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Esthetic restorations require that the shade, 
shape and contour characteristics of the 
restoration be matched to those of the 

adjacent teeth. To render a restoration imper-
ceptible, appropriate levels of translucency 

are also required. This characteristic can be 
idealized by harmonizing the optical proper-
ties of the restoration with those of the adja-
cent natural teeth. Composite resins tend to 
produce natural-looking restorations largely 
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ABSTRACT

Objective: To evaluate the translucency of currently available composites classified by 
their respective manufacturers as “opaque,” “dentin,” “body” (or “universal”) and 
“enamel” materials.  
Materials and Methods: Four disk-shaped specimens were produced using a split-ring 
mould (13 mm in diameter and 2 mm in thickness) from each of 39 proprietary com-
posite restorative materials. Enamel and dentin samples of equivalent thickness were 
obtained from extracted human teeth. Colour values for lightness (L*), red–green chro-
matic coordinate (a*) and blue–yellow chromatic coordinate (b*) were recorded against 
standard white and black backgrounds with a Minolta CR-300 chroma meter under the 
standard illuminant D65. Translucency parameter values were calculated and compared 
using analysis of variance and the Tukey test, with significance set at p < 0.05. 
Results: A continuum of values for the translucency parameter was obtained, ranging 
from the most opaque (Filtek Supreme Plus A2D) to the most translucent (Ceram X Duo 
E2). In general, “opaque” and “dentin” composites yielded relatively low translucency 
values, “body” (or “universal”) composites yielded intermediate values, and “enamel” 
composites yielded relatively high values. However, the boundaries between these cat-
egories were not distinct, and there was some overlap. The mean value of the translu-
cency parameter for human enamel was within the range of values for “enamel” shade 
composites. The individual values for specimens of human dentin were more variable 
(i.e., greater standard deviation around the mean) than those for human enamel. The 
mean value obtained for dentin was intermediate between the ranges for composites 
with low and intermediate translucency. 
Conclusions: The various categories of composite from different manufacturers yielded 
a wide range of translucency, with minimal distinction between the extremes in adja-
cent categories. The level of translucency was specific to each product, and the meas-
ured translucency values provided more information than the respective category types. 
Knowledge of the relative translucency and opacity of different commercial materials 
can assist clinicians in the choice of composite for clinical use. 
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because they are relatively translucent. They provide a 
“chameleon” effect in small restorations, allowing the ad-
jacent and underlying tooth structure to reflect or show 
through the restoration.1 For larger and more significant 
restorations, composite materials are available in a wide 
range of shades and opacities to allow duplication of adja-
cent tooth structure and enhancement of esthetic capabil-
ities. Various levels of translucency have been developed 
to allow replication of the combined optical properties 
of dentin and enamel. More opaque composites can also 
be used to assist in masking the structure of discoloured 
teeth before the application of a more enamel-like translu-
cent composite. A particularly challenging clinical situa-
tion involves Class III and IV restorations, which have no 
backing tooth structure. Without an appropriate level of 
dentinal opacity, even the most ideal shade of composite 
may appear too grey, because the relatively translucent 
composite is unable to mask the dark background of the 
oral cavity.2 Clinicians have devised “layering” techniques 
in which more translucent materials are placed over a 
more opaque composite in an effort to create depth from 
within the restoration.3

Several manufacturers now offer expanding lines of 
“enamel,” “dentin” and/or “body” (also known as “uni-
versal”) shade categories with differing levels of opacity 
and translucency. However, there is no standardization 
of the optical properties for these categories, and the 
results may be unexpected or disappointing. Recognition 
that the level of translucency of resin composites is a crit-
ical property, comparable in importance to the shade of 
the composite, has led many researchers to measure the 
translucency of specific resin composites in terms of the 
contrast ratio or translucency parameter.1-5 It is certainly 
advantageous for clinicians to know the translucency of 
a specific composite relative to that of the natural tooth 
structure. For many straightforward smaller restorations, 
the use of a shade-matched composite with intermediate 
opacity is simple and yields adequate results. However, 
in more critical esthetic situations, it may be necessary 
to layer several composites with different translucency 
and opacity properties to generate optimal, tooth-like 
esthetics. Information on the relative translucency and 
opacity of various composites is also useful in predicting 
the ability of proprietary composites to block out dis-
coloured tooth structure or dark backgrounds.

The purpose of this study was to evaluate the translu-
cency of currently available composites classified by their 
respective manufacturers as “opaque,” “dentin,” “body” 
(or “universal”) and “enamel” materials in relation to that 
of human enamel and dentin. 

Materials and Methods
A total of 39 proprietary composite restorative ma-

terials were examined in this study (Table 1). Some 
manufacturers offer several subcategories of a brand, 

covering “enamel,” “body” (“universal”), “dentin” and/or 
“opaque” options. Wherever possible, 2 basic shades, A2 
and B2, were tested for each category of opacity. Where 
this was not possible, the closest equivalent categories 
were tested.

Using a split-ring mould, 13 mm in diameter and  
2 mm in thickness, 4 standardized disk-shaped specimens 
were prepared for each material. For each specimen, resin 
composite was introduced into the mould and pressed 
between 2 glass slides, with clear plastic film positioned 
between the composite and the glass. A weight was placed 
on the top slide for 2 minutes to produce uniform thick-
ness. Light-curing was then applied for 40 seconds at 
each of 3 overlapping sites on both sides (i.e., 120 seconds 
on each side). The 2.0-mm thickness of the specimens 
was checked with a caliper to an accuracy of ± 0.1 mm. 
Samples of enamel (n = 3) and dentin (n = 6), also 2.0  
± 0.1 mm thick, were prepared by longitudinal sectioning 
of 3 extracted maxillary central incisors (for enamel) 
and 3 extracted permanent molars (for dentin), using a 
water-cooled low-speed diamond saw (Buehler Ltd., Lake 
Bluff, IL). 

The specimens were stored in distilled water for  
24 hours, after which they were blotted dry. The colour 
of each specimen was then measured, as follows. Values 
for L* (lightness, where 100 represents white and 0 rep-
resents black), a* (red–green chromatic coordinate) 
and b* (blue–yellow chromatic coordinate) were meas-
ured against a standard white background (L* = 89.33,  
a* = –5.27, b* = 7.41) and a standard black background 
(L* = 27.37, a* = –2.08, b* = 1.17) with a Minolta  
CR-300 chroma meter (Minolta Co. Ltd., Osaka, Japan), 
under the standard illuminant D65 (as defined by the 
International Commission on Illumination), which cor-
responds to “average” daylight. The measuring head of 
the chroma meter had an 8-mm diameter measuring area 
and used diffuse illumination and a viewing angle of 0°. 
The equipment was calibrated immediately before each 
set of measurements using calibration plate CR-A43, sup-
plied by the manufacturer. 

The translucency parameter was calculated as the 
difference in colour between the specimen as it appeared 
against the standard white background and as it appeared 
against the standard black background, according to the 
following equation: 

TP = [(LW∗ – LB∗)2 + (aW∗ – aB∗)2 + (bW∗ – bB∗)2]1/2

where W refers to the values for each specimen against 
the white background and B refers to the values for 
the specimen against the black background. Higher 
values for the translucency parameter represent greater 
translucency. The data were analyzed using analysis of 
variance (ANOVA) and Tukey’s tests, with significance 
set at p < 0.05.
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Table 1  Mean values of the translucency parameter for 39 restorative composite resin materials

Manufacturer Brand Shade Translucency parameter* (SD)

Kerr, Orange, CA Premise A2 7.2 (0.4)d,e,f,g,h,i

A2 opaque (A2O) 5.0 (0.2)a,b,c,d,e

B2 7.0 (0.5)d,e,f,g,h,i

B2 opaque (B2O) 5.7 (0.1)c,d,e,f

Point 4 A2 8.7 (0.3)g,h,i,j,k

A2 opaque (A2O) 5.5 (0.3)b,c,d,e,f

B2 8.8 (0.3)g,h,i,j,k

B2 opaque (B2O) 6.6 (0.4)d,e,f,g

Ivoclar Vivadent, Amherst, NY 4 Seasons A2 enamel (A2E) 9.6 (0.1)j,k

A2 dentin (A2D) 6.6 (0.7)d,e,f,g

B2 enamel (B2E) 10.8 (0.4)k,l

B2 dentin (B2D) 5.0 (0.2)a,b,c,d,e

Tetric EvoCeram A2 9.1 (0.2)h,i,j,k

B2 9.3 (0.5)i,j,k

B2 dentin (B2D) 3.1 (0.2)a,b

3M ESPE St. Paul, MN Filtek Supreme Plus White enamel (WE) 10.8 (0.6)k,l

White dentin (WD) 4.9 (0.2)a,b,c,d,e

White body (WB) 6.7 (0.4)d,e,f,g,h

A2 enamel (A2E) 9.5 (0.5)i,j,k

A2 dentin (A2D) 2.7 (0.6)a

A2 body (A2B) 7.3 (0.5)d,e,f,g,h,i,j

B2 enamel (B2E) 9.7 (0.3)j,k,l

B2 body (B2B) 7.4 (0.2)e,f,g,h,i,j

Dentsply De Trey GmbH, 
Konstanz, Germany

Esthet-X A2 7.7 (0.3)f,g,h,i,j

A2 opaque (A2O) 4.9 (0.6)a,b,c,d

B2 8.7 (0.3)g,h,i,j,k

B2 opaque (B2O) 3.7 (0.2)a,b,c

TPH3 A2 8.0 (0.2)f,g,h,i,j

B2 7.8 (0.2)f,g,h,i,j

Clear enamel 11.1 (0.1)l,m

C2 opaque (C2O) 3.4 (0.3)a,b,c

Ceram X Duo E2 13.4 (0.5)m

D2 4.8 (0.2)a,b,c,d

M2 7.3 (0.3)e,f,g,h,i,j

Ultradent Products Inc.,  
South Jordan, UT

Vit-l-escence Pearl frost (PF) 12.4 (0.3)l,m

Pearl smoke (PS) 5.7 (0.3)c,d,e,f

Opaque white (OW) 5.2 (0.3)b,c,d,e

A2 6.2 (0.3)d,e,f

B2 6.5 (0.2)d,e,f,g

Human enamel NA NA 11.6 (0.3)l,m     

Human dentin NA NA 6.6 (2.2)d,e,f,g

SD = standard deviation, NA = not applicable.
*Superscripted letters denote groups with no statistically significant difference in the mean value for the translucency parameter (p < 0.05).
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Results
The mean values for the translucency parameter of 

these 2-mm thick specimens, with standard deviation 
(SD), ranged from 2.7 (SD 0.6) (most opaque) to 13.4 (SD 
0.5) (most translucent) (Table 1).

Figure 1 shows the translucency parameter values 
in ascending order for all materials tested. The various 
categories of composite from the different manufacturers 
provided a wide range of translucencies, which formed 
a continuum from most opaque to most translucent. In 
general, the “opaque” and “dentin” composites had low 
translucency, the “universal” or “body” composites had 
intermediate translucency, and the “enamel” composites 
had high translucency (Fig. 1). However, the boundaries 
between these categories were not distinct, and some 
overlap occurred. No one manufacturer had products 
that were consistently most or least translucent across the 
various categories.

The composite with the lowest translucency (i.e., 
most opaque) was Filtek Supreme Plus A2D (“dentin” 
category), with a mean value of 2.7, and that with the  
highest translucency (i.e., most translucent) was Ceram X 
Duo E2 (“enamel” category), with a mean value of 13.4 
(Table 1). The Filtek Supreme Plus A2D, Tetric EvoCeram 
B2D, TPH3 C2O and Esthet-X B2O specimens were  
significantly more opaque than specimens of human 
dentin. All of the “enamel” composites and 2 of the 
“body” or “universal” composites (Tetric EvoCeram A2 
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and B2) were significantly more translucent than dentin. 
Two “enamel” composites (Filtek Supreme Plus A2E and 
4 Seasons A2E) were significantly less translucent than 
specimens of human enamel. Vit-1-escence A2 and B2 
were the most opaque composites in the “body” or “uni-
versal” category. The Point 4 B2O and 4 Seasons A2D 
composites were more translucent than the “dentin” 
and “opaque” materials from other manufacturers and 
fell within the range of values for “body” rather than 
“opaque” composites.

The mean translucency parameter for representative 
samples of tooth enamel (11.6 [SD 0.3]) was relatively 
high and fell within those obtained for composites in the 
“enamel” category. The translucency of the specimens of 
human dentin was more variable. The mean translucency 
parameter for the samples of tooth dentin (6.6 [SD 2.2]) 
was low to intermediate and fell between those obtained 
for the “dentin” and “opaque” composites and those ob-
tained for the “universal” or “body” composites.

Discussion
Translucency is the ability of a material to allow light 

to pass through and thus to allow the appearance of 
the underlying background to show through.6 It can be 
described as partial opacity or a state between complete 
opacity and complete transparency.5 The translucency 
parameter of a material refers to the difference in colour 
between a uniform thickness of the material over a white 
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Figure 1: Mean translucency parameter values, with standard deviations, in ascending order, for all composite materials and categories 
tested. See Table 1 for definitions of abbreviated terms. 
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background and the same thickness of the material over 
a black background and provides a value corresponding 
to the common visual perception of translucency.7 A 
higher value for the translucency parameter represents 
greater translucency; if the material is completely opaque, 
the value of this parameter is zero.5,7 The translucency 
of tooth-coloured restorative materials is considered a 
crucial optical property, comparable in importance to 
colour,2,4 since the translucency will strongly affect the 
appearance of the same composite shade (Fig. 2). Knowl-
edge of the relative translucency of proprietary compos-
ites can assist in the choice of product to achieve optimal 
esthetic results when attempting to either duplicate the 
optical properties of teeth or overcome the effects of dis-
coloration or the dark background of the oral cavity. 

Although there have been several studies on the 
translucency of resin composites, only one has exam-
ined several different categories of composite from many 
manufacturers.5 The current study provides information 
on the relative translucency of 9 different brands of com-
posite from 5 manufacturers for a total of 39 individual 
materials, focusing on 2 basic shades. The resulting range 
of translucency parameters for the 2-mm-thick speci-
mens represents a continuum from most to least opaque 
(2.7 to 13.4). The most opaque group of composites, which 
had greater opacity than human dentin, could be used 
for masking darker background colours in the oral cavity 
using the layering technique.5 The majority of compos-
ites had translucency values within the wider range of 
values observed for human dentin. Within this group, the  
universal-shade composites varied from more opaque 
(Vit-l-escence A2 and B2) to more translucent (Tetric 
EvoCeram A2 and B2). There are therefore significant 
differences in light scattering, and hence translucency, 
among the so-called universal materials from different 

manufacturers, largely because of the specific compos-
ition and translucencies of the component materials, dif-
ferences in the refractive index between filler and matrix, 
and differences in particle size.8 The less translucent com-
posites are more likely to provide satisfactory results for 
the challenging Class III and IV restorations, which have 
no backing of tooth structure. The translucency values 
from this study provide the clinician with good com-
parative information on currently available proprietary 
materials. Caution is advised in extrapolating this infor-
mation directly to all other shades of composite from the 
same manufacturer; however, there was a distinct trend 
for the 2 “universal” shades from each manufacturer 
that were tested (A2 and B2) to have similar translucency 
values. 

Until very recently,6 no studies had provided any 
comparative values for the translucency of enamel and 
dentin that would allow categorization of composites in 
relation to tooth structure. The reasons for this infor-
mation gap were the substantial challenges inherent in 
preparing pure samples of human enamel and/or dentin 
of adequate size and shape for optical measurements. 
Spectrophotometers and colorimeters require specimens 
with flat surfaces and adequate surface area to capture 
the illuminating beam completely. These challenges have 
recently been acknowledged, and artificial means have 
been suggested to overcome the effects of surface curva-
ture.6 The specimens of human enamel in the current 
study were small, because of difficulties encountered in 
their preparation. Only 3 of 16 available maxillary cen-
tral incisors were large enough to provide specimens of 
adequate size for the optical measurements, and only 
one specimen could be prepared from each tooth. The re-
sulting translucency parameter values showed low varia-
tion (i.e., small SD), however, which suggested that the 
translucency of enamel may not be as variable as that 
of dentin. The human dentin samples showed consider-
able variation, and the larger sample size (n = 6) did not 
noticeably reduce the variation. It is accepted that human 
teeth show a wide range of shade and translucency from 
one patient to another and from one tooth to another 
within the same patient, in part because of factors related 
to age and sex.6 The range of values revealed by the stan-
dard deviations is therefore more meaningful clinically 
than the mean values, although the latter were used to 
position a representative enamel or dentin translucency 
value within the range for all composites.

Clinicians recognize that individual teeth will have 
greater or lesser translucency, and the relationship of 
translucency to age is well appreciated. Recently, an in-
verse relationship has also been shown between chroma 
(colour intensity) and translucency, which indicates that 
composites with high chroma are less translucent, and 
darker shades are less translucent.7 Translucency is sig-
nificantly affected by polymerization, and the direction 

Figure 2: Composite specimens of the same shade on a 
standard black background, one with a low translucency par-
ameter value (more opaque; on the left) and one with a high 
translucency parameter value (more translucent; on the right).
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of change with polymerization (higher or lower) differs 
from one composite to another. Therefore, in cases where 
esthetics are critical, it is highly advisable to perform 
shade matching using polymerized composite.1,9,10 The 
materials in this study were all fully cured before testing.

Direct restoration with composite resins often pro-
vides the best, most conservative treatment option for 
replacement of tooth structure or enhancement of un-
esthetic teeth. Knowledge of the relative translucency of 
proprietary composites can assist in the choice of ma-
terial and the achievement of optimal esthetics. 

Conclusions
The various categories of composite (“enamel,” “body” 

or “universal,” “dentin,” “opaque”) from different manu-
facturers yielded a continuum of translucency values 
from most translucent to most opaque. Generally, the 
“opaque” and “dentin” composites had relatively low 
translucency, the “universal” or “body” composites had 
intermediate translucency, and the “enamel” composites 
had relatively high translucency. Because of the range of 
translucency values for different products within each 
category, the division between categories was indistinct. 
Therefore, the translucency values for specific products 
provide greater information than named category types. 
Information on the relative translucencies of commercial 
products can assist the clinician in choosing composites 
for clinical use. a
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