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A SPECTROPHOTOMETRIC STUDY ON DISCOLORATION OF RESTORATIVE

COMPOSITE RESINS IN COFFEE AND ARTIFICIAL SALIVA

Seung-Hee Eom, D.D.S., Hyo-Sun Cho, D.D.S.,M.S.D.,Ph.D.,
Chung-Sik Lee, D.D.S., M.S.D., Ph.D.,

Department of Conservative Dentistry, College of Dentistry, Seoul National Universtiy

The purpose of this study was to investigate by spectrophotometry the changes in color
parameters of composite resins after exposure to distilled water, filtered coffee, and artificial
saliva. Five kinds of fine particle composite resin in experiment 1, and six kinds of composite
resin in experiment 2 were used. In experiment 1, each group of composite resin was
stored in distilled water at 4T, 50T, and filtered coffee solution at 4C, 50C. And then
each specimen was measured by spectrophotometer. Measurements were repeated in 1
hour, 2 hours, 4 hours, 8 hours, 16 hours, 24 hours, and 48 hours. In experiment 2, all
specimens of each brand were stored in distilled water at 37C, artificial saliva not contained
mucin at 37C, and artificial saliva contained mucin at 37C.

All specimens of each brand were measured by spectrophotormeter in 1 week, 2 weeks,
4 weeks, 8 weeks, and up to 12 weeks.

The results were as follows -

1. In cold coffee, five of fine particle composite resins showed AE*, values less than
2. However, in hot coffee AE*,, values of Amelogen Universal and Prisma TPH were
higher than those of Conquest Crystal, &litefil and Z100.

2. Z100 and Alitefil had better cleansibility of extrinsic coffee staining than Amelogen
Universal, Conquest Crystal and Prisma TPH.
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3. In distilled water and artificial saliva not contained mucin, five of fine particle composite
resin showed AE*,, values less than 2 up to 12 weeks. However, Silux Plus showed
higher than AE*, values of fine particle composite resin.

. As an immersion solution for discoloration experiment, artificial saliva not contained
mucin showed similar appearance as distilled water. However, artificial saliva contained
mucin had different appearance from the others.

5. In artificial saliva contained mucin, ZLlitefil, Prisma TPH and Z100 showed AE* values
less than 1 up to 12 weeks. However, Silux Plus, Amelogen Universal and Conquest
Crystal showed AE™*, values more than 1 up to 12 weeks. But, Conquest Crystal
showed different characteristics of chromacity difference value(less chromatic) and
lightness difference value(lighter) from Silux Plus and Amelogen Universal.
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Introduction

The potential for composite resins to disco-
lor in oral enviornment has been well recogni-
zed.*? A number of factors contribute to the
color change of composite resins in clinical
situation. Chemical instability or the resin ma-
trix may lead to endogeneous color change.
Also it may arise from surface staining, cha-
nges in the opacity of the material due to the
alteration of the interface between the resin
and filler which affects the light scattering of
particle, and the discoloration of resin matrix.
Moreover, the ability to stain may be potentia-
ted by surface conditions of the composite,
such as the roughness or the surface chemis-
try. The another factor to be considered is
the ability to be cleansed.

Some of these factors have been studied
by a number of workers to compare color dif-
ferences for a number of resins and different
techniques**® Asmussen demonstrated that
the color change produced in 15 proprietary
composite resins by storing for 1 month in
water at 60C is well correlated with the color
change obtained after storing for 12 months
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in water at 37C.® The effects of thickness,
background color, specular reflection, and su-
rface roughness on the color of five commer-
cial restorative resins were studied by reflec-
tion spectrophotometry by Powers.® Because
the human eye was not very reproducible, the
quantification of color of composite resins has
been studied using the reflection spectropho-
tometry and the Munsell color tabs. The effo-
rts of many workers have lead to the applica-
tion of good methods of color measurement
in dentistry.*”*® The spectrophotometric me-
thod of color measurement was applied to an
investigation of the color stability of dimethac-
rylate based composite resins exposed to the-
rmal and photochemical aging.® Brauer deter-
mined by visual inspection of the specimens
by 5 people with normal color vision. Compa-
risons were made in bright diffuse daylight
using a white background.” Powers studied
the color stability of commercial resins under
conditions of accelerated aging by reflection
spectrophotometry and visually with Munsell
color tabs?

The purpose of this study was to investigate
by reflectance spectrophotometry the changes



in color parameters of composite resins after
exposure to distilled water, filtered coffee, and
artificial saliva. The effects of materials, the
temperature of storage solution, and the com-
ponent of saliva were studied.

Material and method
Experiment 1

Specimens preparation

For each material(Amelogen Universal, Co-
nquest Crystal, Zlitefil, Prisma TPH, and Z
100), twelve specimens were prepared. Each
material was placed inside a acryl mold onto
an underlying layer of Mylar strip lying on
a glass slab. The surfaces were covered with
Mylar strip and glass slab, the two glass slabs
were then compressed with a C-clamp. Each
snecimen was light polymerized with Curing

Table 1. The six composite resins investigated

Light XL 1000(3M Dental Products, USA : li-
ght bulb 600mW) positioned both below and
above the specimen for 1 minutes. Each speci-
men was removed from the mold, placed in
distilled water and stored in the dark. After
a storage of 48 hours at room temperature,
the specimens were then polished on both
sides with Emery paper No. 400, 600, 800,
1000, and 1200 to a final thickness of approxi-
mately 1.5 mt and a diameter of 18 mn. Emery
paper is harder than any fillers in the resins
used and so far is clinically accepted without
negative results.”” Those specimens were pla-
ced in a distilled water in the dark at room
temperature for 72 hours. The specimens
were not exposed to daylight or other light
sources during storage. As the formation of
color is a process of oxidation, free access of
air to the water was secured.” The six compo-
site resins used in this study are presented

Material Shade & batch No.  Manufacturer  *Filler, mean size& Vol%  *matrix phase
“Barium Glass,
Amelogen Universal ~ A3 UP# 0933 Ultradent 0.7m(;r1“f’;8)’322\701 , BISGMA based
Conquest Crystal A2 LOT# 3219302 Jeneric/Pent Glass, PCDMA based
S| neric, on
onquest Lry enenicrentr 0.6um(narrow), 65 Vol% Crystalline polymer
Barium Glass, BIS-GMA, UDMA
Alitefil A3 LOT# 069024 Bi
et OT# 1860 0.7um, 66 Vol% based PAGDMA
Barium Glass, fumed silica BIS-GMA, UDMA
Prisma TPH A35 LOT# 021009 Caulk/Dentspt
risma # Calk/Dentsply ) o m(004~3), 57Vol%  based TEGDMA
—— =
7100 5904b A3 M Zirconia/silica(monomodal) gy oy g
0.6um(0.01—35), 66 Vol %
Silux Plus No5702 U 3M Silica, 0.04um, 40Vol%

# UDMA(Urethane Dimethacrylate)

# PCDMA(Polycarbonate Dimethacrylate)

# PAGDMA(Polyalkyleneglycol Dimethacrylate)
# TEGDMA(Triethylenegylcol Dimethacrylate)

* The type of filler, mean size, Vol% of filler, and component of matrix phase were based on Informa-

tion manuals or Directions for use of each brands.
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in Table 1.

Initial color measurement

After this period, initial spectrophotometric
measurements were recorded on each speci-
men. The specimens were removed from the
storage water and brushed with a soft tooth
brush to remove any bateria or fungoid growth
and were then wiped dry and the color mea-
sured.

The color characteristics of each sample
were measured by the use of a spectrophoto-
meter(Color Eye 3000, Mcbeth, USA). The
spectrophotomer system was connected to a
computer system(soft ware : Optiview Ver-
sion 1.3.7.). The wavelength range was from
360nm to 740nm. Reflectance spectra were
taken with a black background, i.e. 0% reflec-
tance, and for calibration purposes a white
standard was used. The tristimulus values(X,
Y, Z) relative to the CIE color matching func-
tions for CIE standard Illuminant D65(as a
simulated natural daylight) was computed at
20nm intervals. The standard observer, spect-
rophotomer-computer system, obtained the
color data for a field of vision of 10nm. The
appearance of the samples were characterized
by means of the white-black L*, redness-gree-
nness a*, and yellowness-blueness b* uniform
color space (CIELAB), which were calculated
from the tristimulus values.

Immersion in test solutions

To prepare the coffee, 60 g of ‘Rosebud
Coffee’ was put on the filter paper and 14

Table 2. Test solution used

of boiled distilled water was poured through
the coffee. This solution was filtered again
through two of the same filter papers and dis-
tilled water was added to make 1..

The four test solution used in this study
are presented in Table 2.

Color measurement

After the 30 minutes’ immersion period, the
third group of specimens and the fourth group
were removed from storage solution. All spe-
cimens were rinsed with running water for
5 minutes and then wiped dry.

Each specimen was measured by spectro-
photometer as the same method as initial color
measurement. After first measurement (be-
fore cleansing) all specimens were cleansed
with soft tooth brush thirty times and then
the surfaces were wiped dry with cotton prior
to a second measurement (after cleansing).
Measurements were repeated in the 1 hour,
2 hours, 4 hours, 8 hours, 16 hours, 24 hours
and 48 hours. The first group and second
group were measured in 48 hours.

Each sample was marked for identification
with diamond point on its top surface and it
was repeatably placed by a constant surface
alignment to the slit. After one surface of each
sample was measured three times, the other
surface of the sample was measured three
times and mean values were gained.

Experiment 2
For each material(Amelogen Universal, Co-
nquest Crystal, Zlitefil, Prisma TPH, Z100,

First grup Distilled water at 4C maintained in a refrigerator
Second grup Distilled water at 50C maintained in a water bath
Third grup Filtered coffee at 4C maintained in a refrigerator
Fourth grup Filtered coffee at 50C maintained in a water bath
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Table 3. Test solution used

First grup
Second grup
Third grup

Distilled water at 37C in the dark
Artificial saliva at 37C in the dark (without mucin)
Artificial saliva at 37C in the dark (with mucin)

Table 4. Composition of synthetic artificial sa-
liva

KCl 04 g/
NaCl 04 g/¢
Mg,P;0; 0.0016 9/2
Na,HPO, 0.6 9/¢
Na,S 0.0016 9/¢
urea 10 9/¢
mucin 4.0 g/

and Silux Plus), nine specimens were prepa-
red.

Specimen preparation and initial color mea-
surement of experiement 2 were such as those
of experiment 1.

Immersion in test solutions

The three test solution used in experiment
2 are presented in Table 3.

The composition of synthetic artificial saliva
in this study are presented in Table 4.

Color measurement

All specimens of each brand were measured
by spectrophotometer in 1 week, 2 weeks, 4
weeks, 8 weeks, and up to 12 weeks.

Color changes are determined for AL*,
which is the change in lightness or darkness,
Aq*, which is a change in hue along the
red/green scale, and Ab*, which is the change
in hue along the yellow/blue scale. The total
color differences are expressed by the formu-
lation.

AE* = / (AL*)? + (Aa*)? + (Ap*)?
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Perceived lightness differences, AL* and a
change in chroma, AC*,, were analyzed.

AC* o=/ (M + (4%
Result

Experiment 1

Data obtained from the measurements are
presented in Table 5 and Figure 1~5.

Figure 1 and 2 illustrate the effect of coffee
at 50T on the test resins of each brand before
cleansing and after cleansing. All resins sho-
wed an increase in AE*, from 30 minutes
to 48 hours. Before cleansing, until 24 hours
Amelogen Universal showed the largest AE*,,
and Prisma TPH showed relatively large
AE* . At 24 hours Conquest Crystal and Z100
showed the least AE™,,. At 48 hours Conquest
Crystal showed the least AE*,. After clean-
sing, all of the resins showed a decrease in
AE* ;. After up to 48 hours Amelogen Univer-
sal showed the most color change. At 24 hours
7100 showed the least color change(AE*,,<3).
At 48 hours Conquest Crystal, £litefil, Z100
showed the small AE*,, values(AE*,<6) in
comparison to the values of Amelogen Univer-
sal and Prisma TPH.

Figure 3 and 4 illustrate the effect of coffee
at 4T on the test resins of each brand before
cleansing and after cleansing. All resins sho-
wed a very small increase in AE*,,. After clea-
nsing AE™,, was the smaller than that before
cleansing. However, before and after cleansing
all specimes showed a very small AE*, (AE
*ab<2)-



Table 5. Color difference of composite resins in coffee solutions.

Amelogen universal 0.5 0.5 b 1 1b 2 2b 4 4b
cold coffee 1.087 1.922 1.220] 1.061] 1.817 1.749 1.203 1.126
hot coffee 1.262 1.016 2.735 2.226| 3.604 3.683 4.495 3.846
Conquest Crystal 05 050b 1 1 b 2 2 b 4 4b
cold coffee 1.023] 0.899] 1167 1219 2002 2204 1329 1.757
hot coffee 1129] 1.211] 1.642| 2223 2585 2.263] 3.161] 2914
Alitefil 0.5 0.5 b| 1 1b 2 2b 4 4 Db
cold coffee 1.139 1.025 1.467 1.065| 1.237 1.608 1.285 1.360
hot coffee 1.138 125{ 2.658) 1975 2787 3.702| 3256, 3.742
Prisma TPH 05 05b 1 1 b 2 2b 4 4b
cold coffee 1.018 068 0.793] 0.756| 0682 0.782| 0.787] 0.711
hot coffee 0.89] 0.692] 2354 2292 3132 3.085 3816 3.690
2100 05 050b 1 1b 2 2b 4 4 b
cold coffee 09911 1211 1791 1398 1675 0795, 2125 1.385
hot coffee 0659 1.075 2500f 2054 2875 2603 3621 3.262
Amelogen universal 8 8 b 16 16b 24 24 48 48 b
cold coffee 1.398; 1.111] 1325 1.357] 1.684] 1524 1815 1.747
hot coffee 5163 5.306] 5996 5688 6.992| 7.045 8.284] 8.097
Conquest Crystal 8 8b 16 16b 24 24 48 48 b
cold coffee 1026 0971 1902 1429 1417 1947 1253} 1.643
hot coffee 3.028 3200 4.414] 48450 4772 5036; 5335 5.336
Alitefil 8 8h 16 16b 24 24 48 48 b
cold coffee 0.933 0.848 1.021 0.974] 1.065 1.392 142 1.368
hot coffee 3.770f 3.872 5123 4.319] 4.854] 6.058 8.041] 5545
Prisma TPH 8 8b 16 16b 24 24 48 48 b
cold coffee 0.512 0.576 0.843 1.017] 1.292 0.961 148 1.553
hot coffee 3.900 3.917 5.262 5291 6.412 5.83 7.89 6.805
Z100 3 8D 16 16b 24 24 43 48 b
cold coffee 1007} 09431 1226 1181 129 1224 1565 1.596
hot coffee 3969 3990 4073 5287 4472 243 7.564| 5.348

Figure 5 illustrates the effect of Distilled
water at 4C and 50T on the test resins of
each brand at 48 hours. Although AE*,; values
of control specimens did illustrate a change,
none of the values showed more than 0.5.

After 2 hours’ immersion, the specimens
of Amelogen Universal in hot coffee displayed
AE*,, values of more than 3.3. Finally after
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48 hours’ immersion AE*,, values of Amelo-
gen Universal showed values over 8.0. The
cleansing of specimens removes some of the
surface staining. However, residual staining
became cumulative. In cold coffee, after 48
hours, no AE*,, values of specimens were dis-
played more than 2.

The specimens of Conquest Crystal displa-



Hot coffee (before cleansing)
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Fig. 1 AE*, values of five composite resins in hot coffee (before cleansing).

Hot coffee(after cleansing)

9 I HAmelogen
® Crystal
26 b M Alitefil
= = TPH
< O Z100

16 2 43

4
Time (Hoursﬁ

Fig. 2 AE*,, values of five composite resins in hot coffee (after cleansing).
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Fig. 3 AE*,, values of five composite resins in hot coffee (before cleansing).
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Cold coffee (After cleansing)
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Fig. 4 AE*, values of five composite resins in hot coffee (after cleansing).
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Fig. 5 Effect of distilled water at 48 hours.

yed AE*,, values of more than 3.3 in hot coffee
after 4 hours. Finally after 48 hours’ immer-
sion AE*,, values showed approximately value
of 5.3. The effect of cleansing on AE*,, values
was minimal. In cold coffee, some of values
were more than 2.

After 4 hours’ immersion, the specimens
of Alitefil displayed AE*,, values of more than
3.3 in hot coffee. Finally after 48 hours’ imme-
rsion AE*, values showed approximately va-
lue of 8.0. However, the cleansing drop AE*,,
values down to 5.545. In cold coffee, for 48
hours, AE*,, values of specimens displayed
less than 2.
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After 4 hours’ immersion, the specimens
of Prisma TPH displayed AE™,, values of more
than 3.3 in hot coffee. Finally after 48 hours’
immersion AE*, values showed approxima-
tely value of 7.9. In cold coffee, for 48 hours,
AE*,, values of specimens were displayed less
than 2. For 24 hours, the color change of Z100
was the most stable. After 4 hours’ immersion,
the specimens displayed AE*, values of more
than 3.3 in hot coffee. Finally after 48 hours’
immersion AE*, values showed high value.
However, the cleansing drop AE*, values
down to 5.348. In cold coffee, for 48 hours,
AE*,, values of specimens were displayed less



than 2.

Experiment 2

The total color difference, AE*,;, values for
all of composite resins up to 12 weeks in disti-
lled water at 37C and darkness is presented
in figure 6. Corresponding values in artificial
saliva not contained organic mucin and in arti-
ficial saliva contained mucin are presented in
figure 9 and figure 12. From the results prese-
nted in figure 6 it is evident that the color
stability of Silux Plus is significantly different
from that of the other materials. AE*,, of high
value in figure 6 reveals increasing discolora-
tion of material. The discoloration of Silux
Plus after 12 weeks is partially explained by
increasing chromacity difference(more chro-
matic), AC*,, values in figure 7 and negati-
vely decreasing lightness difference(darker),
AL*, values, presented in figure 8. The chro-
macity difference is a measure of chroma of
specimen after immersion in comparison with
initial measure, and negative chromacity diffe-
rence is a reflection of bleaching of specimens.
Chromacity difference, AC*,;, values for Ali-
tefil and Prisma TPH were negative.

A chromacity difference, AC*,, value for
Z100 was approximately zero. A lightness dif-

ference, AL*, value for only Prisma TPH was
positive. It means that the specimens of Pri-
sma TPH after immersion were lighter than
before immersion.

From the results presented in figure 9 it
is evident that the color stability of Silux Plus,
Conquest Crystal, and Prisma TPH are diffe-
rent from that of the other materials. The dis-
coloration of Silux Plus at 8 weeks is explained
by increasing chromacity difference, AC*,,
values in figure 10. However, a high AE*,
value for Prisma TPH is explained by negati-
vely decreasing chromacity difference(less

Distilled Water

s - = Meeloges  —~ —. Cryrtal
coMehitefi] - - M
—1 10 —{ ] ax

Fig. 7 AC*,, values of six composite resins
in distilled water at 37C.
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Fig. 6 AE*,, values of six composite resins
in distilled water at 37C.

Fig. 8 AL*,, values of six composite resins
in distilled water at 37C.



Artificial Saliva without mucin
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Fig. 9 AE*, values of six composite resins

in artificial saliva not contained mucin
at 37C.
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Fig.11 AL*, values of six composite resins

artificial saliva not contained mucin at
37¢C.

Artificial saliva (MUCIN)

's — = melgn  —-—- Cptat
T < Aelitefl] ==~ T
—1100 m—1 a

2 Weeks 4 8

Fig13 AC*,, values of six composite resins

artificial saliva not contained mucin at
37C.

Fig.10 AC*,, values of six composite resins

artificial saliva not contained mucin at
37¢C.
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539

2
-~ Ameloges - = Crystal
1S - helitefi]l ——— TP
——1 100 a——1 lex
E-] oA T
ﬁ .l _,':-‘/,‘/:.— -T
smms PR :
0.5 /.;’.::; - I N
’/":”’i:.' = "‘/_———MI b
[ AL .
[ 1 2 Veeks 4 8 12
Fig12 AE*,, values of six composite resins

artificial saliva not contained mucin at
37¢C.

st - ~ Mmcioges — — - Crystal
----- Aelilef1l —~ ~ TPB

. m 10100 e

.S+

Artificial saliva (MUCIN)

Figl4 AL*,, values of six composite resins

artificial saliva not contained mucin at
37C.




chromatic), AC*,, values. Chromacity differe-
nce, AC*,;, values for Conquest Crystal, Pri-
sma TPH, and Z100 were negative. A high
AE*,, value for Conquest Crystal at 1 week
is explained by negatively decreasing chroma-
city difference(less chromatic), AC*,, values
and increasing lightness difference, AL*, va-
lues(lighter) presented in figure 11. Lightness
difference, AL*, values for Amelogen Univer-
sal and Z100 were negative.

From the results presented in figure 12 it
is evident that the color stability of Silux Plus,
Amelogen Universal, and Conquest Crystal
are different from that of the other materials.
The discoloration of Silux Plus and Amelogen

Universal is explained by increasing chroma-
city difference, AC*,;, values in figure 13 and
decreasing lightness difference, AL* values
(darker) presented in figure 14. However, a
high AE*,;, value for Conquest Crystal is exp-
lained by negatively decreasing chromacity di-
fference, AC*,,, values and increasing light-
ness. Chromacity difference, AC*,;, values for
Congquest Crystal and Prisma TPH were nega-
tive. A high AE*, value for Z100 at 1 week
is explained by increasing chromacity differe-
nce, AC*,, value. However, from 2 weeks ch-
romacity difference, AC*,,, value for Z100 de-
creased, and was stable up to 12 weeks. It
is different from that for Silux Plus. Lightness

Table 6. Color difference of six composite resins in artificial saliva.

Amelogen 0 1 2 4 8 12
D/W 0 0.424 0.586 0.736 0.638 0.732
no mucin 0 0.523 0.529 0.59 0.547 0.613
mucin 0 0.584 0.728 0.727 1.205 1175

Conquest Crystal 0 1 2 4 8 12
D/W 0 0.344 0.495 0.499 0.544 0.556
no mucin 0 1.252, 0.655 0.609 0.888 0.827
mucin 0 0.495 0.805 0.629 0.977 1.158

Alitefil 0 1 2 4 8 12
D/W 0 0.245 0.284 0.064 0.255 0.195
no mucin 0 0.474 0.2 0.329 0.353 0.332
mucin 0 0.104 0.455 0.192 1.163 0.492

Prisma TPH 0 1 2 4 8 12
D/W 0 0.391 0.628 0.425 0.419 0.397]
no mucin 0 0.832 1.029 0.92 0.57, 0.776
mucin 0 0.284] 0415 0.172 0.563 0.215

2100 0, 1 2| 4 8 12
D/W 0 0.548 0.206 0.266 0.245 0.35
no mucin 0 0.339 0.377 0441 0.448 0.54]
mucin 0 0.726 0.296 0.222 0.28 0.264

Silux Plus 0 1 2 4 8 12
D/W 0 0.57 0414 0.773 1.671 1.207
no mucin 0 0.476 0.117 0.816 118 0.928
mucin 0 0.719 0.548 1134 1.653 1.788




difference, AL*, values for Amelogen Univer-
sal and Silux Plus were negative.

The total color difference, AE™*,;, values for
all of composite resins up to 12 weeks in disti-
lled water, artificial saliva not contained orga-
nic mucin and in artificial saliva contained
mucin at 37C and darkness are presented in
table 6.

Discussion

As regarding the question of perceptibility,
AE*, values of 0~1 will be referred to as
imperceptible, and values in the range of 1~2
will be referred to as just perceptible by hu-
man eye.” As regards unacceptible color dif-
ferences, Ruyter et.al., working with the CIE-
LAB color space, found that AE*, values
above approximately 3.3 were beyond accepti-
bility in subjective visual evaluation.” Of cou-
rse, correlations between clinical studies and
laboratory measurements are difficult to esta-
blish, because many factors are at play in the
in vivo situation. In general, materials having
AE*,, values above 7 will show a marked dis-
coloration in the mouth, whereas materials
with AE*, values below 2 will be relatively
color stable in the clinical situation.®*

The effect of the immersion solutions on color
change

Microfilled composite resins had worse co-
lor stability than fine particle blended compo-
site resins. Microfilled composite resins have
a higher content of polymer, which may unde-
rgo color change*™ According to C. Ameye
et. al,, in vivo after 18 months extrinsic stai-
ning of composite resins was not a major pro-
blem after the introduction of the microfiller
resins because they have smooth surface cha-
racteristics.” Whereas Leinfelder K. F. et. al,
reported the opposite observation that conve-

541

ntional composite resins displayed better color
stability than microfills.? According to Dijken
JWV van, clinically thirty percent of patients
showed extrinsic discoloration during 6 years,
and the stain could easily be polished off.?

Figure 1~5 and table 5 show the compara-
tive staining effects of distilled water and filte-
red coffee immersion procedures. From these
it may be concluded that for all materials cof-
fee produced significantly greater color cha-
nges than distilled water. Marked discolora-
tion may be more affected by sorption of die-
tary colorants than by water and sunlight.*
The small color changes occuring in distilled
water may be due to the thermal effect of
the immersion temperature of 50C.” The
BIS-GMA is not quite color stable, and tends
to turn yellow. The thermal energy could be
sufficient to cause enough decomposition of
the BIS-GMA resin leading to discoloration.
According to I. E. Ruyter, the color stability
is reduced with increasing amounts of BIS-
GMA because of the reduction in the degree
of conversion.”® In contrary, according to E.
Asmussen, the color change decreases with
increasing amount of BIS-GMA in the mono-

mer.”

The effect of temperature on color changes
After immersion in distilled water, the dif-
ferences in mean AE*, between 4C and 50C
were small. These differences in AE*, are
in the imperceptible region. These small diffe-
rences do not seem to reflect potential cha-
nges in color difference due to geometric or
spectral metamerism.” It has been reported
that the rate of discoloration in distilled water
increases with increasing temperature.”
While no detailed mechanism for staining
has been proposed, color changes due to stai-
ning might be due to the absorption of extra-
neous colored materials. The increase in tem-



perature up to 50C may have increased the
amount of water uptake by the specimens.
This can have facilitated the absorption of
staining particles in coffee.” Another explana-
tion that may have resulted in the surface
uptake of staining particles can be that of sur-
face porosity resulting from a dissolution of
slightly soluble components of the material
and air inhibition zones of unpolymerized ma-
' The degree of conversion after poly-
merization will also affect the color change.
Residual double bonds in materials make
them less resistant to degradation.’®

terials.

The effect of surface cleansing on color cha-
nges

After the specimens stained with filtered
coffee were cleansed, the differences in AE*,,
between the cleansed and the uncleansed
were small. Data from experiment 1 showed
that in hot coffee AE*, values of Amelogen
Universal and Prisma TPH were higher than
those of Conquest Crystal, Alitefil and Z100.
2100 and Alitefil had better cleansibility of
extrinsic coffee staining than Amelogen Uni-
versal, Conquest Crystal and Prisma TPH.
This phenomenon is not fully understood, but
one explanation is that according to Douglas,
hydrophobic composites had less staining ca-
pacity and greater ease of stain removal.'” Ac-
cording to Satou ef. al, staining of resins in
low hydrophobic solution occurs by impregna-
tion of staining contaminant with water sorp-
tion, and hydrogen bonding also seems to con-
tribute to the staining process. On the other
hand, in the highly hydrophobic solution, a
positive relationship is observed between the
contact angle of the resin and the AE*, of
resin. Since contact angle is an index of hyd-
rophobicity, hydrophobic interaction may play
an important role in the staining of resins.””
Another explanation may be that according
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to Um, removable discoloration will be proba-
bly due to adsorption of the polar colorants
from coffee at the surface of the materials.
The discoloration from coffee was due to sur-
face adsorption and absorption of colorants.”
The less polar colorants from coffee may be
penetrated deeper into the material, probably
because the coffee colorants are compatible
with the polymer matricies of specimens
Amelogen Universal and Prisma TPH.

The effect of artificial saliva on discolora-
tion

The resins contained an amine are discolo-
red by reacting with oxygen, however, resins
without an amine are discolored. It was thou-
ght that surface staining contributed to clinical
discoloration. Resins with high water sorption
are assumed to be more liable to staining by
penetration.

It is not known to increase discoloration
of composite resins by saliva. According to
ZA Khokhar et. al, the addition of chlorhexi-
dine and saliva increased staining when used
with common dietary colorants.”® Restorative
resins are susceptible to softening caused by
organic acids produced in oral enviornment.
Consequently, resin may be liable to pronoun-
ced surface staining. In clinical part of the
study a relationship between surface staining
and local oral hygiene has been demonstrated.
It can be assumed that the softening and ero-
sion by organic acid in oral enviornment impa-
rts to the polymers a more open structure
which facilitates the adsorption. Microfilled
composites and fine grained composites con-
tain a relatively large amount of TEGDMA
in the monomer for viscosity control in com-
parison to more coarse grained composite re-
sins. It has been stated that polymers origina-
ting from low TEGDMA content presented
increased surface staining due to increased



surface softening?” In distilled water and arti-
ficial saliva not contained mucin, five of fine
particle composite resin showed AE*,, values
less than 2 up to 12 weeks. However, Silux
Plus showed higher than AE*, values of fine
particle composite resin. In artificial saliva co-
ntained organic mucin, Alitefil, Prisma TPH
and Z100 showed AE™*,, values less than 1
up to 12 weeks. However, Silux Plus, Amelo-
gen Universal and Conquest Crystal showed
AE*,, values more than 1 up to 12 weeks.
But, Conquest Crystal showed different chara-
cteristics of chromacity difference value(less
chromatic) and lightness difference value(li-
ghter) from Silux Plus and Amelogen Univer-
sal. However, the change were, in absolute
values, lower than AE*, of 3.3.

Increased filler levels result in better color
stability, lower solubility, and lower water sor-
ption.*™ The water absorbed by matrix can
cause filler-matrix debonding or degradation,
and there may also be some influence of the
hydrophobicity of resin matrix. Air voids inco-
rporated may lead to inhibition zones with
unpolymerized material, which may result in
higher water solubility.” Because of lower fil-
ler content and higher matrix content of mic-
rofilled composite(Silux Plus), they will exhi-
bit greater water sorption, lower elastic mo-
duli and higher coefficiency of thermal expan-
sion than universal fine particle composite.

The composite resins are generally darker,
more chromatic, and more opaque.”’ However,
according to Power et.al, recently developed
posterior composite subjected to accelerated
aging for several days became lighter and less
chromatic color than the main body of the
material, or even become whiter than initially.
% This phenomenon is due to degradation
of the surface which provides appreciable light
scattering. Light scattering will occur due to
the particles in composite resin. Microfilled

composite resin may be less light scattered
than fine particle composite resin, probably
because the wave length of the light is more
than the diameter of the prepolymerized mic-
rofiller particles and microfilled composite re-
sins have less filler content than fine particle
composite resins. Data from experiment 2
showed that in all of the solution after 4 weeks
the specimens of Prisma TPH became lighter
than intially and in artificial saliva Conquest
Crystal became up to 12 weeks increasingly
lighter than initially. Specimens of Silux Plus
became darker than initially. Prisma TPH and
Conquest Crystal tended to become less chro-
matic than the other material and initially.
This phenomenon was also observed by Po-
wers el al, and others and may be due to
enhanced scattering by the filler particles, re-
sulting from debonding of the resin-filler inte-
rface.”®* Also the difference may reflect a dif-
ference in composition of these materials. Fu-
rther analytical studies of the materials may
be needed how compositional differences ini-
luence the color stability.

Conclusion

1. In cold coffee, five of fine particle composite
resins showed AE*, values less than 2.
However, in hot coffee AE*, values of
Amelogen Universal and Prisma TPH were
higher than those of Conquest Crystal, £li-
tefil and Z100.

2. Z100 and Alitefil had better cleansibility
of extrinsic coffee staining than Amelogen
Universal, Conquest Crystal and Prisma
TPH.

3. In distilled water and artificial saliva not
contained mucin, five of fine particle com-
posite resin showed AE*,, values less than
2 up to 12 weeks. However, Silux Plus sho-
wed higher than AE*,, values of fine parti-



cle composite resin.

. As an immersion solution for discoloration
experiment, artificial saliva not contained
mucin showed similar appearance as a dis-
tilled water. However, artificial saliva con-
tained mucin had different appearance
from the others.

. In artificial saliva contained mucin, Zlitefil,
Prisma TPH and Z100 showed AE™*,;, values
less than 1 up to 12 weeks. However, Silux
Plus, Amelogen Universal and Conquest
Crystal showed AE*, values more than 1
up to 12 weeks. But, Conquest Crystal sho-
wed different characteristics of chromacity
difference value(less chromatic) and light-
ness difference value(lighter) from Silux
Plus and Amelogen Universal
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