 2.82 (±0.22)Ab

Filtek Z350® 2.47 (±0.27)DEb 3.34 (±0.63)ABa 2.40 (±0.26)Ab

Filtek Z250® 2.27 (±0.25)Eb 3.34 (±0.54)ABa 2.3 (±0.31)ABb

Opallis® 2.78 (±0.15)CDa 2.71 (±0.92)ABab 1.82 (±0.2)BCb

Enamel 3.41 (±0.12)Aa 2.37 (±1.12)ABab 1.63 (±0.27)Cb

Dentin 2.96 (±0.15)BCa 1.7 (±1.45)Bb 0.93 (±0.24)Db

The same capital letter in a column denotes no statistical difference. The same lowercase letter in a row denotes no statistical difference (Tukey’s test, p⁄0.05).



0.05, Table 2).

Digital images of high resolution mode

In the evaluation of radiopacity on the digital images in
the high resolution mode, Esthet X®, Fill Magic®, TPH
Spectrum®, Filtek Z350®, and Filtek Z250® had the high-
est radiopacity values, even greater than the enamel (p⁄
0,05). Fill Magic Flow®, Natural Flow®, and Opallis® were
not statistically different than enamel (p¤0.05). Dentin
had the lowest radiopacity (Table 2).

Conventional vs. Digital systems

In general, the digital images in the high speed mode
were the most effective among the three types of images
in obtaining the highest radiopacity values. On the other
hand, they were the least effective in differentiating the
composites from the dental tissue.

The digital images in the high resolution mode were the
least useful for registering higher radiopacity values (Table
2). On the other hand, the images in this mode were the
only ones that showed a lower mean radiopacity value for
dentin (p⁄0.05) than all of the restorative composite types
except Natural Flow® (p¤0.05). Moreover, the conventio-
nal radiographs were the most effective in the differentia-
tion between enamel and restorative composites.

Discussion

Several studies have evaluated the radiopacity of restora-
tive composites by the digital method.7,10,13 However, only
a few studies have compared this method with the conven-
tional radiograph.5 To our knowledge, this was the first
study to evaluate the radiopacity of composite resins by
using digital images of different resolutions and compar-
ing them with conventional radiographs. The difference
in the resolution of radiographic images could interfere
with dental diagnoses.

The radiopacity values of materials for restorative com-
posites are suggested by international norms such as ISO
4049,11 which indicates an adequate radiopacity similar to
the same thickness of pure aluminum. The American Den-
tal Association has recommended that these materials
should have a radiopacity around 1 mmAl, and this value
should be approximately equal to the dental tissues’ radio-
pacity.14 In this study, the conventional radiograph showed
that all materials presented the mean radiopacity values
according to the ISO 4049 norm.11

In the present study, two flowable resins were evaluated.
There is considerable variance in the radiopacity of flow-
able composites, and care must be taken when selecting
an appropriate material to enable secondary caries detec-
tion under posterior composite restorations.13 In the cur-
rent study, Natural Flow® was similar to enamel and dentin,
showing a radiopacity higher than the other composites,
and this result was similar to other studies that evaluated
low-viscosity resins.13,15

In our study, the mean radiopacity of dentin was higher
than that of the first aluminum step on the conventional
radiograph. This might have originated from the chemical
processing of the radiographs, a critical procedure, and
there could also have been interference from the operator,
room temperature variations, and differences in developing
solutions. However, we used the time/temperature method,
ready to use solutions, a standardized temperature of 25�C,
and a single operator to develop the radiographs. Another
study showed that the focus-to-film distance and radiogra-
phic exposure time also had influenced radiopacity values,16

although these factors were not considered in our study.
Aiming to resolve limitations inherent in conventional

radiographic systems, digital systems were designed. There
are two main types of technology used in digital radiogra-
phic imaging for dentistry: the image detectors using CCD/
CMOS sensors and those using storage phosphor plates.
This study used a storage phosphor plate system. This
system may be considered one of the most appropriate
commercially available substitutes for conventional radio-
graphy. It offers all the image processing features possible
for digital radiographs as well as high diagnostic accuracy
and a wide dynamic range provided by low radiation
doses.9 However, there is an important limitation that
must be overcome to establish its use in clinical practice:
the relatively higher cost compared with conventional
radiography.10

In this study, digital images in two modes, including high
speed and high resolution modes with different resolutions,
were used to evaluate the radiopacity of restorative com-
posites by phosphor storage plates. The results showed
that the high speed mode (relatively low resolution) led to
the highest radiopacity values when compared with the
other methods analyzed. The mean radiopacity values of
all of the composites, when evaluated in the high speed
and high resolution digital systems, were in accordance
with the ISO 4049 recommendations.11

Several authors have recommended that the restorative
composites be required to have higher radiopacity than
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dental tissues, especially in posterior restorations, in order
to improve the detection of the tooth-restoration inter-
face.15,17 Our results have showed that the mean radio-
graphic density of dentin was statistically different from
the majority of the composites on the digital images in
the high resolution mode and conventional radiographs.
Only Natural Flow® presented similar radiopacity values
to dentin on all the images in this study. This might indi-
cate that the indication of this material to fill areas with
undermined enamel, one of the purposes recommended
by the manufacturer, is inadvisable. The impossibility of
radiographic differentiation at the dentin-resin flow inter-
face could lead to an inadequate diagnosis of dental caries.
On the other hand, when a high resolution was employed
with the digital system, the Fill Magic Flow® showed an
average value of radiopacity significantly greater than
dentin.

The digital image in the high speed mode was less effi-
cient in enabling radiographic differentiation between
dental tissues and restorative composites. In this study,
when the high speed mode was employed for the digital
images, there was no statistically significant difference
between the mean radiopacities of enamel, dentin, and the
majority of the composites. Only Esthet X®, Fill Magic®,
and TPH® Spectrum showed a significantly higher radio-
pacity than dentin (p⁄0.05), but they were not different
from the enamel (p¤0.05). Therefore, the digital images
in the high speed mode were not effective for radiographic
differentiation between dental tissues and restorative com-
posites, and they were worse than both the digital images
in the high resolution mode and conventional radiographs.

In this study, the radiographic density of composites was
higher than that of enamel on the digital images of both
modes, but not on conventional radiographs. In clinical
practice, in which conventional radiographs are used most
of the time, this can lead to the need for repeated radio-
graphs or even lead to a false-positive diagnosis of secon-
dary caries. On both occasions, more time and clinical
materials will be spent, increasing the dental interventions’
costs. In terms of public health, these increased costs can
make it difficult for the population to access dental services.
This would also increase the population’s radiation expo-
sure.

The digital systems are able to provide high image qual-
ity with significantly reduced radiation doses compared
with conventional radiographs. These systems are especial-
ly indicated for professionals who take few radiographs
(e.g., dentists in private practice) due to the inconvenience
of developing a small number of films.9 However, the use

of digital systems may also be promising for public clinics,
increasing the diagnostic accuracy and the correct imple-
mentation of treatment planning. This would reduce the
number of procedures performed based on false-positive
diagnoses, therefore reducing service costs. Thus, the rela-
tively higher cost of the digital systems in comparison with
conventional radiography18 can be expected to be made
up for by the cost-effectiveness of the digital system.

In conclusion, the high speed mode (low resolution)
digital images were not effective. The digital images in
the high resolution mode allowed the most efficient radio-
graphic differentiation between restorative composites
and dentin. The conventional radiograph allowed the most
efficient radiographic differentiation between enamel and
composites. In all of the radiographic systems in this study,
the restorative composites showed appropriate radiopacity
values according to the ISO 4049 recommendations.
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