Review article

ISSN 2234-7658 (print) / ISSN 2234-7666 (online) R D E CrossMark

http://dx.doi.org/10.5395/rde.2016.41.3.159

Restorative Dentistry & Endodontics

Criteria for clinical translucency evaluation of direct
esthetic restorative materials

Yong-Keun Lee*

Institute for Clinical Performance of
Biomaterials (ICPB) and ETN Dental
Clinic, Seoul, Korea

Received February 23, 2016;
Accepted May 15, 2016

Lee YK

*Correspondence to

Yong-Keun Lee, DDS, PhD.
Director, Institute for Clinical
Performance of Biomaterials (ICPB)
and ETN Dental Clinic, 106-B101,
27 Heukseokhangang-ro, Dongjak-
gu, Seoul, Korea 06981

TEL, +82-2-816-1616; FAX, + 82-2-
816-0606; E-mail, ykleedm@gmail.
com

The purpose of this review was to suggest practical criteria for the clinical translucency
evaluation of direct esthetic restorative materials, and to review the translucency
with these criteria. For the evaluation of reported translucency values, measuring
instrument and method, specimen thickness, background color, and illumination
should be scrutinized. Translucency parameter (TP) of 15 to 19 could be regarded
as the translucency of 1 mm thick human enamel. Visual perceptibility threshold for
translucency difference in contrast ratio (ACR) of 0.07 could be transformed into ATP
value of 2. Translucency differences between direct and indirect resin composites
were perceivable (ATP > 2). Universal and corresponding flowable resin composites
did not show perceivable translucency differences in most products. Translucency
differed significantly by the product within each shade group, and by the shade group
within each product. Translucency of human enamel and perceptibility threshold
for translucency difference may be used as criteria for the clinical evaluation of
translucency of esthetic restorative materials. (Restor Dent Endod 2016;41(3):159-166)
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Introduction

Translucency in esthetic restorative materials induces the depth of color in restorations,
and also influences the color harmonization with surrounding or adjacent teeth/
restorations.’” Optical performance of restorations may be compromised by poor shade
blending of opaque restorative materials at the tooth interface.* For the measurements
of optical properties, the Commission Internationale de I'Eclairage (CIE) color
coordinates and the CIE standard illuminants are generally used.” For the determination
of translucency, two indices such as translucency parameter (TP) and contrast ratio
(CR) have been widely used.*’ TP is obtained by calculating the color difference of
a specimen over two backgrounds: TP = [(Ly* - Lg*)* + (ay* - ag*)™+ (by* - bg*)’1"%,
where subscript W refers to the color coordinates over an ideal white background and
subscript B refers to those over an ideal black background.® (R is calculated from the
spectral reflectance (Y) of the specimens over black (Y,) and white (Y,,) backgrounds to
give Y,/Y,.” Mean (R is calculated as the averaged (R values at each wavelength (10
nm intervals) in the range of 400 to 700 nm.*’ Since it has been confirmed that TP
and CR values are highly correlated,*” they might be used interchangeably.

Care must be taken when comparing the translucency values based on different
studies because technical details for measurements must be matched, or adjustments
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must be made.' Therefore, for the evaluation of
translucency based on reported values, the followings
should be checked thoroughly: (1) Measuring instrument
and method should be specified because both of them
influence the values.’ Reflection spectrophotometer with
an integrating sphere could be regarded as a reference
instrument; (2) Thickness of specimen influences the
translucency values.”"" Regression equations that can
reflect the influence of the thickness on the translucency
values might be established.” However, these equations
would be influenced by the measurement methods; (3)
Optical properties of backgrounds used for translucency
measurement should be specified.” As reference values for
ideal backgrounds, the CIE color coordinates of background
were reported as CIE L* = 94.3, a* = -0.4, and b* = 1.4
for the white background, CIE L* = 0.2, a* = 0.4, and b*
= -0.6 for the black background and CIE L* = 0.0, a* =
0.0, and b* = 0.0 for a zero calibration box in a previous
study.” The translucency values may also be modified which
would reflect the color difference of the two backgrounds
such as TP, .aive = color difference of a specimen over
white and black backgrounds/color difference of white
and black backgrounds themselves; (4) Illuminating
conditions influence the translucency values.”** Generally
used illuminant such as the CIE illuminant D65 could be
regarded as a reference illuminant.

In a previous review on the translucency of dental
substances,’ the following subjects such as translucency
of teeth, clinical relevance of translucency, measuring
methods, and the control of translucency in esthetic
materials were reviewed. The purpose of the present
review was to suggest criteria for the clinical translucency
evaluation, and to review the translucency of direct
esthetic restorative materials based on translucency of
human enamel and the visual perceptibility threshold for
the translucency difference. For this, PubMed search up
to 2015 was carried out for papers on the translucency of
direct esthetic restorative materials published in English.
Additional articles were searched by hand-searching based
on the references of the included papers. Search results
from other major databases were overlapping to those
from PubMed and hand-searching. As to the statistical
significance of the results in the present article, it was
regarded as significant if the p value was lower than 0.05.

Review

Criteria for translucency evaluation

The criteria for the clinical evaluation of translucency
were established from two aspects: (1) whether the values
are similar to those of human enamel, or (2) whether the
differences between the compared materials are perceivable
by the naked eyes.
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1. Translucency of human teeth

Translucency of human teeth should be the reference in the
translucency assessment of esthetic restorative materials.’
As to the translucency of intact teeth, translucency
differences in human maxillary central incisors by anatomic
locations were analyzed, and was reported that the
transmission ranged from 0.13 to 0.65%, which decreased
from incisal to cervical area.” Translucency of human
central incisors was measured using a spectroradiometer,®
and the color difference over white and black cloths
behind the intraoral teeth was reported as TP. As results,
translucency decreased from the incisal to cervical, where
TP of incisal site was approximately 15, which decreased to
around 5 at cervical site. However, these values were based
on whole teeth, whereas restorations are usually built up
by layering technique.

As to the translucency of separated enamel and dentin, it
was reported that the light transmission of human enamel
increased as the incident light wavelength increased.”
Translucency of human and bovine enamel/dentin was
determined by use of TP and CR.? In this study, two
spectrophotometers with different aperture sizes of 3 mm
round (TP,) and 3 x 8 mm rectangular aperture (TP;;) were
used. As results, mean TP, values of 1 mm thick bovine
enamel, bovine dentin, human enamel and human dentin
were 14.7, 15.2, 18.7, and 16.4, respectively. It was also
confirmed that the translucency of enamel and dentin
increased in proportion to wavelength in the visible range
(correlation coefficient: r = 0.87 - 0.91).°

In addition to the translucency value itself, optical
anisotropy of teeth should be another consideration.
Translucency of an object is estimated in a consistent way
across different shapes and lighting conditions to some
extent (translucency constancy). However, humans also
show significant failures of translucency constancy across
changes in lighting direction.™ Transmitted light intensities
in the direction perpendicular or parallel to the approximal
surface of tooth were compared to account for a directional
dependence of light fluxes.” The results indicated that the
mean ratio of the transmitted intensities in perpendicular
and parallel direction was 0.86 for enamel and 2.88 for
dentin.

TP of 15' to 19° might be regarded as the value of 1 mm
thick human enamel, which could be suggested as the first
criterion for translucency evaluation.

2. Visual perceptibility threshold of translucency

Relationship between a translucency index (CR) and
the subjective visual assessment of differences in the
translucency of dental porcelains with different opacities
was determined.’® Translucency range of group A (CR =
0.20 to 0.40) was equivalent to that of enamel porcelain,
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whereas group B (CR = 0.60 to 0.80) represented dentin
porcelain translucency based on 1 mm thick specimens.
Each observer's ability to distinguish between specimens
of different translucencies was determined by calculating
the mean perceivable minimal difference in CR (ACR),
which was named as ‘translucency perception threshold
(TPT). As results, when pooling the data for two light
conditions (transmitted and reflected lights) and two
porcelain types, mean ACR of three observer groups was
0.09 for students, 0.08 for residents, and 0.04 for faculty.
The overall mean TPT of all observers was 0.07. In high
translucent group (CR = 0.20 to 0.40), mean TPT was lower
than that of low translucent group (CR = 0.60 to 0.80)
under both lights. Therefore, translucency difference in CR
(ACR) of 0.07 was regarded as the perceivable limit, which
could be suggested as the second criterion of the present
review. Since this value was determined based on CR,*
the need for an establishment of correlation between the
translucency indices was raised for the application of this
value to another index (TP).

3. Correlation between translucency indices

Since translucency values varied by the measurement
protocols, correlations among them should be confirmed.
Correlations among the translucency values based on
different measurement methods were reviewed in this
section.

TP and light transmittance (%T) were positively correlated
(r = 0.63) based on 1 mm thick resin composites.” CR
increased in inverse proportion to TP (r = -0.93) based
on resin composites and an all-ceramic material with
the thickness of 0.8, 1.3, and 1.8 mm.? Based on varied
shades and brands of resin composites, the correlation
between TP and CR was determined based on 1 mm thick
specimens.® As results, a regression equation ‘TP = -28.2 x
(mean CR value) + 32.8" was obtained (r = -0.84). Applying
this equation, threshold ACR value for TPT of 0.07%° could
be transformed into ATP value of 2 when TP values were
around those of human enamel (TP = 15 to 19).

TP and CR of human and bovine enamel/dentin were
determined.’ Mean CR values of human and bovine enamel/
dentin were negatively correlated with TP (r = -0.93 to
-0.78) based on a spectrophotometric readings with 3
mm round aperture (TP;). Regression equations between
TP, and mean CR of human enamel and dentin were TP, =
-36.3 x (mean CR) + 38.9 (coefficient of determination:
¥ = 0.83) and TP, = -22.9 x (mean CR) + 29.2 (¥ = 0.62),
respectively.

Based on TP values of human and bovine enamel/dentin,9
correlations in these values by the measurement methods
were also reported. Two spectrophotometers with different
aperture sizes of 3 mm round aperture (TP;) or 3 x 8 mm
rectangular aperture (TP,5) were used. The results showed
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significant correlations between TP values measured with
two apertures. Mean TP,/TP,, values of 1 mm thick bovine
enamel, bovine dentin, and human dentin were 14.7/18.3,
15.2/21.1, and16.4/21.7, respectively (r = 0.87 - 0.98).
Regression equation between TP values of human dentin
were TP, = 1.0 x TP, + 5.1 (# = 0.77). As to the influence
of thickness, ranges of thickness in bovine enamel, bovine
dentin, human enamel, and human dentin specimens
were 0.9 - 1.3, 1.0 - 2.0, 0.9 - 1.6, and 0.7 - 1.6 mm,
respectively. TP values increased in inverse proportion
to the thickness (r = 0.80 - 0.90). Regression equations
between TP of human enamel/dentin and the thickness
(mm) of specimens were TP, = -12.7 x thickness + 31.4
(* = 0.64) and TP, = -9.3 x thickness + 25.7 (# = 0.71),
respectively.

Range of translucency in direct esthetic materials

1. Translucency variations by type or shade of resin
composites

There have been studies that compared the translucency
of resin composites. Comparisons were made by (1) the
type of resin composites, (2) shade groups such as dentin,
enamel, translucent, incisal and opaque shades, and/or (3)
brand of composites. Translucency of resin composites was
also compared with other kinds of direct esthetic materials.

1) Difference by type of resin composites
Translucency differences between direct/indirect,
universal/flowable, or other types of resin composites were
determined. As to the translucency differences between
direct and indirect resin composites, translucency of
indirect (BelleGlass NG, BG, Kerr, Orange, CA, USA) and
direct (Estelite Sigma, ES, Tokuyama, Tokyo, Japan) resin
composites, each composed of three shade groups, was
compared based on 1 mm thick specimens.23 As results,
mean TP after curing were in the range of 10.0 (BG-
opaceous dentin shade) to 21.5 (BG-enamel shade) (Figure
1). BG material showed a wider range of TP values than
ES. Therefore, translucency variations should be considered
when an indirect resin composite restoration is repaired
with direct composites. Since the differences in TP by the
material and shade group combination were higher than 2,
the differences were perceivable.

Translucency of flowable resin composites was compared
with the corresponding shade universal composites of the
same brand based on 2 mm thick specimens.24 As results,
flowable composites revealed higher TP values in three
of four brands (Table 1), and color difference between
flowable and the corresponding universal resin composites
was influenced by their translucency difference. Therefore,
translucency differences between two types of composites
should be reconsidered when two composites are used
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Figure 1. Mean TP values of each shade group of indirect (BG) and direct resin composites (ES). This figure was cited

from the reference 23.

TP, translucency parameter; BG, BelleGlass NG, (Kerr, Orange, CA, USA); ES, Estelite Sigma (Tokuyama, Tokyo, Japan); EN,
enamel; 0D, opacious dentin; TL, translucent layer; BS, basic; AS, additional; OP, opaque; BEC, before curing; CIC, curing

in the curing chamber; CWL, curing with curing light.

Table 1. TP values of flowable and universal resin composites

Brand Flowable Universal
ES 12.7 £ 0.5 11.2 £ 0.7
FZ 11.0 + 0.3 11.2 + 0.5
GC 10.1 + 0.2 9.5+0.4
TE 15.7 £ 1.1 12.3 + 0.7

This table was cited from the reference 24.

ES, Estelite Flow Quick, Estelite Sigma (Tokuyama, Tokyo,
Japan); FZ, Filtek Z350 flowable, Filtek Z350 Universal (3M
ESPE, St. Paul, MN, USA); GC, Unifil Flow, Gradia Direct (GC,
Tokyo, Japan); TE, Tetric Flow, Tetric Ceram (Ivoclar Vivadent
AG., Schaan, Liechtenstein).
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at the same. However, the differences in TP were not
perceivable in three brands (ATP < 2).

TP values of flowable bulk-filling resin composites at
various thicknesses (1 to 6 mm) were evaluated.'?
This type of composites can be filled in bulk up to 4
mm, which is used basically for primary teeth. Bulk-
filling composites and conventional flowable/universal
composites were investigated. As results, TP values were
significantly correlated with the thickness of specimens.
In bulk-filling composites, translucency was observed for
thicknesses up to 5 to 6 mm, whereas it was observed up
to 2 to 3 mm in flowable/universal composites. Therefore,
bulk-filling composites showed less masking ability than
the conventional composites. Translucency of composite
framework materials was also determined.” As results,
glass-fiber-reinforced framework materials were nearly as
translucent as the veneering dentin composite. However,
these materials affected the color of the prosthesis if the
thickness of the framework material was increased beyond
a certain point (0.5 mm).
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2) Difference by shade group
As to the translucency difference by the shade group and/
or brand, translucency of seven brands of resin composites
with three shade groups (dentin, enamel, and translucent)
were compared based on TP and light transmittance
(%T).?" As results, TP differed significantly by the brand
within each shade group, and by the shade group within
each brand. The results also showed strong correlation in
translucency within each brand of resin composites except
one brand (r = 0.76 - 0.99), and moderate correlation
within each shade group (r=0.40 - 0.53).

TP of resin composites at various thicknesses (0.5, 1, 2,
3, and 4 mm) was evaluated by the shade group of enamel,
opaque, and body shades.” In this study, black (CIE L* =
29.4, a* = -0.9, and b* = 0.1) and white (L* = 93.6, a*
= -2.0, and b* = 3.5) backgrounds were used. The results
indicated that the opaque shades were less translucent
than the other shades, and that translucency increased
exponentially as thickness was reduced regardless of the
shade group. TP values of 1 mm thick specimens were 6.1
to 12.3 in one brand, and 7.4 to 13.1 in the other brand.
TP values of 1 mm thick specimens were lower than those
of human enamel (TP = 15 to 19) probably because the
backgrounds used were not ideal black or white color.

TP and masking efficiency of opaque shade resin
composites were determined.”® As results, opaque shade
composites were less translucent than usual shade
composites. Therefore, opaque shade composites might

Translucency evaluation of direct esthetic materials

effectively mask the dark background color. Translucency
of opaque shade (0A2) and conventional shade (A2)
resin composites were evaluated based on 2 mm thick
specimens.29 As results, TP values of 0A2 were smaller than
those of A2 for all the products investigated. TP values
were 3.6 to 5.1 in A2 shade and 1.7 to 4.9 in 0A2 shade,
and the difference by the brand was significant. Adequate
thickness range of opaque shade resin composites for
masking the black oral cavity and discolored tooth structure
was determined within the thickness range of 0.5 to 4 mm
by 0.5 mm interval.*® Six opaque shade resin composites
were investigated, and four backgrounds such as white tile,
black tile, Vita C4 shade porcelain and opaque resin itself
were used to determine TP, and to mimic a black oral cavity
and a discolored tooth structure. As results, TP decreased
in similar pattern as thickness increased. C4 background
was masked with opaque resin thicknesses of 0.5 to 1 mm,
while the black background required thicknesses of 1 to 2
mm.

2. Sorting of translucency in resin composites

A wide range of translucency values indicates the need for
establishment of reference points in sorting these values.”
TP of eight brands of resin composites (total 41 shades)
were sorted based on 1 mm thick specimens (Figure 2
and Table 2).8 Since TP varied from 8.5 to 20.6, they were
arbitrary divided into three groups at the TP values of 13
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A3.5

A3

A2

- GLC

A1

0A3 H

B2

A3.5

FZ3

A3

Code
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B1E

A3.5B

A3B

A2D

FSP

A2B

A1E

M6

M5

M2
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Figure 2. Categorization of TP values of resin composites. This figure was cited from the reference 8.
TP, translucency parameter; GLC, Glacier (SDI Limited, Victoria, Autsria); FZ3, Filtek Z350 (3M ESPE, St. Paul, MN, USA);
FSP, Filtek Supreme (3M ESPE); CRX, Ceram X mono (Dentsply DeTrey GmbH, Konstanz, Germany).
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and 18 (Figure 2). Since the difference in TP between two
reference values was 5, translucency difference between
resin composites belonging to different groups was
perceivable (ATP > 2). In this previous study published in
2008,% no definitive clinical implication could be stated
since there were no established criteria on the proper or
acceptable translucency for esthetic restorative materials
at that time. Instead, tentative sorting was made by
dividing the TP values into three groups. According to TP
value distribution of the study and because most of the
investigated composites showed TP values within 13.0 to
18.0, translucency values were sorted into low, medium,
and high groups. However, it should be remembered that
the sorting was arbitrary for convenience.

Table 2. TP values of resin composites

Material Shade TP
A2 15.0 £ 0.5
A3 16.6 + 0.4
A3.5 16.3 + 0.6
GRD cv 13.3 + 0.7
PA2 14.3 + 0.3
PA3 14.7 + 0.9
PA3.5 15.1+0.5
Al 16.4 + 0.4
A2 17.1 + 0.7
GRO A3 17.9 + 0.8
A3.5 16.5 + 0.2
B2 17.9 + 0.7
Al 18.9 + 0.3°
PO4 A3 14.0 + 0.4
A3.5 17.4 + 1.6
A2 14.7 £ 1.0
A3 14.1+ 0.4
PRM A3.5 145 + 1.4
B2 13.7 £ 0.6
clear 20.6 + 1.0°

This table was cited from the reference 8.

GRD, Gradia Direct (GC, Tokyo, Japan); GRO, Gradio (VOCO,
Cuxhaven, Germany); P04, Point 4 (Kerr, Orange, CA, USA);
PRM, Premise (Kerr).

*High translucent material.

164 www.rde.ac

Restorative Dentistry & Endodontics RD E

Dividing translucency of resin composites into three
equal segments was another solution.’® Therefore, TP of
microhybrid (MH) and microfill (MF) resin composites were
divided into three equal parts representing low, medium,
and high translucency based on 2 mm thick specimens. As
results, 15 shades of MH and 6 shades of MF were found
to be of low translucency (TP = 0.9 - 2.0), 5 shades of MH
and 1 shade of MF were of medium translucency (TP = 2.1
- 3.1), and 6 shades of MH and no MF shades were highly
translucent (TP = 3.2 - 4.3). Since the color of black (CIE
L* = 24.5, a* =-0.01, and b* = -0.4) and white (L* = 66.3,
a* =-1.3, and b* = -4.0) backgrounds used in this study
was far from ideal, TP values were relatively low.

Modifying these two papers,®*’ translucency of resin
composites might be sorted into several groups considering
the perceivable threshold and the translucency of human
enamel. Further studies including direct and indirect
esthetic restorative materials should be performed.

3. Glass ionomer based materials

As to the translucency of glass ionomer based materials,
opacity of glass ionomers were compared with that of resin
composites.*” In 1983, newer glass ionomers were found
to be more translucent than the first generation of glass
ionomers. However, the opacity still needed to be reduced
to reach the level of resin composite. With resin modified
glass ionomers,* translucency values varied according to
whether the material had been subjected to light curing or
cured through the acid-base reaction alone. As results, light
cured specimens were found to be only marginally more
translucent than those allowed to set without irradiation.
Changes in the translucency of experimental 10 to 50%
2-hydroxyethyl methacrylate (HEMA)-added glass ionomers
after 5,000 cycles of thermocycling were determined.** As
results, changes in TP were in the range of -3.5 to 0.2, and
were influenced by the HEMA content and powder shade.

Conclusions

The criteria for the clinical evaluation of translucency were
established from two aspects: (1) whether the values are
similar to those of human enamel, and (2) whether the
differences between the compared pairs are perceivable
by the naked eyes. TP from 15 to 19 could be regarded
as the value of 1 mm thick human enamel. Translucency
difference in contrast ratio (ACR) of 0.07 was regarded as
the perceivable limit, which could be transformed into ATP
value of 2.

Comparisons of translucency were made by the type of
resin composites such as direct/indirect or universal/
flowable composites, and by the shade groups such as
dentin, enamel, translucent, incisal and opaque shades. As
to the difference between direct and indirect composites,
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the differences in TP values by the material and shade
group were higher than 2. As to the difference between
universal and flowable composites of the same brand and
shade, the differences in TP values were lower than 2 in
most brands. As to the difference by the shade group, TP
value differed significantly by the brand within each shade
group, and by the shade group within each brand. A wide
range of TP values indicated the need for establishment
of reference values for the interpretation of the values.
Therefore, translucency of resin composites was categorized
at the TP value of 13 and 18 as low, medium, and high
translucency (1 mm thick), or divided into three equal
segments.

The criteria proposed in the present article and the results
of translucency evaluations could be used as guidelines for
the clinical evaluation of translucency in direct esthetic
restorative materials.

Conflict of Interest: No potential conflict of interest
relevant to this article was reported.

References

1. Lee YK, Yu B, Lee SH, Cho MS, Lee CY, Lim HN. Shade
compatibility of esthetic restorative materials-a review.
Dent Mater 2010;26:1119-1126.

2. Lee YK, Yu B, Zhao GF, Lim JI. Color assimilation of
resin composites with adjacent color according to the
distance. J Esthet Restor Dent 2015;27(Supplement
1):524-S32.

3. Lee YK. Translucency of human teeth and dental
restorative materials and its clinical relevance. J Biomed
Opt 2015;20:045002.

4. Mourouzis P, Koulaouzidou EA, Palaghias G, Helvatjoglu-
Antoniades M. Color match of resin composites to
intact tooth structure. J Appl Biomater Funct Mater
2015;13:e259-e265.

5. CIE (Commission Internationale de l'Eclairage),
Colorimetry - technical report, CIE Pub. No. 15, 3rd ed.
Vienna: Bureau Central de la CIE; 2004.

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

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

8. Yu B, Lee YK. Translucency of varied brand and shade of
resin composites. Am J Dent 2008;21:229-232.

9. Yu B, Ahn JS, Lee YK. Measurement of translucency of
tooth enamel and dentin. Acta Odontol Scand 2009;67:
57-64.

10.Johnston WM. Review of translucency determinations
and applications to dental materials. J Esthet Restor
Dent 2014;26:217-223.

http://dx.doi.org/10.5395/rde.2016.41.3.159

Translucency evaluation of direct esthetic materials

11. Lassila LV, Nagas E, Vallittu PK, Garoushi S. Translucency
of flowable bulk-filling composites of various
thicknesses. Chin J Dent Res 2012;15:31-35.

12.Lee YK, Lu H, Powers JM. Optical properties of four
esthetic restorative materials after accelerated aging.
Am J Dent 2006;19:155-158.

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

14.Ahn JS, Lee YK. Difference in the translucency of all-
ceramics by the illuminant. Dent Mater 2008;24:1539-
1544,

15.Xiong F, Chao Y, Zhu Z. Translucency of newly extracted
maxillary central incisors at nine locations. J Prosthet
Dent 2008;100:11-17.

16.Hasegawa A, Ikeda I, Kawaguchi S. Color and
translucency of in vivo natural central incisors. J
Prosthet Dent 2000;83:418-423.

17.Brodbelt RH, O’Brien WJ, Fan PL, Frazer-Dib JG, Yu
R. Translucency of human dental enamel. J Dent Res
1981;60:1749-1753.

18.Xiao B, Walter B, Gkioulekas I, Zickler T, Adelson E,
Bala K. Looking against the light: how perception
of translucency depends on lighting direction. J Vis
2014;14:17.

19. Vaarkamp J, ten Bosch JJ, Verdonschot EH. Propagation
of light through human dental enamel and dentine.
Caries Res 1995;29:8-13.

20. Liu MC, Aquilino SA, Lund PS, Vargas MA, Diaz-Arnold
AM, Gratton DG, Qian F. Human perception of dental
porcelain translucency correlated to spectrophotometric
measurements. J Prosthodont 2010;19:187-193.

21.Kim DH, Park SH. Evaluation of resin composite
translucency by two different methods. Oper Dent
2013;38:E1-E15.

22.Lee SH, Lee YK, Lim BS. Influence of thermocycling on
the optical properties of laboratory resin composites
and an all-ceramic material. J Mater Sci Mater Med
2004;15:1221-1226.

23.Woo ST, Yu B, Ahn JS, Lee YK. Comparison of
translucency between indirect and direct resin
composites. J Dent 2008;36:637-642.

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

25.Kim EH, Jung KH, Son SA, Hur B, Kwon YH, Park JK.
Effect of resin thickness on the microhardness and
optical properties of bulk-fill resin composites. Restor
Dent Endod 2015;40:128-135.

26.Nakamura T, Tanaka H, Kawamura Y, Wakabayashi
K. Translucency of glass-fibre-reinforced composite
materials. J Oral Rehabil 2004;31:817-821.

27.Kamishima N, Ikeda T, Sano H. Color and translucency
of resin composites for layering techniques. Dent Mater

www.rde.ac 165



Lee YK Restorative Dentistry & Endodontics RD E

J 2005;24:428-432. shade composites. J Esthet Restor Dent 2004;16:117-
28.1keda T, Murata Y, Sano H. Translucency of opaque- 127.

shade resin composites. Am J Dent 2004;17:127-130. 32.Asmussen E. Opacity of glass-ionomer cements. Acta
29.Ikeda T, Sidhu SK, Omata Y, Fujita M, Sano H. Color and Odontol Scand 1983;41:155-157.

translucency of opaque-shades and body-shades of resin 33.Mount GJ, Patel C, Makinson OF. Resin modified glass-

composites. Eur J Oral Sci 2005;113:170-173. ionomers: strength, cure depth and translucency. Aust
30.Kim SJ, Son HH, Cho BH, Lee IB, Um CM. Translucency Dent J 2002;47:339-343.

and masking ability of various opaque-shade composite 34.Lee YK, Yu B, Zhao GF, Lim JI. Effects of aging and

resins. J Dent 2009;37:102-107. HEMA content on the translucency, fluorescence, and
31.Paravina RD, Ontiveros JC, Powers JM. Accelerated opalescence properties of experimental HEMA-added

aging effects on color and translucency of bleaching- glass ionomers. Dent Mater J 2010;29:9-14.

166 www.rde.ac http://dx.doi.org/10.5395/rde.2016.41.3.159





