Original Article

Investigation into the Translucency of Tooth-Colored

Restorative Materials

H. Torabzadeh ' %, R. Aminian?, A. Ghasemi 2

! Associate Professor, Department of Operative Dentistry, School of Dentistry, Shahid Beheshti University of Medical Sciences,

Tehran, Iran

2 Associate Professor, Dental Research Center Dental, Shahid Beheshti University of Medical Sciences, Tehran, Iran
3 Assistant Professor, Department of Operative Dentistry, School of Dentistry, Shahid Beheshti University of Medical Sciences,

Tehran, Iran

= Corresponding author:

H. Torabzadeh, Department of
Operative Dentistry, School of
Dentistry, Shahid Beheshti Uni-
versity of Medical Sciences,
Tehran, Iran
5htorabzadeh@gmail.com

Received: 27 September 2008
Accepted: 28 January 2009

INTRODUCTION

Abstract:

Objective: The aim of this study was to investigate the translucency of resin-modified
glass-ionomer cements (RMGIC) and polyacid-modified composite resin (PCMR) over a
period of one year.

Materials and Methods: The study was done on three RMGIC (Fuji Il LC, Photac-Fil
Aplicap and Vitremer) and one PCMR (Dyract). A conventional GIC (Fuji Cap Il) and
two composite resins (Tetric and Z 100) were used for comparison. Five discs approx-
imately 5 mm in diameter and 1.5 mm thick were made from each material using a Pers-
pex mould. The specimens were kept in distilled water at 37°C during the test period. The
optical density/mm (inverse of translucency) of each material was measured using a spe-
cial photometric set up after preparation and after one week, six months, and one year.
Means and standard deviations were calculated and subjected to Two-way ANOVA, One-
way ANOVA and Scheffe tests.

Results: The results indicated that all of the materials, except Dyract, showed an increase
of translucency over the test period. After one year, the conventional GIC was the least
translucent material.

Conclusion: The translucency of the resin-modified GICs and Dyract was equivalent to
that of the composite resins Tetric and Z 100.
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been the difficulty in achieving acceptable

The demand for restorative materials that
closely mimic the appearance of natural teeth
is becoming increasingly important. Conse-
quently, optical properties such as color and
translucency have become important consider-
ations in aesthetic restorative materials. Com-
posite resins are generally acknowledged as
superior to conventional glass-ionomer ce-
ments (GIC) in terms of optical properties. A
major limitation of conventional GICs has
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translucency.

In a study, translucency of GICs was reported
to be lower than that of certain composite re-
sins [1]; a finding that was confirmed later [2].
It was found that, in general, the translucency
of early GICs and composite resins decreased
as the material aged during the first 24 hours
and that this effect was most marked in the
first hours following immersion in water [1].
Little changes occurred from 24 hours to one
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week and none thereafter. The researchers
mentioned, however, that the test method em-
ployed, was not able to measure and detect
further changes due to its limited precision [1].
In another study, the translucency of the new
generation of conventional GICs was found to
be similar to that of selected composite resins
[3]. In contrast, a more recent study found that
the translucency of a light-cured composite
resin was far better than that of the conven-
tional GICs tested [4].

It has been suggested that the final aesthetic
result cannot be determined soon after place-
ment of GIC restorations because it takes up to
seven days for a conventional GIC to develop
its final color and fully achieve its potential
translucency [5]. It was demonstrated that the
translucency of Fuji Cap Il (GC International)
significantly increased after one week of sto-
rage in water, whereas the translucency of Ke-
tac-Fil Aplicap showed no significant differ-
ence [4].

With regard to the composite resins, a decrease
in the translucency of specimens stored at
43°C and 90% relative humidity was reported
[6]. In another investigation, changes of the
translucency of some composite resins as they
cured were investigated using a densitometer

[7]1

crease in translucency while three became
more opaque and one remained unchanged.
These changes occurred within 20 seconds of
curing [7]. Lightening of the composite resins
has also been reported [8]. More recently, it
was shown that the translucency and color of
composites have changed over curing. The
color change, however, was clinically unac-
ceptable, and was claimed to be dependent on
the brand of the composites.

Although the conventional GICs can develop
sufficient translucency to be satisfactory in
most cases, the newer resin-modified cements
have an immediate translucency that is equiva-
lent to that of composite resins. Furthermore,
the aesthetic results of GIC restorations,
whether conventional or resin-modified,
should not be judged for at least one week be-
cause the restorations continue to mature, and
translucency and physical properties will im-
prove [9].

The internal opacity of three types of tooth co-
lored restorative materials was measured using
an accelerated test that includes storing speci-
mens in 60°C water for 4 weeks [10]. It was
found that light-cured composite resins
showed negligible opacity change after four
weeks while opacity gradually decreased (i.e.
increase in translucency) for two chemically-

Upon curing, six of the resins showed an in- cured macrofilled composites. All resin-
Table 1. Details of the materials used.
Name Description Manufacturer Se_ttmg Wo_rkmg Powder:liquid CL_mng Batch No
time time time
Fuji Cap Il Conventional GIC GC Intern\?etl;)c;r;al, Tokyo, 225 Sec 105 Sec encapsulated - 911225
.. Resin-modified GC International, Tokyo, . P:211212
Fuji 11 LC GIC Japan - 195 Sec 3.0:1.0 20 Sec L: 29111
Photac-Fil Resin-modified Espe GMBH, Seefed/ i
Aplicap GIC Oberbay Germany 180 Sec encapsulated 20 Sec 0003
Polyacid modified Dentsply De Trey, Surrey i i i
Dyract composite England 40 Sec 921082
Tetric FIuonQated C_:om- Vlva_dent, Sch_aan, i i i 40 Sec 462284
posite resin Liechtensein
7 100 Composite resin oM Health Care, StPaul ; ; 40 Sec 19940413

USA

P=Powder, L= Liquid
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modified GICs tested showed an abrupt de-
crease of opacity at the initial stage and the
opacity slightly decreased for Vitremer from
two to four weeks. Fuji Il LC showed a slight
increase in opacity after two weeks, possibly
due to exfoliation of the surface coating and
slight surface deterioration during the four
weeks of storage. The stability of color and
translucency of composites after storage in sa-
livary enzymes were also investigated and it
was found that the enzymes have no delete-
rious effect on the properties tested.

It has been claimed that the translucency of the
resin-modified GICs is better than that of the
conventional cement and would appear to rival
that of the light-cured composite resins. The
effect of the resin on the stability of translu-
cency is not yet clear and it cannot be assumed
that the resin-modified GIC will perform in a
similar manner to that of its parents.

The available information on the translucency
of resin-modified GICs is very limited. This
study was designed, therefore, to measure the
optical density/mm (the inverse of translucen-
cy) of two resin-modified GICs immediately
after preparation and also after one week, six
months, and one year. The optical density/mm
of a conventional cement, a polyacid-modified
composite resin, and two composite resins was
also measured for comparison.

MATERIALS AND METHODS

The present study was done on the following
materials: Fuji Cap Il, Fuji Il LC, Photac-Fil
Aplicap, Dyract, Tetric and Z100 (Table 1).
Shade A2 was used for all materials except for

Fuji Cap Il and Tetric for which the yellow-
brown and YG shades were used, respectively,
as these materials were not available in the A2
shade. The test specimens were prepared in a
room set at 23°C (SD=1) and 55% (SD=2) rel-
ative humidity.

Five specimens were made from each material,
each approximately 5mm in diameter and 1.5
mm thick. To make the specimens, holes 5 mm
in diameter were drilled in perspex strips to
form the mould. The materials were mixed and
applied according to the manufacturers' in-
structions. Resting on a glass plate, the pers-
pex mould was filled, to slight excess, with the
materials. Another glass plate was then placed
on top of the mould and pressure applied ma-
nually to displace excess material and produce
a flat surface.

For Fuji Cap Il, the specimens were left at
37°C and 100% humidity for 15 minutes,
timed from the start of mixing. All other spe-
cimens were light-cured using Visilux 2 (3M)
light-curing unit. Immediately after the setting
of the materials, the specimens were removed
from the moulds and their optical density was
measured. The specimens were then placed in
water at 37°C and their optical density meas-
ured at one week, six months, and one year
thereafter.

A photometric set up consisted of a light
source, the light dependent resistor (LDR), and
a digital voltmeter was used to measure the
resistance. The read resistance and thickness
of each specimen were used to calculate the
optical density/mm of the specimen. To per-
form these calculations automatically, a com-

Table 2. Optical density/mm of the tested materials at different time intervals.

Photac-Fil

. FujiCap Il Fuji Il LC* ° Dyract Tetric Z100
Time Aplicap
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Immediate  0.345 0.020 °0.220 0.010 %.226 0.004 '0.183 0.004 90.201 0.009 '0.197 0.004
Oneweek  %0.308 0.010 °0.211 0.009 9.232 0.014 0.187 0.015 °.190 0.006 Y0.191 0.004
Six months  %0.293 0.009 °0.175 0.006 °0.158 0.008 f0.187 0.017 "0.172 0.009 70.187 0.011
Oneyear  0.262 0.007 ©0.166 0.008 °0.149 0.004 '0.166 0.003 "0.167 0.009 '0.179 0.008

Values with the same letter are not significantly different (Scheffe test).
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puter program was written. Three items of data
were required in order to produce the actual
optical density of a specimen: the resistance
with no specimen, the resistance with the spe-
cimen over the LDR, and the thickness of the
specimen. Details of the set up and theory of
the method have been described elsewhere [4].
Having ensured that the light was correctly set
to give a constant reading with no specimen
present, the light was turned off, and the spe-
cimen placed in the hole of the card. The light
was then switched on and the resistance of the
LDR was measured using the digital voltme-
ter. Immediately after recording the resistance
reading, the exact specimen thickness was
measured using a micrometer. Then the spe-
cimen was returned to the water bottle and the
light was turned off to prevent a build up of
heat, which might have caused dehydration of
subsequent specimens. In addition, the mea-
surement procedure was carried out as rapidly
as possible to prevent any possible dehydration
of the specimen under test.

Any visible moisture was removed from the
surface of the specimens that had previously
been stored in water with tissue paper. Great
care was taken not to dehydrate the GIC spe-
cimens.

The results were statistically analyzed by sub-
jecting the data to parametric statistical tests.
Two-way ANOVA was used to determine the
effect of two kinds of influences (i.e. time and
type of material) on the optical density/mm.
The difference among the means of various

groups was tested by subjecting the data to
one-way ANOVA. The Scheffe test was used
to determine the level of significance. A level
of P<0.05 was considered as statistically sig-
nificant.

RESULTS

The results of the optical density/mm are
shown collectively in Fig 1 and Table 2. Two-
way ANOVA indicated that both the type of
material and time had significant effect on the
optical  density/mm  (P<0.05). One-way
ANOVA and the Scheffe test, therefore,
served to investigate the differences between
the optical density/mm at different time inter-
vals for each material as well as the differenc-
es between materials at a given time interval.
The optical density/mm of all materials gener-
ally decreased over time. One-way ANOVA
revealed that significant difference existed
among the optical density/mm of all materials
at different time intervals. The results of
Scheffe test (Table 2) revealed that Fuji Il LC
and Photac-Fil Aplicap reached their optimum
optical density/mm at six months whereas the
optical density/mm of the chemically cured
GIC (Fuji Cap II) decreased over the test pe-
riod (one year).

Tetric performed similar to the two resin-
modified GICs; however, the results of the
other composite resin (Z100) showed only a
significant difference between the optical den-
sity/mm of immediately after preparation and
that at one year. Scheffe test showed no signif-

Table 3. Comparison between the optical density/mm of materials at different time intervals.

Time Interval
Materials One-week One-year
Mean SD Mean SD

Fuji Cap |1 0.308 0.010 0.261 0.008
Fuji Il LC %0.211 0.009 ®0.166 0.008
Photac-Fil Aplicap 0.232 0.014 0.149 0.004
Dyract %0.187 0.015 ®0.166 0.003
Tetric %0.190 0.006 ®0.167 0.009
2100 %0.191 0.004 *0.179 0.008

Values with the same letter are not significantly different (Scheffe test).
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Fig 1. Optical density / mm of materials at various time intervals

icant difference between the results of the four
groups of Dyract.

To compare the optical density/mm of the test
materials, the results at one week and one year
were used. Each set of data was analyzed us-
ing the one-way ANOVA. The results indi-
cated significant differences between materials
at both time intervals. The Scheffe test was
used, therefore, to investigate the differences
(Table 3).

It was found that Fuji Cap Il was the least
translucent material at both time intervals. The
differences between Fuji Il LC, Dyract, Tetric
and Z100 were not significant at both time in-
tervals. Photac-Fil Aplicap showed significant-
ly less translucency than other materials, ex-
cept Fuji Cap II, at 1 week whereas at 1 year,
Photac-Fil Aplicap was the most translucent
material.

DISCUSSION

A standard method for testing the opacity of
GICs was recommended by the International
Organization for Standardization [11]. This
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was based on the procedures used by Crisp,
Abel et al [1] in 1979, and Asmussen [2] in
1983. It was indicated, however, that the preci-
sion of this test method was not sufficient to
detect the effect of powder: liquid ratio and
also ageing, on the translucency of GICs [1].
Thus, in the current study an alternative test
method was developed which, as explained,
used a photometric device to measure the opti-
cal density. This, in contrast to the procedure
recommended by the ISO, made the measure-
ments simpler to perform and gave reproduci-
ble results (judged by the relatively low coef-
ficients of variation recorded). The photometer
used proved to be sensitive to changes in the
light traveling through the specimens and was
able to detect very small differences. A set-up
similar to the one employed in this study has
been also reported but the measuring devices
were much more complicated and costly com-
pared to those used in this study [3]. Photo-
graphs have also been produced to determine
the differences among the translucency of var-
ious GIC specimens [5]. Such an assessment

2009; Vol. 6, No. 3
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procedure, however, seems to be more inaccu-
rate than one which employs a photometric
device. On the other hand, it must be acknowl-
edged that the ability to detect very small dif-
ferences, which might not be clinically recog-
nizable by a laboratory based technique, is
welcome. Furthermore, one should not unde-
restimate the usefulness of such test methods
in determining the potential optical property of
materials and verifying their place in compari-
son with other available materials.

It has been well known that pigmentation in-
fluences the translucency of materials. At the
planning stage of this study, a decision was
made to use materials of the same shade. It
was confirmed that the translucency of a dark-
er shade of a given tooth-colored material is
less than that of a lighter shade [1,2]. Due to
limited shade availability, however, the yel-
low-brown and YG shades were used for Fuji
Cap Il and Tetric, respectively, whereas the
A2 shade was used for Fuji Il LC, Dyract and
Z100. Great care was taken to choose, visual-
ly, the closest shade to the A2 shade, which
was used for the other materials.

To investigate the effect of time on the trans-
lucency of the materials in the present study,
the specimens were stored at 37°C for 1 year.
For screening purposes, various procedures
such as irradiation with UV-light, dry heating
at 60°C for 23 hours, and storage in 60°C for
four weeks have been used to provide accele-
rated ageing of materials [12]. After storage in
water for one year, changes in optical proper-
ties were thought to be a more reliable meas-
ure of the changes that might occur in the clin-
ical situation.

The translucency of materials is very sensitive
to surface roughness. This is because a rough-
ened surface increases the random reflection at
the surface, leading to a decrease in the trans-
lucency [10,13]. For this reason, the specimen
surfaces were cured against glass slides to
produce flat and smooth surfaces, and were
used without any further surface polishing.

2009; Vol. 6, No. 3

The results of this study indicate that the trans-
lucency of all materials, except Dyract, in-
creased significantly during the test period.
The pattern of this increase was different for
different materials. All the resin-modified
GICs and Tetric behaved similarly since their
translucency only showed a significant in-
crease at 6 months in comparison to that of the
one-week result. On the other hand, Fuji Cap
Il showed a significant increase during the first
week and maintained this level for six months,
then showed a further significant increase at
one year. The only significant difference ob-
served with Z 100 was between the translu-
cency of specimens measured immediately
after preparation and that measured at one
year. An increase in the translucency of con-
ventional GICs and composite resins during
the first week of storage in water has been re-
ported previously [1,4]. It was stated that the
translucency of conventional and resin-
modified GICs would improve due to conti-
nuous maturation [9]. Recently, an abrupt in-
crease in the translucency of resin-modified
GICs at the initial stage and a slight increase
from two to four weeks were reported [10].
The researchers also found that two chemically
cured composites showed a significant in-
crease in translucency, while the light-cured
composite exhibited only a negligible change
[10].

Although the results of this study cannot be
compared directly with the results of other
studies due to the different testing methods
and time schedule, it is clear that generally the
translucency of the tooth-colored materials
tends to increase with time. The magnitude
and pattern of such an increase depends on the
material used and the precision of the test me-
thod. Two mechanisms could be involved in
the observed increase of the translucency of
GICS. The first is the presence of the conti-
nuous acid-base reaction, which is more pro-
nounced in the conventional cement. In fact,
the observed increase at one week for Fuji Cap
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Il could be regarded as an indication of an on-
going setting reaction, which was not present
at a similar rate in resin-modified GICs. Se-
condly, GICs are composed of inorganic par-
ticles and a surrounding matrix phase. The
higher the refractive index difference between
the two phases, the lower the translucency of
the material.

This is due to multiple reflection and refrac-
tion at the matrix particle interfaces. Any
change in the refractive index of the matrix
phase of a material that would cause a de-
crease in the refractive index between the par-
ticles and the matrix, would increase the trans-
lucency.

Possibly, the high water absorption rate of re-
sin-modified GICs might have led to such
changes in the matrix. The increase in the
translucency of composite resins might also be
attributed to a similar mechanism. The clinical
implication of the current results is that an in-
crease in the translucency of a material means
that dentists should expect a better aesthetic
result as the restoration ages.

The results indicated that the conventional
GIC was the least translucent material. This
finding is in agreement with the general as-
sumption that the aesthetic appearance of re-
sin-modified GICs is an improvement over
conventional cements. The current results also
showed that the translucency of resin-modified
GICs did not differ significantly from those of
composite resins and polyacid-modified com-
posite resin, Dyract. No similar research re-
sults were available in the literature for com-
parison.

Photac-Fil Aplicap was the most translucent
material at one-year interval. However, its
translucency was significantly lower than that
of other materials except Fuji Cap Il at one-
week interval. This significant improvement
can be attributed to a slower acid-base reaction
in Photac-Fil Aplicap and/or a higher water
uptake rate by the material [14]. It has been
found previously that Photac-Fil Aplicap re-
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quired prolonged protection (four weeks) in
order to minimize color change over time [15].
CONCLUSION

The translucency of all tested materials, except
Dyract, increased as the specimens aged. The
pattern of change was different among the ma-
terials. Fuji Cap Il was the least translucent
material, while Photac-Fil Aplicap exhibited
the highest translucency at one-year interval.
The translucency of resin-modified GICs and
Dyract was equivalent to that of the composite
resins Tetric and Z100.

ACKNOWLEDGEMENTS

This study supported by the Ministry of Health
and Medical Education, Tehran, Iran. We also
thank Dental Research Center, Shahid Be-
heshti University of Medical Sciences for pro-
viding the opportunity to prepare the manu-
script.

REFERENCES

1-Crisp S, Abel G, Wilson AD. The quantitative
measurement of the opacity of aesthetic dental fill-
ing materials. J Dent Res 1979 Jun;58(6):1585-96.
2-Asmussen E. Opacity of glass-ionomer cements.
Acta Odontol Scand 1983 Jun;41(3):155-7.
3-Verdonschot EH, Oortwijn JC, Roeters FJ. Aes-
thetic properties of three type Il glass polyalke-
noate (ionomer) cements. J Dent 1991 Dec;19(6):
357-61.

4-Torabzadeh H. The efficacy of materials used for
protecting glass-ionomer cements against hydra-
tion. M.Sc. thesis, Bristol: University of Bristol.
1992.

5-Mount GJ. Esthetics with glass-ionomer cements
and the "sandwich" technique. Quintessence Int
1990 Feb;21(2):93-101.

6-Powers JM, Fan PL, Raptis CN. Color stability
of new composite restorative materials under acce-
lerated aging. J Dent Res 1980;59(12):2071-4.
7-Makinson OF. Colour changes on curing light-
activated anterior restorative resins. Aust Dent J
1989 Apr;34(2):154-9.

8-Smales RJ, Gerke DC. Clinical evaluation of

2009; Vol. 6, No. 3



Torabzadeh et al.

Translucency of Tooth-Colored Restorative Materials

light-cured anterior resin composites over periods
of up to 4 years. Am J Dent 1992 Aug;5(4):208-12.
9-Mount GJ. Clinical placement of modern glass-
ionomer cements. Quintessence Int 1993 Feb;
24(2):99-107.

10-Inokoshi S, Burrow MF, Kataumi M, Yamada
T, Takatsu T. Opacity and color changes of tooth-
colored restorative materials. Oper Dent 1996 Mar-
Apr;21(2):73-80.

11-International Standard Specification: Dental
glass polyalkenoate cements. 1986. ISO 7489.
12-Asmussen E. An accelerated test for color sta-

2009; Vol. 6, No. 3

bility of restorative resins. Acta Odontol Scand
1981;39:329-32.

13-Arayomi OO. The translucency and surface
finish of tooth-coloured filling materials. MSc the-
sis, Bristol: University of Bristol. 1993.
14-Torabzadeh H. Laboratory and clinical investi-
gations into resin-modified glass-ionomer cements
and related materials. Ph.D. thesis, Bristol: Univer-
sity of Bristol. 1996.

15-AL-Barkhill AR, Yaman P, Dennison JB, Raz-
zoog M. Effect of surface coating on color stability
of glass ionomers. J Dent Res 1996;75:380.

157



