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Abstract

Background and aims. To assess the color, translucency and masking properties

of novel flowable giomers.

Methods. Three flowable giomers were used for the fabrication of 1-mm thick
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samples (n=126) in three different consistencies (Beautifil flow Plus X F00;
Beautifil flow F02; Beautifil flow Plus X F03, Shofu Dental Corporation, Japan)
and two shades (VITA Classical shade A2 and A3). The relative spectral reflectance
was recorded over white, black, C3 (VITA Classical shade C3 simulating a severe

tooth discoloration), and a tested-sample colored background. Lightness (L*), and
color coordinates a* and b*, Relative Translucency parameter (RTP ) and masking
capacity of C3 background were calculated; differences in color and translucency
were compared with thresholds for perceptibility and acceptability (PT and AT).
Statistical analyses used significance tests for paired samples.

Results. All tested materials displayed increased values of L*: for
A2 F00=86.16(£0.86), F02=86.39(+0.63), F03=86.40(+£0.63); for A3:
F00=84.24(+0.58), F02=83.34(+0.3), F03=84.19(£0.4), as well as of RTP:
for A2 F00=30.34(+0.88), F02=31.37(x0.94), F03=31.11(x1.15), for A3
F00=29.64(%1.64), F02=30.79(+1.02), F03=30.1(=1.26). For A2 samples, the
masking capacity was significantly different for all materials, whilst for A3 there
were differences only between FO0-F03 and F02-F03.

Conclusions. The tested flowable giomers proved high values of lightness and
translucency. The color differences between the materials with the same designation
and different consistencies were below the perceptibility threshold in most cases.
In addition, the differences in relative translucency parameter ranged between the
perceptibility and acceptability thresholds. However, all tested flowable giomers
had an unacceptable masking capacity for a dyschromic background.
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considerations are highly important
for both the patient and the dentist. A
beautiful smile has a significant impact on
the quality of life and the self-esteem of
individuals [1-5] and, as a consequence,
there is a lot of emphasis on the importance
of esthetic restorations.

Under these circumstances, the
variety of materials, the consistencies,
colors, and opacities currently available is

it is desirable to match its color and
translucency to the tooth structure, aiming
for an optimal esthetic result [6].

The main categories of materials for
direct esthetic restorations are composite
resins, glass-ionomers, and materials that,
through their composition, properties and
indications, are at the intersection of these
two groups: resin-modified glass-ionomers,
compomers, giomers [7-11].
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Composite resins are made of a versatile mixture
of organic and inorganic particles resins, fillers, chemical
catalysts, and a coupling agent [7]. The main advantages of
composite resins are the possibility to build direct restorations
with esthetic results, more conservative tooth preparations,
good marginal integrity and wear resistance of restorations,
as well as low costs compared to indirect restorations.
[8]. Differences in filler content allow for various clinical
indications of composite resins. Low viscosity makes the
resin easy to handle, but the lower filler content modifies
optical and mechanical properties [8,12].

Due to fluoride release, glass-ionomers provide
protection from carious lesions and bond chemically to the
tooth structure [11,13,14].

Giomers were developed with the desire to combine
the esthetics of composites with the antibacterial protection
of glass-ionomers and they are available in a wide range of
colors classified by the VITA Classical shade guide system in
the four hue groups (A, B, C and D, each with subgroups of
saturations), with some variations depending on the type of
material. Giomers have shown ideal properties for restoring
cervical carious and non-carious lesions, one of the main
challenges of direct restorative dentistry due to the quality of
adhesion at the cervical level [11,15-17]. Moreover, for these
lesions, flowable materials would be indicated, as they have
higher flexibility and are less likely to be displaced from
high-stress areas [18].

Optical properties of flowable giomers are clinically
relevant, as the cervical part of teeth is often visible during
smiling. This area of the tooth is characterized by a higher
opacity and slightly yellowish and reddish shades.

The optical properties to be considered when
a restorative material is selected are the color and the
translucency. For restorative materials, color is most often
coded in the VITA Classical system (A1-A4 reddish brownish
shades, B1-B4 reddish-yellowish shades, C1-C4 greyish, D2-
D4 reddish-grey). However, in dental color research, the CIE
L*a*b system (Commission Internationale de 1’Eclairage) is
frequently used to express the color parameters of restorative
materials (L* represents lightness, whilst a* and b* are
the color coordinates in red-green and yellow-blue scale
respectively). To overcome the lack of uniformity of the
CIEL*a*b color space, the use of the CIEDE2000 system is

recommended [19]. Color differences calculated using these
systems are linked to the 50:50% perceptibility and 50:50%
acceptability thresholds, which allow a clinical interpretation
of the results [20-22].

In addition to the primary color attributes (hue,
lightness, and chroma), there are other, more subtle
properties that can have a considerable impact on the final
result (translucency, opacity, fluorescence, with translucency
being the most important) [23-25].

Translucency is the status between transparency and
opacity and is most often expressed as a relative translucency
parameter (RTP) [19,20]. This parameter is calculated as the
color difference of the sample overlapped on a black and
a white background. For highly translucent materials, the
final optical outcome of the restoration may be affected by a
discolored tooth structure [6]. Recently, values for translucency
perceptibility and acceptability thresholds were introduced,
which allow for the interpretation of the clinical relevance of
differences in translucency, in clinical dentistry [26].

It has been shown that the color coordinates of
composites with the same designation, originating from
different brands can be different. Several authors have shown
that the color and translucency depend on the manufacturers
and the shade classification [18,25,27-30]. To the best of
our knowledge, no research has been done to analyze the
color and translucency parameter of different consistencies
of flowable giomers. In addition, the masking capacity of
flowable giomers has not been studied.

The aim of the present study is to compare the
color, translucency parameter, and masking capacity among
different shades and consistencies of flowable giomers.

The null hypothesis is that there were no differences
in color coordinates, translucency parameter, and masking
capacity among different flowable giomers with the same
color designation.

Methods

Sample preparation

Giomer material with three different flowing
properties (“FO0 minimal flow”, “F03 low flow”, “F02
low flow” from Shofu Dental Corporation, Japan) and
two different colors (A2 and A3) were used for samples
preparation (Table I).

Table I. Composition and characteristics of flowable giomers studied (from manufacturers’ instructions - Shofu Dental Corporation, Japan).

Beautifil flow Plus X FOO Minimal flow

Beautifil flow F02 Low flow

Bis-GMA, TEGDMA, Bis-MPEPP, S-PRG filler based on

fluoroboroaluminosilicate glass, polymerization initiator, pigments and others 0y
Bis-GMA, TEGPMA, S-ERG filler based on fluoroboroaluminosilicate glass, F02
polymerization initiator, pigments and others

Bis-GMA, TEGDMA, Bis-MPEPP, S-PRG filler based on F03

Beautifil flow Plus X FO3 Low flow

fluoroboroaluminosilicate glass, polymerization initiator, pigments and others
Bis-GMA = bisphenol A diglycidildimethacrylate; TEGDMA = triethylene glycol dimethacrylate; Bis-MPEPP = Bisphenol A polyethoxy

methacrylate; S-PRG = Surface pre-reacted glass-ionomer.
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The materials were packed into a round mold
(Porcelain Sampler, Smile Line, CH) and 1 mm thick discs
were obtained (10 mm diameter). On the top of the sample
a thin glass plate was applied; and the light-curing was
performed for 20 seconds (Ivoclar Vivadent Led Edition);
21 specimens were fabricated for each material and for
each color (63 samples per color, and 126 specimens in
total).

Sample finishing

Both surfaces of the giomer samples were finished
using ultrafine sandpaper (1500 grit). They were then
placed into an ultrasonic bath cleaner with distilled water
at 40 degrees Celsius and vibrated for 4 minutes, to remove
any residues. After finishing, the specimens were stored
individually in distilled water, in a dark environment, for
12 hours.

Background samples fabrication

Beautifil II giomer in 3 different VITA shades,
A2, A3 and C3, was used for background preparation.
The materials were packed into a round mold (Porcelain
Sampler, Smile Line, CH) and 2.5 mm thick discs were
obtained (10 mm diameter). On the top of the sample
a thin glass plate was applied; and the light-curing was
performed for 60 seconds (Ivoclar Vivadent Led Edition).

Reflectance and color measurements

The relative spectral reflectance between 380-
780nm at 4 nm interval was recorded with a non-contact
spectroradiometer (SpectraScan PR-655, Photo Research,
USA), inside a viewing booth (JUST Normlicht Color
Viewing Booth, GmbH, Germany), using a spectrally
calibrated reflectance standard (WS-1-SL Diffuse
Reflectance Standard, Spectralon Ocean Optics). The
illuminating/measuring  geometry was  diffuse/0°.
Measurements of the samples were carried out over
black, white, C3, A2, and A3 colored backgrounds (Table
2). Spectral reflectance values were converted into CIE
L*a*b* color coordinates using CIE 2° Standard Observer
and CIE D65 Standard Illuminant (Table II). An optical
solution (sucrose solution 73%) was interposed between
the samples and the backgrounds. Three consecutive
measurements were performed for each sample.

Table II. CIEL*a*b coordinates of each background, averaged
from three measurements.

|| White | Black | _C3 | A2 | A3 |

L* 97.14 24.60 59.81 74.29 70.94
a*® -0.24 -0.03 5.18 4.70 7.24
b* 3.05 -2.06 17.73 18.26 23.93

Color difference calculations

Color difference values (AE ) between the
giomer samples (F00, F02, and F03) measured over
white background were computed using the CIEDE2000
formula [19]:
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Where AL, AC’, AH’ represent differences in
lightness, chroma and hue between two types of giomer
samples; R is a rotation function that compensates for the
interaction between hue and chroma differences in the blue
region of the color space; S, S, S,,, are weighting functions
that adjust the total color difference for variation in the
location of the color difference pair in L',a’,b’ coordinates;
and the parametric factors K , K , K, are correction factors
for experimental conditions and were all set 1.

Color difference values obtained were compared
to the 50:50% perceptibility and 50:50% acceptability
thresholds in dentistry (PT=0.8 AE  units and AT=1.8 AE
units) [22].

Relative Translucency Parameter (RTP, )

The relative translucency parameter (RTP ) of 1 mm
thick giomer samples was calculated with the CIEDE2000
formula [19] as the difference between the CIE L*a*b*
parameters of the giomer samples over the white and the
black background; results were compared to the 50:50%
perceptibility and 50:50% acceptability thresholds for
translucency (TPT,=0.6 and TAT =2.6) [22,26].

Masking capacity

The masking capacity of 1 mm sample for a C3
colored background was calculated with the CIEDE2000
formula [19] as the difference between the CIE L*a*b*
parameters of the test sample overlapped on a C3
background and the CIEL*a*b* parameters of the sample
placed on a background in the same color, (A2 for A2
samples, and A3 for A3 samples respectively). A high color
difference indicates a lower capacity to mask the respective
background.

Statistical analysis

The lightness (L*), the chromatic parameters
(a* and b*), the relative translucency parameter, and the
masking capacity for each material type (F00, F02, F03),
both in A2 and A3 colors, were statistically analyzed using
significance tests for paired samples.

In this respect, the values of parameters like mean
value, median, mode, upper and lower quartile in order to
study the sample with respect to each variable, depending
on each material that is used were determined. The level of
significance (o) used was 5% and the confidence intervals
for mean value of each variable were determined, for each
material. The confidence interval was 95%.

The starting hypothesis (the null hypothesis) is that
the mean values do not differ significantly. A one-tailed test
was applied.

To perform the above described analyzes, the statis-
tical software Statgraphics Centurion was used.
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Results
CIE L*a*b* color coordinates of giomers over
white background are presented in table III.

Table III. Average CIE L*a*b* values and standard deviations of
tested giomers measured over a white background.

I I I I T Y

poo 8616 439 2483 8424 631 3254
(£0.86)" (£0.24)° (£0.58) (+£0.58) (£0.34)¢ (£1.57)"
Foz 8639 428 2547 8334 646  30.88
(£0.63) (£0.3)° (£0.82)° (+0.3) (£0.22) (£0.5)¢
Fo3 8640 428 2547 8419 647 308l

(£0.63)* (£0.29)° (+0.83)

*Same superscript letter in the same column indicate no significant
difference (p>0.05).

(£0.4) (£0.22)° (+6.31)'

The L*and a* parameters of the A2 samples did not
differ significantly between the three types of materials
(p>0.05). The b* parameter differed significantly for
F00-F02 and F00-FO03 pairs.

For A3 colored samples, the L* parameter differed
significantly between the three giomers (p<0.05). The
highest values were recorded for F00, followed by F03 and
F02. The a* parameter differed for FO0-FO03 materials and
b* differed for FO0-F02 materials.

The color differences between all pairs of materials
with the same color designation are illustrated in figure 1.

A2
0.96
1.00 A3

50:350%PT

0.01

FOO-F02

FOO-FO3 F02-F03

Figure 1. Color differences (AE ) between pairs of giomers
evaluated over white background (50:50% PT represent the visual
perceptibility threshold for color differences).

The mean values of the translucency parameter are
listed, along with the standard deviation values, both for the
A2 and A3 colored materials, in table IV.

Table IV. Average translucency (RTP ) values and standard
deviations of giomer samples.

I Y TR B R

F00 30.34 (+0.88) 29.64 (£1.64)
F02 31.37 (+0.94)° 30.79 (£1.02)
F03 3111 (£1.15)° 30.1 (£1.26)>¢

*Same superscript letter in the same column indicate no significant
difference (p>0.05).

The least translucent material was FOO. The RTP
of the A2 samples, was significantly different only between
F02-F00 and FOO-F03 (p<0.05). For A3 samples, significant
differences were found only between F02-FOO materials
(p<0.05), with FOO being the least translucent.

Differences in translucency between all pairs of
materials with the same color designation are illustrated in
figure 2.

14
mA2
12 115 s
1.03
1 -
0.77
08 0569
ARTP, .
o0 i - 50:50% TPTy
06
04 -
02 -
0 -

FOO-FO2

FOO-FO3 F02-FO3

Figure 2. Differences in translucency (ARTP ) between giomers
over white background (50:50% TPT, represent the visual
perceptibility threshold for differences in translucency).

The greatest differences in translucency were
observed between FOO and F02 materials, for both A2
and A3 colored samples. These differences were above
the perceptibility threshold; however, all the values were
below the acceptability threshold.

Masking properties, expressed as color differences
between the samples measured on the tested versus control
backgrounds are presented in table V.

Table V. Masking capacity of the tested giomers expressed as a
color difference (AE ) between the sample measured over A2 or
A3 background and the sample measured over C3 background.

I T S TR

F00 6.28 (£0.53) 5.35 (£0.48)"
F02 5.92 (£0.38) 5.48 (+0.59)°
F03 5.63 (£0.57) 4.89 (£0.35)

*Same superscript letter in the same column indicate no significant
difference (p>0.05).
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The masking capacity of the A2 colored samples,
was significantly different between all the three materials
(p<0.05). However, the masking capacity of the A3 colored
samples, for the same background was significantly
different only between FO0- FO3 and F02-F03 materials.

The color difference exceeded the values of PT and
AT, in all circumstances.

Discussion

The purpose of this study was to assess the optical
properties, expressed as CIEL*a*b* parameters, the
translucency parameter, and the masking capacity of three
different types of flowable giomers.

The null hypothesis, that no significant differences
can be detected in the color coordinates, translucency and
masking capacity between different flowable giomers of
the same color designation, was partially rejected.

The differences in color coordinates were slightly
greater for A3-shaded samples fabricated from the three
commercial giomers. For both A2 and A3 shades, the “F03
low flow” material was found as having increased lightness.
However, the color differences between the materials with
the same shade designation were below the perceptibility
threshold, except the differences calculated for FO0-F02
of A3 shade. As a clinical relevance, these results suggest
that in most cases there is an excellent color match among
the materials tested and acceptable match for FOO Beautifil
Flow Plus X and F02 Beautifil Flow in A3 shade. As a
consequence, from an optical point of view, the same result
is expected when using a certain designation of flowable
giomer, which means that other physical characteristics
have to be considered when choosing between the variants
(handling properties, consistency, mechanical properties).

Considering the relative translucency values (RTP )
previously reported for A3 shade 1-mm thick enamel and
dentine composite resins (13.27-18.05 and 10.06-15.22)
[26], the translucency of the giomers evaluated in this study
was significantly higher (29.64-30.79).

The findings of Kim and Park [24,31] showed
that the optical properties of the resin-based composites
are the result of complex interactions of different factors.
Several authors [24,32-35] have found that Bis-GMA
(bisphenol-A diglycidyl methacrylate) in the matrix of
RBCs (resin-based composites) had made these more
translucent when compared to RBCs with TEGDMA/
UDMA (triethyleneglycol dimethacrylate / wurethane
dimethacrylate) in the matrix. The translucency parameter
(TP) is also significantly influenced by the amount of filler
in the RBCs composition; the higher the filler content, the
lower the translucency parameter.

The fact that the FO2 material (with a percentage of
20-30% Bis-GMA) proved to be the most translucent from
the three analyzed is in accordance with the composition,
the percentage listed by the producer for the amount of
Bis-GMA for FOO and F03 being 10-20%. In addition,
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the percentage of filler is different in the tested flowables
giomers. In this respect, Lee [34] reported that TP decreased
as the amount of filler increased for a given filler size.
This would explain the high translucency of the flowable
giomers, as flowable restoration materials have lower filler
content (when compared to conventional ones) [18].

In addition, the results of the present study are in
agreement with the clinical indications of each material.
There is a clear influence of the filler percentage (listed by
the producer) on the materials’ translucency: 50-60% filler
for the less translucent FOO and F03 and 40-50% for F02.

The lightness was also highly correlated with the
amount of filler. Oxides and pigments added to the mixture
may influence the color and opacity parameters, in relation
to the wavelength of visible light that they absorb and
reflect [18].

The results of our findings support, from an optical
point of view, the clinical indications for each material. The
one with the least amount of filler and higher translucency
(F02) is indicated predominantly for anterior restorations,
where esthetics is most important. The least translucent
and with minimal flowing capacity material, FOO, with a
higher percentage of filler can be subjected to higher stress-
bearing areas, like cusp and marginal ridges reconstruction.

Both F02 and FO3 materials are indicated as base
and liners, and this is likely due to the flowing capacity and
the ability to properly cover the cavity walls, in addition to
their fluoride releasing property.

It has been shown that materials of the same
shade designation from different producers can display
color differences, and this can account for differences of
translucency [31,36-39].

However, we have to emphasize that, from a clinical
point of view, given the differences in translucency between
the tested materials, which range between the perceptibility
and acceptability thresholds [26], the matching between the
pairs of materials tested may be considered as acceptable;
other properties than the level of translucency have to be
considered for the selection of the flowable giomer with a
certain color codification.

In this study, none of the differences between
the same colored designated materials surpassed the
acceptability threshold, but almost all surpassed the
perceptibility threshold (except F00-F02 in A3 color,
F02-F03 in A2 color).

In a clinical case, where the discolored substrate
has to be concealed by the direct restorative material, it
is important to take into consideration the qualities, the
thickness, and the masking abilities of the utilized materials.
Kim et al. [40] evaluated if opaque shade composite resins
have the potential to mask black and gray backgrounds
and reported that a C4 background was masked by resin
thicknesses of 0.5-1 mm, while a black background
required a thickness of 1-2 mm.




Dental Medicine

According to our results, a thickness of 1 mm of
flowable giomer cannot efficiently mask a C3-colored
substrate. In all cases, the values of color differences
between the samples measured over the C3 substrate
and over a background identical in color with the tested
materials were above the acceptability threshold. In
other words, regardless of what material is used, in this
thickness of 1 mm, a C3 colored substrate would remain
apparent, negatively influencing the esthetic outcome
of the restoration. These results may be attributed to the
increased translucency of the tested flowable. In the case
of a dyschromic substrate, it is important and necessary
to select a method to additionally hide it, considering the
clinical characteristics of the case (to use an opaque liner, to
increase the layer of flowable giomer, to combine giomers
with different consistencies).

The clinical implications of the present study are
that both the translucency and masking capacity of direct
restoration materials should be considered in order to
obtain the best clinical result with respect to esthetic and
mechanical expectancies.

In the present study, only 1-mm thick samples were
evaluated. Also, the only background used for evaluation
of the masking capacity was a C3 shaded composite resin.
Further studies should be conducted to evaluate the optical
properties of other thicknesses of giomers, as well as their
behavior on natural tooth backgrounds.

Conclusions

Within the limitations of the present in vitro study,
it can be concluded that the color differences between the
flowable giomers with the same designation were below
the perceptibility threshold in most cases. In addition,
they displayed increased lightness and translucency, with
differences between the tested materials, which ranged
between the perceptibility and acceptability thresholds
for translucency. Although the A2 shaded samples had a
lower masking capacity than the A3 samples, overall, all
tested giomers had an unacceptable masking capacity for
the C3 background (representing a grayish discolored
background).
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