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Abstract:

Objective: To study the in vitro color changes of three demain veneering materii
when immersed in tea, coffee and tamarind extracts.

Materials and Methods: The color changes of heat polymerized tooth cdl@erylic re-
sin (Stellondetrey, B, F14, DPI Dental productdrafia Ltd, Mumbai), auto polymeriz
tooth colored acrylic resin (DPI, B, QV5, DPI Denpaoducts of India Ltd, Mumbai) a
light polymerizedresin composite. (Herculite XRV, Enamel A2, part 28860, lot nc
910437, Kerr Corporation, West Collins Avenue, @@&nCA, USA) when immersed
water extracts of tea (Tata Tea Ltd. Bangaloreiglnaoffee (Tata Coffee Ltd. Coorg, In-
dia) and tamarindvere evaluated using computer vision systems. Dhar émages wel
recorded in R (red), G (green) and B (blue) forrd eonverted into H (hue), S (saturati
and V (value).

Results: Significant color change occurred for auto polyized tooth colored acrylic re-
sin in tamarind.extract, for heat polymerized tootiiored acrylic resin in tea extract i
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INTRODUCTION and dual cured composites, heat and auto po-
The use of esthetic restorative materials sutymerized tooth colored acrylic resins [2].
as porcelain and resins have enabled us to cdmoth colored resins have been improvised
tribute to the character, charm and dignity of aver the years to meet the challenges of esthet-
person, thereby restoring that elusive esthetic dentistry [3]. Compositions of materials
appeal. Tooth colored materials should haveave been altered, thereby improving the
intrinsic color stability and resistance to surproperties of these resins. However, the lack of
face staining in order to have a high degree oblor stability has always remained a problem
esthetics [1]. Various teeth colored veneerin@r resin veneering materials [3]. Color stabili-
materials have been usedy.porcelain, light ty is the property of a material that allows col-
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or to be maintained over a period of time in & this study, three types of dental veneering
given environment [4]. resins i.e. heat polymerized tooth colored
There are many factors responsible for thacrylic resin, auto polymerized tooth colored
color changes of tooth colored dental resiracrylic resin and light polymerized resin com-
[3,5]. posite were tested for color change in water
Factors involving changes within the resin maextracts of tea, coffee, and tamarind, using
trix and those occurring at the interface of madrinking water as control.

trix and fillers are called intrinsic factors. Col-The purpose of this study was to investigate
or changes can also occur due to changes @md discuss the factors responsible for change
the surface of the dental resin by adhesion of the color of samples when exposed to vari-
ions or molecules of certain liquids to the sumus foods.

face [3,5].

This process of adsorptioncontributes to edMATERIALSAND METHODS

trinsic color change on the surface of the resifhree commercial resins were selected accord-
[5]. Oxidation of amine accelerators or entryng to the type of polymerization; namely, heat
of colored mixtures leads to discoloration opolymerized tooth colored acrylic resin (Stel-
denture base polymers [6,7]. lon®™" B, F14, DPI Dental products of India
Change in the color of denture base materidlsd, Mumbai), auto polymerized tooth colored
has been demonstrated due to exposure to aatylic resin (DPI, B, QV5, DPI Dental prod-
fluids and denture cleansers [6]. ucts of India Ltd, Mumbai) and light polyme-
The structure and physical characteristics oized resin composite (Herculite XRV, Enamel
inorganic fillers present in the resin may havA2, part no. 22860, lot no. 910437, Kerr Cor-
an effect on the ability of the resin to maintaiporation, West Collins Avenue, Orange, CA,
a smooth surface for extended periods of tim@SA). Commercially available tea powder
[3]. (Tata Tea Ltd. Bangalore, India), coffee
Along with the size of the filler particles, thepowder (Tata Coffee Ltd. Coorg, India) and
chemical properties of the resins also influendamarind which are naturally available were
the resistance to color change[8]. used and drinkingwater was used as control.

Table 1. Amount of secondary metabolites present in watgaets of tea, coffee and tamarind

Constituents Water extracts
Tea Coffee Tamarind
Alkaloids + + _
Carbohydrates + + _
Glycosides _ _ _
Steroids _ _ _
Flavonoids + + +
Phenols + ++ +
Saponins + + ++
Tannins ++ ++ ++
Proteins and Amino acids ++ + +

++ = considerable, + = detecte = not detecte
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Preparation of samples The samples were retrieved from the mold af-
Samples were prepared in three materitdr curing. The samples were then polished
groups. using an abrasive wheel followed by the use of
« Heat polymerized tooth colored acrylic resandpaper. This process removed any surface
sin-Group 1 irregularities such as nodules and produced a
» Auto polymerized tooth colored acrylic re-smoother surface. The mixture of water and
sin-Group 2 pumice was then used over the surface of the

» Light polymerized resin composite-Group 3sample with a cloth wheel. Finally, RxCreate
diamond polishing paste (Dental Life
Twenty samples were prepared in each groufciences, Ince, Wigan, UK) was applied for 1
with five samples for each solution in everyninute to both sides of the samples.
group. Twenty samples of each material werleor group 2, the central perforations were
prepared using a rectangular acrylic mold, fdiled directly with autopolymerized tooth co-
bricated with four 20 mm wide and 2 mm deefored acrylic resin, which was mixed accord-
central perforations, according to 1ISO 404¢hg to manufacturer’s instructions and allowed
[9]. The mold was placed on a glass slatn polymerize in the mold space between the
enrolled with cling film. For group 1, the cen4two glass slabs wrapped with cling film. Resin
tral perforations were filled with wax (Model-samples having smooth surfaces were then re-
ling Wax, DPI Dental products of India Ltd,trieved from the mold. Finishing and polishing
Mumbai). The mold was then tightly coveredvas done following the same steps as for
by another glass slab wrapped with cling filngroup 1.
to provide a smooth surface of the wax patterfor group 3, using an agate spatula a single
These wax patterns were then invested iniacrement of composite resin was inserted in
dental flask using dental stone. After wax elieach of the mold’s upper surface perforations
mination, the gypsum mold space was packedter placing on a glass slab enrolled with cling
with heat polymerized tooth_colored acrylidilm.
resin which was mixed according to manufacFhe mold was then tightly covered by another
turer’s instructions. glass slab wrapped with cling film to provide

Table 2. Mean, standard deviation (SD) aRelvalue of hue-H, saturation-S and value-V for hgalyymerized
tooth colored acrylic resin samples before and aftenersion in drinking water, tamarind extrach &xtract and
coffee extract

Heat polymerized Immersed in drinking  Immersed in tamarind Immersed in tea ex- Immersed in coffee
tooth colored water extract tract extract

acrylic resin

samples Mean+SD P-value MeantSD  P-value MeantSD  P-value MeantSD  P-value
Before H 0.58+0.01 0.30 0.57+0.01 0.75 0.58+0.01 0.00* 0.59+0.01 0.00*
After H 0.63£0.10 0.59£0.10 0.22+0.01 0.74£0.01

Before S 0.20+0.02 0.01 0.18+0.00 0.00* 0.18+0.01 0.00* 0.19+0.01 0.00*
After S 0.15+0.01 0.13+0.01 0.1120.01 0.13+0.01

BeforeV 0.75+0.04 0.05 0.74+0.01 0.00* 0.74+0.01 0.00* 0.75+0.01 0.00*
After V 0.790.01 0.82+0.00 0.81:0.01 0.82+0.00

*P<0.01 is statistically significant
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a finished surface. The resin was cured for 40 which about 60 gm of tea powder was add-
seconds on each surface of the sample througth and it was subjected to soxhlet extraction
the cling film and glass slab with a tungsterfor about 30 minutes. The content was then
halogen lamp (Trilight, 3M, ESPE, Seefeldcooled and the extract was stored ¥ 4n a
Germany). The curing light intensity wasclean sterilized conical flask for further expe-
measured at 800mW/énand monitored using riment. This extract is called tea extract. The
a built-in radiometer. same procedure was repeated for coffee and
An additional 20 seconds of curing was donmarind and extracts were used till the expe-
on both sides of the specimens after removingnents were completed. All the three extracts
the films and glasses. were biochemically screened for the detection
The surfaces of all specimens were then pof secondary metabolites present in them [10].
lished with fine and superfine polishing disk§'he results were tabulated as shown in Table
(Sof-lex, 3M/Espe Dental Products, St Paul.
MN) with a low-speed handpiece. Five samples of each group were immersed in
After completion of the polymerization, all thea clean 100 ml conical flask containing 40 ml
samples were coded by numbering from one td the solution. Samples immersed in tea, cof-
twenty on their back in each group. To redudee and tamarind extracts were kept in a ther-
variability, all sample preparation and finishmostat shaker with 18 rpm at °€Z Samples
ing/polishing procedures were performed bynmersed in water were kept in another ther-
the same operator. The samples were imostat shaker with 18 rpm at’g7acting as a
mersed in distilled water at 37°C for 24 hoursontrol. The solutions were changed every
after they were photographed for the registrawenty four hours to minimize bacterial
tion of their initial color. growth. The experiment was continued for fif-
teen days. The samples were then cleaned us-
Preparation and biochemical screening of = ing an electric toothbrush (Colgate Motion,
tea, coffee and tamarind extracts Colgate-Palmolive, NY, USA) with toothpaste
Normal drinking water of about 600 ml -wagqColgate Total, Colgate-Palmolive, India Ltd.)
taken in a clean 1000 ml round bottom flaskior 10 seconds on each side of them.

Table 3. Mean, standard deviation (SD) aRdralue of hue-H, saturation-S and value-V for guitymerized
tooth colored acrylic resin samples before and aftenersion in drinking water, tamarind extrach txtract
and coffee extract

Auto polymerized Immersed in drinking  Immersed in tamarind Immersed in tea ex- Immersed in coffee
tooth colored water extract tract extract

acrylic resin

samples MeantSD P-value MeantSD  P-value Mean+SD  P-value MeantSD  P-value
Before H 0.58+0.00 0.88 0.58+0.01 0.00* 0.58+0.01 0.00* 0.58+0.01 0.00*
After H 0.58+0.04 0.610.01 0.61+0.01 0.3610.07

Before S 0.18+0.01 0.01 0.1940.01 0.00* 0.18+0.01 0.00* 0.18+0.01 0.00*
After S 0.16+0.02 0.16+0.01 0.15+0.01 0.13+0.01

BeforeV 0.73+0.00 0.00* 0.7440.01 0.00* 0.74+0.00 0.00* 0.74+0.01 0.00*
After V 0.81+0.01 0.794£0.01 0.78+0.01 0.79+0.01

*P<0.01 is statistically significant
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This was followed with gentle rinsing in dis-A digital color image represented in R (red), G

tilled water and drying with a paper towel. (green) and B (blue) form with three compo-
nents per pixel in the range 0-255 was ob-
Color measurement tained and stored using eight bits per color

Color may be rapidly analyzed by computeeomponent.

rized image analysis techniques, also known @bese three intensity images (R, G and B)
computer vision systems [11]. were electronically combined to produce a dig-
After review of literature regarding the techital color picture.

niques used for color measurements, it w&3are was taken to avoid external light and ref-
thought that a simpler, quicker technique wadsctions, the images were captured on a matte
required where the procedure could be rdlack background and stored in a JPEG for-
peated a number of times, data recorded anwht.

interpreted easily. In addition, the equipmeritmage processing and color analysis were writ-
used here is easily available, operated ameh in MATLAB.6.5. RGB form was con-
maintained. Color measurements of the surfagerted into H (hue), S (saturation) and V (val-
of the samples were obtained using imagee) using the function rgb2hsv available in
analysis. This method has been used to explaitatlab®.

the color measurements of agricultural foods

[11]. Statistics

All the samples of the three materials usedll the experiments were done in triplicate.
were measured for a baseline color before ilMean and standard deviation (SD) were calcu-
mersion in the extracts. Samples were illumiated for each variable. Paired Student’s t-test
nated using two 40 watt fluorescent lamps. Avas applied to compare before-after values.
Color Digital Camera, model PowerShot A70f'wo-way ANOVA was done and R-value of
(Canon, USA) was located vertically over thec0.01 was considered as statistically signifi-
background at a distance of 30 cm. cant.

Table 4. Mean, standard deviation (SD) aaeralue of hue-H, saturation-S and value-V for lightymerized resin
composite samples before and after immersion imkdrg water, tamarind extract, tea extract andem#xtract

Light polymerized Immersed in drinking ~ Immersed in tamarind Immersed in tea ex- Immersed in coffee
resin composite  yater extract tract extract
samples

MeanzSD P-value  Mean+SD P-value = Mean+SD P-value = Mean+SD P-value
Before H 0.57+0.01 0.03 0.57+0.01 0.04 0.64+0.01 0.00* 0.57+0.01 0.00*
After H 0.61+0.02 0.49+0.07 0.760.01 0.61%0.00
Before S 0.18+0.01 0.00* 0.19+0.01 0.00* 0.19+0.01 0.00* 0.19+0.01 0.00*
After S 0.21+0.01 0.12+0.02 0.1420.02 0.2120.00
BeforeV 0.57+0.01 0.23 0.65+0.01 0.04 0.64+0.01 0.14 0.65+0.01 0.00*
After V 0.54+0.06 0.62+0.02 0.630.01 0.7520.01

*P<0.01 is statistically significant
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RESULTS dered separately in dentistry to describe a par-
In the present study, color changes observedtioular tooth or restoration. This is because
the samples of heat polymerized tooth colorezhanging any one of these parameters can re-
acrylic resin, auto polymerized tooth coloredult in an overall change in the perception of a
acrylic resin and light polymerized resin comparticular color.
posite were noted down as RGB and convertéteat polymerized tooth colored acrylic resin
to HSV and statistically analyzed as shown iand auto polymerized tooth colored acrylic
tables 2-4. The color change observed in heasin have the same basic chemical structure;
polymerized tooth colored acrylic resin samdifference is in the activation of the polymeri-
ples is more significant in tea extract, followeaation reaction. In the auto polymerized resin,
by coffee extract; whereas, there is no signifchemical activation is accomplished through
cant color change in samples immersed in teertiary amines such as N,N-dimethyl-para-
marind extract when comparedwith sample®luidine or N,N-dihydroxyethyl-para-
immersed in water as shown in table 2. toluidine [2].
Auto polymerized tooth colored acrylic resinrWhen color changes of acrylic resins were
samples showed a significant color change studied, tea, coffee and tamarind extracts were
tamarind extract followed by coffee extracfound to produce a significant color change.
and tea extract, when comparedwith the cofrevious studies have shown that polymethyl
trol as shown in table 3. Light polymerizednethacrylate resins are hydrophilic and attract
resin composite samples showed the most sigore water soluble dyes on the surface and
nificant color change in coffee extract. Samstaining, which occur as a result of electrostat-
ples immersed in tea extract have shown soritecharges [6].
change in hue and saturation but no significaithe extracts of tea, coffee and tamarind may
deviation in the overall color. There was ntave more ionizable groups or highly reactive
significant color change in samples immersesecondary metabolites like flavonoids, phe-
in tamarind extract when compared. with samrols, saponins and tannins which are water so-
ples immersed in wateras shown in table 4. luble and much of them are stable at high tem-
perature. The sorption of these watersoluble
DISCUSSION secondary metabolites on the surface may have
Color perception is an art-as well as a sciencaused more color change. Table 2 shows
which deals with the sensation induced frormaximum staining of heat polymerized tooth
light of different wavelengths reflecting from acolored acrylic resin samples in tea extract,
surface and reaching the eye. Color is usualbecause tannins are higher in tea extract than
determined by measuring its three variableoffee and tamarind extract.
which are hue, saturation and value [2]. Acrylic resins exhibit the property of water
Hue is the dominant color of an object indisorption that is directly related to the polar
cated by the dominant wavelengths presemdroperties of resin molecules, the physical
This may be red, green or blue. Saturation @rocess of water diffusion through intermole-
chroma is the degree of saturation of a particaular space and the amount of residual mono-
lar hue. It refers to the intensity of a colormer in the polymerized mass. Acrylic resins
Value refers to the relative lightness or darkare made up of several interpolymeric chains
ness of a color. A lighter shade means a highehich have gaps between them. The absorbed
value and a darker shade means a lower valater enters these gaps and remains there. The
[2]. Although all the three variables may besize and number of these interpolymeric gaps
measured independently, they are not congletermine the amount of water absorption
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[12]. Therefore, the color change observetihe excess water absorbed by the resin matrix
here is due to the diffusion of water in the inhydrolyzes the silane and forms micro-cracks.
terpolymeric gaps along with the diffusion ofThese micro-cracks or the interfacial gaps at
water soluble secondary metaboliteslike tarthe interface between filler and matrix allow
nins, phenols and saponins present in the tpanetration of stain and influence the amount
extract. These metabolites may cause thedisad-color change [1].

loration of resin material. Better polymerizaThe resin polymerization degree may also af-
tion of acrylic resin may increase the crostect the color change. An inadequate compo-
linking and reduce water sorption values [12ite resin polymerization is directly associated
However in table 3 auto polymerized toothwith color instability, which is due to ¢ 150 /e
colored acrylic resin shows significant coloand pigment diffusion through the us
change in tamarind extract followed by coffeenatrix [3,7,17]. Therefore, significant change
and tea extracts. Chemical discoloration has color is observed-in the light polymerized
been attributed to a change or oxidation in thesin composite samples immersed in coffee
amine accelerator, oxidation in the structure @xtract and to some extent in tea extract as
the polymer matrix and oxidation of the unshown in table 4. Coffee extract contains more
reacted pendant methacrylate groups [13]. It @nounts -of phenols, saponins, tannins and
also possible that discoloration in auto polyeaffeine alkaloid. Polymerization inhibition by
merized acrylic resin is due to the change aixygen at the sample surface and at the peri-
the tertiary amine by UV rays, the change gshery of porosities may also induce composite
dimethyl metha toluidine contained as an imdiscoloration [18].

purity in the amine and the change of hydro-

quinone [14]. As amines are basic, they ne GONCL USION

tralize acids to form the corresponding.ammdA/ithin the limitations of the present study,
nium salts. The un-reacted tertiary ‘amine ithere is a definite role of secondary metabo-
the auto polymerized acrylic resin may havites influencing color change.Tannins, caffe-
reacted with high percentage of tartaric aciohe, tartaric acid and phenols are predominant-
(8-23.5mg) present in the tamarind extract [13y responsible. Computer image analysis
which forms respective salts that dissolve iseems to be a good technique to quantify easi-
the surrounding solution and create porosity &t, quickly and precisely the color changes ob-
the surface, which then leads to more sorptigerved in the resin samples.

of tannic acid and other secondary metabolité&esults of the present study suggest that a sim-
causing color change.lt has been shown thigdr process may occur clinically and indicate
resin materials using urethane dimethacrylatee importance of the patient’s habits in the
as matrix have more color stability than resifongevity of restorative materials.

materials using bis-GMA as matrix [3,16].
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