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Abstract

Purpose: Oral rinses are widely used to promote periodontal health with provisional restora-
tions during the interim period. The aim of this study was to compare the discoloration of pro-
visional restoration materials with different oral rinses.

Material and Methods: A total of 140 disc-shaped specimens (shade A2) (10 mm x 2 mm) were
prepared from one PMMA-based (TemDent Classic®) and three different bis-acrylic-based
(Protemp II®, Luxatemp® and Fill-In®) provisional restoration materials (n=7). The color values (L*,
a*, and b*) of each specimen were measured before and after exposure with a colorimeter, and the
color changes (AE) were calculated according to the CIE L*a*b* system. The specimens were
immersed in each of the 4 oral rinses (alcohol-containing mouthwash, chlorhexidine, benzydamine
HCI, benzydamine HCl and chlorhexidine) twice a day for 2 minutes. After 2 minutes of immersion
in the oral rinses, the specimens were immersed in artificial saliva. The specimens were exposed to
the oral rinses and the artificial saliva for 3 weeks. Two-way ANOVA, the Bonferroni test and the
paired sample t-test were used for statistical analyses (p<0.05).

Results: Comparison of the discoloration from the oral rinses after immersion for three weeks
revealed no significant differences (p>0.05). The lowest color change was observed in
PMMA-based Temdent in all oral rinses (p<0.05). There were no significant differences between
the bis-acryl composites after immersion in saliva or the mixture of benzydamine HCI and
chlorhexidine and the alcohol-containing mouthwash for 3 weeks (p>0.05). After immersion in
chlorhexidine, the color change values of Protemp Il and Fill-in showed significant differences
(p=0.018). Protemp Il also showed less discoloration than the other bis-acryl composites, and this
color change was statistically significant (p <0.05). For all oral rinses, the L* value decreased while
b* values increased, and this color change was found to be statistically significant (p <0.05). A*
values were found to be significantly higher with oral rinses (p<0.05), except Protemp Il immersed
in benzydamine HCI or alcohol-containing mouthwash.

Conclusions: The type of the oral rinse did not affect the discoloration process. For long-term
esthetic results, choosing MMA-based materials for provisional restorations appears to be more
effective.

Key words: discoloration, provisional restorations, oral rinses. (PMMA, Polymethyl methacrylate’;
‘"HCL, Hydrochloride’; ‘CIE, Commission Internationale de I'Eclairage’; MMA, Methyl methacry-
late”).
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INTRODUCTION

Multiple areas of concern have been identified
with provisional restorations, including esthetics,
periodontal health, maxillomandibular relationships,
and continued evaluation of fixed prosthodontic
treatment plans. [1] Biologically acceptable fixed
prosthetic treatments demand that prepared teeth are
protected and stabilized with provisional restorations
that resemble the form and function of the definitive
treatment. These restorations sometimes serve as a
diagnostic aid in treatment assessment, and in cases of
temporomandibular joint or periodontal disorders,
treatment plans require long-term provisionalization
until the definitive prostheses have been fabricated.
Therefore, the esthetics of the temporary restoration
become a concern, particularly when it is in the es-
thetic zone during these processes.[2]

In esthetically critical areas, the provisional res-
toration must provide an initial shade match and
maintain an esthetic appearance over the period of
service. [3] Discoloration of the restoration may be an
esthetic problem, resulting in patient dissatisfaction
and additional time and expense for replacement. [4]
This is particularly problematic when provisional
restorations are subjected to prolonged exposure to
colorants during lengthy treatments. [5]

Oral rinses are widely used to promote perio-
dontal health during this interim period, whereas
provisional restorations assist in the maintenance of
periodontal health and promote guided tissue healing
by providing a matrix for the surrounding gingival
tissues. Oral rinses used in conjunction with provi-
sional treatment have been shown to reduce plaque
levels and to improve gingival health. [6] These rinses
are also occasionally administered after tooth prepa-
ration because of their anti-inflammatory, antiseptic,
and analgesic properties. [7,8] They can affect the
color stability of provisional restorations and cause
discolorations secondary to dietary factors and med-
ications. Hence, discoloration may be a significant
criterion when selecting a particular provisional res-
toration in an esthetically critical area. [9] Bagis et al.
have reported that the use of oral rinses for three
weeks caused discoloration of natural teeth and that
this discoloration was clinically unacceptable. Cur-
rently, the daily use of mouth rinses has become
popular, and studies have reported that Listerine,
which is an alcohol-containing mouthwash, has re-
sults that are comparable to chlorhexidine or benzy-
damine HCL and has a significant effect on plaque
inhibition. [10] However, our knowledge is limited
regarding the discoloration effect of these daily used
oral rinses.

Many authors have used various staining solu-

tions to observe the discoloration capacity of various
provisional materials. [3,5,8] Generally, acrylic-based
and composite resin-based materials have been used
for the fabrication of provisional restorations. As these
compositions and curing degrees can differ from each
other, there are also differences in the staining char-
acteristics of these materials. It has been reported that
acrylic-based materials have a homogeneous compo-
sition and that composite-based materials have a
more heterogeneous composition. Generally, acryl-
ic-based materials exhibited a better color stability
than the composite materials, and the authors at-
tributed this discoloration to the oxidation of unre-
acted double bonds in the composite material. [11,12]

Oral rinses are widely used during this interim
period, and there have been no studies in the litera-
ture in which oral rinses were used as discoloration
agents for provisional restorations. The aim of this
study was to examine the effects of four different oral
rinses on the color stability of one acrylic-based and
three composite-based provisional restoration mate-
rials after immersion for 3 weeks.

The hypothesis of this study was that the dis-
coloration of provisional restorations is related to the
type of provisional restoration material and type of
oral rinse.

MATERIALS AND METHODS

Four staining solutions (alcohol-containing
mouthwash, chlorhexidine, benzydamine HCIl, ben-
zydamine HCl and chlorhexidine) and four provi-
sional restoration materials (one chemically activated
polymethylmethacrylate and three chemically acti-
vated bis-acryl composites) were used for this study.
The product names, types of materials and manufac-
turers are listed in Table 1.

Preparation of Specimens

Thirty-five disc-shaped specimens (shade A2), 10
mm in diameter and 2 mm in thickness, were pre-
pared for each provisional material using a brass
mold with a socket (n=7), and these specimens were
randomly divided into 5 groups for the solutions. The
materials were dispensed, manipulated, and pol-
ymerized according to the manufacturers’ instruc-
tions. The chemically cured materials were mixed in a
mixing cup according to the manufacturers’ suggest-
ed ratio, using a glass spatula until a homogeneous
mix was obtained according to the manufacturer’s
directions. The materials were then placed separately
into the mold and sandwiched between two glass
plates. After completely setting, the excess provisional
materials were ground by hand lapping with a
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1000-grit silicon paper for 10 seconds. The surfaces of
the specimens were polished by one operator for 15
seconds using pumice, which was followed by rinsing
with distilled water to remove any debris before im-
mersion. All of the specimens were kept dry at room
temperature until all specimens were fabricated.

Preparation of the Staining Solutions

Artificial saliva was prepared, and it consisted of
the following ingredients: 1 g sodium carbox-
ymethylcellulose, 4.3 g xylitol, 0.1 g potassium chlo-
ride, 5 mg calcium chloride, 40 mg potassium phos-
phate, 1 mg potassium thiocyanate and 100 g deion-
ized water [13].

Each oral rinse (chlorhexidine, benzydamine
HCl, benzydamine HCl and chlorhexidine, alco-
hol-containing mouthwash) and the artificial saliva
were maintained in a dark environment at 37°C + 1°C
to stimulate the conditions in an oral cavity. The dis-
coloration solutions were changed twice a day
throughout the three weeks.

Experimental Procedure

All of the specimens were stored in artificial sa-
liva at 37°C % 1°C for 24 hours. The rehydration sim-
ulated the first day of service for provisional restora-
tions in the oral environment. It is known that the
types of materials used in this study imbibe most of
the water during the first day of immersion. [3,14]

Before measurements were performed, each
specimen was rinsed with distilled water for 30 se-
conds, gently cleaned with a soft toothbrush and gen-
tly dried.

The color values (L*,a*b*) of each specimen were
measured before exposure with a colorimeter (Shade
Eye Ex; Shofu, Japan) in a viewing booth under a
standard illuminant, and the values were recorded
according to the CIE L*a*b* system.

The CIE L*a*b* system is an approximately uni-
form color space with coordinates for lightness,

Table I. Materials used in the study.

namely white-black (L*¥), redness-green (a*), and yel-
lowness-blueness (b*). The measurements were re-
peated 3 times for each specimen, and the mean val-
ues of L* a*, b* were calculated. After the baseline
color measurements were obtained, the specimens
were immersed into the discoloration solutions. The
four restorative material specimens were distributed
into 5 groups (n=7). Randomly selected specimens
from each material were immersed in each of the 4
staining solutions twice a day for 2 minutes. After 2
minutes of immersion in the oral rinses, the specimens
were immersed in artificial saliva. Thus, the speci-
mens were exposed to oral rinses for a total of 84
minutes, which is equivalent to the time of mouth
rinse use for 3 weeks. The remaining specimens from
each material served as a control group and were
stored only in the artificial saliva during the 3 weeks.

After three weeks of immersion, the specimens
were rinsed with distilled water for 5 minutes and
gently brushed with a soft toothbrush for 15 seconds.
At this point, color measurements were recorded with
the same colorimeter, and these measurements were
performed under the same conditions and in the same
manner described for the baseline measurements. The
calculation of the color variation AE* between two
color positions (three weeks of storage and baseline)
in 3-dimensional L*a*b* color space is as follows: AE*
= [(L1*-L0*)? + (a1*-a0%*)2 + (b1*-b0*)2]V2

Statistical Analyses

A two-way analysis of variance (ANOVA) was
used to evaluate the effects of the material type and
discoloration agent on color changes. The mean color
change values were compared using the Bonferroni
Test. To analyze the L*, a* b* values of all tested ma-
terials, the data were compared using a parametric
paired sample t-test. The data analyses were evalu-
ated at a significance level of p< 0.05 for all individual
tests.

Product Material type

Manufacturer

Temdent Classic®

Protemp II® Chemically polymerized bis-acryl composite
Luxatemp® Chemically polymerized bis-acryl composite resin
Fill-In® Chemically polymerized bis-acryl composite
Klorhex® %0,12 Chlorhexidine
Tantum Verde® %0.15 Benzidamin HCI
Kloroben® %0.15 Benzidamin HClI,

%0.12 Chlorhexidine
Listerin®

methyl salicylate, %0.042 menthol

Chemically polymerized polymethylmetacrylate (PMMA)

Alcohol-containing mouthwash, %0.064 thymol, %0.092 eucalyptol, %0.064

Schiitz-Dental Co, Germany
3M ESPE, Seefeld, Germany
DMG, Hamburg, Germany
Kerr, De Trey, Germany
Drogsan, Ankara, Turkey
Santa Farma, Istanbul, Turkey
Drogsan, Ankara, Turkey

Johnson and Johnson, Turkey
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RESULTS

The values of the mean color difference AE* and
standard deviations for each combination of discol-
oration solutions and provisional material are listed in
Table 2. The results of the two-way ANOVA and the
Bonferroni test indicated that the effects of the inter-
actions between the solutions and the provisional
restorations were statistically significant.

After immersion for 3 weeks in saliva or the
other oral rinses used in the study, the lowest color
change was observed in PMMA-based Temdent® in
all oral rinses, which was significantly lower than
with the bis-acrylic-based materials (p<0.05). There
were no significant differences between the bis-acryl
composites after immersion in saliva or the mixture of
benzydamine HCl and chlorhexidine or alco-
hol-containing mouthwash for 3 weeks (p>0.05). After
immersion in the chlorhexidine solution, the color
change values of the bis-acryl-composite-based
Protemp II® and Fill-in® showed significant differ-
ences (p=0.018). Protemp II® also showed higher dis-

coloration than the other bis-acryl composites, and
this color change was found to be statistically signifi-
cant (p <0.05).

Comparison of discolorations with the oral rins-
es after immersion for three weeks revealed no sig-
nificant differences (p>0.05).

The L*, a* and b* values of the tested materials
after immersion in saliva and the oral rinses were
compared using the paired sample t-test. The mean
L*, a* and b* values are listed in Tables 3, 4 and 5. The
results indicated that there were significant differ-
ences between the L* a* and b* values after immer-
sion in the oral rinses. For all oral rinses, the L* value
decreased while the b* values increased, and this color
change was found to be statistically significant (p
<0.05). The a* values were found to be significantly
higher with oral rinses (p<0.05), except for Protemp
II® immersed in benzydamine HCl and Temdent®
immersed in benzydamine HCl and in the alco-
hol-containing mouthwash.

Table 2. Mean and SD values of color changes after immersion of 3 weeks.

Saliva Chlorhexidine BenzidaminHCl BenzidaminHCl, Alcohol-containing

Chlorhexidine mouthwash

Temdent® 1,94+04@ 3,52+0,2@ 3,35+0,6 @ 3,04£0,1@ 3,02+0,6 @

Protemp II® 2,73+0,6 ® 5,38+0,3 @ 517 +0,4 ® 4,94 +0,3 ® 4,87 +0,4 ®

Luxatemp® 2,75+0,2 ® 5,1+0,1 () 4,78 +0,3 © 5,06 £ 0,4 ® 4,68 0,6 ®

Fill-in® 25+02® 4,97+0,3© 4,85+0,50 4,93+0,3 ® 4,8+03®

Same letters in the same columns were not significantly different (Bonferroni test (p<0.05).

Table 3. Mean and SD values of L* values after immersion of 3 weeks.

Saliva Chlorhexidine BenzidaminHCl BenzidaminHC], Alcohol-containing mouth-
Chlorhexidine wash

Temdent® 829+0,8 82,3 +0,6* 81,6 £0,5* 82,1+0,9* 81,5+0,7*

Protemp II® 80,7+0,6 79,7 +0,8* 79,4 +0,5% 78,4 +0,8* 79,2 £0,6*

Luxatemp® 834+1,2 82,2 +0,3* 82,4 +0,7* 82 +04* 82,6 £0,5*

Fill-in® 78,7+0,7 76,7 +0,4* 77 £0,6* 77,1 +£0,8* 77,3 £0,6*

Symbol (*) represents that there were significant differences between the L* values of tested materials among the tested materials immersed in saliva and the oral rins-

es.(Paired-Sample T-test (p<0.05).

Table 4. Mean and SD values of a* values after immersion of 3 weeks.

Saliva Chlorhexidine BenzidaminHCI BenzidaminHCI, Alcohol-containing mouthwash
Chlorhexidine
Temdent® 1,3+0,3 1,6 £0,3* 1,3+0,2 1,4+0,3* 1,303
Protemp II® 1,1+0,1 1,2+0,2* 1,1+0,1 1,2+0,2* 1,2+0,2%
Luxatemp® 08+0,2 1+0,2* 1,2+0,1* 1,1+0,1* 1,1+0,1*
Fill-in® 1+0,2 1,4+0,2% 1,2+0,2* 1,2+0,1* 1,1+0,1*

Symbol (*) represents that there were significant differences between the a* values of tested materials among the tested materials immersed in saliva and the oral rinses.

(Paired-Sample T-test (p<0.05).
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Table 5. Mean and SD values of b* values after immersion of 3 weeks.

Saliva Chlorhexidine BenzidaminHC] BenzidaminHCl, Alcohol-containing
Chlorhexidine mouthwash
Temdent® 14,9+0,7 19,6 £ 0,6* 19,1+£0,7* 16,8 £0,3* 16,5+ 0,5*
Protemp II® 152+0,6 16,2 +0,6* 15,8 +0,5* 16,2 +0,6* 16,7 £ 0,4*
Luxatemp® 16,8 +0,9 18,6 £ 0,4* 18,1 +£0,6* 18,4 £0,8* 18 £0,8*
Fill-in® 179+1,1 19,6 +0,8* 18,3 +0,8* 19,1 +£0,8* 18,7 £ 0,9*

Symbol (*) represents that there were significant differences between the b* values of tested materials among the tested materials immersed in saliva and the oral rinses.

(Paired-Sample T-test (p<0.05).

DISCUSSION

The working hypothesis of the present study
should be partially accepted because there were sig-
nificant differences in discoloration depending on the
type of provisional material used and because the oral
rinses affected the color stability of these materials
after immersion for three weeks. However, the dis-
coloration of the provisional restoration materials was
not affected by the type of oral rinse.

According to the results of this study,
PMMA-based provisional materials provide more
color stability than the bis-acryl composite-based
materials. These results may be due to the homoge-
neous composition of the acrylic-based material and
the heterogeneous composition of the composite ma-
terial. The discoloration might be due to both surface
adsorption and absorption of the colorants of the oral
rinses. Fine colorant particles may have deposited in
the pits of the bis-acryl composites. The less polar
colorants and water-soluble polyphenols in the col-
orants may have penetrated deep into the materials,
possibly because such colorants are more compatible
with the polymer matrix of the composites than with
methylmethacrylate. [15] The findings of this study
are in agreement with a study by Doray et al. [2], who
stated that MMA provided better color stability. Ad-
ditionally, Yannikakis et al. [16] have reported that
after immersion of provisional materials in various
staining solutions for up to 1 month, the MMA mate-
rials exhibited the best color stability and the bis-acryl
composite materials exhibited the worst color stabil-
ity. These chemical discolorations have been at-
tributed to an oxidation of the polymer matrix or ox-
idation of unreacted double bonds. [8,9] Additionally,
the composite-based resins can absorb water at a
higher rate because of a high diffusion coefficient in
comparison to MMA-based resins. These properties
may explain the excessive color changes observed
with composite-based materials with the use of oral
rinses. [17] Further investigation is needed to evaluate
the relationship between the discoloration solution
and provisional restorative materials with respect to
the chemical properties of these solutions.

The discoloration potential of chlorhexidine
gluconate has already been reported in the literature.
[7,18] This study confirmed these reports and
demonstrated that chlorhexidine-containing mouth
rinses discolored the provisional restorative materials
more than the controls. However, chlorhexidine glu-
conate, benzydamine hydrochloride and the effects of
the hybrid solution were not significantly different
from each other. Listerine, composed of a mixture of
essential oils, also leads to discoloration in provisional
restoration materials. It may be possible that these
restorative materials have a tendency to show discol-
oration after three weeks, regardless of which oral
rinse is being used.

Finishing and polishing procedures may also in-
fluence surface smoothness, which is related to early
discoloration. Rough surfaces mechanically retain
surface stains better than smooth surfaces. [8] There-
fore, we used a ground and polished surface, and all
the specimens’ surfaces were standardized because it
is usually necessary to remove excess material after
the fabrication of the provisional restorations. It has
been reported that MMA-based provisional materials
exhibit smoother surfaces after initial polishing
methods when compared with bis-acryl-based mate-
rials. The significant discoloration of bis-acrylic-based
provisional materials in the present study may be
attributed to their greater surface roughness. [8]

In the present study, artificial saliva was used to
deposit a pellicle layer. Saliva and the subsequent
accumulation of pellicles act as a matrix for the depo-
sition of stains, which may result in discoloration.
However, this technique was practically different
from clinical conditions as salivary pellicle developed
without being impacted by chromogens or other
agents, such as dietary acid, all of which would affect
the final layer. [7,18] These differences from clinical
conditions should be considered when extrapolating
the results of the present study.

Color changes that are perceptible may com-
promise the clinical acceptability of a provisional
restoration. The value of AE* represents the numerical
distance between the L*a*b* coordinates and the rela-
tive color changes that an observer might report for
materials. When the AE value of two colors is 0, the
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color difference is described as “perfect”; a value of
0.5 to 1.5 units is “very good”; 1 to 2 is “good”; 2 to 3.5
is “clinically perceptible”; and >3.5 is unacceptable.
[19] In our study, discolorations below or above
AE*=3.5 were referred to as ‘acceptable’ or ‘unac-
ceptable’, respectively.

According to the results of the present study, the
control groups for all materials used exhibited color
changes between 1.94-2.5, and this color change was
‘good” for MMA-based material and ‘clinically per-
ceptible” for bis-acryl-based materials. MMA-based
provisional materials showed AE* values lower than
3.5 for all solutions, and this color change was ‘clini-
cally perceptible’. In contrast, bis-acryl-based provi-
sional restorations showed higher values and were
deemed ‘clinically unacceptable’.

Therefore, if provisional restorations are being
used for a long period of time, MMA-based provi-
sional materials should be chosen. A number of stud-
ies have investigated the discoloration of both acrylic
and bis-acryl materials under a variety of conditions,
including using staining solutions or accelerated ag-
ing with ultraviolet (UV) light irradiation. [8,13,20]
The results from these studies suggest that the acrylic
resin provisional materials tend to be more resistant
to changes in color when subjected to discoloration
through immersion in solution, whereas the bis-acryl
composite resins tend to be more resistant to discol-
oration when exposed to UV light irradiation. These
findings are most likely related to the mode of dis-
coloration in the two types of conditions; in cyclic
immersion through a staining solution, discoloration
occurs through sorption processes, whereas discolor-
ation from UV light sources occurs through a bulk
deterioration process. In the present study, the oral
rinses caused all of the provisional restoration mate-
rials to become darker, more yellow and red, regard-
less of the material type. There is limited published
data regarding how oral rinses affect the PMMA or
composite-based materials. The solutions employed
in this study do not include all substances to which
provisional materials may be exposed. Although arti-
ficial saliva was used in the present study to stimulate
conditions in the oral cavity, other factors that could
influence the degree of total color change, including
thermal cycling, diet or abrasion, were not included.
These factors should be considered for future studies.

Color stability is only one variable that must be
considered when choosing a provisional material, but
it may be of great importance to patients and clini-
cians when working in the esthetic zone. The discol-
oration effect of the oral rinses used during this in-
terim period is evident. This interim period some-
times requires long provisionalization, and the pa-
tients may wait for 3 weeks or longer until their de-

finitive prostheses are fabricated. As the type of the
oral rinse did not affect the discoloration process,
choosing the best provisional restoration material
appears to be more important for long-term esthetic
results.

CONCLUSION

Within the limitations of the study, the following
conclusions were drawn:

o All the bis-acryl resins and PMMA-based provi-
sional materials exhibited statistically significant
color changes after exposure to oral rinses for 3
weeks.

e There were no significant differences between
the discoloration effects of alcohol-containing
mouthwash, chlorhexidine, benzydamine HCI,
or the benzydamine HCl and chlorhexidine
mixture on the provisional materials.

e Bis-acryl-based provisional materials exhibited
more discoloration than the PMMA-based mate-
rials, and this discoloration was clinically per-
ceptible.

The provisional materials became darker, yel-
lowish and reddish after immersion, regardless of the
type of oral rinse.
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