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Abstract

Objectives: This study aimed to assess the effects of orange juice and tea on color stability of polyetheretherketone (PEEK),
polymethyl methacrylate (PMMA), and a composite resin.

Materials and Methods: In this in vitro, experimental study, 45 disc-shaped specimens with 1 mm thickness and 15 mm dimeter
were fabricated from PEEK, PMMA and Crea.lign composite resin (n=15 from each). The baseline color parameters of the
specimens were measured by a spectrophotometer according to the CIE L*a*b* color space. The specimens were then immersed
in orange juice, distilled water and tea at 37°C for 2 h/day for 30 days, and their color parameters were measured again. The
color change (AE) of specimens was calculated and analyzed using one-way and repeated measures ANOVA and Tukey's test.

Results: According to one-way ANOVA, type of restorative material had no significant effect on AE (P=0.113) but type of color-
ing solution significantly affected the AE (P<0.001). The interaction effect of type of restorative material and type of solution on
AE was not significant (P=0.731). Color change of specimens in distilled water and orange juice was < 2.7 and not clinically
perceivable; however, AE of specimens in tea solution was > 5, and clinically detectable.

Conclusion: Within the limitations of this in vitro study, it appears that type of coloring solution has a more prominent effect on
color stability than the type of material since the three tested materials showed comparable color stability. Tea can cause clini-

cally detectable color change in all tested materials.
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Introduction

Color change of restorative materials is a common concern partic-
ularly in the esthetic zone [1]. Physical and chemical properties of
resin, and the nutritional regimen are the main factors that affect
the color stability of dental restorative materials [2-4]. The col-
or stability of restorative materials in the oral environment may
change following exposure to saliva, and colored foods and drinks,
or due to interactions between them [5].

Discoloration of intraoral restorations leads to patient dissatisfac-
tion and can result in treatment failure in the long-term [6]. Despite
the recent advances in the formulations of dental restorative mate-
rials, their color change still remains a problem [7]. Any color mis-
match between intraoral restorations and natural teeth is important
and would lead to patient dissatisfaction [§].

Composite resins are increasingly used for tooth-colored resto-
ration of teeth due to their improved physical and chemical prop-
erties and excellent esthetics [9]. However, long-term success of
composite restorations depends on their color stability [10].

Polymethyl methacrylate (PMMA) is a highly popular polymer
in dentistry. It has favorable properties such as optimal biocom-
patibility, reliability, easy use, low toxicity, light conduction, and
adequate hardness [11].

Polyetheretherketone (PEEK) has been suggested as an alternative
to composite resins [12]. This polymer has favorable properties
such as higher strength and hardness, better polishability, high-
er color stability, and lower water sorption than composite resins
[13].
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PMMA, PEEK and composite resins are commonly used for in-
traoral restorations [14]. Many studies have assessed the color
stability of dental restorative materials [15-25]. However, infor-
mation regarding the color stability of the abovementioned three
restorative materials is limited and controversial. Considering the
significance of this topic, this study aimed to assess the effect of
colored drinks on color stability of PEEK, PMMA, and Crea.lign
composite resin.

Materials and Methods

This in vitro, experimental study evaluated 45 disc-shaped spec-
imens with 1 mm thickness and 15 mm dimeter fabricated from
PEEK (BrecAM. BiOHPP-98 mm 20 mm AG; A2-Bredent Co.,

Table 1: Properties of the three materials used in this study

Senden, Germany), PMMA (Ceramill TEMP-A2-71L 20 mm,
Amann Girrbach AG, Germany) and Crea.lign composite resin
paste (Dentin A2; Bredent GmbH Co., Senden, Germany) (n=15
from each) [19,21,22,24,26].

According to ISO4049, a minimum of 3 specimens should be fab-
ricated from each material [26]. The minimum sample size was
calculated to be 4 according to a previous study assuming a = 0.05,
B =0.2, color change (AE) = 1.1, and effect size of 0.83 using one-
way ANOVA Power Analysis feature of PASS 11 software [21].
To increase the study power, 5 specimens were fabricated for each
group (a total of 15 from each material).

Material Abbrev. | Type Manufacturer Composition Ref Lot Filler %
Biohpp PEEK Blank Bredent, Senden, Ceramic fillers-partially | 54002121 463034 20

A2 Germany crystalline

Ceramill PMMA | Blank GmbH- Germa- Polymethyl methacrylate | 760323 50915 -

A2 ny-Amann Girrbach | Cross link

Crea.lign COMP | PASTE Bredent, Senden, Nano filled ceramic CLFNDA30 [ N173893 |60

A2 Germany -bis-GMA

PEEK and PMMA blanks were obtained and sectioned into disc-
shaped specimens by a computer-aided design/computer-aided
manufacturing (CAD/CAM) machine (Ceramill MAP 400; Amann
Girrbach AG, Germany). Next, the specimens were polished with
1000- and 2000-grit abrasive papers and cleaned with compressed
air [22]. The dimensions of the specimens were then measured
by a digital caliper with 0.01 mm accuracy (MAX150; Hogetex,
Netherlands) [26]. According to ISO4049, the diameter of speci-
mens should not be smaller than 14.8 mm.

For the fabrication of composite specimens, disc-shaped silicone
molds measuring 15 mm in diameter and 1 mm in depth were ob-
tained [26]. Composite resin was applied into the molds. Pressure
was applied in order for the excess material to leak out and to
eliminate voids [24]. It was then light-cured with a curing unit
(Labo Light LV-III, GC, Japan) with 120 W power, 440 to 480 nm
wavelength, and 1500 mW/cm? light intensity for 40 s [21]. The
specimens were then removed from the molds and polished with
2000-grit abrasive paper [25]. The specimens were cleaned with
compressed air, and their dimensions were measured by a digital
caliper with 0.01 mm accuracy [26].

Next, the baseline color parameters of the specimens were mea-
sured by a spectrophotometer (CI6XNB380; X-Rite Incorporat-
ed, USA) in D65 lighting condition at 380-780 nm wavelength.
The CIE L*a*b* color parameters were measured and recorded
[19,21,22,24,26].

To prepare the tea solution, one tea bag (Doghazal, Iran) was
placed in 200 mL of distilled water at boiling temperature (100°C)

for 1 min. After removing the tea bag, the volume of the solution
was reached to 200 mL and it was cooled down to 37°C [24]. Also,
200 mL of orange juice (San Itch, Iran) and 200 mL of pure dis-
tilled water (Teb Shimi, Iran) were used [21,23].

Of 15 PMMA specimens, 5 were immersed in distilled water, 5
were immersed in tea, and 5 were immersed in orange juice at
37°C for 2 h/day for 1 month. Each day, the specimens were re-
moved from the solutions after 2 h of immersion, rinsed under
running water for 10 s, and were then stored in distilled water at
room temperature until the next day. The solutions were refreshed
daily [21,23,24]. The same was performed for composite resin and
PEEK specimens.

After the completion of 1-month period, the specimens were re-
moved from the coloring solutions, rinsed under running water for
10 s, and dried. Their color parameters were measured again by the
same spectrophotometer, and AE was calculated using the formula
below:

AE = J(Al)z + (A2 (AD)2

Data were analyzed using one-way ANOVA, repeated measures
ANOVA, and Tukey’s test at 0.05 level of significance.

Results

Table 2 shows the mean AE of PEEK, PMMA, and composite resin
following immersion in the three solutions. According to one-way
ANOVA, type of restorative material had no significant effect on
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AE (P=0.113) but type of coloring solution significantly affected
the AE (P<0.001). The interaction effect of type of restorative ma-
terial and type of solution on AE was not significant (P=0.731).

According to Tukey’s test (Table 3), distilled water and orange

juice had no significant difference regarding AE of specimens
(P=0.140). However, orange juice and tea (P<0.001), and distilled
water and tea (P<0.001) were significantly different in this respect,
and tea caused significantly greater AE. Overall, the AE was 0.75
in distilled water, 1.4 in orange juice, and 6.4 in tea.

Table 2: Mean AE of PEEK, PMMA, and composite resin following immersion in the three solutions (n=5)

Media Material Minimum Maximum Mean Std. Deviation

Water Composite 0.85 1.50 1.1400 0.27185
PEEK 0.59 1.05 0.8320 0.19728
PMMA 0.18 0.46 0.2900 0.10909

Tea Composite 5.34 7.28 6.2300 0.78093
PEEK 5.33 11.16 6.9240 2.44395
PMMA 5.04 7.16 6.1920 0.80992

Juice Composite 1.44 2.01 1.7160 0.24234
PEEK 1.35 2.02 1.6040 0.27135
PMMA 0.80 0.97 0.8900 0.08276

Table 3: Pairwise comparisons of coloring solutions regarding AE by the Tukey’s test

95% Confidence Interval
(I) media Mean Difference (I-J) | Std. Error Sig. Lower Bound Upper Bound
Water Tea -5.6947* 0.33339 0.000 -6.5096 -4.8798
Juice -0.6493 0.33339 0.140 -1.4642 0.1656
Tea Water 5.6947* 0.33339 0.000 4.8798 6.5096
Juice 5.0453* 0.33339 0.000 4.2304 5.8602
Juice Water 0.6493 0.33339 0.140 -0.1656 1.4642
Tea -5.0453* 0.33339 0.000 -5.8602 -4.2304
Discussion specimens in the solutions and type of materials. Also, in the pres-

This study assessed the effect of colored drinks on color stability
of PEEK, PMMA, and a composite resin. The results showed that
the mean AE of the three restorative materials was not significantly
different (P=0.113). However, the three media had a significant
difference with regard to AE (P<0.001). Orange juice and distilled
water were not significantly different in this respect but tea caused
significantly greater color change than the other two solutions. AE
was < 5 in distilled water and orange juice, and was not clinically
perceivable. However, immersion in tea caused a AE > 5 which
was clinically detectable.

Guyjjari, et al. evaluated the color stability of PMMA and acryl-
ic-based composite exposed to tea, coffee, and cola [24]. They
showed significantly higher color stability of PMMA than acryl-
ic-based composite. The maximum color change of resins oc-
curred in artificial saliva + coffee followed by tea + artificial saliva.
After 7 days of immersion in artificial saliva + tea solution, AE was
3.99 for PMMA and 4.56 for composite resin. In the present study,
the three tested materials were not significantly different regarding
AE, which is different from the results of Gujjari, et al [24]. This
difference in the results can be due to different immersion times of

ent study, the specimens were evaluated after 1 month while they
assessed the specimens after 3 and 7 days. The mean AE of mate-
rials after 1 month ranged from 6.19 to 6.92 in the present study
while it was in the range of 3.99 to 4.56 after 7 days in their study.

Color change following exposure to tea is probably due to the ab-
sorption of stains present in tea solution into the surface of resin
materials [27,28]. Mazaro, et al. assessed the color stability of tem-
porary restorative materials (acrylic resin and acrylic-based resin)
in artificial saliva, artificial saliva + cola, and artificial saliva + cof-
fee [22]. Acrylic resin samples experienced greater color change
than acrylic-based resins. Coffee caused maximum discoloration.
As the immersion time increased, the color change of all tempo-
rary restorative materials increased as well. Previous studies have
reported relatively high discoloration potential of acrylic-based
resins following exposure to pigmented compounds [29,30]. Ha-
selton, et al. [1] demonstrated that PMMA-based materials had
lower capacity of liquid sorption due to their more uniform struc-
ture. However, coloring solutions can penetrate in-between tiny
particles due to non-homogenous structure of acrylic-based res-
ins and cause their faster and greater discoloration. In the pres-
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ent study, the minimum color change in all solutions occurred in
PMMA (although not significant), which is in line with previous
results [1]. Arregui, et al. evaluated the AE and water sorption of
9 different flowable composite resins after 6 months of storage
[20]. Red wine caused maximum color change. They also showed
that water sorption was related to color change of composite res-
ins. They reported a AE in the range of 7.9 to 40 after 4 weeks
of immersion in tea solution; this value was 6.23 for composite
resin in the present study. The AE after 4 weeks of immersion in
orange juice was 3.42 to 11.5 in their study while this value was
1.71 in the present study. These values highlight the considerable
difference in stainability of flowable and conventional composite
resins. However, both studies demonstrated higher color change
due to immersion in tea compared with orange juice. The AE>3.3
is considered clinically unacceptable; all specimens immersed in
distilled water and orange juice in the present study showed a AE <
3.3, which was clinically acceptable while all specimens immersed
in tea showed a AE > 5 which was clinically unacceptable. Thus,
irrespective of the type of material, exposure of restorations to
tea for 2 h/day for 1 month can cause severe discoloration [20].
Poggio, et al. evaluated the color change of four types of com-
posite resins in coffee, red wine and cola and found no signifi-
cant difference between different composite types [31]. However,
they showed that coffee caused significant color change of all four
types of composite resins. Their results were in agreement with
our findings. Evidence indicates that composite resins absorb wa-
ter and other pigmented fluids, causing their discoloration. Water
can serve as a carrier for pigments, delivering them into the resin
matrix [32].

Heimer, et al. evaluated the color change of PEEK, PMMA and
a composite resin in distilled water, curry solution, red wine and
chlorhexidine. The minimum AE was recorded for specimens im-
mersed in distilled water and chlorhexidine while the maximum
AE was recorded following exposure to curry solution. PEEK
experienced significantly lower color change while composite
showed maximum color change. Color change of materials was
significantly different in their study while this difference was not
significant in the present study [19]. This controversy between the
results of the two studies can be due to the duration of immersion
of specimens in solutions, and different types of coloring solu-
tions. Gawriotek, et al. compared the color change of six types
of composite resins and dental compomers following exposure to
coloring solutions [16]. The maximum color change in the majori-
ty of specimens occurred in tea and coffee, especially in combina-
tion with sugar. Their results regarding the high staining potential
of tea were in agreement with our findings. Assaf, et al. compared
the color stability of three resin-based restorative materials fol-
lowing immersion in coloring solutions for 0, 3, 30, 45, 60 and
75 days [17]. The results revealed a significant difference in color
change of composite resins after 75 days. Coffee caused the max-
imum color change. Their results highlighted the susceptibility of
composite resins to discoloration, which was in accordance with
our findings. Liebermann, et al. evaluated the effect of coloring
solutions, duration of storage, and temperature on color stabili-

ty of three CAD/CAM restorative materials [18]. They showed
higher discoloration following 7 days of storage compared with
1 day. Higher AE values were recorded following storage in curry
solution, followed by red wine, and distilled water. Lava Ultimate
composite resin showed higher AE than Vita Enamic resin ceramic
and IPS Empress CAD leucite ceramic. Specimens immersed in
solutions at 37°C showed significantly lower color change than
those stored at 55°C. The restorative materials, coloring solutions,
and duration of storage in their study were different from ours;
however, they showed greater discoloration following an increase
in exposure time.

This study had an in vitro design. Thus, the results should be gen-
eralized to the clinical setting with caution. Future studies are re-
quired to compare the effects of other colored drinks such as cola,
coffee and energy drinks on color stability of different types of
commonly used dental restorative materials. The effect of time on
discoloration should also be assessed in studies with longer fol-
low-ups. Moreover, clinical trials are required to confirm the re-
sults of in vitro studies.

Conclusion

Within the limitations of this in vitro study, it appears that type of
coloring solution has a more prominent effect on color stability
than the type of material since the three tested materials showed
comparable color stability. Tea can cause clinically detectable col-
or change in all tested materials.
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