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Objective: To evaluate the translucency characteristics of new flowable bulk-filling resin
composites at various thicknesses. Experimental short fibre-reinforced composite was also
tested.

Methods: Tiwo new brands of flowable bulk composites (Venus Bulk Fill and SureFil SDR
Flow), experimental short fibre-reinforced resin composite (FC) and, as control, conventional
flow (Filtek Supreme Flow XT A3) and universal (Filtek Universal Supreme XTE A3B) resin
composites were investigated. Translucency parameter was calculated for various thicknesses
of composite (1, 2, 3, 4, 5 and 6 mm) over white and black backgrounds using spectrophotom-
etry to determine the CIELAB values of each specimen. Data were statistically analysed with
analysis of variance.

Results: Translucency values significantly correlated with thickness of resin composite spec-
imens (P < 0.05). For the new types of flowable bulk-filling material, translucency was
observed for thicknesses up to 5 to 6 mm, whereas for experimental FC composite, the effect
was observed up to 4 to 5 mm, and for control flow and universal filling composites, up to 2
to 3 mm.

Conclusion: New flowable bulk-filling resin composites have less masking ability than con-
ventional universal filling resin composite materials, which should be taken into account when

optimum colour match and aesthetic results are to be achieved.
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Translucency is the ability of a layer of coloured
substance to allow the appearance of an underly-
ing background to show through!. It is usually deter-
mined by the translucency parameter (TP) or contrast
ratio (CR)!2. TP refers to the colour difference between
two samples of a material of uniform thickness when
one is placed on a black background and one on a white
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background; it corresponds directly to common vis-
ual assessments of translucency?. CR is the ratio of the
reflectance of a specimen on a black background to one
on a white background of a known reflectance, and is
an estimate of the opacity of a 1-mm thick specimen?.
Since the translucency of a substance is a function of
wavelength?, the reduction of translucency spectrum
(wavelength-dependent CR values) to a single parameter
(TP) provides a simpler method by which to compare
translucency'.

Flowable bulk-filling composites are low-viscosity
resin composites; these are more fluid than universal
resin composites and have easy-handling properties>.
There are many advantages to flowable resin compos-
ites, including: (1) high flowability, which means they
can be applied using a small-gauge dispenser, making
them especially useful for cavities that are difficult to
access; (2) ability to form layered structures, which
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Table 1 Materials used in the study

Brand name Manufacturer Lot no. Composition

Venus Bulk Fill HerausKultzer, USA 010029 UDMA, EBADMA, barium silicate glass and silica 60 wt%
SureFil SDR Flow Dentsply, USA 101006 TEGDMA, EBADMA, barium borosilicate glass

Filtek Supreme Flow XT A3 | 3M, St Paul, MN, USA | 0143829 | bis-GMA, bis-EMA, TEGDMA, silica and zirconia silanised, 65 wt%
Filtek Universal Supreme 3M, St Paul, MN, USA | 0144828 | bis-GMA, bis-EMA, TEGDMA, silica and zirconia silanised,

XTE A3B 72.5 wt%

Experimental short fibre- Stick Tech Ltd, Turku, _ bis-GMA, PMMA, TEGDMA, short E-glass fibre filler,

reinforced composite Finland barium glass silanised, amorphous silica,

bis-GMA, bisphenol-a-glycidyl dimethacrylate; bis-EMA, bisphenol-a-dyethoxy dimethacrylate; EBADMA, ethoxylated bisphenol-a-dimethacrylate; PMMA,
polymethylmethacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate.

helps to reduce or eliminate air inclusion or entrapment;
(3) high flexibility, which makes them less likely to be
displaced in stress-bearing areas®’.

When determining the properties of flowable resin
composites, manufacturers have focused on the flow
characteristics of these materials and developed them to
meet the clinical demands for improved functionality®?.
These materials have a relatively low filler content
compared with universal resin composites®’; therefore,
because the composition and filler content both play im-
portant roles in the optical properties of resin compos-
ite!0, the flowable bulk resin composites are likely to
exhibit different translucency when compared with the
universal resin composites. Several manufacturers now
offer a wide variety of flowable bulk-filling composites
intend for use in large restorations. When a layering
technique is to be used, it would be beneficial to have
information on the optical properties of each resin com-
posite in order to establish which will provide a suc-
cessful colour match. Further, it is important to obtain
optical information on the influence of the thickness of
composite layers. Therefore, the purpose of this study
was to evaluate the translucency characteristics of new
flowable bulk resin composites of different thicknesses.

Recently, the present authors showed that the use of
semi-IPN matrix in combination with short glass fibres
in restorative filling resin composite gives encouraging
results'!"13. Thus, the translucency of the experimental
short fibre-reinforced resin composite was also evalu-
ated.

The null hypothesis of this study was that the trans-
lucency of new flowable bulk resin composites at dif-
ferent thicknesses does not significantly differ from that
of universal resin composites.
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Materials and methods

Four light-cured flowable resin composites were inves-
tigated (Table 1). Two were new flowable bulk-filling
resin composites (Venus Bulk Fill, HerausKultzer, USA,
and SureFil SDR Flow, Dentsply, USA). A conventional
flowable resin composite (Filtek Supreme Flow XT A3,
3M ESPE, St Paul, MN, USA) and a universal resin
composite (Filtek Universal Supreme XTE A3B, 3M
ESPE) were used as controls. A new experimental fibre-
reinforced resin composite (FC), reinforced with short
glass fibres, was also tested. The FC composite was pre-
pared as described previously!'!.

Disks of each resin composite material 10 mm in
diameter and of various thicknesses (1.0, 2.0, 3.0, 4.0,
5.0 and 6.0 mm) were prepared (n = 3) using metal
moulds. The resin composite was pressed between
glass plates to flatten and smooth the surfaces. The
composite resin was photopolymerised for 40 s from
both sides using a light source with an irradiance of
800 mW/cm? (Optilux-500, Kerr, CT, USA). After cur-
ing, the celluloid strips and glass plates were removed
and specimens stored dry at room temperature for 24 h
before measurement.

Colour was measured according to the CIELAB
colour scale relative to the standard illuminant D65
over a white tile (CIE L* = 99.25, a* = —0.09 and b* =
0.05) and a black tile (CIE L* =0, a* = 0.01 and b* =
0.03) using a reflection spectrophotometer (CM-700d,
Konica-Minolta, Japan). The aperture size was @ 3 mm,
and the illuminating and viewing configuration was CIE
diffuse/10 degrees geometry with specular component
included (SCI) geometry'4.
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The translucency of the resin composites at various
thicknesses was obtained by calculating TP using the
colour difference between specimens over the white
background and specimens over the black background:

TP=[(LW#— LBx*)2+ (aW# —aB#)2 + (bW — bBx)?]!/2

where the subscript W refers to the colour coordinates
over the white background and the subscript B refers to
those over the black background!>-16.

To evaluate the differences in translucency between
the tested resin composites at various thicknesses, data
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were statistically analysed using analysis of variance
(ANOVA) at the P < 0.05 significance level with SPSS
version 13 (Statistical Package for Social Science,
SPSS, Chicago, IL, USA), followed by Tukey’s post
hoc analysis to determine the differences between the
groups.

Results

The TP values of the tested resin composites at various
thicknesses are shown in Fig 1. The background effect
characterised using TP values significantly correlated
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with thickness of composite disk (P < 0.05): as thick-
ness increased, the TP value decreased for each material.
Comparing between the brands of resin composite used,
for each thickness Venus Bulk Fill showed statistically
the highest TP value while Supreme (XTE, FlowXT)
composite showed the lowest TP value (P < 0.05).

A visual image of 2-mm thick specimens is shown in
Fig 2a. The spectral reflectance of all composite materi-
als with 2 mm thickness under D65 illumination is pre-
sented in Fig 2b. At short wavelength (blue shades) the
reflectance patterns for Venus and SDR were slightly
different compared with FC composite and both Filtek
composites, which revealed higher absorption in that
range.

The new-type flowable bulk-filling composite
(Venus) revealed translucency up to 5 to 6 mm, whereas
SDR and experimental FC composites were translucent
up to 4 to 5 mm, while control Supreme XT flowable
and XTE universal filling composite were translucent to
between 2 and 3 mm.

Discussion

Colour strongly influences the final appearance of a res-
toration, but optical attributes such as translucency also
influence appearance!”. In ‘through-and-through’ class
IIT and IV restorations or in the presence of discoloured
tooth structure, the harmonisation of restoration colour
with the natural tooth material is made even more diffi-
cult by the transmission of background colour!8. The TP
of a material measures the observed difference in colour
between a uniform thickness of the material over a white
background and the same thickness of the material over
a black background. TP provides a value corresponding
to the common visual perception of translucency'>. A
higher value for TP represents greater translucency; if
the material is completely opaque, the value of TP is
zero!'>19,

Although there have been several studies on the
translucency of resin composites, none has examined
the new flowable bulk-filling composites, which have
been launched for use in thick layers. The current study
provides information on the relative translucency of two
new brands of flowable bulk-filling resin composite and
one promising experimental short fiber-reinforced resin
composite, which is intended to be used in large-cavity
restorations.

Altering the thickness of resin composites can affect
the colour of the final result??. Accordingly, in the pre-
sent study, specimens of various thicknesses (1.0, 2.0,
3.0, 4.0, 5.0 and 6.0 mm) were made and tested. It has
been reported that a 4 mm thickness of resin composite
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is sufficient to prevent any influence of background
colour, and that the colour of a 4-mm thick layer can be
considered the inherent colours of a resin composite!.
In our study, the critical thickness for Venus composite
(flowable bulk-filling material) was 5 to 6 mm, at which
TP dropped below 8.0, masking the background colour.
This can be explained by the fillers and matrix resin of
the composite having similar refraction indices. In con-
trast, the critical thickness for SDR composite (flowable
bulk-filling material) and experimental FC composite
was 4 to 5 mm. Supreme flowable and universal fill-
ing resin composites (controls) had critical thicknesses
between 2 and 3 mm.

Differences in spectral reflectance between the groups
are likely to be related to the absorption of camphorqui-
none photoinitiator, which has strong absorption at 470
nm. FC and Filtek might use camphorquinone with a
high concentration as the photoinitiator. SDR and Venus
might include another photoinitiator, such as 2,4,6-tri-
methylbenzoyl-diphenylphosphine oxide (TPO), which
has an absorption-peak with more UV-range.

Le Bell et al*?> and Lehtinen et al** have shown
that unidirectional E-glass fibre-reinforced composites
conduct and scatter light better than conventional resin
composites. This might explain the higher TP value of
experimental FC composite compared with universal
filling resin composite. They also showed that poly-
merisation of the monomer system to polymer improves
light scattering. However, the short E-glass fibres in
the experimental FC composite are randomly oriented.
Future studies will focus on the effect of short-fibre
fillers (fibre length and volume) on the translucency of
filling resin composite.

Our findings are in agreement with a study by Yu and
Lee which showed that mean TP values of a flowable
resin composite at different thicknesses were higher
than those of the corresponding universal resin com-
posite of the same brand, which reflects the fact that the
lower the filler content, the higher the translucency!®.
We have also shown that translucency of resin compos-
ites increases exponentially as thickness decreases; this
is in accordance with a previous study by Kim et al'3.

It has been reported that translucency of aesthetic re-
storative materials is determined not only by the more
macroscopic properties, such as matrix and filler com-
position and filler content, but also by relatively minor
pigment additions and potentially by all other chemical
components of these materials>*. The translucency
differences investigated in the present study are likely
to have resulted from differences in the components
of the materials. Hence, accurate knowledge regard-
ing the translucency of resin composites together with
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the accumulated experience of the individual clinician
seem to be fundamental requirements for the layering
technique. Therefore, we should always be aware of the
optical properties of dental restorative materials, such
as the translucency of newly developed products, for
successful aesthetic restorations.

Conclusion

New flowable bulk-filling resin composites have differ-
ent masking abilities than conventional universal fill-
ing resin materials, which clinicians should take into
account to achieve optimum colour matching and aes-
thetic results.

References

1. Johnston WM, MaT, Kienle BH. Translucency parameter of colorants
for maxillofacial prostheses. Int J Prosthodont 1995;8:79-86.

2. Miyagawa Y, Powers JM, O’Brien WJ. Optical properties of direct
restorative materials. J Dent Res 1981;60:890—-894.

3. Lee YK. Changes in the translucency of porcelain and repairing resin
composite by the illumination. Dent Mater 2007;23:492-497.

4. Brodbelt RH, O’Brien WJ, Fan PL et al. Translucency of human
dental enamel. J Dent Res 1981;60:1749-1753.

5. Bayne SC, Thompson JY, Swift EJ Jr et al. Characterization of first-
generation flowable composites. J] Am Dent Assoc 1998;129:567—
577.

6. Attar N, Tam LE, McComb D. Flow. Strength, stiffness and radiopac-
ity of flowable resin composites. J Can Dent Assoc 2003;69:516-521.

7. Hervas-Garia A, Martinez-Lozano MA, Cabanes-Vila J et al. Com-
posite resin resins. A review of the materials and clinical indications.
Med Oral Patol Oral Cir Bucal 2006;11:215-220.

8. Lee IB, Son HH, Um CM. Rheological properties of flowable, con-
ventional hybrid, and condensable composite resins. Dent Mater
2003;19:298-307 (article in English, Spanish).

9. Irie M, Hatanaka K, Suzuki K et al. Inmediate versus water-storage
performance of class V flowable composite restoratives. Dent Mater
2006;22:875-883.

The Chinese Journal of Dental Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

St Germain H, Swartz ML, Phillips RW et al. Properties of micro-
filled composite resins as influenced by filler content. J Dent Res
1985;64:55-160.

Garoushi S, Vallittu PK, Lassila LV. Short glass fiber reinforced re-
storative composite resin with semi-interpenetrating polymer net-
work matrix. Dent Mater 2007;23:1356-1362.

Garoushi S, Vallittu PK, Lassila LV. Direct restoration of severely
damaged incisors using short fiber-reinforced composite resin. J Dent
2007;35:731-736.

Garoushi S, Vallittu P, Lassila LV. Fracture toughness, compressive
strength and load-bearing capacity of short glass fiber-reinforced
composite resin. Chin J Dent Res 2011;14:15-19.

Commission Internationale de 1’Eclairage, CIE. Colorimetery-tech-
nical report, 3rd ed. Vienna: Bureau Central de la CIE; 2004. CIE
Publication No.15.

Yu B, Lee YK. Influence of color parameters of resin composites on
their translucency. Dent Mater 2008;24:1236—1242.

Yu B, Lee YK. Differences in color, translucency and fluores-
cence between flowable and universal resin composites. J Dent
2008;36:840-846.

O’Brien W1, Johnston WM, Fanian F et al. The surface roughness and
gloss of composites. J Dent Res 1984; 63:685-688.

Kim SJ, Son HH, Cho BH et al. Translucency and masking ability of
various opaque-shade composite resins. J Dent 2009; 37:102—-107.
Yu B, Lee YK. Translucency of varied brand and shade of resin com-
posites. Am J Dent 2008; 21:229-232.

Yeh CL, Powers JM, Miyagawa Y. Color of selected shades of com-
posites by reflection spectrophotometry. J Dent Res 1982;61:1176—
1179.

Kamishima N, Ikeda T, Sano H. Color and translucency of resin
composites for layering techniques. Dent Mater J 2005;24:428-432.
Le Bell AM, Tanner J, Lassila LV et al. Depth of light-initiated polym-
erization of glass fiber-reinforced composite in a simulated root canal.
Int J Prosthodont 2003;16:403—408.

Lehtinen J, Laurila T, Lassila LV et al. Optical characterization of
bisphenol-A-glycidyldimethacrylate-triethylene glycoldimethacry-
alate (BisGMA/TEGDMA) monomers and copolymers. Dent Mater
2008;24:1324-1328.

Johnston WM, Reisbick MH. Color and translucency changes dur-
ing and after curing of esthetic restorative materials. Dent Mater
1997;13:89-97.

35



