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and composite resins with respect to thickness and surface
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ABSTRACT
Statement of problem. Little information is available about the translucency of monolithic CAD/
CAM materials.

Purpose. The purpose of this study was to evaluate the translucency of restorative CAD/CAM
materials and direct composite resins with respect to thickness and surface roughness.

Materials and methods. In total, 240 disk-shaped specimens (12×14×1 mm and 12×14×2 mm) of 3
different CAD/CAM glass ceramics (CELTRA Duo, IPS e.max CAD, IPS Empress CAD), a fine-structure
feldspathic ceramic (VITA Mark II), a hybrid ceramic (VITA Enamic), a resin nanoceramic composite
resin (LAVA Ultimate), an experimental (CAD/CAM nanohybrid composite resin), 2 interim materials
(Telio CAD; VITA CAD-Temp), and 3 direct composite resins (Tetric EvoCeram; Filtek Supreme XTE;
Tetric EvoCeram Bulk Fill) were fabricated (n=10). After 3 different surface pretreatments
(polished, rough SiC P1200, or SiC P500), absolute translucency and surface roughness were
measured using spectrophotometry and tactile profilometry. The influence of material type,
thickness, and roughness on absolute translucency was analyzed using a multivariate analysis, 1-
way ANOVA, and the Tukey HSD post hoc test (P<.05). Pearson correlations and statistical
hypothesis tests were used to assess the results (P<.05).

Results. The effect of all tested parameters was significant among the materials (P<.05). The
greatest influence on the measured translucency was thickness (partial eta squared hP2=.988),
closely followed by material (.982), and the pretreatment method (.835). The surface roughness was
strongly influenced by the pretreatment method (.975) and type of material (.941).

Conclusion. Thickness and surface roughness are major factors affecting the absolute translucency
of adhesively luted restorations. (J Prosthet Dent 2015;113:534-540)
Increased demand for esthetics
in dentistry has led to an in-
crease in the use of ceramic
and tooth-colored composite
resin restorations.1 In partic-
ular, the CAD/CAM ceramics
have enjoyed growing popu-
larity.2,3 Because more dentists
work independently of a
technician, they need to better
understand the optical char-
acteristics of dental materials
in order to closely match them
with those of the natural
tooth.4-6

Translucency has been
emphasized as one of the pri-
mary factors in controlling the
esthetic outcome7 because it
makes ceramic and resin-
based restorations appear
more natural.8,9 As trans-
lucency permits the passage of

light and also disperses light, it could be described as a
state between complete opacity and transparency,10 the
light being diffused rather than reflected or absorbed.11-14

Errors in brightness among teeth are considered the most
noticeable esthetic error15-17 because the human eye is
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more sensitive to the differences in value (brightness)
than hue or chroma.18-20 In addition, the translucency of
ceramics is closely related to the light transmission and
polymerization efficiency of underlying resin-based lut-
ing agents.21-23 However, little information is available
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Table 1.Materials, manufacturer, Lot, color of all tested materials

Material Manufacturer Lot Color

CELTRA Duo DENTSPLY DeguDent GmbH 18015733 LT/A2/C14

IPS e.max CAD Ivoclar Vivadent AG R37085 LT A2/c14

IPS Empress CAD Ivoclar Vivadent AG R39335 LT A2/C14

LAVA Ultimate 3M ESPE AG N372985 A2 - LT/14L

Telio CAD Ivoclar Vivadent AG N73354 LT A2/B55

Experimental
nanohybrid composite

Ivoclar Vivadent AG b. 28923 HAT A2/C14

VITA CAD-Temp VITA Zahnfabrik H.
Rauter GmbH und Co. KG

CE 0124 2 M2T/CT-40

VITA Enamic VITA Zahnfabrik H.
Rauter GmbH und Co. KG

33000 3M2-T EM-14

VITA Mark II VITA Zahnfabrik H.
Rauter GmbH und Co. KG

19511 2M2C I14

Tetric EvoCeram
Bulk Fill

Ivoclar Vivadent AG P48872 Bulk IV A

Tetric EvoCeram Ivoclar Vivadent AG S12963 A2

Filtek Supreme XTE 3M ESPE AG N502353 Dentin A2

Clinical Implications
Absolute translucency seems to be material specific,
and no generalization relating to the different ma-
terial classes can be made. Except for the ceramic
VITA Mark II, all CAD/CAM ceramics demonstrated a
greater decrease in translucency after roughening
than did the resin-based materials, making suffi-
cient polishing of the restoration essential.
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about the translucent characteristics of contemporary
CAD/CAM materials. Moreover, all current studies have
analyzed the translucency of dental materials in a high-
gloss polished condition, but not with a roughened sur-
face such as would occur after a period of wear, or in the
case of insufficient polishing after milling or occlusal
adjustment.24-28 Accurate knowledge of the relationship
between translucency and thickness and surface rough-
ness is fundamental to improving the esthetic outcome of
dental restorations.22,29,30

The null hypotheses tested were that material
thickness would not affect translucency; that the pre-
treatment method (roughening) would not affect trans-
lucency; and that the material type would not affect
translucency.

MATERIAL AND METHODS

The dental materials evaluated in the present study are
listed in Table 1. A total of 240 disk-shaped, rectangular
specimens (12 mm width × 14 mm length) were fabri-
cated and analyzed with a spectrophotometer and a
tactile profilometer, both popular methods of measuring
translucency and surface roughness.31-35 For all tested
materials, color A2 blocks were chosen. The CAD/CAM
blocks were cut (Secotom-50; Struers) under water
cooling to produce 10 disks with a thickness of 1 or 2
mm. The specimens were fixed to a plate index and
polished sequentially by using a series of diamond
grinding sheets (up to SiC P2000) on a grinding machine
(Abramin; Struers). The grinding and polishing pro-
cedures were performed on both sides of the specimens.
The definitive thickness was determined with a digital
micrometer (Mitutoyo IP65; Mitutoyo) with an accuracy
of ± 0.05 mm.

After production, all specimens were ultrasonically
cleaned in distilled water (Sonorex RK102H; Bandelin
electronic) and additionally cleaned with isopropanol to
remove grease residue. Subsequently, the specimen
surface was roughened on one side by using grinding
sheets with a grain size of SiC P1200 or P500 and
measured again. A silicone mold (12×14×1 or 2 mm) was
used to produce disk-shaped specimens of the light-
polymerizing composite resins. Each specimen was
Awad et al
polymerized 4 times for 20 seconds on each side with an
LED polymerization unit (Freelight 2; 3M ESPE, 1226
mW/cm2) to ensure complete polymerization and
subjected to the same surface treatment procedure.
Altogether, 3 different CAD/CAM glass ceramics, a fine-
structure feldspathic ceramic, a hybrid ceramic, a nano-
ceramic composite resin, an experimental CAD/CAM
nanohybrid composite, and 2 interim materials (PMMA)
were analyzed.36 Furthermore, because the manufacturer
recommends characterization of the CAD/CAM restora-
tion with the recommended composite resin (Filtek
Supreme XTE for LAVA Ultimate and Tetric EvoCeram
for Telio CAD),37,38 materials that should ensure color
matching to the surrounding restoration, were also
tested. One bulk-fill composite resin was added to the
study to broaden the spectrum with add a substance with
a relatively high translucency.39

Translucency measurements
A quantitative measurement of absolute translucency
was made by measuring the total transmission of light
through the specimen. A spectrophotometer (Lambda
35 Perkin Elmer; Perkin Elmer Inc) with a dual beam
system was used, whereby a sensor records the light
transmission in comparison to the light intensity from
a split beam. The light source provided a wavelength
varying between 400 and 700 nm. At first, the light
quantity was measured with no specimen in the op-
tical path (Luminancesource) before each measurement
and served as the baseline value. Then the luminance
(Luminancespecimen) was recorded and calculated for
each specimen (UV Win LabTM 2.8; Perkin Elmer
Inc): T% = (Lspecimen/Lsource) × 100.

A value T% = 100 indicates the specimen is trans-
parent and T% = 0 that the material is opaque.
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 1. Variation of translucency as function of pretreatment method
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Roughness measurements
The specimens were analyzed with a surface roughness
measuring instrument (MarSurf M 400; Mahr GmbH).
The probe of the inductive skidless tracing system was
placed in the middle of the specimen surface, and 6
measurements were made in different directions with a
traversing length of 5.6 mm and a constant measuring
speed of 1 mm/second to determine an average rough-
ness profile.

Statistical analysis
A multivariate analysis (general linear model) assessed
the effect of the parameters material, thickness (1 and 2
mm), and pretreatment method (polished, roughened
with P1200 or P500) on the translucency and roughness.
The results were statistically compared by using 1-way
ANOVA and the Tukey HSD post hoc test. The rela-
tionship between translucency and surface roughness
was analyzed for each material with the Pearson corre-
lation test and statistical hypothesis tests were used to
check the null hypotheses (a=.05) (SPSS v22.0; IBM
SPSS Inc).
and material for 1-mm-thick specimens.
RESULTS

Figure 1 shows the values for all tested materials at a
thickness of 1 mm in ascending order (24.49% to
49.09%). In the case of polished specimens, the experi-
mental material reached the statistically significant
highest value, closely followed by Tetric EvoCeram
BulkFill and LAVA Ultimate. Filtek Supreme XTE, VITA
Enamic, IPS e.max CAD, and Celtra Duo reached the
lowest values and differed significantly from each other
(24.49% to 37.98%), whereas no difference was revealed
among VITA CAD-Temp, IPS Empress CAD, VITA Mark
II, Telio CAD, and Tetric EvoCeram A2 (40.35% to
41.18%). For the rough specimens, a similar trend, but
with a little lower and statistically finer graduated values,
was observed. Thereby, differences among the substance
classes could be identified. Except for VITA Mark II, all
CAD/CAM ceramics demonstrated a greater decrease in
translucency than the PMMA-based materials and the
resin-based composites (Table 2).

Regarding the 2-mm-thick specimens, a decrease in
translucency (average about 14.59 percentage points)
concerning all materials was noticed (Fig. 2). These
values varied from 11.91% to 30.38%. The materials
ranked in the same order, but with a statistically wider
graduation independent of the pretreatment method,
with the lowest values at P500 (11.28% to 29.46%).

Pretreatment with P1200 reduced the translucency by
an average of 1.72 percentage points; in the case of P500,
even by 4.31 percentage points. The collected values for
surface roughness are listed in Table 3. Altogether, values
from 0.026 to 0.140 mm were reached. The ascending
THE JOURNAL OF PROSTHETIC DENTISTRY
order of roughness profiles is based on a stringent
classification in different types of material (glass /
feldspathic / hybrid ceramics / resin based compos-
ites / PMMA). After roughening, the order of the other
materials remained almost unchanged. Figure 3 illus-
trates the aforementioned material properties.

The greatest influence on the measured translucency
was exerted by thickness (partial eta squared hP

2=.988),
closely followed by material (.982), and the pretreatment
method (.835). The surface roughness was strongly
influenced by the parameters pretreatment method (.975)
and material (.941). How far the translucency correlated
with the surface roughness depended greatly on the kind
of material (Table 4), even though no statistically signif-
icant correlation between the parameters could be
ascertained in general (P=.056). For the resin-based
materials Filtek Supreme XTE and Tetric EvoCeram
BulkFill, no correlation could be found between trans-
lucency and surface roughness; however, a strong inverse
correlation was found for the CAD/CAM ceramics
(Table 5).

DISCUSSION

Spectrophotometry is a commonly used method to quanti-
tatively measure color and translucency in dentistry12,24 but
is gradually being replaced by spectroradiometry, which is
considered more accurate.14 Different parameters are used
to describe translucency, such as the contrast ratio or the
translucency parameter, making it difficult for clinicians to
Awad et al



Table 3. Roughness as function of material and surface pretreatment

Material

Surface Pretreatment

Polished, mm P1200, mm P500, mm

CELTRA Duo 0.028 (0.005)a 0.077 (0.005)a 0.162 (0.012)a

IPS e.max 0.026 (0.003)a 0.084 (0.009)a 0.150 (0.010)a

IPS Empress 0.027 (0.004)a 0.126 (0.020)b 0.217 (0.013)b

LAVA Ultimate 0.053 (0.009)bc 0.219 (0.024)d 0.484 (0.025)e

Telio CAD 0.067 (0.016)cd 0.364 (0.027)f 0.784 (0.063)h

Experimental 0.053 (0.005)bc 0.221 (0.020)d 0.487 (0.036)e

VITA CAD Temp 0.038 (0.005)ab 0.287 (0.028)e 0.706 (0.067)g

VITA Enamic 0.058 (0.010)bc 0.212 (0.011)d 0.391 (0.015)d

VITA Mark II 0.068 (0.035)cd 0.181 (0.030)c 0.261 (0.046)c

TEC BulkFill 0.058 (0.007)bc 0.339 (0.030)f 0.616 (0.046)f

TEC A2 0.140 (0.033)e 0.281 (0.024)e 0.582 (0.037)f

Filtek Supreme XTE 0.085 (0.040)d 0.297 (0.050)e 0.581 (0.047)f

All values are presented as mean (standard deviation).
Different superscript letters present significantly differences among 1 surface condition.
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Figure 2. Variation of translucency as function of material and specimen
thickness (polished specimens).

Table 2.Mean and standard deviation of translucency as function of material, surface pretreatment, and specimen thickness

Material

Surface Pretreatment

Polished P1200 P500

1 mm 2 mm 1 mm 2 mm 1 mm 2 mm

CELTRA Duo 37.98 (0.68)d 24.37 (0.61)e 34.58 (0.32)c 21.28 (0.53)c 27.59 (0.31)b 16.43 (0.37)b

IPS e.max 33.86 (0.50)c 20.35 (0.50)c 31.87 (1.40)b 19.43 (0.40)b 30.34 (1.06)c 18.15 (0.36)c

IPS Empress 40.35 (0.75)ef 25.84 (0.49)f 37.20 (0.58)d 23.30 (0.57)d 28.55 (0.41)b 16.85 (0.56)b

LAVA Ultimate 46.72 (0.58)g 28.06 (0.25)g 44.19 (0.89)h 26.49 (0.96)e 42.10 (1.29)g 24.96 (0.80)f

Telio CAD 41.18 (1.33)f 26.10 (0.29)f 37.85 (1.23)de 23.12 (0.24)d 34.67 (1.41)d 21.36 (0.31)d

Experimental 49.09 (0.42)h 29.20 (0.42)h 45.40 (0.53)hi 26.51 (0.36)e 31.85 (1.92)c 25.62 (0.25)fg

VITA CAD Temp 39.63 (0.59)e 23.13 (0.68)d 38.92 (0.80)ef 22.14 (0.91)c 37.71 (0.84)e 20.57 (0.57)d

VITA Enamic 27.92 (0.22)b 13.98 (0.50)b 26.01 (0.40)a 12.79 (0.52)a 23.92 (0.41)a 11.28 (0.25)a

VITA Mark II 41.04 (0.57)f 27.53 (0.81)g 40.80 (0.47)g 27.30 (0.71)e 40.28 (0.48)f 26.41 (0.57)g

TEC BulkFill 46.94 (1.70)g 30.38 (1.40)i 46.01 (1.23)i 29.62 (0.69)f 46.17 (1.34)h 29.46 (0.97)h

TEC A2 41.18 (1.45)f 24.51 (0.85)e 39.26 (1.40)f 23.74 (0.67)d 38.54 (1.29)e 22.88 (0.87)e

Filtek Supreme XTE 24.49 (1.13)a 11.91 (0.50)a 24.74 (1.08)a 11.99 (0.55)a 24.87 (0.96)a 11.64 (0.50)a

All values are presented as percent (standard deviation).
Different superscript letters present significant differences among 1 surface condition, for 1- or 2-mm-thick specimens.
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compare studies.22,25,28 Moreover, these parameters are not
applicable to the direct measurement of translucency and
cannot beusedbelow50%transmission.3,34,35 That iswhy in
this study the absolute translucency was determined to
obtain meaningful and comparable values. For the same
reason, each specimen was first measured with both sides
polished to obtain translucency values that depend only on
the material composition. This standardization prevented
misinterpretations of low T% values due to the milling unit,
even though the restoration isalways roughon1 side invivo.

The tested materials were chosen because of their
popularity among clinicians; however, little information
Awad et al
can be found about their optical properties. As is clearly
shown in Figure 1, for polished specimens, the affiliation
to a certain material category does not allow conclusions
to be drawn regarding the translucency qualities of a
material. Within the different material classes, every
tested material obtained statistically different values,
except IPS Empress CAD and VITA Mark II. In general,
the translucency of dental ceramics is influenced by fac-
tors such as crystalline structure, grain size, pigments, as
well as number, size, and distribution of defects, and
porosity.13,21 If the crystals are smaller than the wave-
length of visible light (400 to 700 nm) the glass will
appear transparent; however, in the case of light scat-
tering and a diffuse reflection, the material will appear
opaque.20 All manufacturers offer a high-translucency
(HT) and a low-translucency (LT) version of the CAD/
CAM blocks. A small number of large lithium meta-
silicate crystals are present in the precrystallized state of
THE JOURNAL OF PROSTHETIC DENTISTRY



Table 4. Influence of parameters material, thickness, and surface pre-
treatment on translucency and surface roughness

Parameter

T% Ra

hP2 P hP2 P

Material .982 <.001 .941 <.001

Thickness .988 <.001 .008 .026

Surface pretreatment .835 <.001 .975 <.001

P<.05 indicates significant influence. Higher partial eta-squared values (hP2) stand for
stronger influence.

Table 5. Pearson correlation coefficients (r) between translucency and
roughness

Material

Thickness

1 mm 2 mm

R P R P

CELTRA Duo -0.986 <.001 -0.987 <.001

VITA Enamic -0.974 <.001 -0.932 <.001

Experimental -0.963 <.001 -0.882 <.001

IPS Empress -0.955 <.001 -0.930 <.001

Telio CAD -0.902 <.001 -0.959 <.001

LAVA Ultimate -0.870 <.001 -0.882 <.001

IPS e.max CAD -0.820 <.001 -0.900 <.001

VITA CAD Temp -0.722 <.001 -0.834 <.001

VITA Mark II -0.617 <.001 -0.472 .008

TEC A2 -0.597 <.001 -0.653 <.001

TEC BulkFill -0.241
not significant

.200 -0.353
not significant

.056

Filtek Supreme XTE 0.145
not significant

.446 -0.281
not significant

.133

P<.05 indicates significant correlation.
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Figure 3. Variation of roughness as function of pretreatment method
and material for 1-mm-thick specimens.
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the HT material, whereas the LT material contains a large
number of smaller crystals.34

Lithium disilicate glass ceramics (LiSi2-GC) and
leucite-reinforced glass ceramics (LR-GC) have been
most commonly examined.19,21,23,34 In this study, the
LiSi2-GC IPS e.max CAD attained significantly lower T%
values than the LR-GC IPS Empress CAD in the case of
polished specimens. In another study, IPS Empress CAD
revealed higher translucency values than a LiSi2-GC
when 1-mm-thick specimens were analyzed. Especially
at low wavelengths, the LiSi2-GC appeared almost
opaque.23 The authors explained this by the different
microstructures, with less dense crystals in the LR-GC
than in the LiSi2-GC. LiSi2 and Li2Si2O5 crystals are
needle-shaped and randomly orientated, representing
about two thirds of the glass ceramic volume.34

In contrast, the microstructure of the LR-GC is
said to be less dense and characterized by the single
crystal formation of leucite (KAlSi2O6) with no
interlocking among crystals.21,26 Niu et al15 stated that
the higher strength ceramic system tends to be more
opaque because of the required increased crystalline
content. Moreover, the aluminosilicate glass in the
LiSi2-GC can result in lower translucency values
because aluminum compounds cause the ceramic to
appear dull and opaque.20 In a further study, IPS
e.max CAD and IPS Empress CAD showed compa-
rable T% values for a thickness of 1 mm (26% to
36%).3 In this study,3 a coupling medium was added,
which could explain the slightly lower T% values
THE JOURNAL OF PROSTHETIC DENTISTRY
(33.86% to 40.35%). These characteristics were less
pronounced after moderate surface roughening
(P1200), and the situation was even reversed in the
case of a rough surface (P500). This is confirmed by
the strong inverse correlation between roughness and
translucency for IPS Empress CAD (r=-.955) (Table 5).

The tested monochromatic fine-structure feldspathic
ceramic VITA Mark II obtained T% values statistically
equal to those of IPS Empress CAD in a polished con-
dition. Similar results were reported in a previous study.3

Furthermore, both materials showed comparable
roughness values (Fig. 3), but differed strongly as far as
the effect of roughness on translucency was concerned.
The translucency of VITA Mark II showed hardly any
change after roughening, which was unlike the other
tested ceramics.

Celtra Duo is a new class of ceramic, which is called
zirconia-reinforced lithium silicate. The inclusion of 10%
zirconia dissolved into the lithium silicate glass matrix
results in 4 times smaller silicate crystals, implying a high
glass content and higher translucency than conventional
LiSi2 ceramics (Celtra Duo; DeguDent GmbH). In fact,
Celtra Duo attained higher T% values than IPS e.max
CAD, but only in the case of a polished surface.
Awad et al
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Figure 1 demonstrates that the so-called resin nano-
ceramic (RNC) LAVA Ultimate reached the highest T%
values of all commercially available CAD/CAM ceramics
at all 3 surface conditions. RNC blocks are new CAD/
CAM materials made of nanoceramic particles embedded
in a highly polymerized resin matrix.37 Approximately 80
wt% can be attributed to the nanoceramic particles,
whereby the nanotechnology and proprietary heat
treatment result in a composition that is different from
light-polymerized or autopolymerized composite resins,
but that can easily be characterized with those materials
(3M ESPE recommendation: Filtek Supreme XTE).37 The
nanofiller particle sizes could explain the higher trans-
lucency, because particles with a diameter smaller than
the wavelength of visible light cause less light scattering
and absorbance.20

The experimental material belongs to a new substance
class, advertised as “hybrid-ceramic.” It consists of a
hybrid structure with 2 interpenetrating networks of
ceramic and polymer, a so-called double network
hybrid.36 The manufacturer states that the fine-structure
feldspathic ceramic network (approximately 86 wt%) is
strengthened by a fully integrated polymer network.36

The principal idea behind this was to create a sub-
stance offering high strength and low antagonist wear
suitable for patients with bruxism. In this study the
experimental ceramic revealed 2 remarkable characteris-
tics: In the case of a polished surface, it obtained statis-
tically the highest T% values. Secondly, this material
recorded the greatest loss of translucency after rough-
ening. Conceivably, the weaker polymer matrix is easily
separated from the ceramic-network, resulting in the
highest roughness values of all the tested hybrid mate-
rials. This characteristic may be an advantage with
respect to antagonist wear, but it could impair the optical
properties of the restoration after long service.

VITA Enamic achieved the lowest T% values, which
may be due to the relatively high amount of Al2O3

(approximately 23 wt%) (VITA Zahnfabrik H). However,
the color 3M2-T cannot be seen as an absolute equivalent
to the color A2 from the VITA classic color scale and may
appear a little darker.

Regarding the translucency of the resins, great dif-
ferences were revealed. As with the ceramics, numerous
parameters affected the light transmission in composite
resin restorations, for example, thickness, filler particles,
resin matrix composition, polymerization, and aging.17,27

Moreover, the translucency seemed to be material spe-
cific, because no clear correlation among the mentioned
parameters could be found in the latest studies. Espe-
cially, the filler size is well discussed: Almost all authors
stated that smaller filler size results in higher trans-
lucency,5,6,17 although occasionally the opposite was
stated.4 The tested universal nanofiller composite Filtek
Supreme XTE (particle size: 4 to 20 nm) achieved the
Awad et al
lowest T% values of all the tested materials. Remarkably,
Filtek Supreme XTE showed no decrease in T% after
roughening and the lowest roughness profiles of the
tested resins. The nanometer-sized particles could
explain why this material retained its polished surface.
The matrix is infiltrated by clusters of nanoparticles that
shear at a rate similar to that of the wear of the sur-
rounding resin network during abrasion, allowing the
restoration to maintain a smoother surface for long-term
polish retention.38 In contrast, other nanofiller materials
such as the nanohybrid composite Tetric EvoCeram
(particle size: 40 to 3000 nm) incorporate larger particles
and filler complexes. These materials are made by pre-
polymerization methods and require residual monomers
to link with the matrix, which could weaken the bond.
Larger particles could explain the higher roughness
values if they pluck out from the material. Still, Tetric
EvoCeram obtained higher T% values than the PMMA-
based materials, although lower than the bulk-fill ma-
terial. The high T% values of Tetric EvoCeram BulkFill
were expected, because a high transmission of light is
necessary for the greater depth of polymerization.39

Nevertheless, this material has a range of indications
unlike those of the other materials and was added to this
study to serve as a reference level for high translucency.

In general, together with the color and composition of
a material, the surface condition affects the optical
appearance of a restoration, which should not be
underestimated. High-gloss polishing modifies the
appearance of a dental ceramic or composite resin
restoration.

The reflection of light on a flat surface is called
specular, or regular, because the angle of light breakup is
equal to the angle of reflection. On rough surfaces, the
reaction of the light is termed diffuse because the surface
behaves as an infinity of tiny surfaces reflecting the rays
in several directions. This applied above all to the CAD/
CAM ceramics, although the slowest increase in surface
roughness was recorded for this substance class. Thus,
the classification of ceramics and resins by their rough-
ness profiles (Fig. 3) is remarkable, but no conclusion can
be drawn as to how this affects translucency. Conversely,
the loss of translucency seems to be greatly material
specific and does not necessarily correlate with the ab-
solute roughness profiles.

Regarding the influence of the parameter “thickness,”
doubling the thickness resulted in a large decrease in
translucency (on average 14.59 percentage points), but
no substance class seemed to be more strongly affected
than others. Whether a linear or exponential relation
exists within a clinical relevant thickness of 1 to 2 mm is
unclear.22,29,30 Moreover, the total refractive index is
directly related to the thickness of the material. The loss
of translucency in the case of increased thickness is of
clinical relevance. A recent study revealed that at
THE JOURNAL OF PROSTHETIC DENTISTRY
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thicknesses above 1.5 mm, the esthetic outcome of a
ceramic restoration is rather independent of the color of
the underlying foundation or cement.15 However, care
has to be taken to ensure sufficient polymerization, either
by extending the polymerization time or by using a dual-
polymerized resin luting agent.

The translucency results cannot automatically be
related to the clinical situation, because the effect of the
underlying structure was not taken into consideration
and the abrasion caused by a grinding sheet does not
perfectly reflect the loss of polish in function. Further-
more, no a priori power analysis was performed to
determine sample size. These are limitations of this
study.

CONCLUSIONS

In summary, the findings indicate that surface roughness
and thickness are only 2 among many parameters that
strongly influence translucency; therefore, the first and
second hypothesis were rejected. Translucency seems to
be material specific, and no generalization relating to the
different substance classes can be made; therefore, the
third hypothesis was rejected. Sufficient polishing after
milling or occlusal adjustment is necessary to guarantee
optimal translucency.
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