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COLOR STAINABILITY OF GRAPHENE-REINFORCED PMMA
COMPARED TO CAD/CAM PMMA IN DIFFERENT pH MEDIA

Marwa Beleidy"'*' and Ahmed Ziada™"*

ABSTRACT

Statement of problem: CAD/CAM PMMA needs to improve its color stability as used for
long-term provisional restoration.

Purpose: To evaluate the nanographene-reinforced PMMA surface roughness after
thermocycling and color stainability after immersion in coffee and ginger (two different pH media)
to frequently used pre-polymerized PMMA.

Methods: Sixty CAD/CAM interim materials discs were divided into two groups (n=30):
PMMA (P) and graphene-reinforced PMMA (G). All specimens were polished according to the
manufacturer’s instructions, followed by artificial accelerated aging. Surface roughness (Ra) was
analyzed using a non-contact profilometer. Then, both tested groups were immersed in 3 different
pH media (coffee, ginger, and distilled water) (n=10) for 3 and 7 days. The color difference (AE)

was assessed. All data were statistically analyzed.

Results: Thermocycling did not significantly change mean Ra (P-value = 0.172, Effect size =
0.150) between tested materials. After 3 days of coffee or ginger immersion, group (P) showed a
significant decrease in mean AE compared to group (G). The two materials were not statistically
different after distilled water immersion. After 7 days of coffee immersion, group (P) showed a
significant rise in mean AE compared to group (G). After ginger immersion, the two materials did
not differ significantly. After distilled water immersion, group (P) showed a significant reduction
in mean AE compared to group (G). However, both materials showed unacceptable color change
clinically (AE > 3.3).

Conclusion: Nanographene-reinforced PMMA had no significant improvement regarding
surface roughness after thermocycling and color stainability after immersion in different pH media
compared with frequently used CAD/CAM PMMA.
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INTRODUCTION

Polymethyl methacrylate (PMMA) is frequently

utilized in manufacturing dental prosthetic
restorations owing to its biocompatibility, easiness
of manufacturing, and cost-effectiveness.'?
Nonetheless, conventionally processed PMMA
possesses intrinsic weaknesses.> Advancements
in computer-aided design and computer-aided
manufacturing (CAD/CAM) have led to the
emergence of pre-polymerized PMMA discs as
an alternative. Although pre-polymerized PMMA
shares a similar chemical composition with standard
PMMA,

properties resulting from high-temperature and

it demonstrates superior mechanical

high-pressure processing.* CAD/CAM technology
the
composite resins suitable for the creation of

facilitates subtractive manufacturing of

permanent prostheses.

Prior research has demonstrated the application
of several strengthening agents to enhance the
PMMA’s mechanical properties.> Nanotechnology
has permitted the incorporation of graphene
in PMMA to
nanographene-reinforced prepolymerized PMMA
(G-CAM; Graphenano Dental, Valencia, Spain)
for application in permanent prosthetics.® Although

recently formulated a novel

there are reports on the properties of PMMA
reinforced with nanographene, there is a deficiency
of studies that directly compare this material with
other available comparable alternatives.””

Surface roughness and stainability are critical

attributes  for visually pleasing restorative
materials.'*!?> A 0.2 mm surface roughness has been
established clinically as the maximum permissible
amount for bacterial plaque deposition.’*!" The
incorporation of nanoparticles might influence the
surface roughness of resins, particularly considering
the vulnerability of resin-based materials to thermal
variations and moisture absorption. Additionally,
acidic staining solutions adversely affect the long-

term stain resistance of intermediate materials by

Marwa Beleidy and Ahmed Ziada

infiltrating their matrix and compromising their

integrity.'!!

However, the effect of beverage-
induced alterations in intraoral temperature on the
surface roughness and stainability of nanographene-
reinforced CAD/CAM PMMA has not been well

investigated.

This investigation aimed to evaluate the surface
roughness of graphene-reinforced PMMA resin and
CAD/CAM PMMA interim material before and
after thermocycling, as well as to assess the color
difference of these materials following immersion
in various staining pH media for different durations.
The null hypotheses posited that graphene-
reinforced PMMA resin would exhibit reduced
surface roughness during thermocycling and
enhanced color stability after exposure to various
pH media over any storage duration, as compared

to PMMA resin.

MATERIALS AND METHODS

Sepcimens preparation

This power analysis employed surface roughness
(Ra) as the principal outcome measure. According
to the findings of Tasin S et al.,”* and utilizing an
alpha (a) level of 5% and a beta () level of 0.8
(Power = 80%), the effect size (d) was determined to
be 1.86, necessitating a minimum estimated sample
size of 7 specimens per group that was increased
to 10 specimens. The sample size computation
was conducted utilizing a sample size calculation
software (G*Power; Version 3.1.9.2, HHUD,

Germany).

A virtual disc plate (10x2 mm) was designed
using a software program (Dental CAD 3.1 Rijeka;
Exocad, GmbH, Darmstadt,
milled specimens were produced utilizing a 5-axis
milling machine (DWX-52D Plus; Roland DGA
Corporation, Japan) from CAD/CAM PMMA
blocks (PMMA DISK, shade: A2; Yamahachi
Dental MFG., Aichi Pref., Japan) (n=30) and CAD/

Germany). Sixty
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CAM graphene-reinforced PMMA (G-CAM, shade:
A2; Graphenano Dental, Valencia, Spain) (n=30)
according to the saved design.

The disc’s surfaces were subjected to polishing
as recommended by the manufacturers.' Then, they
were subjected to cleaning with a steam cleaner
(Wasi-Steam 2; Wassermann Dental-Maschinen,
that
ultrasonic cleaning in distilled water (Sonorex

Hamburg, Germany), after undergoing
Super; Bandelin, Berlin, Germany) for 5 minutes

and air dried."

Surface Roughness Analysis Before Thermocycling

A non-contact optical technique was applied
to examine the surface topography of all discs
quantitatively.'”> A USB digital microscope adjusted
at 90x magnification (Scope Capture Digital
Microscope; Guangdong, China) equipped with a
built-in 3 MP resolution camera (US00X Capture
Digital Microscope; Guangdong, China). This
camera was utilized to take 20 images for each
specimen. Eight tunable LED lights for illumination
were utilized, featuring a color rendering index near
95%. The photos were recorded and subsequently
cropped and examined in 3 dimensions (3D) utilizing
software (WSxM,v5.0 Develop 4.1;
Electronica S.L., Madrid, Spain) to generate 10 x
10 um 3D images (Fig. 1 A and B). The system
calibration converted pixels into absolute real-

Nanotec

world units (um) to assess the average heights (Ra),
regarded as a reliable surface roughness index.'®

Thermocycling

The discs were subjected to accelerated artificial
aging (Thermocycler TC4, SD Mechatronik GmBH,
Feldkirchen-Westerham, Germany®), cycling in
distilled water at 5°C and 55°C for 5,000 cycles,
with each temperature maintained for 30 seconds
and a 10-second transfer time between baths, in
accordance with ISO/TR 11405:1994 simulating 6
months of clinical service."”

(657)

Surface Roughness Analysis After Thermocycling

After thermocycling, the surface topography of
all discs was assessed, as mentioned before (Fig. 1
Cand D).

Baseline Color Assessment

Based on immersion in two distinct pH staining
media and distilled water for the storage procedure,
the specimens of each group were subsequently
divided into 3 subgroups (n=10). A Reflective
Spectrophotometer (Model RM?200QC; X-Rite,
Neu-Isenburg, Germany) was used to assess the
quantitative baseline color parameters of each
specimen in accordance with the CIE L*a*b* color
space relative to the Commission Internationale de
I’Eclairage (CIE) standard illuminant D65, where
L* indicates lightness (0-100), a* represents the red/
green axis, and b* denotes the yellow/blue axis using
a white background (CIE L*= 88.81, a*= -4.98,
b*= 6.09). The specimens were centrally located
within the measurement port, which was adjusted
to a 4 mm diameter. Each specimen was undergone
for 3 measurements after the spectrophotometer
calibration prior to each measurement, and then the
average was recorded.

Staining

All staining solutions were prepared according to
the manufacturer’s instructions. For Turkish coffee,
10-12 g of coffee (Dark roasted plain; Abu Auf,
Cairo, Egypt) was added to 100 mL of boiled water.
While, 2 g of ginger (Royal Herbs, Giza, Egypt) was
added to 100 mL of boiled water. Then, each coffee
and ginger solution was agitated every 5 minutes
for 10 seconds until they reached room temperature,
after which they were filtered through filter paper.
Distilled water (Health Aqua, Alexandria, Egypt) of
100 mL served as the control group.

Specimens were individually immersed in sealed
vials containing 5 ml of each immersion media and
maintained in an incubator (Model 431/V; CBM,
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Fig. (1) 3D image and histogram for the disc surface of CAD/CAM PMMA (A and C) and graphene-reinforced PMMA (B and D)

before and after thermocycling, respectively.

Torre Picenardi, Italy) at 37°C in a dark atmosphere
for 3 and 7 days, which correspond to 3 and 7 months
of clinical usage."® The solutions were refreshed
daily to prevent bacterial or yeast contamination,
and they were replaced every two days throughout
the test."” To diminish particle sedimentation in the
staining solutions, the solutions were agitated bi-
daily. At the end of the immersion period, specimens
were rinsed with distilled water for 5 min and then
rubbed with gauze, followed by tissue paper prior to

the color reassessment.

Color Change (AE) Assessment

The color of each specimen was assessed after
the various staining protocols outlined for baseline
measurements. The color difference (AE) was
determined using the subsequent formula: AE =
[(L* post-staining — L* baseline)] 2 + (a* post-
staining — a* baseline) 2 + (b* after staining - b*
baseline 2)'?.

Statistical Analysis

Numerical data had a normal (parametric)
distribution as they were assessed by examining
the data distribution and utilizing normality tests
(Kolmogorov-Smirnov and Shapiro-Wilk tests).
Data were expressed as mean values and standard
deviations (SD). Repeated assessments ANOVA test
was employed to examine the influence of material
type, thermocycling, and their interactions on the
mean (Ra). It was utilized to examine the influence
of material type, immersion medium, duration,
and their interactions on the average color change
(AE). Bonferroni’s post-hoc test was employed
for pairwise comparisons when the ANOVA
test yielded significant results. The significance
threshold was established at P < 0.05. Statistical
analysis was conducted using statistics software
(IBM SPSS Statistics for Windows, Version 23.0,
IBM Corporation, NY, USA).
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RESULTS

Surface roughness (#m)

The
material,

that the
thermocycling,

findings indicated type of
did
not have a statistically significant impact on the
mean Ra (P-value = 0.172, Effect size = 0.150).

Thermocycling, irrespective of the material type,

independent of

demonstrated a statistically significant impact on
the mean Ra (P-value = 0.035, Effect size = 0.320).
However, the lack of statistically significant impact
in the interaction between the variables on the mean
Ra (P-value = 0.309, Effect size = 0.086) indicates
that they are independent of one another, as shown
in Table 1.

After thermocycling, Group (P) showed no
statistically significant change in mean Ra (P-value
= 0.371, Effect size = 0.067). At the same time,
Group (G) revealed a statistically significant
decrease in mean Ra (P-value = 0.0320.309, Effect
size = 0.330) as shown in Table 2.

Color change (AE)

The findings indicated that the type of material
(independent of the immersion medium and
duration) significantly influenced the mean AE, with
a P-value <0.001 and an effect size of 0.546. Group
(P) exhibited a statistically significant reduction in

mean AE compared to Group (G).

The
the material type and duration, demonstrated a

immersion medium, irrespective of
statistically significant impact on the mean AE
(P-value <0.001, Effect size = 0.956). Pair-wise
comparisons indicated that coffee exhibited the
highest mean AE, which was statistically significant.
The mean value for ginger was notably lower and
statistically significant. Distilled water exhibited the

statistically significant lowest mean AE.
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The duration, irrespective of the material type
and immersion medium, significantly influenced
the mean AE, with a P-value <0.001 and an effect
size of 0.890. There was a statistically significant
increase in mean AE after seven days, regardless of
the type of material and immersion medium.

The
demonstrated a statistically significant impact on the
mean AE (P-value <0.001, Effect size = 0.966). The
statistical significance of the interaction between the

relationship among the variables

variables indicates that they are dependent on one
another, as shown in Table 3.

Regarding the effect of different interactions of
variables on AE, following 3 days of immersion in
coffee or ginger, Group (P) exhibited a statistically
significant reduction in mean AE compared to Group
(G). Following immersion in distilled water, no
statistically significant difference was seen between
the two materials. Following 7 days of immersion
in coffee, Group (P) exhibited a statistically
significant increase in mean AE compared to Group
(G). Following immersion in ginger, no statistically
significant difference was observed between the
two materials. Following immersion in distilled
water, Group (P) exhibited a statistically significant
reduction in mean AE compared to Group (G), as
shown in Table 4.

In Group (P), immersion in coffee or ginger
resulted in a statistically significant rise in mean
AE after 7 days. In contrast, immersion in distilled
water led to a statistically significant drop in mean
AE. Group (G) exhibited a statistically significant
reduction in mean AE following immersion in coffee
after 7 days. No statistically significant change in
mean AE was noted after 7 days of immersion in
ginger. However, a statistically significant increase
in mean AE occurred after 7 days of immersion in
distilled water, as shown in Table 4.
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TABLE (1) The mean, standard deviation (SD) values and results of repeated measures ANOVA test for
main effects of the two variables on Ra (um).

Mean Type 111 Mean Effect size
Source of variation SD Sum of df F-value P-value (Partial eta
(pm) Square
Squares squared)
Material type Group (P) 0.2513 0.02 0.001 1 0.001 2.112 0.172 0.150
Group (G) 0.2604  0.0251
Thermocycling Before 02661 0.0184 0.003 1 0.003 5.647 0.035* 0.320
After 0.2455  0.0222
Material type x Thermocycling 0.001 1 0.001 1.129 0.309 0.086

interaction

df: degrees of freedom = (n-1), *: Significant at P < 0.05.

TABLE (2) The mean, standard deviation (SD) values and results of repeated measures ANOVA test for
comparison between Ra (#m) with different interactions of variables.

Group (P) Group (G) Effect size (Partial
Thermocycling P-value
Mean(xm) SD Mean(zm) SD eta squared)
Before thermocycling 0.257 0.0152 0.2753 0.0175 0.058 0.267
After thermocycling 0.2455 0.0231 0.2454 0.0231 0.993 0.0001
P-value 0.371 0.032*
Effect size (Partial eta squared) 0.067 0.330

*: Significant at P < 0.05.

TABLE (3) The mean, standard deviation (SD) values and results of repeated measures ANOVA test for
main effects of the three variables on AE.

Type IIT Mean Effect size
Source of variation Mean SD Sum of df F-value P-value (Partial eta
Square
Squares squared)
: Group (P) 10.04 8.36
Material 200054 1 209054 43314  <0.001* 0.546
type Group (G) 13.19 7.83
Immersion Coffee 19.14 4 6.81 3752.708 2 1876.354 388.766 <0.001%* 0.956
medium
Ginger 12.79 8 448
Distilled Water 29¢ 1.3
Time 3 days 10.15 7.87 180.074 1 180.074  290.839 <0.001%* 0.890
7 days 13.08 8.37
Material type x immersion 629.539 2 314770  508.387 <0.001* 0.966

medium x time interaction

df: degrees of freedom = (n-1), *: Significant at P < 0.05 and different superscripts indicate statistically significant difference
between immersion media.
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TABLE (4) The mean, standard deviation (SD) values and results of repeated measures ANOVA test for
comparison between AE with different interactions of variables.

Time Immersion Group (P) Group (G) Pvalue Effect size (Partial
medium Mean SD Mean SD eta squared)
3 days Coffee 9.78 A 0.72 23954 348 <0.001* 0.880
Ginger 5458 0.31 15.84 8 1.63 <0.001* 0.798
Distilled Water 344¢ 0.63 245¢ 0.35 0.035
P-value <0.001* <0.001*
Effect size (Partial 0.607 0.945
eta squared)
7 days Coffee 25.624 1.32 17.24 4 3.44 <0.001* 0.709
Ginger 14718 0.63 15.18 ® 1.61 0.008
Distilled Water 122¢ 0.21 45¢ 045 0.272
P-value <0.001%* <0.001*
Effect size (Partial 0.954 0.867
eta squared)
3 Vs. 7 days P-value Effect size (Partial eta P-value Effect size (Partial
squared) eta squared)
Coffee <0.001* 0.975 <0.001* 0.876
Ginger <0.001* 0.931 0.125 0.064
Distilled Water <0.001* 0434 <0.001* 0.398

*: Significant at P = 0.05, Different superscripts in the same column indicate statistically significant difference between

immersion media.

DISCUSSION

Recently,  prefabricated,  pre-polymerized
PMMA blocks for the CAD/CAM technology
have been introduced.! These blocks are produced
under optimal controlled conditions, utilized for
temporary fixed dental prostheses, and exibit
superior qualities compared to autopolymerizing
temporary materials.?0?!

The combined use of graphene-linked materials
and polymers yields composites with enhanced
mechanical properties. The improvements are
notably evident even with a restricted quantity of
filler incorporated into the polymer matrix. The use
of graphene and carbon fillers has been shown to
significantly boost the flexural strength of PMMA

polymers, resulting in notable improvements in
their physico-mechanical properties.** >

Current literature posits that darker materials
exhibit than
materials.>*?*  Mutlu-Sagesen et al.

greater color stability lighter
conducted
research on color, revealing a correlation between
the provisional materials and composites hue, and
color alteration, with lighter materials exhibiting

greater color change.”’

Consequently, the A2
shade was selected as the primary shade for the
manufactured specimens. Moreover, A2 is a favored

shade among prosthodontists.

Furthermore, earlier publications have proven
that the
thickness influence the material’s color stability;

specimen surface’s smoothness and
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thus, in the current investigation, the provisional
restorative material thickness was standardized
to 2 mm in accordance with prior research.?3!
Nevertheless, Costa and Lima reported that the
specimens’ thickness had no significance.*?

The surface roughness of dental materials
subjected to oral conditions influences color
change; therefore, a smooth and glossy surface
is preferred.¥ In this study, samples underwent
conventional polishing procedures and were
maintained in distilled water at 37°C for 24 hours
prior to immersion in solutions to eliminate residual

monomer.”’

Color stability is essential for the long-term pro-
visional restorations’ aesthetics utilized in lengthy
prosthetic rehabilitation, which may be required for
6 months or longer.! In this investigation, samples
were immersed in various pH media solutions for
one week to replicate one year of beverage intake,
with the oral cavity exposed to the beverages for
30 minutes daily.** This strategy does not accurately
represent clinical reality. Nevertheless, a compa-
rable procedure for assessing the color stability of
interim restorations was utilized in prior investiga-
tions and deemed sufficient.?>-

The color difference was quantified using a
spectrophotometer to possibly mitigate mistakes
compared to a colorimeter and other visual
methods.*7=*

L’Eclairage (CIE L*a*b*) uniform color scale

The Commission International de

is advantageous due to its organization in a
nearly uniform 3D color space.*®* This system
characterizes color based on human perception
and quantifies it using 3 spatial coordinates. In the
system, the L* value denotes lightness—darkness,
the* value indicates the red-green color coordinate
and the b* value signifies the blue—yellow position.
Color change (AE*) is a mathematical computation
that quantifies the direction and size of the disparity
between two points in a 3D color space.’® The
AE* value assesses the perceived color change
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in materials resulting from a certain technique or
elapsed time. A AE* value of 1 unit corresponds to
a color variation that is discernible to approximately
50% of viewers under controlled settings.*#! AE*
values ranging from O to 2 indicate imperceptible
color differences, while values between 2 and 3
imply barely discernible color differences.*> AE*
values of 3.3 or higher are visually discernible and
deemed clinically inappropriate by 50% of qualified
observers.” Consequently, considering the AE*
value to evaluate the color change has more impact
than the L, a, and b values one by one.”

Commonly ingested beverages, including cola,
tea, coffee, and red wine, are typically utilized
in research investigating the color stability of
restorative dental materials.*® Consequently, the
solutions utilized in the study were formulated for
everyday application.*?

The initial null hypothesis was dismissed. All
materials exhibited acceptable and statistically in-
significant Ra both before and following thermocy-
cling. Moreover, thermocycling did not significantly
impact the Ra values of PMMA materials. Nonethe-
less, G-PMMA exhibited reduced surface roughness
upon thermocycling, which may be due to high mi-
cro-hardness by adding graphene nanoparticles to
the matrix. However, differences in surface rough-
ness and hardness depend on the method of fabrica-
tion and surface treatments.***

The incorporation of nanoparticles into the
PMMA matrix did not markedly influence the sur-
face roughness of PMMA in comparison to CAD/
CAM PMMA. Consequently, the evaluated materials
seem to exhibit resistance to prolonged exposure, as
5000 cycles equate to 6 months of intraoral use.'>#
The mean Ra levels for each group above the plaque
accumulation threshold of 0.2 mm, although they re-
mained below the clinically undesirable threshold of
10 mm.*” Consistent with the findings of the current
work, Ionescu et al. and others showed that prepo-
lymerized PMMA and G-PMMA exhibited compa-
rable Ra values, irrespective of aging.>*
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It was indicated that alterations in color are
affected by increased surface roughness, which
facilitates stain infiltration.” Conversely, other
research has demonstrated no association between
surface imperfections and color alterations in
restorative materials.* This aligns with the current
study.

The length of time is crucial for the color
stability of temporary restorative solutions. Reports
indicated that an increase in dipping time resulted
in much higher color variations.*>' Concerning
Group (P), immersion in coffee or ginger resulted
in a statistically significant rise in mean AE,
whereas immersion in distilled water showed no
significant change after seven days. This aligns with
the findings of Lauvahutanon et al., who assessed
the AE values of CAD/CAM blocks following
immersion in coffee and water.’? No significant color
alteration was noted in the specimens immersed
in water. However, those in coffee exhibited an
elevated AE. Research indicated a significant
color alteration in temporary materials caused by
coffee.”> The discoloration caused by coffee results
from the adsorption and absorption of pigment
particles. °** The primary cause of discoloration in
coffee solutions is tannic acid.** Coffee includes
tannins, a type of polyphenol that dissolves in water.
Tannins are a subclass of phenolic chemicals that
induce an undesirable yellowish staining on teeth.
Consuming just one cup of coffee daily might lead
to discoloration. The impact of coffee pH may be
linked to the resin’s vulnerability to chemical erosion
of the resin matrix caused by low pH, leading to
the hydrolytic disintegration of filler particles and
chemical deterioration, which may contribute to
their discoloration.**

Moreover, low pH levels of the colorant
immersion media can weaken the resin matrix,
potentially leading to chemical erosion. This
deterioration may lead to increased water absorption
and subsequent discoloration.” Furthermore, the
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acidification of coffee generates high-molecular-
weight, brown-hued nitrogenous chemicals known
as melanoidins, which are chiefly accountable for
coloring.>®

The ginger extract comprises dark brown oleo-
resin oil and several essential oils, predominantly
green in color. The phenol component in ginger,
when interacting with resin, could cause alterations
in color stability. Phenol interacts with resin, result-
ing in H* ions from phenol binding to CH30O, which
is liberated from the ester resin group, while the
benzene moiety in phenol associates with the RCO
group of esters. This ion exchange process weak-
ens the binding of acrylic resin, resulting in a physi-
cal change in the polymer, including a change in

758 The alteration in color is also attributable

color.
to the phenol concentration, which can deteriorate

polymers through water absorption.

Furthermore, in both examined materials, a
statistically significant elevation in mean AE
was observed following seven days of immersion
in distilled water. The diffusion of resin into
water significantly influences the properties and
dimensions of polymers. Water absorbed by resin
infiltrates the polymethyl methacrylate matrix,
subsequently occupying a position between the
polymer chains and disrupting their structure. The
disrupted polymer chain facilitates mobility, hence
weakening the chain link and resulting in the release
of pigments from the acrylic resin. Weak bonds
compromise the integrity of the polymer chain,
altering its physical properties and resulting in color
degradation and diminished aesthetic appeal of the
resin.”

Group (G) exhibited a statistically significant
reduction in mean AE following immersion in
coffee after seven days. The inclusion of tannic
acid might function as a crosslinker with graphene,
perhaps enhancing the material’s resistance to
degradation as tannic acid onto graphene oxide
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surface led to improved solubility/dispersibility
in organic solvents, higher thermal resistance, and

better antibacterial activity.”

The present investigation, akin to previous
research, observed minimal color alteration in
the PMMA specimens in distilled
water.®"? This condition arised because there were

immersed

no substances that might induce discoloration in
materials, and the pH of distilled water did not
result in surface roughness due to its neutrality.
Graphene-reinforced PMMA exhibited more color
variations at pH 7 compared to alkaline and acidic
pH environments.

In all groups, the mean AE values were greatest
for coffee, followed by ginger and distilled water.
These findings align with researches that evaluated

the stainability of interim materials ®*

In the present investigation, after three days,
PMMA exhibited a significant reduction in
AE compared to G-PMMA in both coffee and
ginger solutions. This may be attributable to
acrylic-based products possessing a homogenous
structure. The ability to adsorb and absorb
solutions directly influences the color stability
of homogenous PMMA-based materials. Despite
the tested PMMA containing 98% PMMA®, the
manufacturer of G-PMMA, has not revealed its
chemical composition. The increased vulnerability
of G-PMMA to discoloration may be linked to
its chemical composition, which may be more
heterogeneous than that of PMMA. Consequently,
further investigations into the chemical composition
of the examined materials are required to substantiate
this idea. Nonetheless, variations in chemical
composition, such as particle size and distribution,
monomer polarity, degree of cross-linking, initiator
system, and pigment permanence, may influence

material staining.

This interpretation contradicts the findings of
Cakmak et al.”, who observed no color change
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and statistically insignificant lower AE values
for G-CAM relative to PMMA following coffee
thermocycling. However, a study examining the
chemical composition of G-CAM is essential to
validate this notion, as the G-CAM producer has not
revealed its composition.

After 7 days, PMMA exhibited a much greater
AE than G-PMMA in coffee. This may result
from the continuous deterioration of PMMA when
exposed to coffee. In contrast, the crosslinking of
tannic acid with graphene in G-PMMA, might
result in reduced color change compared to PMMA.

Numerous studies have indicated varying
thresholds of color difference values, crossing 3.7,
at which the human eye can perceive color shift.”’
In this investigation, a hue shift (AE*) exceeding
3.3 was deemed visually discernible and clinically
The corroborated  prior

undesirable. results

studies 2%

The concentration of solutions utilized as
everyday beverages varies significantly based on the
type of cuisine and personal choice. Consequently,
the concentrations employed in this investigation
yield merely a broad approximation. Furthermore,
no artificial saliva was utilized to replicate the oral
environment in this investigation. Additionally, the
included specimens possessed a planar surface.
In clinical environments, several anatomical
characteristics, such as grooves and pits, may exist,
complicating the polishing process. At the same
time, provisional restorations will have an uneven
morphology with both convex and concave surfaces.
Consequently, additional research is required to

assess temporary prosthodontic restorations in vivo.

CONCLUSION

Nanographene-reinforced PMMA had no
significant regarding
roughness after thermocycling and color stainability

improvement surface

after immersion in different pH media compared
with frequently used CAD/CAM PMMA.
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