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The effects of thickness, background color,
specular reflection, and surface roughness on
the color of five commercial restorative resins
were studied by reflection spectrophotometry.
As thickness increased, values of luminous re-
flectance and excitation purity increased for a
black background but decreased for a white
background. Opacity increased dramatically as
thickness increased from 1.3 to 3.9 mm.
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The color and opacity of commercial compo-
site and unfilled direct restorative resins have
been evaluated before and after accelerated
aging to characterize the ability of these resins
to match the color of human teeth."'2 Addi-
tional factors that influence the shade of a
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* Blak-Ray, Model B-IOOA, Ultra-Violet Products,
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restoration include the thickness, specular re-
flection, and roughness of the restoration and
the color of the background whether it be tooth
structure or the oral cavity. The purpose of this
research was to evaluate the effect of the afore-
mentioned variables on the color and opacity
of certain composite and unfilled resins.

Materials and Methods

Four commercial composite resins and an
unfilled restorative resin were studied. Codes,
shades, batch numbers, and manufacturers of
the materials are listed in Table 1.

Three sample disks (36 mm in diameter
and 1.3 mm in thickness) were made for each
product by polymerizing the resin in a metal
die. The samples were placed in an oven at
37 C within 90 seconds after initiating the mix
and were stored for 24 hours before testing.
Specimens of the material (NF) activated by
ultraviolet light were polymerized in the die
by exposing the open side through a thin glass
plate to an ultraviolet light source* for 2

BLE 1

CODES, PRODUCTS, BATCH NUMBERS AND MANUFACTURERS OF
RESTORATIVE RESINS TESTED

Code Product Batch Number Manufacturer

C Concise base-7080 E12 3M Co.
(Universal) catalyst-7080 E12 St. Paul, Mn 55101

NF Nuva Fil base 052877 L. D. Caulk Co.
(Light) catalyst- 120276 Div. of Dentsply

International, Inc.
Milford, De 19963

P Prestige base-MS0015 Lee Pharmaceuticals
(Universal) catalyst-MS0021 South El Monte, Ca 91733

SV Sevriton liquid-SG29SK Amalgamated Dental Trade
(S5-Light Yellow) powder-PH26PH Dist., Ltd.

London, England

V Vytol base 042077 L. D. Caulk Co.
(Light) catalyst-050477
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minutes at a distance of 5 cm. The arithmetic
average roughness of a sample as measured
from profile tracingst was 2.5 ,um for the rough
side and 0.6 um for the smooth side.

Three samples at each of two additional
thicknesses were obtained by placing any two
of the 1.3-mm samples (a, b, or c) together to
form 2.6-mm samples (i.e., ab, bc, and ca) and
by placing all three of the 1.3-mm samples to-
gether to form 3.9-mm samples (i.e., abc, bca,
and cab).

Curves of percent reflectance versus wave-
length (X) were obtained for three replications
of each thickness (1.3, 2.6, and 3.9 mm) for
each resin between 405 and 700 nm with a

t Surfanalyzer 150, Gould Inc., Instrument Systems
Division, Cleveland, Oh 44114.

t ACTA C III UV-Visible Spectrophotometer,
Beckman Instruments, Inc., Irvine, Ca 92664.

§ ASPH-U Integrating Sphere, Beckman Instru-
ments, Inc., Irvine, Ca 92664.

¶ Part No 375287, Beckanan Instruments, Inc.,
Irvine, Ca 92664.

# Part No. 104384, Beckman Instruments, Inc.,
Irvine, Ca 92664.

* International Commission on Illumination.
t The computer program is available on request

from the authors.
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FIG 1.-Luminous reflec-
ance versus thickness for black
and white backgrounds. Note
that the data points at 3.9 mm
also serve as the key.
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double-beam, ultraviolet-visible spectrophoto-
meter$ and integrating sphere.§ Each specimen
(rough side) was evaluated in the sample port
(25 mm in diameter) under two conditions
for combined specular and diffuse reflectance.:
(1) backed by a black standard¶ and (2)
backed by a white standard.# A second white
standard was used in the reference port for
calibration of zero and 100% reflectance and
to obtain data. Tristimulus values (X, Y, Z)
relative to the 1931 CIE* color-matching
functions for CIE standard illuminant C were
determined by numerical integration (AX=
5 nm) as described elsewhere.3 Values of CIE
chromaticity coordinates (x,y) were calculated
from the tristimulus values3 and were used to
obtain dominant wavelength and excitation
purity from CIE chromaticity data (1931) 3

with the use of a computer program.t Lu-
minous reflectance was equal to the tristimulus
value, Y. An estimate of the opacity of each
resin at each thickness was obtained by cal-
culation of the contrast ratio,4 Y black/Y
white.
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FIG 2.-Excitation purity
versus thickness for black and
white backgrounds. Note that
the data points at 3.9 mm also
serve as the key.
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The spectrophotometric parameters, lu-
minous reflectance, dominant wavelength, and
excitation purity, were studied by a three-way
analysis of variance5 to determine the effects
of products, thickness and background condi-
tions [(i) and (ii)] for the resins. Data for the
contrast ratio were studied by a two-way anal-
ysis of variance.5 Tukey's intervals at the 95%
level of confidence were calculated6 for com-
parisons among means.

Results

The effects of thickness and background
on the luminous reflectance and excitation
purity of the direct restorative resins are shown
in Figures 1 and 2, respectively. Differences
among products, among thicknesses, and be-
tween backgrounds were statistically significant
at the 95% level for both luminous reflectance
and excitation purity. Tukey's intervals for
comparisons among means are listed in Table
2. Significant differences in these variables also
were observed for dominant wavelength, but
the changes were too minor to justify presen-
tation.

The effect of thickness on the contrast
ratio of the direct restorative resins is shown
in Figure 3. There were significant differences

among the products and among the thicknesses
at the 95% level. Tukey's intervals for com-

parisons among means are listed in Table 2.
Spectrophotometric data for material V

are listed in Table 3 to compare rough and
smooth surfaces under conditions of combined
specular and diffuse reflectance and diffuse
reflectance only. The data were obtained for
1.3-mm specimens with a white background.
Significant differences were observed in the
data for luminous reflectance and excitation
purity, but not for dominant wavelength or

contrast ratio at the 95% level. Tukey's inter-
vals for comparisons among means were 0.6

TABLE 2

TUKEY'S INTERVALS FOR COMPARISON AMONG
MEAN VALUES OF SPECTROPHOTOMETRIC DATA

Dominant
Wave-

Luminous length, Excitation Contrast
Comparisons Reflectance nm Purity Ratio

Among
Products 0.9 0.31 0.005 0.014

Among
Thicknesses 0.6 0.21 0.003 0.009

Between
Backgrounds 0.4 0.14 0.002
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TABLE 3

SPECTROPHOTOMETRIC DATA FOR MATERIAL V (1.3 MM THICK) FOR ROUGH AND SMOOTH
SURFACES WITH AND WITHOUT SPECULAR REFLECTION

Spectrophotometric Parameter*
Surface Type of Luminous Dominant Excitation Contrast
Finish Reflectance Reflectance Wavelength, nm Purity Ratio

Rough Diffuse 67.9 (0.7)t 576.24 (0.21) 0.198 (0.003) 0.687 (0.011)
Diffuse and

Specular 67.9 (0.7) 576.26 (0.18) 0.199 (0.003) 0.686 (0.011)
Smooth Diffuse 64.3 (0.7) 576.18 (0.14) 0.210 (0.008) 0.668 (0.012)

Diffuse and
Specular 68.6 (0.6) 576.19 (0.15) 0.193 (0.006) 0.689 (0.009)

* Obtained for a white background for 1.3 mm specimens.
t Mean value of three replications with standard deviation in parentheses.

for luminous reflectance and 0.004 for excita-
tion purity as calculated by a two-way analysis
of variance.

Discussion
The clinical effect of increasing the thick-

ness of the direct restorative resins studied from
1.3 to 3.9 mm is to increase dramatically the
opacity of the resin as measured by the con-
trast ratio. The effect of increasing thickness
on color depends on the color of the back-
ground. For a white background as might be
represented by human enamel, an increase in
thickness of resin resulted in decreasing values
of luminous reflectance and excitation purity.
Clinically, the resin might appear darker and
less chromatic as thickness increases. For a
black background as might be represented by
the oral cavity, an increasing thickness of resin
resulted in increasing values of luminous reflec-
tance and excitation purity. Clinically, the
resin might appear lighter and more chromatic
as thickness increases. As the thickness of each
resin increased, the contrast ratio approached
one. Further, the color of each resin appeared
to approach limiting values of luminous reflec-
tance, dominant wavelength, and excitation
purity independent of the black or white back-
ground as shown in Figures 1 and 2. Mean
values of the spectrophotometric parameters
of the resins studied for the 3.9-mm thickness
are listed in Table 4 for black and white
backgrounds.

The specular component of reflected light
had no effect on the spectrophotometric param-
eters when measured on a rough surface of
material V, but did result in an increased value
of luminous reflectance and decreased value

of excitation purity for a smooth surface com-
pared to diffuse reflectance only. Clinically, a
smooth surface will appear lighter and less
chromatic under conditions of specular and
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FIG 3.-Contrast ratio versus thickness.

Note that the data points at 3.9 mm also serve
as the key.
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TABLE 4

SPECTROPHOTOMETRIC PARAMETERS OF FIVE DIRECT RESTORATIVE RESINS
FOR BLACK AND WHITE BACKGROUNDS FOR A THICKNESS OF 3.9 MM

Spectrophotometric Parameter*
Luminous Dominant Excitation

Material Background Reflectance Wavelength, am Purity

C Black 45.6 (0.5) 578.78 (0.02) 0.273 (0.003)
White 46.9 (0.5) 579.55 (0.03) 0.289 (0 002)

NF Black 59.6 (1.6) 576.61 (0.07) 0.157 (0-005)
White 61.7 (1.7) 577.55 (0.01) 0.176 (0-005)

P Black 43.8 (1.4) 577.89 (0.34) 0.246 (0.007)
White 44.3 (1.3) 578.04 (0.05) 0.250 (0-008)

SV Black 55.2 (0.6) 575.23 (0.05) 0.197 (0.007)
White 55.4 (0.6) 575.57 (0.04) 0.199 (0.007)

V Black 56.8 (0.4) 576.30 (0.06) 0.154 (0.001)
White 57.9 (0.4) 577.12 (0.07) 0.166 (0.001)

* Mean values of three replications with standard deviations in parentheses. For
comparisons among means, refer to Tukey's intervals in Table 2.

diffuse reflectance compared to diffuse reflec-
tance only. Under conditions of diffuse reflec-
tance, a rough surface would appear lighter
and less chromatic than a smooth surface.

Conclusions

The effects of thickness, background
color, specular reflection, and surface rough-
ness on the color of five commercial composite
and unfilled direct restorative resins were
studied by reflection spectrophotometry. As
thickness increased from 1.3 to 3.9 mm, values
of luminous reflectance and excitation purity
increased for a black background but decreased
for a white background. Opacity increased
dramatically as thickness increased. The specu-
lar component of reflected light resulted in
increased luminous reflectance and decreased
excitation purity compared to diffuse reflec-
tance for a smooth surface. Under conditions
of diffuse reflectance, a rough surface had in-
creased luminous reflectance but decreased
excitation purity compared to a smooth
surface.

The cooperation of the following companies in
providing commercial products is acknowledged: L. D.
Caulk Co, Lee Pharmaceuticals, and the 3M Company.
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