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I. Introduction

The demand for esthetic tooth-colored ma-
terials has increased. As a result, many new
materials have been developed. In case of an-
terior restorations, conventional composite re-
sin has been accepted as a proper material
due to its long life span and reasonable proper
esthetics. In case of posterior restorations, ho-
wever, amalgam or gold restorations are still
widely used because composites show weak-
nesses such as abrasion, fracture, recurrent
caries, etc. The esthetic demand and the con-
cern over the possible harm of the mercury
have increased the demand for ceramic mate-
rials.

Ceramic use in the dental field began in
1780 in France. However, ceramic as restora-
tive material in massive scale began only after
the development of the ceramics which had
similar coefficient of thermal expansion to the
dental alloys in 1962 by Weinstein, Katz &
Weinstein in the USA."’ Despite of good es-
thetics, problems have still existed : the attri-
tion of the opposite tooth material due to the
ceramics, discrepancy of the coefficient of the-
rmal expansion between the metal and the
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ceramics, and cracks between the opaque ce-
ramics and metal oxides which have been pro-
duced for the cementation.

Recently, many ceramics have been develo-
ped as an answer to the following demand
> high esthetic quality similar to the natural
tooth, high compression strength, radiopacity,
and stability in the oral environment. An all-
ceramic restoration is now considered to be
esthetically much better than a PFM restora-
tion. However, the brittleness and the weak
fracture resistance of ceramics have increased
the interest on its life span. A lot of research
has been done for its improvement.

A variety of cementing medium has been
studied for ceramic restoration. In 1994, Sche-
rrer & others? reported that the fracture resi-
stance of ceramics was raised over the degree
of 75% when resin cement was used rather
than ZPC - the conventional luting cement.
In 1991, it was introduced the cementing tech-
nique of fine hybrid composite which is highly
filled, viscous, and abrasion resistant. When
the working end of the ultrasonic device was
applied on the occlusal surface, the seating
of inlay body was complete.”

In early days, ceramic inlay or onlay was




made a part of conventional feldspartic porce-
lain using platinum foil matrix. In recent days,
however, they are produced on the refractory
die, with glass ceramic, or apatite ceramic.
Also they are produced by injection molding
ceramic, using lost wax process.

Cerec system was first developed in 1980
by Mormann & Brandestini in Switzerland.
It was clinically used since 1986, when
Vita-Cerec MK I porcelain block was made.

The effort to improve these materials was
made since 1987. Dicor MGC Cerec block and
adhesive material were developed as a result.
Vita MK 1II and Vita-Cerec Duo cement were
introduced, also. Researchers examined the
abrasiveness of Vita-Cerec fine porcelain and
Cerec-Dicor MGC using a chemo-thermo-me-
chanical test. Following the test, the surface
of the Dicor MGC was slightly roughened
whereas the Vita-Cerec MK II fine porcelain
had a smooth surface and was comparable to
enamel in its abrasiveness.” With the increa-
sing use of these ceramic ma_terials, the inte-
rest in recurrent caries related to ceramic use
also has increased. To diagnose recurrent ca-
radiographically, restorative material
must have an reasonable level of radiopacity.”
® Generally aluminum is used as a standard
reference for radiopacity of dental materials.
According to the ISO specification No.4049",
if the manufacturer-claims a material is radio-

ries

paque, the radiopacity of the material must
be greater than that of the same thickness
of aluminum.

It was reported that MGC Dicor glass cera-
mic is more radiopaque than Vita Mark II por-
celain so the same luting cement cannot be
used for both products.”” Goshima & Goshima
(1990) reported that radiopacity equivalent
to that of enamel is optimum for diagnosis
of recurrent caries because higher radiopacity
makes the image of recurrent caries, marginal
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defect, or porosity too unclear to confirm.

The purpose of this study was measure the
radiopacities of these new ceramic materials
and compare them with those of tooth enamel,
dentin, two resin cements and Z-100 compo-
site resin.

II. Materials & Methods

Specimens which had sizes of 8.0X8.0mm
with a thickness of 2mm and 3mm were cut
from blocks of two ceramic materials (Dicor
MGC, L.D. Caulk Division, Dentsply Interna-
tional Inc., Miliford, DE, USA; Vita Mark II,
VITA Zahnfabrik, H. Rauter GmbH & Co. KG,
Bad Sakingen, Germany). They were cut by
low-speed cutting machine with diamond
blade.

Z-100 composite (3M Dental products, St.
Paul, MN, USA) and cements (Duo cement,
Vita Zahnfabrik; Scotchbond resin cements,
3M) were manipulated following manufactu-
rers directions. They were condensed into
metal molds which had diameter of 7.0mm
and depth of 2.0mm and 3.0mm under pres-
sure from both sides, and light-cured with Vi-
silux II ( 3M,, US.A). They were made 10
each, 100 total.

For tooth specimens, maxillary bicuspids,
which had been recently extracted for ortho-
dontic treatment, were cut with low-speed cu-
tting machine using a diamond blade. They
were cut to be 2.0mm and 3.0mm thickness
with basis of buccal & lingual cusp tips as
reference points. Also, aluminum step wedge
with 12 steps was made with the thickness
of 11.92mm.

Specimens were radiographed using E-
speed occlusal film*® (Eastman Kodak co.,Ro-
chester, New York 14650, USA), with a dental
x-ray unit(Siemens, Aktiengesellschaft Witte-
Isbacherplatz, M nchen, Germany) with speci-



fication of 70kVp, 7mA, and 2.16mm aluminum
filtration. Distance between the target and the
film was 25Cmm. An exposure time was 0.2
seconds. After the radiopacity from the radio-
graphs were measured, data was obtained
with densitometer(X-rite 301, X-Rite com-
ANOVA. The statistical analysis showed that
there were significant differences between all
materials(P0.01).
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Fig.1 Standard curve for the optical density
of the aluminium step wedge

Table 1. Material
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pany, USA). Data analysis was completed
using an analysis of variance and Duncan test
at the 1% level. It indicated that there were
significant differences between materials.
lI. Data and Results

Standard curve(Fig.1) Ln D =0.5008-0.10
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Fig. 2 Radiopacity of materials used in compa-
rison with Enamel and Dentin

Duo cement
L Scotchbond resin cement

Material Bat. No.
Dicor MGC 51691(Caulk/Dentsply)
Vita Mark 11 4394(Vita Zanhfabrik)
Z-100 19941129 (3M)

Dk002(Vita Zahnfabrik)
19961014 (3M)

Table 2. Radiodensities of Materials
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Material Densitometer readings Equivalent thickness of Al(mm)
Z mm 3 mm 2 mm 3 mm
Dicor MGC 1.26+ 0.007 1.14+ 0.006 2.57 3.53
Vita Mark 11 1.73+ 0.006 1.61+0.01 - 0.23
Z-100 1.19+ 0.009 1.05+ 0.008 3.12 431
Duo cement 1.16:+ 0.007 1.03+ 0.006 3.36 4.50
Scotchbond resin cement 1.21+ 0.009 1.09+ 0.01 2.96 3.96
Enamel 1.351+ 0.004 1.24+ 0.006 1.92 2.73
Dentin .54+ 0.006 1.40+ 0.005 0.66 1.57
(P<0.01)



ness) was obtained from the correlation bet-
ween thickness and optical density, which was
measured by densitometer. Optical density of
each specimen was converted to the equiva-
lent thickness of aluminum using the standard
curve that was prepared. The data were anal-
yzed statistically by Duncan test of one way
ANOVA. The statistical analysis showed that
there were significant differences between all
materials(P0.01).

Materials with higher radiopacity than alu-
minum were Dicor MGC block, Z-100, Duo
cement, and Scotchbond resin cement, while
Vita Mark II showed the lower value(Fig.2).
In 3mm samples, thickness of Dicor MGC
block was equivalent radiopacity to 3.6mm of
aluminum, which somewhat exceeds enamel.
Vita Mark II showed equivalent radiopacing
to 0.3mm, which has even lower than dentin.

IV. Discussion

Radiography plays a great role in the eva-
luation of the teeth and restorative materials.
Studies before the mid-80 hypothesize that
the more difference in radiopacity between
restorative material and tooth, the better the
diagnosis of recurrent caries or marginal de-
fect could be made.

Kulid®(1976) reported that the use of ra-
diopaque composite resin helps the diagnosis
of recurrent caries. Abou-Table, Tidy & Co-
mbe(1979)® measured the radiopacity of 18
different composite resins, and reported that
they should not have radiopacity less than de-
ntin for restorative use.

However, the degree of radiopacity has li-
mited clinical significance. Dijken, Wing & Ru-
yter?(1989) reported that when composites
are applied to classII cavities, the X-rays must
pass through two layers of tooth structure,
buccal and lingual segments, which are conti-
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guous with the cavity preparation, before rea-
ching the film. These two layers of tooth stru-
cture partially mask the composite. If the com-
posite is to be made radiopaque to facilitate
the detection of enamel decay or marginal de-
fects in Class II cavities, the material must
have a radiopacity not less than that of the
enamel. Goshima & Goshima®(1990) repor-
ted that radiopacity equivalent to that of ena-
mel is optimum for recurrent caries diagnosis
because too much higher radiopacity makes
the image of recurrent caries, marginal defect,
or porosity invalid.

Tveit and Espelid®’ (1986) reported compo-
sites that produced slightly higher radiopacity
than that of enamel are favorable for recurrent
caries diagnosis. Omer, Wilson & Watts®
(1986) reported that composites remarkably
exceeding the radiopacity of enamel are good
for diagnosis. However, excessive radiopacity,
such as one of amalgam, can be a difficulty
in recurrent caries diagnosis.

It has been a long time that ceramic inlay
was used in dental field® % Yet, its use has
been quite limited due to the difficulty in ac-
quiring good margin, attrition of opposite
teeth, dissolution of cement, etc.

Recently, development of physical proper-
ties and skills has been made, and it became
possible that ceramic inlay itself bonds to the
tooth material with resin cement, thanks to
the use of etching and bonding agents.” Mo-
reover, newly developed ceramics are not as
hard as conventional ones so that the opposite
teeth attrition can be minimized.

It was reported that Cerec Dicor MGC inlay
had a good suitability as gold, composites, or
porcelain indirect inlay.® Goshima & Goshima
@(1990) and Curtis, Farman & Frauhofer”
(1990) reported that radiopacity is determi-
ned by the X-ray absorption of the restorative
material. In turn, x-ray absorption is determi-



ned by the constituents of the material, thick-
ness of the restoration, and amount of the
piled tooth material. But Sewerin® (1980) re-
ported that restorative material must not have
less radiopacity than enamel in a class II ca-
vity. According to these studies, the optimal
radiopacity of posterior restorative material
seems to be slightly higher than that of ena-
mel. El-Mowafy, Brown & McComb*(1991)
reported that Dicor MGC has higher radiopa-
city than enamel, while Vita Mark II has lo-
wer radiopacity than dentin. It was reported
that Dicor MGC is much more radiopaque
than Vita Mark II that the same luting cement
cannot be used. Cook® (1981) tested a num-
ber of assumed factors having influence on
radiopacity : radiation generation methods,
film types, kVp, amount of radiation absorp-
tion. He reported that kVp had a great influe-
nce on the radiopacity.

Radiopacity of dental materials are presen-
ted as the equivalent thickness of aluminum
(mmAl), and the equation Ln D=0.5008-0.
1048X (D : Densitometer readings, X © Al thi-
ckness) was obtained using the correlation
between thickness and optical density of alu-
minum step wedge measured using densito-
meter.

A linear or near-linear standard curve was
obtained when Ln D was plotted against alu-
minum thickness. This linear relationship
could be explained by applying Lamberts
equation . I=IoX e-ux 1n which | is the inten-
sity of radiation passing through, Io is the in-
tensity of radiation emitted from the X-ray
tube, e is the base of natural logarithms, p
is the linear absorption coefficient of the ma-
terial through which the beam passes, and
x is the thickness of the material. In the case
of the aluminum step wedge, x is the only
variable in the experimental setup, and the
relationship between x and [ in equation may
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be transformed to log I o - x ; that is the
logarithm of the intensity of transmitted X-
rays is inversely proportional to the thickness
of the aluminum step wedge. Changes in the
exposure time had no discernible effect on
the interpolated aluminum values for the ma-
terials.

Radiodensity of a dental restorative mate-
rial has to be compared with that of enamel,
dentin, and other restorative materials for
analysis.

The thickness of a material itself is not
more important than the molecule structure.
However, it still has a great influence on the
radiodensity. It is especially important when
the image of a material with low radiopacity
is overlapped on the image of enamel.

Various radiopacity values are reported
from a number of other tests, because of a
number of factors such as, film speed, expo-
sure time, voltage, and film development. Ho-
wever, order of radiopacity of the materials
remained constant.

In this test, dental x-ray unit was fitted to
70kVp, 7mA, and 2.16mm aluminum filtration.
Distance between the target and the film was
25cm. Exposure time was 0.2 seconds.

All materials except Vita Mark Il appeared
effective in recurrent caries diagnosis because
they showed a radiopacity exceeding enamel.
Especially, Dicor MGC block can be accepted
as an effective posterior restorative material
for recurrent caries diagnosis because it sho-
wed the radiopacity very similar to enamel.

Materials prepared in two different thick-
ness, 2 mm and 3 mm. Vita Cerec blocks could
not be expressed as an equivalent thickness
of aluminum in 2 mm samples because it is
too radiolucent to be expressed as an equiva-
lent thickness of aluminum. And, generally,
the bucco-lingual dimension of inlay in Class
II cavities are over than 3mm.



Cerec Vita block should be used with high
radiopaque luting cement for recurrent caries
diagnosis because of its low radiopacity. Z-100
composite, Duo and Scotchbond resin cement,
are considered proper materials for ceramic
inlay due to their radiopacity exceeding ena-
mel.

In the future, a lot of clinical studies should
be made for the effectiveness of diagnosis,
about the methods and various factors having
influence on radiopacity.

V. Conclusion

This study examined if certain materials
have an effective radiopacity for recurrent ca-
ries diagnosis. Materials tested were Dicor
MGC block, Vita Cerec block -being used in
Cerec CAD-CAM system, and their luting ce-
ments, Duo and Scotchbond resin cement and
a hybrid composite resin, Z-100. Radiopacity
of each material was measured using a densi-
tometer.

Findings and conclusion made are as follows

1. Dicor MGC block showed a radiopacity so-
mewhat exceeding enamel.

2. Vita Cerec block showed a radiopacity lo-
wer than that of dentin.

3. Luting materials had radiopacity exceeding
enamel, in decreasing order of Duo cement,
Z-100, and ‘Scotchbond resin cement.

4. Duo cement, Scotchbond resin cement and
Z-100 are thought to be helpful in recurrent
caries diaghosis when used with Vita Cerec
block.
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ALl 1. Dicor MGC block AFAL 2, Vita Mark 1T block

AFAl 3, Duo cement AFZl 4, Scotchbond resin cement

A}zl 5. Z-100
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