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Abstract

Campus,

Off HBasteExpress Highway, Sion, Mumbai.

Introduction: Denture base resin materials get discolored afteming in contact with beverages and food materials
Color stability provides important information olnet serviceability of these materials. However, fiigperty is often
ignored over other physical and mechanical progenthile making a choice of materiall ethods and M aterial: 30
specimen disks (15 mm x 2 mm) of Trevalon, DPI &udalyn-H denture base resin materials were prebatelor
measurements were done with computer controlled 3BUBd Spectrophotometer (MINOLTA CM3310d) before
immersion () and after 1 day(s), 7 days(%), 1 month (E) and 2 months () of immersion in Tea and Coffee solution.
Averages of three readings were taken and the mieaach material were calculated with the use &L&IB uniform
color scale Results: Comparison ofAE (color difference) values for the denture basecspens of Trevalon, DPI and
Acralyn-H after immersion in coffee and tea solnichowed significant color change after 1 dayysdamonth and 2
month .Conclusions; Within the limitations of study it was found th@bffee and Tea cause considerable discoloration

of denture base acrylic resin materials.
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I ntroduction

Acrylic resins are commonly used to fabricate demtu
bases because of their low cost, durability, easy
manipulation and construction method [1]. However
they have certain disadvantages like being hagidl,ri
easy to fracture and prone to absorption and atisarp
of liquids [2]. The absorption is due to the polar
properties of resin molecules because of which the
denture base resin materials are known to undergo
staining through the use of denture cleansers e f
the intake of oral fluids and foods [3]. Color st is

a required characteristic of denture base resireniadd
and provide important information on the servicégbi

of these materials. Color change is an indicatién o
aging or damage to dental materials [4]. The hatbit
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daily intake of beverages like tea, coffee sevenats a

day tend to stain and discolor resins. Flavins da t
leaves and caffeine and caffeic acid in coffee detad
discoloration [5]. Both concentration of stainingeat

in beverages and the period of exposure affects the
pigmentation of resins. Hence, minimizing color nga

is a factor that should be considered in selectibn
denture base materials and techniques.

With this knowledge in background, the present wtud
was planned to evaluate the color stability of ¢hre
different heat cured denture base acrylic resireres
after immersion in tea and coffee solutions.

Aims and Objectives
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The aim of the study was to evaluate the influeote
different beverages on the color stability of three
different heat polymerized denture base acrylidnres
materials. The objective of the study wascompare
the color stability of three brands of heat polyired
denture base acrylic resin materials used for ¢akirig
denture bases.

Materials and Method

30 specimen disks (15 mm x 2 mm) were prepared of
each material- TREVALON [ Dentsply India Pvt Ltd,
Gurgaon, Haryana, India], DPI [ DPI, Bombay, India]
ACRALYN-H [Asian Acrylates, Mumbai, India] (Fig.

1) using a silicone mold. The wax blocks were ineds

in the denture processing flask (Kavo, Germany) and
processed according to manufacturer’'s instructions.
After deflasking, surface irregularities on speanse
and excess material were trimmed off with acrylic
trimmer. All specimens were abraded on both sides
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with silicone carbide paper and finished. Polishivags
done with pumice and water using a cloth wheel. The
resultant surface was smooth and polished (Fig. 2).
After finishing and polishing, the specimens were
stored in distilled water at 37°C + 1°C for 24 houm

the incubator. The rehydration simulated the fitsy of
service for restoration in the oral environmentl i
specimens from each denture base resin were dited w
tissue paper and then each sample of resin was
subjected to color measurement using computer
controlled CM-3310d Spectrophotometer (MINOLTA
CM3310d), before immersion ¢Jinto the two staining
solutions. Tea and Coffee solution were prepared by
mixing 15 gm of tea (Brooke Bond Taj Mahal) and 15
gm of coffee (Nestle, Nescafe) in 500 ml of boiling
distilled water for 10 minutes. The solutions were
prepared fresh daily. The specimens were immernsed i
the solutions for total duration of 2 months. For
statistical analysis specimens were grouped asvsl|

Denturebaseresin A

Denturebaseresin B

Denturebaseresin C

Distilled Water(control)| 10 10 10
Tea 10 10 10
Coffee 10 10 10

After immersion of each specimen into 2 staining
solutions, the values of color change were measured
and calculated after 1 day(T 7 days(%), 1 month ()

and 2 months () (Fig. 3,4,5) using computer
controlled CM-3310d spectrophotometer. Before each
measurement, specimens were cleaned in distillédrwa
for 5 minutes and dried with tissue paper. Averagfes
three readings were taken and the mean of eachiatate
were calculated with the use of CIELAB uniform aolo
scale. The testing apparatus had a measuring head
aperture of 10 mm in diameter. The specimens were
centered on the measuring head of the
spectrophotometer. The CIELAB system is an
approximately uniform color space with coordindias
lightness, namely, white-black (L), redness-gresane
(a), and yellowness-blueness (b). This system makes
possible to evaluate the amount of perceptiblercolo
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change in each sample. L, a, b values of eachrspeci
before immersion (Jj and after immersion at each
specified time intervals (IT,, T3 T,4) were measured by
placing each specimen on the measuring head and
covering with the black cover. The mean valuedlof

Aa, and Ab after measurements were automatically
calculated by the spectrophotometer and recorded.
Color difference AE) was calculated from the mean
AL, Aa, andAb values for each specimen with the
formulaAE =V (AL? + A& + Ab?).

Mean and Standard Deviation of the obtained values
was calculated. One way analysis of Variance
(ANOVA) was used to compare the values within the
groups. Scheffe’'s Post Hoc test was applied for
pairwise comparison within the groups using Statst
Package for Social Sciences (SPSS, Chicago, Ill.)
software version 17.0.
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Fig. 1: Silicone mold and prepared wax samples. Fig. 2: Finished samples.

Fig. 3: Trevalon samples after 2 months of immersio Fig.4: DPI samples after 2 months of imsion.

igh: Acralyn-H samples after 2 months of immersion

Results

Comparison ofAE values for water, coffee solution and tea sotufar Trevalon, DPI and Acralyn-H denture baserresi
material was done ( Table 1,2,3). Both coffee $mtuaind tea solution caused staining of the derttase resins after 1
day, 7 days, 1 month and 2 month interval. Tabtkegicts comparison &fE values for the denture base specimens of
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Trevalon, DPI and Acralyn-H after immersion in watdo significant color difference was seen aftetaly , 7 days, 1
month and 2 months interval. Table 5 and Table iotke comparison oAE values for the denture base specimens of
Trevalon, DPI and Acralyn-H after immersion in @#fand tea solutions respectively. Significanticolmnge was seen
after 1 day,7 days,1 month and 2 month .

Table 1: Comparison of AE valuesfor water, coffee and tea solutionsfor Trevalon

Trevalon
1Day 7 Days 1 Month 2 Months
Pairwise

P Value |Pairwise P Value |comparison PValue |Pairwise P Value |Pairwise

of comparison of by of comparison of comparison

ANOVA |by Scheffe's ANOVA |Scheffe's ANOVA |by Scheffe's ANOVA |by Scheffe's
Beverage|Mean SD test, sig [test Mean SD test, sig |test Mean SD test, sig |test Mean SD test, sig |test
Water 1.00 0.34 182(1.92)* | 1.50 0.34 182(3.5)* | 111 0.43 182(3.2)* 1.30 0.45 182(3.8)*
Coffee 3.00 0.39 0.00* 1&3(1.4)* 5.09 0.13 0.00* | 1&3(2.7)* 431 0.47 0.00* 1&3(2.06)* 5.20 0.27 0.00* 1&3(2.6)*
Tea 2.50 0.25 283(0.48)* | 4.27 0.13 283(0.81)*| 3.18 0.16 283(1.13)* | 3.90 0.32 283 (1.2)*

* highly Significant at P<0.01 HS
** significant p<0.05S

Table 2:_ Comparison of AE valuesfor water, coffee and tea solutions for DPI

DPI
1Day 7 Days 1 Month 2 Months
Pairwise

P Value |Pairwise P Value |comparison PValue |Pairwise P Value |Pairwise

of comparison of by of comparison of comparison

ANOVA |by Scheffe's ANOVA |Scheffe's ANOVA |by Scheffe's ANOVA |by Scheffe's
Beverage|Mean SD test, sig [test Mean SD test, sig |test Mean SD test, sig |test Mean SD test, sig |test
Water 0.90 0.24 182(1.8)* 1.30 0.28 1&2(3.4)* | 1.00 0.28 182(2.9)* 1.30 0.27 182(2.8)*
Coffee 2.80 0.26 0.00* 1&3(1.2)* 4.70 0.22 0.00* | 1&3(2.5)* 3.90 0.12 0.00* 1&3(2.0)* 4.10 0.35 0.00* 1&3(1.9)*
Tea 2.20 0.28 283(0.57)* | 3.80 0.30 283(0.92)*| 3.00 0.28 283(0.87)* | 3.20 0.12 283 (0.92)*

* highly Significant at P<0.01 HS
** significant p<0.05S

Table 3: Comparison of AE valuesfor water, coffee and tea solutionsfor Acralyn-H

Acralyn-H
1Day 7 Days 1 Month 2 Months
Pairwise

P Value |Pairwise P Value |comparison PValue |Pairwise P Value |Pairwise

of comparison of by of comparison of comparison

ANOVA |by Scheffe's ANOVA |Scheffe's ANOVA |by Scheffe's ANOVA |by Scheffe's
Beverage|Mean SD test, sig [test Mean SD test, sig |test Mean SD test, sig |test Mean SD test, sig |test
Water 0.80 0.42 182(1.7)* 1.20 0.35 1&2(3.1)* | 0.80 0.42 182(2.7)* 1.00 0.33 182(2.8)*
Coffee 2.50 0.28 0.00* 1&3(1.2)* 4.30 0.22 0.00* |[1&3(2.08)*| 3.50 0.41 0.00* 1&3(2.1)* 3.90 0.21 0.00* 1&3(2.01)*
Tea 2.00 0.32 283(0.52)* | 3.30 0.37 283(L1)* | 2.90 0.39 283(0.59)* | 3.00 0.25 283 (0.86)*

* highly Significant at P<0.01 HS
** significant p<0.05S

Table 4: Comparison of AE values after immersion in water for the denture base specimens of Trevalon, DPI and
Acralyn-H

Water
1Day 7 Days 1 Month 2 Months
Pairwise
P Value |Pairwise P Value |comparison PValue |Pairwise P Value |Pairwise
of comparison of by of comparison of comparison
ANOVA |by Scheffe's ANOVA |Scheffe's ANOVA |by Scheffe's ANOVA |by Scheffe's
Groups [Mean SD test, sig [test Mean SD test, sig |test Mean SD test, sig [test Mean SD test, sig |test
Trevalon 1.00 0.34 - 1.50 0.34 - 1.10 0.43 - 1.30 0.45
DPI 0.90 0.24 NS 1.30 0.28 NS 1.00 0.28 NS 1.30 0.27 NS
Acralyn-H[  0.80 0.42 1.20 0.35 0.80 0.42 1.00 0.33

NS = Non Significant.
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Table 5: Comparison of AE values after immersion in coffee solution for the denture base specimens of Trevalon,

DPI and Acralyn-H

Coffee

1Day 7 Days 1 Month 2 Months
Pairwise

P Value |Pairwise P Value [comparison PValue |Pairwise P Value [Pairwise

of comparison of by of comparison of comparison

ANOVA |by Scheffe's ANOVA |[Scheffe's ANOVA |by Scheffe's ANOVA |by Scheffe's
Groups |Mean SD test, sig |test Mean SD test, sig [test Mean SD test, sig |test Mean SD test, sig |test
Trevalon 3.00 0.39 1&2(0.18) 5.10 0.13 1&2(0.36)* | 4.30 0.47 1&2(0.4) 5.20 0.27 1&2(1.08)**
DPI 2.80 0.26 | 0.01** |1&3(0.48)** | 4.70 0.22 | 0.01** |1&3(0.78)**| 3.90 0.12 0.00% | 1&3(0.8)* 4.10 035 | 0.01** | 183(1.31)*
Acralyn-H[  2.50 0.28 2&3(0.3) 4.30 0.22 2&3(0.42)* [ 3.50 0.41 2&3(0.42) 3.90 0.21 2&3(0.42)

* highly Significant at P<0.01 HS
** significant p<0.05S

Table 6: Comparison of AE values after immersion in tea solutios for the denture base specimens of Trevalon, DPI

and Acralyn-H

Tea

1Day 7 Days 1 Month 2 Months
Pairwise

P Value |Pairwise P Value |comparison PValue |Pairwise P Value |Pairwise

of comparison of by of comparison of comparison

ANOVA |by Scheffe's ANOVA |Scheffe's ANOVA |by Scheffe's ANOVA |by Scheffe's
Groups |Mean SD test, sig [test Mean SD test, sig |test Mean SD test, sig |test Mean SD test, sig |test
Trevalon | 2.50 0.25 182(0.27) 4.30 0.13 182(0.47)* | 3.20 0.16 182(0.2)** | 3.90 0.32 182(0.72)*
DPI 2.20 0.28 0.00* | 1&3(0.53)* 3.80 0.30 0.00* [1&3(0.99)* | 3.00 0.28 0.01** | 183(0.3)** 3.20 0.12 0.00* 1&3(0.89)*
Acralyn-H  2.00 0.32 28&3(0.25) 3.30 0.37 283(0.51)* | 2.90 0.39 283(0.1)** | 3.00 0.25 283(0.14)
* highly Significant at P<0.01 HS
** significant p<0.05S

value with staining solutions than hydrophobic

Discussion

Color stability of a material can be evaluated byiaus
methods. It involves subjecting the specimens to a
colorant and evaluating the change in color over a
period of time. Color evaluation can be performed
visually (Munsell system) or by wusing a
spectrophotometer and colorimeter (CIELAB system)
[6,7,8,9,10]. Commision Internationale de L’Eclaiea
(CIELAB) system is a uniform 3 dimensional system
that determines color changes. Variability of resbly
visual assessment can arise due to several factors
including the observed object, illuminant position
relative to the observer and to each other, color
characteristics of the illuminant, metamerism, gfag,
aging and emotional state of the observer [6,11].
Instrument measurements can eliminate subjective
interpretation of visual color comparison, hence
spectrophotometers and colorimeters are more widely
used today. Discoloration of materials may be cduse
by intrinsic or extrinsic factors. Intrinsic factinvolve
chemical changes of the material due to the oxadadf
amine accelerators by a change in hue from whitsh
yellow appearance. Extrinsic factors of discolanati
include staining by adhesion or penetration of zoits
from exogenous sources like coffee, tea, nicotitee e
[6]. Hydrophilic materials show a higher degree of
water sorption and a relatively higher discolonatio
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materials [6,12]. PMMA exhibits a water sorptioriue

of 0.69 mg/crh [13] Liquid intake specially causes
surface staining, [14] Hence, these beverages were
selected for the studysuler et al [14] described that
coffee consumption (1 dose) lasts 15 min, giveh 3t
doses are consumed daily by regular coffee drinkers
Thus, the 24-h storage simulate 1 month of regular
coffee drinking. In this study, the same immerdiome

for coffee and tea was used. Thus, the immersioinge

of 7 days, 1 month and 2 months represents 7 months
2.5 years and 5 years of consumption respectividig.
time periods chosen in this study is consideredhas
cumulative time for few years of consuming the Kkisin
within short period of time. This is suitable fdnet
denture base resin material which might get stained
after few years of fabrication. According to presen
study, after 1 day, 7 days, 1 month and 2 months of
immersion, both coffee solution and tea solutionsea
staining of the denture base resins. Coffee salutio
stained the denture base resin materials more tdaan
According to Nur Hersek et al [1] tannic acid prase

tea and coffee caused the staining. Imirzalioglet Rl

[5] stated that tea flavins in tea leaves and caffair
caffeic acid in coffee lead to discoloration in yuokric
materials. Um and Ruyter [2,7] reported that
discoloration due to tea can be easily removed, as
discoloration of materials by tea is mainly due to
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surface adsorption of the colorants. In contrasth w
coffee, the discoloration is probably due to batlface
adsorption and absorption of colorants. It was also
reported that fewer polar colorants from coffee had
penetrated deeper into the materials because the
colorants were more compatible with the polymer
matrices of the resin materials. The materials \witih
value for water sorption showed relatively high
discoloration values in all staining solutions. eaal[2]
reported that hydrophobic materials are more ptone
staining by hydrophobic solutions. Adversely, ire th
present study, coffee (hydrophobic solution) had a
significant effect on the color of acrylic resins
(hydrophilic material). Similar findings were notéa
previous studies. Buyukyilmaz and Rruyter[2,15],
Imirzalioglu P[5] demonstrated that coffee produced
greater color changes than tea on denture basgsresi
Keskin investigated the color stability of PMMA
denture base polymers after immersion in coffeetaad
solutions for 7 days and reported an initial inessa
then a decrease, in the discoloration values of the
materials which was attributed to the removal of
accumulated layer. As tea and coffee layers on
specimens reach a certain thickness, they tendetakb
away from the surface of the specimens and retrn t
the solution.[5]Similarly, the results obtained from the
present study supported this aforementioned
phenomenonSo it is assumed from the present study
that coffee stains are absorbed more than teasstady

be because of the difference in particle size arepdr
penetration of coffee stains than tea stains. Arsbtige
three denture base resin materials tested, Trevalon
showed highest color change followed by DPI and
Acralyn- H after immersion in coffee and tea salnti
The difference in the color stability of denturesba
resin materials may be attributed to the differencte
composition of tested denture base resin mateiils
its nature (polar properties etc), which attribute
adsorption and absorption of staining solutionnd
brands and strength of staining solutions.[16] &iit
the present study all the specimens were immensed i
same brands and strength of staining solution, the
difference in color stability may be attributed migito
difference in composition and polar properties loé t
materials. According to Tsuboi et al[17] acrylicsire
contains a small number of carbonyl groups whidh ar
polar groups that attract water molecules. Water
molecules on the surface of acrylic resin are pulle
towards the polar residues inside the acrylic tesin
spread through the intermolecular gaps of the resid
gradually infiltrate deeper into the acrylic resihhe
amount of water absorbed depends on the number of
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hydrophilic groups (carbonyl groups) in the acrylic
resin polymer. Miettinen et al [18}ated that water is
absorbed into polymer by the polarity of the molesu

in the polymers, by unsaturated bonds of the médscu
or unbalanced intermolecular forces in the polymers
Bettencourt et al[19]stated two conditions that
influence the amount of water diffusion into desetur
resins. One is the water diffusion coefficient bEt
material that affects the time needed for its sdinn
with water and the amount of residual componerds th
are released into the medium and replaced by water
molecules. The difference in the chemistry of thgins
may account for the different effect water immensio
has on their properties. According to Tuna et §lfpe
extent and rate of water uptake into polymer nekaor
are predominantly controlled by resin polarity,tdted

by the concentration of polar sites available tonfo
hydrogen bonds with water. The present study redeal
that both the beverages affect the color of thénses
significantly when compared with the control group.
Time was found to be a critical factor for coloalstity

of acrylic denture base resin materials. The pitesen
study also revealed that amongst the three debase
materials tested Trevalon showed more color change
after 1 day, 7days, 1 month and 2 months of imroarsi
in staining solution followed by DPI and Acralyn-H.

Conclusion

Within the limitations of study,
conclusions were drawn:

the following

1) Coffee and tea cause considerable discoloration of
denture base acrylic resin materials.

2) Coffee solution exhibited more discoloration
followed by tea solution.

3) The maximum color difference was noted for
Trevalon in both coffee and tea solutions after
lday, 7 days, 1 month and 2 months immersion
period.

4) Acralyn-H exhibits better color stability than
Trevalon and DPI over 1day, 7 days, 1 month and 2
months immersion period in the coffee and tea
staining solutions.

Funding:Nil. Conflict of interest: Nil. Permission for
IRB: Yes
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