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The Effects of Golored
Pigments on the Translucency
of Experimental Dental
Resin Gomposites

ABSTRACT

Objective: Colored pigments are incorporated into dental resin composites to produce
clinically acceptable shades for restorative materials but studies on their effects on
translucency are rare. The aim of this study was to examine the effects of the addition
of different colored pigments on the translucency of experimental dental resin compos-
ites. Materials and Methods: 12 types of experimental dental resin composites contain-
ing different concentrations of red and yellow iron oxide pigments were formulated and
light-cured. Total and diffuse translucency as well as CIE [*a*h* values were measured
and the color differences were calculated. Results: There was a statistically significant
difference in the translucency values between the composites with no pigments and the
composites with increasing concentrations of the pigments (p<0.05). The translucency
decreased as the concentration of the pigments increased. However at pigment concen-
trations greater than 0.02%, the translucency of the composites reached a plateau and
ceased to be influenced by the addition of the pigments (p>0.05). All color differences
were in the range of 3.62-16.00 aE*ab unit. Conclusions: The pigments used in this
study can influence the translucency of the experimental resin composites and should
be considered as an important factor by clinicians to achieve optimal esthetic restora-
tive outcome.

INTRODUCTION

Color and translucency of dental materials are two of the main important
parameters that can significantly affect the esthetic outcomes of tooth-
colored restorations.™ For ideal esthetic results, it is often extremely dif-
ficult to match the shade of the restorative material to the remaining tooth
structure and to the adjacent teeth. This is because of the inherent trans-
lucency of the natural enamel, which is an important optical property of
the natural teeth.> The color and translucency of human teeth vary from
one tooth or area of the mouth to another and from patient to patient.®
Therefore, due to the increasing demand of esthetic restorations, dental
restorative materials should mimic not only the color, but also the translu-
cency of the natural teeth as closely as possible.”

It has been shown that different factors can influence the color and
translucency of resin composites.>®'? Investigated parameters include
thickness, shade and background environment,>'>'* resin matrix composi-
tion,'> depth of cure,' filler content and particle size,"” opacifier type and
concentration’®, and the initiator and filler coupling agent."”
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However, studies on the relationship between the color and
the translucency of esthetic dental resin composites are rare.?°

Colorants and pigments are added to restorative materials
to produce different shades enabling the clinicians to match
the color of restorations and prostheses to the surrounding
tissues.?’

Colored pigments used in dental resin composites include
a combination of white titanium oxide, red iron oxide, yel-
low iron oxide and black iron oxide with different propor-
tions. These pigments may interact with each other and with
the components of the composite paste affecting the optical
properties of the composite material. Studies evaluating the
influence of these pigments on the translucency of resin com-
posites are rare and the influence of pigments on light trans-
mission has been reported in only one study very recently.?

Therefore, the aim of this study was to investigate the effects
of the addition of different individual colored pigments and
their combinations on the translucency of the experimental
dental resin composites.

MATERIALS AND METHODS
COMPOSITE RESIN FORMULATION

All the materials used in this study for fabrication of the
experimental composites were supplied by DENTSPLY (Kon-
stanz, Germany).

The resin matrix was prepared by mixing the following ingre-
dients (in wt.%): urethane dimethacrylate (UDMA) (99.22%),
camphorquinone (CQ) (0.3%), dimethylaminobenzoic acid
ethyl ester (DMABE) (0.3%), 3,5-di-tert-butyl-4-hydroxytolu-
ene (BHT) (0.12%) and 2-hydroxy-4-methoxybenzophenone
(HMBP) (0.06%).

The experimental resin composites were produced by mix-
ing 25wt.% of resin matrix with 75 wt.% of silane-treated bar-
ium-silicate filler containing different concentrations of red
and yellow iron oxide pigments as shown in Table 1. Compos-
ite 1 was the control group and contained no pigments. Com-
posite 2 to 5 only had red pigments. Composites 6 to 9 only
had yellow pigments and composites 10 to 12 had both red
and yellow pigments in different quantities. For every com-
position, the filler content was kept constant at 75%, so that
only the effect of the changing concentrations of the pigments
would be studied.

SPECIMEN FABRICATION

The ingredients were measured for the desired weight using
an analytical balance (Mettler AJ100, Greifensee, Switzerland)
and then were mixed by hand in small flexible plastic contain-
ers. Once mixed to a homogeneous paste, the experimental
resin was ready to be placed into the molds.

A polycarbonate sheet of 1.5 mm thickness, containing six
holes of 15.5 mm diameter, was made to act as mould for
the specimens. Each group of unpolymerized resin composite
specimens was packed into the six moulds over a glass plate
using a condenser, making sure no bubbles were created. An-
other glass plate was placed over the polycarbonate sheet and
firm pressure was applied for twenty seconds. The specimens
were then light-cured from both sides in three different loca-
tions for a total of 90 seconds. The light source unit (QHL 75,
Dentsply) had an irradiance setting of 450mW/cm?.

Of the six polymerized specimens, three were chosen based
on homogeneity and lack of porosities. The other three were
discarded. A total of thirty-six specimens were selected for the
study (N=36).

The specimens were ground from both sides using a silicon
carbide grinding paper (Buehler-Met® II, Buehler UK, Coven-
try) P400 to the thickness of 1.3 mm, and subsequently pol-
ished with a P1200 to the thickness of 1 mm (+0.05 mm) for
a smooth finish. This was carried out on a grinder-polisher
machine (Buehler Metaserv, Buehler UK) rotating at 200 rpm
speed. A micrometer was used to check thickness of the speci-
mens in five different locations (one at the centre and four at
the edges). A bright light source was used to check for porosi-
ties. Specimens that showed inappropriate thickness and/or
porosities were discarded and replaced.

Each specimen was then rinsed with water, dried and stored
with the other two specimens of the same group in a dry envi-
ronment in a self-sealing small polythene bag.

Table 1. Pigment type and content of different experimental

dental resin composites

Experimental Red iron oxide Yellow iron oxide
resin composite pigment (%) pigment (%)
1 (control group) 0 0
2 0.02 0
3 0.04 0
4 0.06 0
5 0.08 0
6 0 0.01
7 0 0.02
8 0 0.03
9 0 0.04
10 0.02 0.03
1 0.04 0.02
12 0.06 0.01
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MEASUREMENT OF OPTICAL PROPERTIES

Optical properties data were collected using a computer-
controlled spectrophotometer (Lambda 2, PerkinElmer, Mas-
sachusetts, USA) with integrating sphere. Transmittance (to-
tal, diffuse and total direct) was measured in the wave length
range of 380-700 nm under standard illuminant D65 at 1 nm
intervals. Color coordinates, L* (lightness), a* (red-green chro-
maticity index), and b* (yellow-blue chromaticity index) were
determined from the total transmittance data using Pecol
color software (PerkinElmer, USA).

For Total Transmittance and Diffuse Transmission, measure-
ments were taken for every wave length from 380 nm to 700
nm, resulting in 321 readings. For Total Transmittance meas-
urement, a specimen was placed in the transmission port
(entry port) of the spectrophotometer and a white reference
material was placed in the reflectance port (Figure 1).

For Diffuse Transmission, a light trap needs to exist in the
reflectance port. The light trap absorbs the direct transmis-
sion, and therefore only scattered light is measured. A light
trap can be either a black background or an open port. In this
study, an open port was chosen as a light trap.

For direct transmittance, the values of total transmittance
were subtracted from diffuse transmittance, to measure light
passing through the samples without scattering.

Color measurements were taken using CIE Lab values in to-
tal transmittance mode. Color difference (AE*) was measured
using the following equation:

AE* ab= [(AL*)%+ (Aa*)>+ (Ab*)2]0s

DATA ANALYSIS

Statistical analysis of the data was carried out by one-way
ANOVA followed by Tukey's test with a confidence interval (CI)
of 95% using Minitab statistical analysis software.

Regression analysis was used to plot the line of the best fit
for the CIE L*a*b* values.

RESULTS

The mean total, diffuse and direct transmittance of the com-
posite formulations with different concentrations of red pig-
ment, yellow pigment and mixture of red and yellow pigments
are shown in Figures 2, 3 and 4 respectively.

Statistical analysis by one-way ANOVA followed by Tukey’s
test showed that there was a statistically significant difference
(p<0.05) in the translucency values between the composites
with no pigments and the composites with increasing concen-
trations of the pigments. The translucency decreased as the
concentration of the pigments increased. However at pigment
concentrations greater than 0.02% as shown in the Figures 2
and 3, the translucency of the composites reached a plateau
and ceased to be influenced by the addition of the pigments.
The yellow and red pigments showed a similar pattern.

Figure 4 shows the translucency of the composite resins with
mixed red and yellow pigments, where the concentration of
the red pigment is gradually increased and the concentration
of the yellow pigment is gradually decreased. All mixture com-
binations reduced the translucency of the composite resins
except for the mixture of 0.06% red and 0.01% yellow pigment.

Sample

Reflectance Port

Direct transmittance

. Detector

Figure 1: Schematic diagram of the mechanism of light transmittance detection by spectrophotometer
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Regression analysis showed that there was a linear correlation
between the concentrations of the pure red, pure yellow pig-
ments and total translucency.

CIE L*a*b* results showed that for the yellow pigment, the light-
ness decreased with an increase in the concentration whereas
for the red pigment the yellowness of the sample increased. The
a* value for the yellow pigment decreased and for the red pig-
ment increased. The b* value for both yellow and red pigment in-
creased with the increase in the concentrations of the pigments.
The mixed pigments showed variations in the lightness.

Measurement of the color differences (AE*ab) of resin com-
posites with different concentrations of pigments showed all
color differences were in the range of 3.62-16.00 AE*ab unit.

DISCUSSION

Resin composites have become the most popular restorative
materials in recent years due to several reasons including 1)
increased demand for aesthetic restorations, 2) environmental

concerns and health concerns of mercury, 3) suitable mechani-
cal properties and 4) as alternative to amalgams.? Whilst resin
composites are deemed to have suitable optical properties and
the ability to be placed directly, these may not arguably be the
main reasons for its popularity their optical properties and an
increasing demand for a directly placed esthetic restorative ma-
terial. Several factors influence the esthetics of a restorative ma-
terial, such as color, translucency and surface texture.* Many
studies have investigated the color of composite resins and the
studies on the translucency of the composite resins have mainly
focused on parameters such as filler type, size and content, resin
matrix refractive index and the monomer type.2&12

The present study was the first study to evaluate the effect of
additions of colored pigments with different concentrations on
the translucency of resin composites. The individual effects of
the red and yellow pigments, as well as the combined effects of
these pigments were investigated.

Translucency of red-pigmented composite resins

(]

50

4

o

3

[=

2

Transluesncy (% of incident light)
=]

1

o

0

LLLLL

T
mDT

= Tdir

Red pigment %

Figure 2: Translucency of composite resins with increasing concentrations of the red-pigment. The
translucency values decrease and reach a plateau with an increase in the pigment concentration.

Translucency of Yellow-pigmented composite resins
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Figure 3: Translucency of composite resins with increasing concentrations of the yellow-pigment. The trans-
lucency values of the composite resin decrease with an increase in the concentration of the yellow pigment.
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Translucency of mixed yellow and red pigmented composites
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Figure 4: Translucency of composite resins with increasing concentrations of the mixed-red and yellow pigments.

Experimental resin composites were formulated in order to
eliminate the variables such as different additives, manufactur-
ing conditions, monomer type and filler concentrations that are
used in commercially available products. All composite samples
were made using the UDMA monomer and the filler content
was kept constant at 75% for all specimens. UDMA and BisGMA
are widely used as the base monomers in the formation of
polymeric matrices of the dental composites.?> Unlike, BisGMA,
UDMA does not need to be diluted with a viscosity controller
and facilitates consistent composite material fabrication.

The most commonly used pigments in commercially available
composite resins are metal oxide pigments, such as red ferric
oxide Fe.O. or yellow ferric trihydroxide Fe(OH),,2® which were
generously supplied by DENTSPLY for this study. The pigment
concentrations used in this study were based on the recommen-
dations from the manufacturers of dental resin composites.

Porosity within the composite can cause light scattering and
interfere with the results and thus it is important to eliminate
any porosity and air bubbles from the samples. Careful pack-
ing of the uncured resin in the mould and then pressing it
between two glass slabs with hand pressure during curing
was a useful technique to minimise the porosity and produce
smooth samples with even thickness as suggested by some
other studies.”

The light transmittance through the composite resin was
measured using a Spectrophotometer (Elmer Lambda 2 UV/
VIS spectrophotometer) with an integrating sphere. Spectro-
photometers are widely used to study the optical properties
of restorative materials such as ceramics and composites be-
cause they provide an accurate and reproducible method of
light transmission measurement.?® Advanced systems that in-
corporate the latest spectrophotometric and computer tech-
nology, have significantly increased the capabilities for meas-
uring and controlling color in many fields.®

EJPRD
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From the results of this study it could be seen that there
was a statistically significant difference in the translucency of
the resin composites after the addition of the pigments. Fol-
lowing the addition of the red pigment, the TT and DT values
first decreased up to a concentration of pigment of 0.06% and
then started to increase again at 0.08% pigment concentra-
tion. Similarly for the yellow pigments, a similar pattern was
observed, i.e. a decrease in TT and DT up to 0.02% pigment
content and an increase from 0.04% concentration onwards.
It seems from the line graphs that for the yellow and red pig-
ments, the addition of pigments affected all the wavelengths
of the visible spectrum.

The pigment particles act as scattering centres, similar to
opacifiers, thereby scattering more light as their concentra-
tions increase, causing a decrease in the translucency of the
resin composites tested in this study. This is consistent with
previous studies which have shown that darker shades of
resin composites which have more pigment contents are less
translucent.?®

It was observed that when the yellow and red pigments were
mixed together, the translucency reduced initially as expected
but started increasing again with the increasing concentration
of red pigment and a decreased concentration of yellow pig-
ment. It seems that the addition of red and yellow pigment
does affect the translucency to some extent, but the TT and
DT values increase when a mixture of 0.06% red pigment and
0.01% yellow pigment is used.

To understand the above results better, line graphs were
made between the individual wave lengths starting from 380
to 700 for the translucency of the mixed, red and yellow pig-
ment concentrations. It appeared from these graphs that
there was a rotation around one point of wavelength possibly
because at that wavelength more light was absorbed by the

Copyright ©2019 by Dennis Barber Ltd. All rights reserved.
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pigments hence decreasing the translucency. With the addi-
tion of the pigment relatively more light in the red and yellow
wave length range is allowed to pass through compared with
the blue/green range. Thus while the overall translucency is
only slightly affected, there is a large change in the color.

From the CIE L*a*b* values of the yellow pigment it could
be seen that the lightness decreased with an increase in the
concentration of the yellow pigment. The a* value, which is
a measure of the red-green content, decreased as predicted.
The b* value, which is a measure of the yellow-blue content,
increased with the increase in the yellow concentration. A
similar pattern for the red pigment could be seen with a* val-
ues increasing with the increase in the concentration of the
red pigment. The b* value also increased to some extent with
an increase in the red pigment.

The CIE L*a*b* values for the mixed pigment showed a fluc-
tuation in the lightness and there was a linear relationship
between the mixed pigment concentration and the a* value.
Similarly it could be seen that, the a* value also had a lin-
ear relationship, but it decreased as the concentrations of the
mixed pigments changed. The mixed pigments ideally should
show an effect between the patterns shown by the red and
the yellow pigment separately. To understand this better all

the L*a*b* values of the red, the yellow and the mixed pig-
ments were plotted on a CIE L*a*b* space.

The scatter graph showed that when yellow pigment was
added, there was a large yellow shift in the CIE L*a*b* space.
But when red-pigment was added there was a red as well as
yellow shift. This showed that with the addition of red-pig-
ment, the yellowness of the sample also increased.

The red shaded area in the figure below showed large shift
towards the Y as well as the X-axis i.e. a shift towards red and
yellow space. Similarly the green shaded area indicates that
there was only yellow shift after the addition of the yellow pig-
ment. Following the addition of the red and yellow pigments
both, the values for the mixed pigment stayed somewhere be-
tween the a* and b* as shown in the Figure 5.

Color differences (AE*ab) of resin composites with differ-
ent concentrations of pigments were also determined, which
showed color differences were in the range of 3.62-16.00
AE*ab unit. All the combinations showed AE*ab values higher
than 1 which is considered to be the threshold level for a color
change between two materials to be perceptible.® If the AE is
taken as AE> 3.3 which is indicated as the clinically perceptible
color difference according to many studies, all the samples
showed a perceptible difference. The minimum difference was

CIE Lab Values with Yellow and Red Pigments
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Figure 5: Scatter Graph of CIE Lab values for the experimental composites with different pigment contents
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3.62AE* units which was the difference between the control
group and 0.04% yellow pigmented sample. The relevance of
this finding is that these differences are clinically perceivable
as it can be seen that even minor concentrations of pigments
can bring about a highly distinguishable change in the color.

The results of this study indicate that the addition of the red
and yellow colored pigments to the resin composites affects
their translucency to some extent. These findings have not
been reported previously and are consistent with the sugges-
tions by only one previous study investigating the relationship
between the color and translucency of commercially available
multi-shade resin composites, which showed the translucency
of the composites decreased significantly towards the darker
shades.?

CONCLUSIONS

From the results of this study it can be concluded that the
addition of red and yellow iron oxide pigments significantly
reduces the translucency of experimental dental resin com-
posites. However, with further increases in the concentration
of the pigments, the translucency stops being affected and ac-
quires a constant value.

The addition of yellow pigment causes a large change in b*
value, whilst L and a* only show small changes. Thus the pre-
dominant shift in color is towards the yellow. The addition of
red pigment causes both a change in a* and b*, thus produc-
ing a shift towards red as well as yellow.

Since the pigments used in this study can influence the
translucency of the experimental resin composites, it should
be considered as an important factor by clinicians to achieve
optimal esthetic restorative outcome.
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