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Effect of repolishing on the discoloration of indirect composite
block, nanohybrid, and microhybrid resin composites

Purpose Mubhittin Ugurlu’
To comparatively assess the color stability of indirect composite block, nanohybrid, g

and microhybrid resin composites after immersion in red wine and repolishing.

Materials and Methods

Specimens (2x7x12 mm) were prepared using an indirect composite block
(Cerasmart), a nanohybrid (Ceram X), and a microhybrid (Charisma Smart) resin
composite. The specimens’ color was recorded based on the CIE L*a*b* system in a
spectrophotometer (Spectroshade). After recording the initial color, the specimens
were immersed in red wine for 3 hours per day for 15 days. The color measurement
was done again. The specimens were repolished with a multistep polishing system
(SuperSnap). The color was measured for the third time. The color change values
(AE) were calculated with the L*, a*, and b* coordinates obtained at baseline, after
the immersion procedure, and after repolishing. Statistical analyses were performed
with one-way ANOVA, Tukey’s post hoc, and paired t-tests (p=0.05).

Results

The composite block presented the lowest AE value (p<0.05). No statistically
significant difference was found between the AE values of the nanohybrid and
microhybrid resin composites. The repolishing promoted a decrease in the color
change of all three materials (p<0.05). The AE value of the composite block was
clinically acceptable after repolishing.

Conclusion

The composite block showed higher color stability. The staining resistance of the
nanohybrid and microhybrid resin composites was not different. The repolishing
decreased the discoloration of all three materials.
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Introduction

The resin composites are restorative materials with increasing indica-
tions due to their tooth-like aesthetic appearance and improved mechan-
ical properties (1). A variety of resin composite materials that differ from
each other according to the resin matrix composition, number of filler
particles, and filler particle size have been developed for restoration pro-
cedures (2). These characteristics of the resin composites influence the es-
thetic and physical properties of the materials (1,2). Although direct com-
posite restorations are a widespread treatment choice for posterior teeth, 'Department of Restorative Dentistry, Faculty of Dentistry,
the incomplete polymerization of the resin composites, resulting in a low Stileyman Demirel University, Isparta, Turkiye
degree of conversion, may cause a reduction in the mechanical properties
and staining resistance (3,4). The discoloration resistance of the materials E-mail: dtmuhittinugurlu@gmail.com
is as important as the mechanical properties of the material (3-5). Received: 1 February 2022
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manufacturing technology (CAD/CAM) (6). The resin-based
blocks have optimal physical and mechanical properties be-
cause they are polymerized under high temperatures and
high pressure (7). The use of CAD/CAM has rapidly increased
in recent years due to its facilitation of indirect restorations
(6). New CAD/CAM materials have been introduced specifi-
cally for esthetic restorations to overcome the disadvantag-
es associated with the use of direct resin composites (8). The
ceramic and resin-based composite blocks are used with
CAD/CAM technology (6,7). The mechanical and optical
properties of the ceramic are superior to those of composites
(9). However, the composite blocks do not require firing as
ceramic materials in the finishing and polishing procedures
(7,10). Thus, the restorations are completed after clinically
manual polishing in a single visit (7). Besides, they have ease
of manufacturing and repairability properties (10). Unfor-
tunately, the indirect composite blocks may be sensitive to
discoloration when exposed to different conditions (11,12).

Color stability of the restorations is a factor that affects
the esthetic success (13,14). Color stability is the ability to
resist color changes of material over time (14). It is affected
by the environment, material composition, and technique
procedures (15). Discoloration of the materials may form in
the oral environment due to extrinsic and intrinsic factors
(16). The properties of resin-based materials influence the
intrinsic staining, including the resin matrix composition,
the amount of filler particles, the size of filler particles, and
the degree of polymerization (4,5,13,17). Extrinsic staining is
caused by the adsorption and absorption of colorants in ex-
ogenous sources, such as food and beverages (15).

The discoloration is a prominentissue. The loss of the esthetic
properties and inappropriate color match of restoration may be
areason for replacing the restoration (4,5). The superficial stain-
ing on the restorations may be removed by a repolishing pro-
cedure hence improving the longevity of restorations (5,9,18).
Repolishing is a favorable and conservative treatment option
to improve the esthetics of non-severely discolored composite
restorations by removing the stains on the surface (5,9,16).

There is no universal material in restorative dentistry. The in-
direct restorations might currently be preferred for appropriate
indications since they have higher mechanical properties and
discoloration resistance than direct composite restorations
(4). However, there are a limited number of studies that have
comparatively evaluated the color stability of indirect compos-
ite blocks and direct resin composites and the influence of re-
polishing on the color change (3,19). Therefore, the aim of the
current study was to comparatively assess the color stability
of composite block, nanohybrid, and microhybrid resin com-
posites after immersion in red wine and repolishing. The first
null hypothesis tested was that the color stability of composite
block, nanohybrid, and microhybrid resin composites would
not be different. The second null hypothesis tested was that the
repolishing would not affect the discoloration of the composite
block, nanohybrid, and microhybrid resin composites.

Material and Methods
Study materials

In this in vitro study, an indirect composite block (Cer-
asmart; GC, Tokyo, Japan, LT, A2), a nanohybrid (Ceram X;

Dentsply Sirona, Konstanz, Germany, A2), and a microhybrid
(Charisma Smart; Heraeus Kulzer, Hanau, Germany, A2) resin
composite was used. The characteristics of the materials are
described in Table 1. The schematic representation of the
study methodology is displayed in Figure 1.

Specimen preparation

The composite block was cut into sizes of 2x7x12 mm using
a diamond saw mounted on a cutting machine under water
cooling (Minitom, Struers, Denmark). Twenty test specimens
were acquired from the block (n=20). The specimens were
sequentially polished with #180, 320, 400, and 600 silicon
carbide papers under a semi-automatic grinding and pol-
ishing device (Tegramin 25, Struers, Denmark) to achieve

Table 1: The materials, chemical composition and application
procedure.

Material Composition Application procedure
Cerasmart Bis-MEPP, UDMA, CAD/CAM material
Lot no: 1909277 DMA, silica and
(GC, Leuven, barium glass
Belgium) nanoparticle (20 nm)
(71% wt)
Ceram X Bis-GMA, UDMA, 1. Apply in 2 mm layers
(Dentsply TEGDMA, Barium- 2. Light-cure for 20 s
Sirona, aluminum-borosilicate
Konstanz, glass (1.1-1.5 um),
Germany) methacrylate
Lot no: 0823 functionalized silicone

dioxide nano filler (10
nm) (76% wt)

Charisma Smart Bis-GMA, UDMA, 1. Apply in 2 mm layers

(Heraeus TEGDMA 2. Light-cure for 20 s
Kulzer, Hanau,  Barium aluminum

Germany) fluoride glass filler

Lot no: (0.02-2 um), 5 vol%

K010516 pyrogenic silicon

dioxide filler (0.02-
0.07 um) (78% wit)

Composition as provided by the manufacturers: BisMEPP, 2,2-bis(4-
methacryloxypolyethoxyphenyl) propane; DMA, dimethacrylate; Bis-GMA,
bisphenol-glycidyl methacrylate; UDMA, urethane dimethacrylate;
TEGDMA, triethylene glycol dimethacrylate.
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Figure 1. Schematic illustration of the experimental design.
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a standardized smooth surface. Then, the specimens were
polished with aluminum oxide discs of a multistep polishing
system (SuperSnap; Shofu, Kyoto, Japan). The thickness of
2+0.05mm of the prepared specimens was confirmed by a
digital micrometer (Digimatic Micrometer; Mitutoyo, Tokyo,
Japan). The specimens were cleaned in an ultrasonic bath
with distilled water.

Twenty rectangular specimens, 2x7x12 mm in size, were
prepared using a Teflon mold from each resin composite
(n=20). The resin composites were encased into the Teflon
mold. A mylar strip (SS White Co., Philadelphia, PA, USA) was
suppressed onto the mold surface and sandwiched between
the two glass slides on both sides to promote smoothness
and extrude the resin composite excess. The resin compos-
ites were polymerized on both sides for 20 seconds using
a LED light-curing unit (Smartlite Focus, Dentsply, Milford,
DE, USA) at 1000 mW/cm?. After the polymerization process,
the specimens were replaced from the mold and stored in
distilled water at 37°C for 24 hours. Each surface of the speci-
mens was polished with the multistep polishing system (Su-
perSnap) by thoroughly rinsing with water and air-drying to
remove debris after each polishing step.

Baseline color assessment

Before the staining procedure, the baseline color values of
all specimens were recorded under standardized ambient
conditions according to the Commission Internationale de
I'Eclairege L'a’b" (CIELAB) color space system using a spec-
trophotometer (Spectroshade; MHT Optic Research AG, Nie-
derhasli, Switzerland). The spectrophotometer was calibrat-
ed on a white calibration tile before measurements. All color
measurements were performed over a white background.
The color of each specimen was measured three times in the
center of the specimens and averaged (L, ag, bg). The color
measurements were assessed regarding three coordinate
values based on the CIE L'a’b" color space system.

The axis L" refers to the lightness coordinate, and its val-
ue ranges from zero (black) to 100 (white). The a" value rep-
resents redness (positive a’) or greenness (negative a’). The
b"value represents yellowness (positive b") or blueness (neg-
ative b") (5).

Specimen staining

All the specimens were immersed in red wine for 3 hours
a day for a total of 15 days. The specimens were stored in
distilled water at 37°C until the following day’s immersion.
The specimens were dried and cleaned with blotting paper
during transfers from red wine to distilled water. The red
wine was refreshed every day. As previously described, the
color of the specimens was measured with the spectropho-
tometer after the staining period (Lq, a4, by).

After this measurement, the stained surfaces of specimens
were repolished using the multistep polishing system (Su-
perSnap) as in specimen preparation, simulating the clinical
repolishing procedure. Then, the color measurement of the
specimens was performed again for the third time with the
same method (L, ay, b5).

Assessment of color change

The values of the changes of L" (AL), a" (Aa), and b" (Ab)
were calculated from the color measurements at different
times. The color difference (AE) was calculated from the
mean AL, Aa, and Ab values for each specimen using the
following formula: AE = [(AL)*+ (Aa)*+ (Ab)?]'2. The col-
or difference after staining to baseline was calculated as
AE;. The color change after repolishing to baseline was
calculated as AE,. In the present study, the perceptibili-
ty threshold of 1.2 and the acceptability threshold of 2.7
were accepted or color differences based on previous
studies (18,20).

Table 3: Means and standard deviations of color changes (AE values)
dafter the staining and repolishing procedures.

After staining/  After repolishing/

Materials AE, AE, p*
Cerasmart 4.82+0.882 2.62+1.00° 0.000
Ceram X 7.04+2.17° 3.45+1.27% 0.000
gr:jri:‘ma 7.23+1.87° 394+128° 0,000
p’ 0.000 0.004

Table 2: Mean and standart deviation of L, a, b values at baseline, and AL, Aa, Ab values at measurement intervals.

Materials Baseline After staining After repolishing
Cerasmart L 76.38+2.03 AL, -1.08+2.54 AL, 0.54+1.92
a’ 0.76+0.67 Aa, 2.90+1.14 Aa, -0.70£1.14
b* 14.30+1.95 Ab;, 2414114 Ab, 1.09+1.08
Ceram X L 78.26x0.45 AL, -4.52+1.96 AL, -1.34£1.63
a 1.07+£0.37 Naq 3.27+2.21 Aay -1.01£1.52
b* 17.05+£2.02 Ab, 3.15+£2.24 Ab, -1.66%1.82
Charisma Smart L 75.23%£1.70 AL, -1.23+£2.29 AL, 1.69+2.09
a 0.45+0.88 Aa, 2.80+1.50 Aa, -0.39+1.57
b’ 13.57£1.79 Ab, 5.85+£2.28 Ab, 1.82+2.12

Same small superscript letter indicates no statistical difference in the column p': The significance level of AE values between groups p*: The significance level

between AE; and AE, values
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Statistical analysis

The SPSS program (Statistical Package for the Social Sci-
ences version 20.0; SPSS, Chicago, IL, USA) was used to an-
alyze the data. The normality of the data distribution was
evaluated by the Kolmogorov-Smirnov test. Levene’s test
was used to check for homoscedasticity. The data were an-
alyzed with a one-way analysis of variance test (ANOVA).
Multiple comparisons were performed with Tukey’s post hoc
test. A paired t-test was conducted to compare AE values
calculated after staining and repolishing. The statistical sig-
nificance level was set at 0.05 for all analyses.

Results

The values of L, a", and b" coordinates at baseline and
AL, Aa, and Ab values at the experimental conditions are
presented in Table 2. The mean and standard deviations of
overall color change after staining and after repolishing are
shown in Table 3. The statistical analysis results of AE values
are also displayed in Table 3.

After the staining procedure, all the materials presented
color change. The AE values were above the acceptability
threshold. The composite block showed the lowest AE value
(p<0.05). The AE values of the nanohybrid and microhybrid
resin composites were statistically similar. The repolishing
procedure caused a decrease in the color change of all three
materials (p<0.05). After repolishing, the AE values of the
composite block and the nanohybrid resin composite were
not statistically different, but there was a significant differ-
ence between the AE values of the composite block and the
microhybrid resin composite (p<0.05).

The AE value of the composite block was clinically accept-
able after repolishing. However, the AE values of the two res-
in composites were above the acceptability threshold.

Discussion

Color match is a factor that affects the longevity of res-
in-based composite restorations (5). The complex oral envi-
ronment may lead to a change in the color of materials (10).
The restorative materials must show resistance to discolor-
ation over the years (4,14). The color stability of materials
may be objectively measured by instrumental methods like
a spectrophotometer (21). The CIE L’a’b” coordinate system
is used to evaluate the color change (22). Because this sys-
tem has advantages such as accuracy, repeatability, sensitiv-
ity, and objectivity (3,5). In this study, a spectrophotometer
and CIE L"a’b" coordinate system were used to determine
the color alterations. CIEDE 2000 is another color difference
evaluation system. However, it has been reported that the
CIELab and CIEDE 2000 systems are highly correlated (12).

The perceptible color difference to the human eyes and
the acceptable color change are crucial in the assessment
discoloration degree (3,5). There is no consensus about the
perceptibility and acceptability threshold. Increased esthet-
ic demands of patients have led to a decrease in the accept-
ability threshold over the years (18). In the current study, the
perceptibility threshold of 1.2 and the acceptability thresh-
old of 2.7 were chosen, as reported in a prospective multi-
center study (20).

In the present study, the color stability of composite block,
nanohybrid, and microhybrid resin composites was evaluat-
ed. After the staining procedure, all three materials showed
unacceptable color changes. However, the color change value
of the composite block was lower than that of nanohybrid and
microhybrid resin composites. Therefore, the first null hypoth-
esis that the color stability of composite block, nanohybrid,
and microhybrid resin composites would not be different was
rejected. The result is in agreement with previous studies,
which have concluded that the indirect composite blocks had
lower color change values than direct resin composites (3,19).

The CAD/CAM blocks show better resistance to discolor-
ation than direct resin composites, even with similar com-
positions (3). The polymerization techniques used in the
production procedure of CAD/CAM blocks promote their
discoloration resistance (23). The resin-based materials that
are used with CAD/CAM systems are polymerized industri-
ally at high temperatures and pressures (6,7). The materials
have a high conversion degree, so the number of unreacted
monomers is lower than direct resin composites (6). The low
number of unreacted monomers provides superior physical
properties, less water absorption, and better color stability
to these materials (6,12).

The staining susceptibility of resin-based materials is as-
sociated with their hydrophilicity of the resin matrix and the
amount of water sorption (17). The materials may absorb
other fluids with colorant pigments besides water, which
results in discoloration (24). Water sorption mainly occurs
in the resin matrix of the materials. Therefore, the organ-
ic matrix content of the material may be more effective in
discoloration potential than filler particles (5). The materials
containing a hydrophilic resin matrix have a higher degree
of water sorption and a higher potential for discoloration
(3,5,8,17,18). It has been concluded that, under similar cur-
ing conditions, TEGDMA and Bis-GMA showed higher water
sorption than UDMA (25).

The conversion degree of the resin matrix influences the
water sorption of materials (17,25). The degree of conver-
sion is directly related to the amount of unreacted monomer
(17).The low monomer conversion causes the formation of a
high number of unreacted monomers, leading to higher wa-
ter sorption and discoloration (5,25). The conversion degree
of resin-based materials under identical curing conditions
is different according to their monomer content because
some monomers have a lower degree of conversion (17,25).
It has been reported that Bis GMA showed a lower conver-
sion degree than UDMA and TEGDMA (25). Higher inorganic
filler content might also cause lower water sorption, thus
providing better staining resistance (18,26).

The treatment of silane on thefiller particles of the resin-based
materials is another factor that that affects the color stability of
materials over time (27). A weak silanization results in insuffi-
cient filler-resin matrix binding, which induces large amounts
of water sorption and thus less staining resistance(4,8). The ef-
fective silanization process in CAD/CAM materials might posi-
tively influence water sorption and color stability (8).

In this study, the composite block showed better color
stability than the direct resin composites. The result might
be attributed to the better silanization and the lower water
sorption that result from the high conversion degree. Fur-
thermore, the composite block Cerasmart does not contain
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a hydrophilic Bis-GMA monomer. It has a Bis-MPEPP mono-
mer. Bis-MPEPP causes lower discoloration because it is a
more hydrophobic monomer compared to Bis-GMA (4). The
color stability of the nanohybrid and microhybrid resin com-
posites was not different, as concluded in a previous study
(28). It might be due to the similar resin matrix composition
and inorganic filler ratio of these resin composites.

The discoloration of restorations could be removed by
repolishing, depending on the material and the severity of
staining (9,16). Repolishing is a minimally invasive operative
procedure, which may remove the extrinsic discoloration
on the restoration’s surfaces (5,18). Moreover, the surfaces
become more resistant to discoloration again since they are
smoother after repolishing (5,29). Thus, the repolishing may
even prevent the replacement of the restorations (18,29).
Repolishing might be more effective in direct resin compos-
ites because they are more susceptible to wear (5).

In this study, repolishing reduced the discoloration de-
gree of all materials. Therefore, the second null hypothesis
that the repolishing would not affect the discoloration of
the resin-based block, nanohybrid, and microhybrid resin
composites was rejected. This result is in agreement with
previous studies in which the repolishing provided a signif-
icant improvement in the discoloration of resin composites
(5,16,18), ceramics, and resin-based composite blocks (9). In
a previous study, repolishing did not affect the color change
of the composite block Cerasmart, and this was attributed
to a low discoloration degree (19). Nonetheless, internal dis-
colorations may not be completely removed by repolishing
(9,30). In the current study, the AE value of the microhybrid
resin composites was higher than the resin-based block af-
ter the repolishing procedure. It might result from more in-
ternal discoloration in this resin composite.

In the present study, the color measurement was performed
on a white background. The white background can simulate
better the light reflectance in restorations surrounded by tooth
walls (8,27). The color differences in these restorations are more
evident (27). In the present study, red wine was chosen as
a staining solution. It has been reported that red wine was a
more effective coloring agent, although different staining solu-
tions were available (3,8-10). The specimens were immersed in
red wine daily and continuously for a specified time. It has been
stated that this method might be assumed equal to a long du-
ration of exposure to stains in clinical conditions (31).

The present study has some limitations. Different in vitro
conditions may be effective on the color stability of the ma-
terials. The laboratory setting does not fully simulate intraoral
conditions. In the clinical environment, the discoloration po-
tential of restorative materials might be influenced by differ-
ent factors, including saliva, oral temperature, tooth brushing,
toothpaste, and diet content (9). Moreover, the geometrical
shape of the specimens is not similar to typical dental resto-
rations (19). Thus, more in vitro and clinical studies must be
conducted to assess the color stability of the materials.

Conclusion

The composite block was more resistant to discoloration
than the nanohybrid and microhybrid resin composites.
There was no significant difference in discoloration between
the nanohybrid and microhybrid resin composites. The re-

polishing procedure reduced the color alteration of the ma-
terials. After repolishing, the AE value of the composite block
was clinically acceptable, but not that of the nanohybrid and
microhybrid resin composites.

Tiirkge 6zet: Yeniden polisaj isleminin indirek kompozit blok, nano-
hibrit ve mikrohibrit rezin kompozitlerin renk degisimine etkisi. Amag:
indirek kompozit blok, nanohibrit ve mikrohibrit rezin kompozitler-
in kirmizi saraba daldirildiktan ve yeniden polisaj yapildiktan sonra
renk stabilitesini karsilastirmali olarak dedgerlendirmek. Gereg ve Yon-
tem: Ornekler (2x7x12 mm) bir indirek kompozit blok (Cerasmart), bir
nanohibrit rezin kompozit (Ceram X), ve bir mikrohibrit rezin kompozit
(Charisma Smart) kullanilarak hazirlandi. Orneklerin rengi CIE L'a’b’
renk sistemine gére bir spektrofotometre ile kaydedildi (Spectroshade).
Baslangi¢ rengi kaydedildikten sonra érnekler 15 giin boyunca giinde 3
saat kirmizi saraba daldinldi. Renk 6lctimii tekrar yapildi. Ornekler, cok
asamali bir polisaj sistemi (SuperSnap) ile polisajlandi. Renk 6l¢imii
ti¢tincli kez yapildi. Renk degisimi degerleri (AE) baslangi¢ta, daldirma
ve yeniden polisaj islemlerinden sonra elde edilen L", a" ve b* degerleri ile
hesaplandi. Istatistiksel analizler, tek yénlii varyans analizi, Tukey ¢ok-
lu karsilastirma ve eslestirilmis t testleri ile yapildi. (p = 0,05) Bulgular:
Kompozit blok en diistik AE degerini gdsterdi (p<0,05). Nanohibrit ve
mikrohibrit rezin kompozitlerin AE degerleri arasinda istatistiksel olarak
anlamli bir fark bulunmadi. Yeniden polisaj islemi, her lic materyalin
de renk degisiminde bir azalma sagladi (p<0,05). Kompozit blogun AE
dederi, polisaj isleminden sonra klinik olarak kabul edilebilirdi. Sonug:
Kompozit blok, daha yiiksek renk stabilitesi gOsterdi. Nanohibrit ve
mikrohibrit rezin kompozitlerin renklenme direnci farkli degildi. Yeniden
polisajislemi, her tic materyalin de renk degisikligini azaltti. Anahtar ke-
limeler: boyama, cad/cam, kompozit dental rezin, parlatma, renk
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