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ABSTRACT

Objective: The aim of this study was to evaluate the effect of five different
beverages and polishing on the color change of two different temporary
prosthetic materials manufactured with different methods.

Method: 160 (10x2 mm) disc-shaped samples were fabricated using direct
(Acrytemp)(n=80) and indirect (Imident) (n=80) temporary prosthetic
materials. Samples prepared using molds were divided into four groups as
polished (direct/indirect material) and unpolished (direct/indirect material)
(n=40 each). After initial measurement of L,a,b values using a
spectrophotometer, the samples in each group were immersed in five
different beverages (distilled water (DW), coffee (CF), cola (CC), sour cherry
juice (CJ), red wine (RW) (n=8) and stored for 7 days. Then, the
spectrophotometric measurements of the samples were repeated and the
color change (AEoo) values were calculated. Data were analyzed using a three-
way-ANOVA followed by post hoc Tukey HSD test (p=0.05).

Results: Greater color change was observed in the direct temporary material
(p<0.05). A statistically significant difference was found between polished
and unpolished samples (p<0.05). There was no significant difference
between indirect and direct temporary materials in terms of discoloration in
the CC and DW groups (p>0.05). Indirect temporary material exhibited less
color change than their direct counterparts in the RW, CJ, CF groups
(p<0.05). Less color change was observed in the polished groups (except DW)
in direct temporary materials (p<0.05). Color change values were lower in
the CC and DW groups compared to CF group (p<0.05). Comparing the direct
temporary material groups, the greatest color change value was found in the
RW group (p<0.05).

Conclusion: Although variations in color change can be observed depending
on the contents of the temporary materials and the beverages utilized,
surface polishing of the material contributes to a reduction in color change.

(04
Amag: Bu calismanmin amaci, yapim teknikleri farklilik gosteren iki gecici

protetik materyal iizerinde bes farkli icecegin ve polisajin renk degisimine
olan etkisini degerlendirmektir.

Yontem: 160 adet (10x2 mm) disk seklinde numune, direkt (Acrytemp)
(n=80) ve indirekt (Imident) (n=80) gecici protetik materyaller kullanilarak
elde edildi. Kalip kullanmlarak hazirlanan numuneler, polisaj islemi
uygulanan (direkt/indirekt materyal) ve uygulanmayan (direkt/indirekt
materyal) olarak dort ayn gruba béliindii(n=40). ilk L, a, b degerleri bir
spektrofotometre kullamlarak olguldikten sonra, her bir gruptaki
numuneler bes farkli icecege (distile su (DW), kahve (CF), cola (CC), visne
suyu (CJ), kirnizi sarap (RW)) daldinldi ve bir hafta siire ile bekletildi.
Ardindan numunelerin spektrofotometrik olcimleri tekrarland1 ve renk
degisimi (AEoo) degerleri belirlendi. Verilerin analizleri ti¢c yonlii ANOVA ve
ardindan post hoc Tukey HSD testleri ile yapildi (p=0.05).

Bulgular: Direkt gecici materyalde daha belirgin bir renk degisimi gézlendi
(p<0.05). Polisaj uygulanan ve uygulanmayan numuneler arasinda onemli
farkliik bulundu (p<0.05). CC ve DW gruplannda, direkt ve indirekt gecici
materyaller arasinda anlamli bir farkliik bulunmadi (p>0.05). RW, CF, CJ
gruplannda, indirekt gecici materyal direkt gecici materyalden daha az
renk degisim degeri gosterdi (p<0.05). Direkt gecici materyallerde DW
harig, polisaj uygulanan gruplarda daha az renk degisimi bulundu (p<0.05).
CC ve DW gruplarinda, CF grubuna gore daha diisiik renk degisimi degerleri
izlendi (p<0.05). Direkt gecici materyal gruplarn karsilastinldigi zaman, RW
grubunun renk degisim degeri en yilksek bulundu (p<0.05).

Sonug: Gecici materyallerin yapim tekniklerine ve kullamlan iceceklere
bagli olarak meydana gelen renk degisiminde farkliliklar izlense de
materyalin yiizeyine polisaj uygulanmasi renk degisiminin azalmasina
yonelik katkida bulunmaktadir.

Keywords: Bis-acryl, Color stability, Polishing, Polymethylmethacrylate, = Anahtar  Kelimeler: Bis-akril, Gecici  protetik  materyaller,
Temporary prosthetic materials Polimetilmetakrilat, Polisaj, Renk stabilitesi
INTRODUCTION the prognosis of fixed prosthetic restoration. Thus, temporary

In dentistry, temporary restorations are used as an interim material
between the time of tooth preparation and the placement of permanent
prosthetic restorations '“. These restorations protect the prepared
dental structure against thermal and mechanical factors and provide
aesthetic and functional rehabilitation of the oral environment.
Therefore, it is desirable for these materials to show sufficient wear
resistance, mechanical strength and color stability to meet aesthetic
and biological requirements % 5. In addition, temporary restorations
offer several advantages such as prevention of bacterial contamination,
protection of pulpal and periodontal tissues, and maintenance of the
normal position of the tooth, all of which are essential at this
intermediate stage '. These restorations assist in the planning of the
form and function of the definitive prosthetic restorations and allow for
a diagnostic assessment before the fabrication of the final restoration
367 The quality of the interim treatment restoration largely affects

Gonderilme Tarihi/Received: 15 Nisan, 2023
Kabul Tarihi/Accepted: 14 Haziran, 2023
Yayinlanma Tarihi/Published: 25 Aralik, 2023

Atif Bilgisi/Cite this article as: Rencber Kizilkaya A, Dursun MN. The Effect of Beverages and Polishing on
Discoloration of Different Provisional Prosthetic Materials: An in Vitro Study. Selcuk Dent J 2023;10(3): 560-564

Doi: 10.15311/ selcukdentj. 1283984

restorations are intended to simulate definitive restorations as much as
possible ©.

Traditionally, temporary restorations have been fabricated using two
different methods, direct and indirect. Currently, with the advances in
digital technologies, additive and subtractive methods enable easier
manufacturing of restorations that are more similar to the actual final
restorations. Producing indirect restorations on plaster provides the
dental practitioner with better visibility of margins for contouring and
polishing restorations. Direct fabrication of temporary restorations for
multiple teeth is also a commonly used technique & °.

Temporary restorations can be used for a short time, such as a few days,
or they can be kept in the oral cavity for a longer period if necessary
10, Preservation of color stability of the materials is highly demanded
by patients, especially in long-term use and/or for aesthetic reasons
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7 1, 12 Discoloration of temporary restorations leads to patient

dissatisfaction and may require replacement of the restoration .
Color stability of temporary restorations is affected by numerous
factors, including the chemical and physical characteristics of the
material, inadequate polymerization, water absorption, oral hygiene,
dietary habits and surface roughness 7> ' 4,

Exposure to various coloring agents may cause discoloration of the
surface of the temporary restorative materials > 7> 2. The presence of
rough surfaces increases the staining potential of restorations ™ ',
The aim of this in vitro study was to investigate the influence of five
commercially available beverages and polishing procedure on the
color change of direct and indirect temporary prosthetic materials.
The null hypotheses tested were as follows: (1) the test beverages will
not have any effect on discoloration of the color of temporary
materials, (2) there will be no difference between the direct and
indirect temporary materials regarding color change, and (3) polishing
will not affect discoloration of the temporary materials.

MATERIALS AND METHODS
Sample size calculation

G*Power, version 3.1 (Heinrich-Heine Dusseldorf University,
Dusseldorf, Germany) was used to compute the sample size. Power
analysis showed that a minimum of five samples in each group would
be required to achieve a power of 81% with 95% confidence interval
and an effect size of 0.50 . Ultimately, eight samples were included
in each group.

Sample Preparation

A total of 160 disc-shaped samples were fabricated using indirect
(Imident, Imicryl, Konya, Turkey) and direct (Acrytemp, Zhermack
SPA, Italy) temporary restoration materials (n=80). Direct restorative
material was applied through a dispensing gun using disposable tips,
and indirect provisional material was prepared as a powder-liquid
mixture as recommended by the manufacturer and allowed to set in.
The materials were meticulously inserted into a silicone mold (10 mm
in diameter and 2 mm in thickness), and subsequently covered by a
glass slide to ensure uniformity and accuracy of the sample. Excess
material was removed by applying gentle pressure to obtain a flat
surface. After completion of chemical polymerization, the samples
were removed from the mold. Then, the samples were randomly
separated into two groups categorized as polished and unpolished
(n=40 each). (Table1)

Table 1. Study groups

DW(n:8) DW(n:8) DW(n:8) DW(n:8)
CC(n:8) CC(n:8) cc(n:8) cc(n:8)
CF(n:8) CF(n:8) CF(n:8) CF(n:8)
CJ(n:8) CJ(n:8) CJ(n:8) CJ(n:8)
RW(n:8) RW(n:8) RW(n:8) RW(n:8)

The polished samples were prepared with 600-grit silicon carbide
abrasive paper under water cooling for 10 seconds. Then, a mixture
of pumice powder and water was applied to the sample surfaces with
a bristle brush for 1 minute. Finally, polishing was completed by
applying a polishing paste (Universal Polishing Paste, Ivoclar Vivadent,
Schaan/Lichtenstein) to the samples with a cotton brush for 1 minute.
Finishing and polishing procedures were performed by a single,
experienced operator to avoid bias. The unpolished samples were not
subjected to any kind of surface treatment after they were removed
from the mold. All samples with or without polishing were stored in
distilled water for 24 hours.

Immersion of the Samples in Solutions

After removing the samples from the distilled water, initial color
measurements were obtained using a spectrophotometer. The
samples were divided into five subgroups according to the different
test beverages (n=8 each): DW (Distilled water), CC (Coca-Cola, the
Coca-Cola Company, istanbul, Turkey), CF (Coffee, Nescafe Gold,

Nestle Corp., Vevey, Switzerland), CJ (Sour cherry juice, Dimes Gida
A.S., izmir, Turkey), RW (Red wine, Kavaklidere Wines Co., Ankara,
Turkey). Distilled water was utilized as the control group in this study.
Details of the materials used are listed in Table 2.

Table 2. Beverages and provisional materials used in the study

Cocas Ths|Caca:Cola Carbonated water, high-fructose corn syrup (HFCS), caramel color,

Cola Company, Istanbul, N " !
(C0) Turkey phosphoric acid, natural flavors, caffeine.
Coffee Nescafe Gold, Nestle
(CF) Corp., Vevey, Soluble coffee, finely ground coffee (3%).
Switzerland
c?\l;?: Dimes Gida A.S, izmir, Water, sugar (sucrose/fructose-glucose syrup), sour cherry juice
el y Turkey concentrate, acidity regulator (citric acid), Flavoring (sour cherry).
juice (CJ)
V%;de Kavaklidere Wines Co., ~ Bogazkere grape, Carignan grape, Alicante grape, Okiizgozii grape,
(RW) Ankara, Turkey Alcohol (13.5% vol), egg albumin, sulphites.
Imident .
(indirect) Imicryl, Konya, Turkey Polymethyl methacrylate
Acrytemp Zhermack SPA, Via ey 0 m A
(direct) Bovazecchino, ltaly Eseciviceopbesteliesly

To prepare the coffee solution, 2 g coffee granules were added to 200
ml of boiling water. The solution was ready for use after a waiting
period of 10 minutes to achieve drinking temperature ". Other
solutions were also prepared in a 200 ml cup size. The samples were
immersed in respective solutions for one week and the solutions were
renewed daily '8. After storage for a week, the samples were removed
from the solutions, rinsed with distilled water, dried with a paper
towel, and then second color readings were obtained.

Color Measurements

Spectrophotometric readings were taken before and after immersion
in different coloring solutions. All color measurements were obtained
on a standard white surface using a digital spectrophotometer (Vita
Easyshade V, VITA Zahnfabrik GmbH&Co. KG, Germany).
Measurements were recorded according to the CIELAB Color System,
which was first introduced in 1978 by the Commission Internationale
de UEclairage to describe color based on human perception '2. This
system consists of three spatial coordinates designated as L*
(lightness), a*(green-red axis), and b*(yellow-blue axis). After three
measurements were taken, the mean values for L*a*b* were recorded,
and color change (AEw) was calculated using the new CIEDE2000
formula ' 20,

As widely adopted by the dental professionals, the parametric factors
in the color difference formula were set at 1 and AEo <1.8 units was
selected as the clinically acceptable color difference threshold in this
study?" 22,

Statistical Analysis

SPSS 21.0 for Windows (IBM Corp., Armonk, NY) was used for the
analysis of the study data. The normality of the data distribution was
checked using Kolmogorov-Smirnov and Shapiro-Wilk tests. Analysis of
normally distributed data was conducted using three-way ANOVA.
Pairwise comparisons were made using post hoc Tukey HDS test.
Significance was evaluated at the p<0.05 level.

RESULTS

The results of three-way ANOVA analysis and AEg values (mean + SD)
of the groups are shown in Tables 3 and 4, respectively. After
immersion in the solutions for one week, direct provisional material
showed greater color change than indirect provisional material
(p<0.05). A significant difference was observed between the polished
and unpolished samples (p<0.05). The five different beverages tested
showed significant differences with each other in terms of color
change (p<0.05).
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Table 3. Three-way ANOVA results of the effects of interest
(provisional material, polishing and beverage) and interactions among
these effects

Provisional

*
Material 767.172 1 767.172 275.361 0.000
Polishing 303.352 1 303.352 108.882 0.000*
Beverage 1.347.309 4 336.827 120.897 0.000*
Provisional
Material x 135.374 1 135.374 48.59 0.000*
Polishing
Provisional
Material x 741.727 4 185.432 66.557 0.000*
Beverage
Polishing x .
Beverage 174.744 4 43.686 15.68 0.000
Provisional
e 92.123 4 23.031 8.266 0.000*
Polishing x
Beverage
Three-way ANOVA *p<0.05

Table 4. AEqo values of the groups

Polished  055:036° 0.69+0.39°  6.19+1.0°  290+0.71° 9.02+217"  0.000*
Direct  Unpolished 0.59+0.24° 1.47+077° 13.63+3.73" 848+229° 18.16+4.21°  0.000*
2 0.800 0.028* 0.001* 0.000% 0.000%
Polshed  0.40+010° 1.10+084° 233+104* 1242071 157+079°C  0.000%
Indirect  Unpolished  0.49+0.18° 152+0.80° 375+146" 230207 316%1.31"  0.000%
2 0175 0.325 0.042¢ 0.193 0.011%
; Polished’y 0295 0.230 0.000% 0.000* 0.000*
Direct
Indirect i
U”p‘igs"ed 0.324 0.888 0.000% 0.000* 0.000*
Three-way ANOVA *p<0.05

Different superscript letters in the same row indicate a significant difference among the groups.
'p: Comparison among the beverages.

2p: Comparison between polished and non-polished restorations.

3p: Comparison among the provisional materials.

Figure 1. AE, values of the groups
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Figure 1. AEw values of the groups

No significant difference was observed between indirect and direct
temporary materials in the CC and DW groups (p>0.05). In RW, CJ, CF
groups, less color change was seen in the indirect temporary material
compared to the direct material (p<0.05). In the direct temporary
materials, except for the DW group, the polished groups showed lower
color change values (p<0.05). When comparing indirect temporary
materials with or without polishing, statistically significant differences
were only observed in the RW and CF groups (p<0.05). Color change values
were lower in the CC and DW groups compared to CF group (p<0.05).
Among the direct temporary material groups, the RW group displayed the
greatest color change value (p<0.05). In the direct temporary material,
the CF group showed more color change than the CJ group (p<0.05), while
similar values were observed in the indirect temporary material (p>0.05).

DW and CC groups showed similar AEq values (p>0.05) and did not exhibit
clinically perceptible color change in direct and indirect materials
(AE00<1.8) . In polished indirect temporary material, only the CF group

showed unacceptable color change (AEx>1.8). The RW, CJ and CF
groups showed unacceptable color change in direct and polished
indirect materials (AEoo>1.8).

DISCUSSION

Temporary restorations designed for use in the interval between
tooth preparation and placement of the definitive prosthesis are
expected to retain their aesthetic properties throughout their
use. Color stability of temporary materials is of great importance
for both patients and clinicians, especially for aesthetic concerns
or in the case of extensive prosthodontic treatment where it must
be kept in oral cavity for six months or even longer 7> ' 23, For this
reason, in this study, the samples were immersed in staining
solutions for a test period of 7 days to simulate one year of
beverage consumption with exposure of the oral cavity to the
beverages for 30 minutes a day '®. After 7 days of immersion in
the beverages, clinically unacceptable color changes were seen
in the CF, CJ and RW groups (AEw>1.8) 2%. However, no clinically
perceptible color change was observed in the DW and CC groups
(AE<1.8). As a result, the first null hypothesis was partly
rejected.

Materials available for fabricating temporary restorations contain
autopolymerizing polymethyl methacrylate (PMMA), polyvinyl
methacrylate, urethane methacrylate, polyethylene
methacrylate, micro-filled resin and bis-acryl. Polyethylene
methacrylate has poor aesthetics and wear resistance which
resulted in a larger market share for polymethyl methacrylate and
bis-acryl resin composite materials ?°. Studies have shown that
PMMA-based provisional materials tend to exhibit less
discoloration than other temporary resins, including bis-acrylic
resin 7 2 2 2 Doray et al.®® found that MMA (methyl
methacrylate)- based material provides superior color stability.
Gujjari et al. ° and Mazaro et al. ¥ reported that PMMA displayed
lower color change levels in contrast to bis-acrylic resin.
Yannikakis et al. 3 noted that while MMA-based materials showed
the best color stability, bis-acryl composite materials showed the
worst. These findings can be attributed to the heterogeneous
structure of composite-based materials as opposed to acrylic-
based materials which have a homogeneous structure. The
capacity to adsorb and absorb solutions directly affects the color
stability of homogeneous PMMA-based materials. However, the
heterogeneous structure of bis-acryl resins allows the pigmenting
solution to infiltrate into the midst of the small particles of the
material and this causes greater color change in the material 2>
2,3 In addition, bis-acryl resins are more polar than PMMA
materials, resulting in a greater affinity for water and other polar
liquids. This may explain the degree of color change of most bis-
acryl resins 2. In this study, direct temporary material with bis-
acryl and indirect temporary material with PMMA were compared
and it was seen that PMMA material provided better color stability
in line with the literature. In light of these results, it can be
considered that choosing a PMMA-based material would be
advantageous if temporary restorations are to remain in the oral
cavity for a long time 2. In this study, it was demonstrated that
the type of material significantly affects the color stability of
temporary materials, and therefore, the second null hypothesis
was rejected.

It is desirable to render the restoration surfaces as smooth as
possible with finishing and polishing procedures. This is important
not only for satisfactory aesthetic outcomes but also for oral
health. Rough surfaces make the material more susceptible to
staining compared to smooth surfaces, causing retention of
microorganisms and plaque accumulation and compromising the
clinical performance of the entire restoration ' 23, Although
provisional materials are used at the intermediate stage before
placement of the definitive prosthesis, polishing of the surface of
the temporary materials is essential. The results of this study also
show the importance of polishing the surfaces. In addition, the
same surface properties may not be achieved in every material
after polishing. It has been reported that MMA-based materials
display smoother surfaces after polishing compared to bis-acryl
resin ' 2% 3% 32 The greater color change seen in the direct
temporary material used in this study may be related to the
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surface properties of the bis-acrylic materials. In this study, less
discoloration was observed in the polished temporary materials than
their unpolished counterparts. Thus, the third null hypothesis was
rejected.

Several factors such as surface roughness, poor oral hygiene and intake
of coloring foods and beverages may cause discoloration of the tooth
and restoration surfaces ' 3, In this study, a comparison of beverages
frequently consumed by individuals (cola, coffee, sour cherry juice,
red wine) was made. The findings of this study show that there was no
perceptible color change in the CC group (AEq<1.8). While the CJ group
showed less discoloration in the direct restorative material than RW
and CF groups (p<0.05), a similar color change was observed in the
indirect material (p>0.05). The greatest color change in the direct
temporary material was seen in the RW and CF groups (p<0.05). Red
wine and coffee cause discoloration of the surface through surface
adsorption and absorption of staining particles. Previous studies have
reported that red wine causes the greatest color change in temporary
restorative materials " . Mazaro et al.’® reported that the coffee
solution caused a significant color change. In addition, consistent with
the current study, they reported that cola did not cause a significant
color change, which was attributed to the absence of a yellow coloring
agent in its content ¥,

This study has some limitations. The samples used in this study had a
flat surface, while temporary restorations had an irregular shape with
concave and convex surfaces. Moreover, materials that are placed in
the oral environment are exposed to many factors, such as saliva,
consumption of a wide variety of foods and beverages, smoking, poor
oral hygiene, which may contribute to discoloration of the temporary
material. Therefore, further studies are needed to evaluate temporary
prosthodontic restorations in vivo.

CONCLUSION

The greatest color change value was observed after the unpolished
restorative material was immersed in red wine. No clinically
perceptible discoloration was observed in distilled water and coca cola
groups. Within the limitation of this study, although variations in color
change were observed depending on the beverages utilized the
methods used for manufacturing the temporary materials, the current
findings indicate that surface polishing of the material contributes to
a reduction in color change. It can be concluded that indirect
restorative materials have better color stability than direct materials.
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