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The color stability of a series of eleven maxillo-
facial pigments was determined after accelerated
aging using reflection spectrophotometry. The
results indicate that seven of the pigments demon-
strated good to excellent color stability, while
four of the pigments were less promising for clin-
ical use.
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Introduction.

Maxillofacial appliances require frequent re-
placement because of rapid discoloration in
a service environment or degradation of the
physical and dynamic properties of the base
elastomer or both. Frequent replacement is
not within the financial capability of many
patients, and the gradual discoloration of an
appliance with time may cause embarrass-
ment for a patient with an already-insulted
ego.

Sweeney1 reported on the use of an
accelerated aging chamber in evaluating the
color stability of maxillofacial materials.
Cantor and his associates2 used a reflec-
tance spectrophotometer to evaluate the
color of maxillofacial elastomers. By study-
ing the color of human skin and pigmented
maxillofacial materials, they suggested that
materials and pigments could be blended to
match the color of human skin. Goldberg3
used a sunlamp and a reflectance spectro-
photometer to study the color stability of
several maxillofacial materials. Craig and
Koran4 used an accelerated weathering
chamber and a reflectance spectrophoto-
meter to study several maxillofacial mater-
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ials for color stability. Three of the mater-
ials evaluated had excellent color stability,
and it was suggested that other factors
might be responsible for the discoloration
that is seen clinically.

This study measures the color stability
of eleven maxillofacial pigments, each in-
corporated into a maxillofacial elastomer
with known color stability under condi-
tions of accelerated aging. This knowledge
will be useful in understanding the mech-
anisms of color degradation in a clinical en-
vironment.

Materials and methods.
A series of 11 maxillofacial pigments*

was chosen. They are dry mineral earth pig-
ments and are widely used for pigmenting
maxillofacial appliances. The colors were
white, yellow, dark buff, medium brown,
light brown, red brown, black, red, blue,
light orange, and orange yellow. An RTV
siliconet was chosen for pigmentation since
it was found to have excellent color sta-
bility in a previous study.4 The pigments
were incorporated into the silicone base at a
concentration of 0.2 percent by weight, and
the samples were processed according to
the manufacturer's instructions. Samples
(3.5 mm x 4 cm x 6 cm) were processed
in aluminum molds. Three samples were
made for each of the 11 pigments.

Curves of percent reflectance versus wave-
length (X) were obtained for each sample
between 405 and 700 nm with a double-
beam, ultraviolet-visible spectrophotometert
and integrating sphere § in the specular

*Artskin Products, Inc.
tSilastic 44210, base - HHC074, catalyst -

HHP094, Dow Corning Corporation, Inc., Mid-
land, MI.
:ACTA CIII UV-Visible Spectrophotometer, Beck-
man Instruments, Inc., Irvine, CA 92664.

§ ASPH-U Integrating Sphere, Beckman Instru-
ments, Inc., Irvine, CA 92664.
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reflection mode. Each specimen was eval-
uated in the sample port (25 mm in diameter)
under two conditions: (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 percent reflectance and to ob-
tain data. Tristimulus values (X, Y, Z) rela-
tive to the 1931 CIE** color-matching func-
tions f'or CIE standard illuminant A were
determined by numerical integration (AX=
5 nm) as described elsewhere5. Values of
CIE chromaticity coordinates (x, y) were
calculated from the tristimulus values5
and were used to obtain dominant wave-
length and excitation purity from CIE
chromaticity data (1931)5 with the use of a
computer program*. Luminous reflectance
was equal to the tristimulus value, Y. An
estimate of the opacity of each sample was
obtained by calculation of the contrast
ratio6, Yblack/ywhite.

After measuring the color of each sample
after processing, the samples were placed in
an accelerated aging chambert and subjected
continuously for 900 hours to the radiation
of a 2500 watt xenon light sourcet with
borosilicate filters and an intermittent dis-
tilled water spray for 18 minutes every 102
minutes. The relative humidity was main-
tained at 90 percent, and the temperature
of the chamber was 43 C or a black panel
temperature of 63 C.

The color of the samples was measured
after 900 hours in the weathering chamber.
Means and standard deviations were calcu-
lated, and luminous reflectance, contrast
ratio, dominant wavelength, and excitation
purity were compared for each pigment be-
fore and after aging by analysis of variance7
and Tukey's multiple comparison test8
at a 95 percent confidence level.

Results.
The results for luminous reflectance are

'Part No. 375287, Beckman Instruments, Inc.,
Irvine, CA 92664.

¶ Part No. 104384, Beckman Instruments, Inc.,
Irvine, CA 92664.

**International Commission on Illumination.
*The computer program is available on request
from the authors.

tWeather-Ometer 25-WR, Atlas Electric Devices
Co., Chicago, IL 60613.

1:12-2881 Xenon burner, Atlas Electric Devices
Co., Chicago, IL 60613.

shown in Table 1. There was no change in
luminous reflectance for pigments #7
(black) and #8 (red). Several pigments dem-
onstrated very small, but statistically signifi-
cant, changes in luminous reflectance. This
group included pigments #3 (dark buff),
#4 (medium brown), #5 (light brown),
#6 (red brown), and #9 (blue). Pigment
#10 (light orange) showed a moderate
change of 2.7 after aging. Three pigments
demonstrated very large changes in luminous
reflectance. These were #1 (white) which
changed 8.7, #2 (yellow) which changed
15.0, and #1 1 (orange yellow) which changed
12.3. In all instances where there was a
change, the luminous reflectance decreased
and the samples were darker.

The results for contrast ratio are shown in
Table 2. There was no change for contrast
ratio before and after aging for six pigments
which included #3 (dark buff), #4 (medium
brown), #5 (light brown), #6 (red brown),
#8 (red), and #9 (blue). Small changes in
contrast ratio were observed for pigments
#1 (white), #7 (black), and #10 (light
orange). Two pigments changed consider-
ably in contrast ratio after aging. These were
pigments #2 (yellow), which decreased by
0.45, and #11 (orange yellow), which de-
creased by 0.43. Four pigments became
more translucent, and one pigment (#1
white) became more opaque.

The results for dominant wavelength are
shown in Table 3. The following pigments
did not change in dominant wavelength:
#2 (yellow), #3 (dark buff), #4 (medium
brown), #5 (light brown), #6 (red brown),
and #7 (black). Four pigments showed
small changes in dominant wavelength
at 900 hours. These were #8 (red) with a
decrease of 2.4 nm, #9 (blue) with an in-
crease of 0.7 nm, #10 (light orange) with a
decrease of 0.6 nm, and #11 (orange yellow)
with a decrease of 2.7 nm. Only one pig-
ment, #1 (white), changed considerably
in dominant wavelength, with an increase
of 17.3 nm.

The results for excitation purity are
shown in Table 4. Four pigments did not
change in excitation purity before and after
aging: #3 (dark buff), #5 (light brown),
#7 (black), and #8 (red). Four pigments
had small changes in excitation purity at
900 hours. These were #4 (medium brown)
with a change of 0.0 14, #6 (red brown)
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TABLE I
LUMINOUS REFLECTANCE OF PIGMENTS IN ELASTOMER AT 0 AND 900 HOURS

Pigment 0 Hours 900 Hours Change

1 white 84.9 (0.7)* 76.2 (0.4) -8.7
2 yellow 72.8 (0.7) 57.8 (0.5) -15.0
3 dark buff 43.7 (0.2) 42.8 (0.2) -0.9
4 medium brown 10.2 (0.3) 9.8 (0.1) -0.4
5 light brown 30.8 (0.2) 30.2 (0.2) -0.6
6 red brown 10.9 (0.1) 10.6 (0.1) -0.3
7 black 3.12 (0.03) 2.94 (0.05) -0.2
8 red 14.9 (0.2) 14.8 (0.1) -0.1
9 blue 9.5 (0.3) 9.1 (0.2) -0.4
10 light orange 47.4 (0.3) 44.7 (0.3) -2.7
11 orange yellow 71.2 (0.8) 58.9 (0.3) -12.3

*Mean with standard deviation in parentheses.
Tukey's Interval is 0.2 at the 95% level of confidence.
Underline indicates no statistical difference.

0.0 14 change, #9 (blue) -0.008 change, length, and excitation purity could be sta-
and #10 (light orange) -0.024 change. tistically documented.
Three pigments had large changes in excita- In all instances where luminous reflec-
tion purity, and these were: #1 (white) tance changed after 900 hours of aging, the
0.092, #2 (yellow) -0.757, and #11 (orange pigmented samples were darker, and the
yellow) -0.669. When changes did occur, change ranged from -0.3 to -15.0. Changes
three pigments increased in excitation in luminous reflectance are easily perceived
purity, while four pigments decreased in clinically, and when the excitation purity
excitation purity. is low, luminous reflectance is the most sig-
______________________________ _.nificant color parameter.

Only five pigments changed in contrast
Discussion. ratio after 900 hours of aging. It was inter-

The combination of color measurements esting that four pigments became more
with the reflectance spectrophotometer and translucent while one pigment, #1 (white),
accelerated aging was useful in determining became more opaque. Two pigments, #2
which of the pigments were more color (yellow) and #11 (orange yellow), had very
stable. Very small changes in luminous re- large decreases in contrast ratio of -0.45
flectance, contrast ratio, dominant wave- and -0.43, respectively. Since the base elas-

TABLE 2
CONTRAST RATIO OF PIGMENTS IN ELASTOMER AT 0 AND 900 HOURS

Pigment 0 Hours 900 Hours Change

1 white 0.690 (0.006)* 0.717 (0.005) 0.027
2 yellow 0.706 (0.008) 0.256 (0.011) -0.450
3 dark buff 0.830 (0.018) 0.832 (0.020) 0.002
4 medium brown 0.905 (0.017) 0.912 (0.010) 0.007
5 light brown 0.812 (0.010) 0.812 (0.015) 0.000
6 red brown 0.733 (0.006) 0.728 (0.007) -0.005
7 black 0.998 (0.004) 0.969 (0.017) -0.029
8 red 0.844 (0.002) 0.848 (0.005) 0.004
9 blue 0.710 (0.013) 0.715 (0.021) 0.005
10 light orange 0.764 (0.006) 0.717 (0.008) -0.047
11 orange yellow 0.701 (0.015) 0.271 (0.013) -0.430
*Mean with standard deviation in parentheses.
Tukey's Interval is 0.024 at the 95% level of confidence.
Underline indicates no statistical difference.
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TABLE 3
DOMINANT WAVELENGTH IN nm OF PIGMENTS IN ELASTOMER AT 0 AND 900 HOURS

Pigment 0 Hours 900 Hours Change

1 white 565.4 (3-4)* 582.7 (0.1) 17.3
2 yellow 583.0 (0.1) 583.0 (0.1) 0.0
3 dark buff 591.7 (0.1) 591.8 (0.1) 0.1
4 medium brown 603.8 (0.1) 603.7 (0.3) -0.1
5 light brown 596.3 (0.1) 596.0 (0.1) -0.3
6 red brown 604.8 (0.1) 604.5 (0.3) -0.3
7 black 486.0 (0.8) 485.9 (0.8) -0.1
8 red 624.8 (0.2) 622.4 (0.3) -2.4
9 blue 478.9 (0.4) 479.6 (0.3) 0.7
10 light orange 597.0 (0.2) 596.4 (0.1) -0.6
l1 orange yellow 585.2 (0.1) 582.5 (0.1) -2.7

*Mean with standard deviation in parentheses.
Tukey's Interval is 0.4 nm at the 95% level of confidence.
Underline indicates no statistical difference.

tomer has a low contrast ratio of 0.08 with a change of 0.092. Two pigments,
when unpigmented4 and is quite translu- #2 (yellow) and #11 (orange yellow) had
cent, changes in contrast ratio of the pig- very large decreases in excitation purity of
mented elastomer have the potential for -0.669 and -0.757, respectively. In fact,
changing the appearance of an appliance. the samples had a "washed out" appearance

Only five pigments changed in dominant after accelerated aging. Naturally, changes
wavelength, and for four the changes were of this magnitude would ruin the color of
small (from -2.7 to 0.7 nm). One pigment, an appliance.
#1 (white), had a very large change of 17.3 From the results obtained in this study, it
nm, moving from 565.4 to 582.7 nm or a is possible to predict the color stability of
shift toward the red region of the visible maxillofacial pigments. Although this study
spectrum. When the excitation purity of a was limited to one series of pigments,
pigment is high, changes in dominant wave- future studies will deal with several dif-
length are quite visible. ferent types of pigments to determine the

The changes in excitation purity on aging most suitable pigments for clinical use.
were the most interesting. Only one pig- The analysis of the color stability of max-
ment demonstrated a large increase in exci- illofacial materials and pigments has pro-
tation purity, and that was #1 (white) vided useful information for the selection of

TABLE 4
EXCITATION PURITY OF PIGMENTS IN ELASTOMER AT 0 AND 900 HOURS

Pigment 0 Hours 900 Hours Change

1 white 0.013 (0.002) 0.105 (0.002) 0.092
2 yellow 0.876 (0.004) 0.119 (0.007) -0.757
3 dark buff 0.777 (0.002) 0.771 (0.003) -0.006
4 medium brown 0.580 (0.003) 0.594 (0.004) 0.014
5 light brown 0.765 (0.009) 0.766 (0.004) 0.001
6 red brown 0.527 (0.006) 0.541 (0.005) 0.014
7 black 0.020 (0.004) 0.026 (0.013) 0.006
8 red 0.797 (0.004) 0.792 (0.004) -0.005
9 blue 0.498 (0.005) 0.490 (0.003) -0.008

10 light orange 0.914 (0.002) 0.890 (0.006) -0.024
11 orange yellow 0.903 (0.001) 0.234 (0.008) -0.669

*Mean with standard deviation in parentheses.
Tukey's Interval is 0.008 at the 95% level of confidence.
Underline indicates no statistical difference.
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materials. It does not, however, adequately
explain the degree of color degradation
that is seen clinically. Further work will
need to be carried out to analyze the stain
resistance of the elastomers and the effect
of handling and cleansing of the appliances
by the patient.

Conclusions.
A series of eleven maxillofacial pigments

was evaluated for color stability by using a
reflectance spectrophotometer for color
measurements and an accelerated aging
chamber. Very small changes in color could
be detected by this method.

All pigments demonstrated statistically
significant changes in at least one parameter
of color. Seven pigments showed only small
color changes, and these included: #3
(dark buff), #4 (medium brown), #5 (light
brown), #6 (red brown), #7 (black), #8
(red), and #9 (blue). One pigment, #10
(light orange), demonstrated a moderate
color change after aging. Three pigments had
very poor color stability. These were #1
(white), #2 (yellow), and #11 (orange
yellow).
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