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Objectives: This study aimed to evaluate the color adjustment potential (CAP) of a univer-

sal-shade composite resin applied to acrylic teeth of different shades under various storage 

conditions and over different time intervals.

Methods: A universal-shade composite (Omnichroma; Tokuyama, Tokyo, Japan) and acrylic 

molar teeth in three shades (A1, A2, D4) were used. Two types of samples were prepared: 

dual-shade (Class I restorations with 5-mm diameter and 2-mm depth in acrylic teeth) and 

single-shade (artificial tooth replicas). Specimens were stored in either distilled water or 

coffee. Color measurements were performed using a spectrophotometer at baseline, 1 day, 

1 week, and 1 month. Color differences (ΔE00) were calculated using the CIEDE2000 formula. 

ΔE00 values were analyzed with two-way ANOVA and Tukey’s tests. CAP00 values were ana-

lyzed using the three-way ANOVA for intergroup comparisons and repeated measures ANO-

VA with Bonferroni tests to assess time-related effects.

Results: At baseline, the ΔE00 values were lowest in the A1 group for both sample types, 

followed by A2 and D4. After 1 month, coffee immersion led to significantly higher ΔE00 

values than distilled water in all groups. CAP00 values significantly decreased between 1 

week and 1 month in coffee-stored samples. All shade and storage subgroups showed a 

significant time-dependent increase in CAP00 (p < 0.05). 

Conclusions: One-month storage in distilled water enhanced CAP in all groups. In turn, 

prolonged coffee exposure increased color differences and diminished the color harmony 

of restorations over time. (Rev Port Estomatol Med Dent Cir Maxilofac. 2025;66(3):115-123)
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Introduction

In the field of restorative dentistry, facilitating treatment pro-
cesses has always been an important goal in the material 
development process. Significant progress has been made 
with innovations such as universal adhesive systems,1 
high-power light-curing units,2 and bulk-fill composites.3 A 
recent breakthrough has been the development of univer-
sal-shade (single-shade) composite resins. These resins can 
mimic any tooth shade with a single application, thus elimi-
nating the complexity of applying multiple layers of various 
shades to mimic the natural tooth appearance during resto-
ration procedures.1,4

Universal-shade composite resins were pioneered by Om-
nichroma (Tokuyama, Tokyo, Japan), and their key feature has 
earned a place in dental terminology as “chameleon effect.” 
This effect is attributed to smart chromatic technology, which 
relies on structural color, through a phenomenon where spe-
cific wavelengths of light are reflected due to the interaction 
of light with the material’s uniformly arranged nano-struc-
tured fillers. According to its manufacturer’s information, Om-
nichroma does not contain pigments; it is produced using the 
sol-gel method with spherical SiO2 and ZrO2 particles of equal 
size and 260-nm diameters. This regular supra-nanostructure 
is responsible for developing structural color within the range 
from yellow to red.4–6 Smooth, uniformly spaced, and arranged 
spherical fillers facilitate light transmission throughout the 
restoration, reflecting the color of the surrounding cavity and 
demonstrating superior color blending ability.7 As a result, it 
claims to match all 16 VITA Classic shade guide colors from A1 
to D4.

Color compatibility, interactions, and stability are critical 
factors for evaluating the clinical performance of composite 
resins.8 The color matching and interaction properties of uni-
versal-shade composites have been addressed in many stud-
ies using instrumental and/or visual methods. Studies have 
shown that these composites are compatible with a wide 
range of shades in restoration applications on human teeth,6,9 
and they can also adapt to color changes after teeth whiten-
ing.10 Color shifting has also been investigated by placing 
these universal-shade materials into cavities prepared in 
composite substrates with different shades, showing effective 
blending properties in this clinical scenario simulating resto-
ration repair.11,12

Color stability or instability is associated with aging and 
discoloration after restoration application.13,14 The various 
physicochemical conditions in the oral environment can alter 
the chemical structure of composite resins, and exposure to 
multiple beverages containing specific chromogens, especial-
ly throughout the day, leads to inevitable color changes in res-
torations.15 Studies investigating how universal-shade resin 
composites respond to these external factors have shown that 
they exhibit similar discoloration potential compared to tra-
ditional composites.16,17 On the other hand, as the optical 
properties of an aged composite resin restoration change, col-
or matching can become even more complex.18

Color perception relies primarily on how light is reflected 
or transmitted by an object and is perceived visually. In dental 
practice, shade selection can be conducted through several 

approaches, including visual comparison using shade guides, 
spectrophotometry, colorimetry, and computer-assisted digital 
imaging analysis.19,20 Although visual assessment remains the 
most common technique, it is subject to variability caused by 
factors such as ambient lighting conditions, observer fatigue, 
the clinician’s experience, and even gender differences.21,22 
Digital color measurement devices may minimize these sub-
jective influences by offering a more objective alternative due 
to reducing environmental and observer-related biases. Instru-
ments like spectrophotometers and colorimeters have been 
widely employed to quantify natural tooth color, aiding in the 
accurate selection of composite resin shades.23,24 Spectropho-
tometers, known for their precision and versatility in color 
science, operate by detecting the intensity of light reflected 
from a surface at narrow wavelength intervals across the vis-
ible spectrum (400–700 nm).25 The VITA Easyshade spectropho-
tometer, for example, integrates components including a light 
source, optical dispersion elements, a measurement system, 
a sensor, and signal processing units to convert reflected light 
into analyzable data. The spectral information obtained must 
then be translated into clinically relevant shade values to fa-
cilitate dental color matching.25,26

Based on this information, the research question of this 
study is whether a restoration made with universal-shade 
composite resin, in the long term, loses or maintains its com-
patibility with the substrate material in terms of discoloration. 
This study aims to examine the color adjustment potential 
(CAP) of a universal-shade composite resin in Class I resto-
rations prepared on acrylic teeth with different shades (A1, A2, 
and D4), following exposure to coloring agents (distilled water 
and coffee) for 24 hours, 1 week, and 1 month, to understand 
how well it preserves color stability and aesthetic appeal. The 
primary null hypothesis was that the shade of the substrate, 
the storage medium, and the immersion time would have no 
significant effect on the CAP00 value of the universal-shade 
composite resin. The secondary hypothesis was that no inter-
action would be observed between these variables.

Material and Methods

According to the results of AlHamdan et al.16 and using a 
three-way analysis of variance (ANOVA), G*Power software 
(version 3.1, Heinrich-Heine-Universität Düsseldorf, Düssel-
dorf, Germany) with α = 0.05, power (1-β) = 0.95, effect size = 
0.8465196, and common standard deviation of 0.46526874, the 
total sample size required was 27 (3*9). Therefore, the experi-
ment was conducted with n = 10 for each subgroup.

This study used sixty left mandibular first molar (#36) 
acrylic teeth without root extensions, containing only crown 
morphology (provided by Tokuyama Dental, Japan). Circular 
cavities were prepared on the teeth’s occlusal surfaces, with 
2-mm depth (measured from the lingual groove) and 5-mm 
diameter. The measurements were determined using a Nor-
dent Periodontal Probe N116 (Nordent Manufacturing, USA). 
The acrylic teeth were bilayered to mimic the optical behavior 
of natural teeth and to enhance the reliability of the color eval-
uations. Shades A1, A2, and D4 were selected to reflect a clin-
ically relevant range of tooth shades: A2 is among the most 
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frequently observed natural shades,27 while A1 and D4 repre-
sent the lighter and darker ends of the shade spectrum com-
monly encountered in daily clinical practice within the VITA 
Classical scale.

A single layer of universal-shade composite resin Omni-
chroma was placed in all cavity preparations. The occlusal 
surface of the restoration was flattened to allow measurement 
with a spectrophotometer. The composite restorations were 
polymerized for 20 seconds using an LED light-curing unit 
(D-light Pro; GC Europe, Leuven, Belgium) with an average light 
intensity of 1400 mW/cm², according to the manufacturer’s 
instructions. The light intensity of the device was checked with 
an integrated radiometer every three polymerizations. Subse-
quently, finishing and polishing were performed on the resto-
ration surfaces using a two-step polishing system (Enhance & 
PoGo; Dentsply, Konstanz, Germany) with a slow-speed hand-
piece. The visual schematics of the restorations prepared in 
the acrylic teeth is shown in Figure 1a.

The restored acrylic teeth were divided into three groups 
of 20 teeth according to the three different tooth shades. 
Then, the teeth in each group were randomly divided into 
two subgroups (n = 10) to be stored in either distilled water 
or coffee (Figure 1b). To mimic dietary staining, a coffee solu-
tion containing 2 g of granulated coffee (Nescafé Gold; Nestlé, 
Vevey, Switzerland) was prepared by dissolving the powder 
in 200 ml of boiling water (at approximately 100°C) and al-
lowed to steep for 1 minute. The specimens were immersed 
while the solution was still hot (at approximately 90–95°C), 
simulating intraoral exposure to freshly brewed coffee. Based 
on studies by Ertaş et al.,28 which indicate that immersion in 
beverages for 24 hours corresponds to 1 month in vivo, in 
this study, the samples were stored in solutions for 30 days, 
simulating a clinical lifespan of 2.5 years. Throughout the 
study, the solutions were refreshed every 24 hours in the 
same way.28

Color measurements were repeated immediately after the 
completion of restorations and then after 1 day, 1 week, and 
1 month of immersion in distilled water or coffee. Samples 
removed from the solutions at all evaluation periods were 
rinsed under running water for 10 seconds, dried with blotting 
paper, and then left to air dry. Measurements were performed 
using an intraoral spectrophotometer (VITA Easyshade V; VITA 
Zahnfabrik, Bäd Säckingen, Germany) on a neutral gray back-
ground (L* ≈ 50), in accordance with standard protocols for 
reducing ambient light interference. The device features a 
measurement tip with a diameter of approximately 5 mm, 
which was positioned perpendicular to the measured surfac-
es during all evaluations. To obtain color parameters from 
acrylic teeth, the device probe was placed on the buccal sur-
faces of the teeth. To obtain color parameters of Omnichroma, 
the device probe was positioned perpendicular to the com-
posite restorations on the occlusal surfaces of the resin teeth. 
Following the manufacturer’s instructions, the device tip was 
positioned perpendicular to the measured area as illustrated 
in Figure 1c.

The average L*, a*, b* values of three repeated measure-
ments were calculated for each restoration and acrylic tooth. 
After each of the three measurements, the device’s calibration 
was checked. Then, using the Excel spreadsheet application, 
the color difference (ΔE00) values between the acrylic teeth and 
the occlusal restorations were calculated with the formula be-
low:29

Following the recommendations for dental research and 
in vivo instrumental color analysis, the KL, KC, and KH para-
metric factors were adjusted to 2:1:1.30 The color difference 
calculations at baseline, 1 day, 1 week, and 1 month were re-
corded as ΔE00_dual values. Based on the literature, the 50:50% 
perceptibility (PT00) and 50:50% acceptability (AT00) thresholds 
were established at > 0.8 and ≤ 1.8, respectively, in line with 
previous CIEDE2000-based dental color research.31

The CAP00 index was used to calculate the CAP.32 For this 
purpose, color difference values obtained from dual-shade 
(restored) samples (ΔE00_dual) after exposure to distilled water/
coffee solution at baseline, 1 day, 1 week, and 1 month, as well 
as color difference values obtained from single-shade samples 
(ΔE00_single), were used. The single-shade samples consist of the 
acrylic tooth without cavity preparation and its replica made 
from composite resin. Thus, the color difference value ΔE00_sin-

gle corresponds to the color difference between these two in-
dividual samples. Moreover, a comparison was made with a 
reference ΔE00_single value to track the time-dependent change 
in CAP. The color parameters of single-shade acrylic resin tooth 
samples were recorded from the flat buccal surfaces before 
preparation. For single-shade composite samples, Omnichro-
ma resin replicas were made from silicone molds obtained 
from acrylic teeth (n = 10). The same procedures for polymer-
ization and finishing/polishing were followed. Then, the aver-
ages of L*, a*, and b* measurements obtained from the buccal 
surfaces of single-shade acrylic and composite artificial teeth 
were used in the CIEDE2000 color difference formula to obtain 

Figure 1. Step-wise experimental design
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a reference ΔE00_single value for each shade of acrylic teeth (A1, 
A2, D4). The calculated reference ΔE00_single values in distilled 
water and coffee, respectively, were 4.06 ± 0.84 and 4.36 ± 0.79 
for A1, 10.75 ± 0.62 and 10.33 ± 0.65 for A2, and 12.39 ± 0.46 and 
12.53 ± 0.57 for D4. CAP00 index values for each time period 
(baseline, 1 day, 1 week, 1 month) were then calculated using 
the following formula: CAP00 = 1 - ΔE00_dual / ΔE00_single. The dis-
tinction between dual and single-color measurement methods 
is visually presented in Figure 1d.

The data were analyzed using the statistical software pro-
gram SPSS (version 23.0) (IBM; Chicago, IL, USA). According to 
the Shapiro-Wilk test, the data showed a normal distribution. 
For color-matching assessment, a two-way ANOVA with a post 
hoc Tukey’s test was applied to the ΔE00 values obtained for 
each immersion time. CAP00 values were analyzed using three-
way ANOVA for intergroup comparison, repeated measures 
ANOVA to determine the effect of immersion time, and, sub-
sequently, Bonferroni tests. A p-value lower than 0.05 was con-
sidered statistically significant.

Results

According to the two-way ANOVA, only the substrate shade 
main factor had a statistically significant effect on the baseline 
color difference values (ΔE00). The substrate shade and storage 
media main factors and the substrate shade*storage media 
interaction were also statistically significant at 1 day, 1 week, 
and 1 month (p < 0.001; Table 1). The color difference values 
for each time period are shown in Table 2. Accordingly, ΔE00 
values obtained from single-shade and dual-shade samples 
before exposure to any solution were lowest in the A1 group, 
followed by the A2 and D4 groups, respectively. The highest 
ΔE00_dual values after exposure to different solutions were ob-
served in the D4 shade-distilled water subgroup at the 1-day 
and 1-week evaluations and in the D4 shade-coffee subgroup 
at the 1-month evaluation. The lowest ΔE00_dual values were 
observed in the A1 shade-distilled water subgroup in all three 

evaluation points and in the A1 shade-coffee and A2 shade-cof-
fee subgroups at the 1-week evaluation.

When considering each substrate shade in terms of differ-
ent storage media, the A2 and D4 groups showed lower ΔE00_dual 
values after 1 day and 1 week of exposure to coffee compared 
to distilled water. In the A1 group, however, storage in distilled 
water resulted in lower ΔE00_dual values compared to coffee 
after 1 day, but statistically similar values were found after 1 
week. After 1 month, storage in coffee resulted in significant-

Table 2. Mean ΔE00_single and ΔE00_dual values±standard deviations at baseline, 1 day, 1 week, and 1 month.

Shade Storage media ΔE00_single

ΔE00_dual

Baseline 1 day 1 week 1 month

A1

Distilled water   4.06±0.84 2.85±0.32 2.01±0.19 e 1.92±0.36 c   1.69±0.19 d

Coffee   4.36±0.79 3.18±0.52 3.48±0.38 c 1.51±0.38 c   7.74±1.15 b

Avg.   4.21±0.81 ‡ 3.02±0.45 ‡ 2.75±0.81 ‡ 1.71±0.42 ‡   4.71±3.21 ‡

A2

Distilled water 10.75±0.62 6.14±0.91 3.96±0.27 c 3.85±0.37 b   4.07±0.43 c

Coffee 10.33±0.65 6.33±0.96 2.82±0.47 d 1.58±0.36 c   9.01±1.06 b

Avg. 10.54±0.66 δ 6.24±0.91 δ 3.39±0.69 δ 2.72±1.22 δ   6.54±2.65 δ

D4

Distilled water 12.39±0.46 9.31±0.61 8.30±0.73 a 8.35±1.11 a   7.85±0.71 b

Coffee 12.53±0.57 9.81±0.82 5.37±0.61 b 4.44±0.25 b 16.57±1.78 a

Avg. 12.46±0.51 ¥ 9.56±0.75 ¥ 6.84±1.64 ¥ 6.40±2.16 ¥ 12.21±4.66 ¥

Symbols (¥, δ, ‡) indicate significant differences between shades within each column (p < 0.05).
Letters (a,b,c,d,e) indicate significant differences between shade*storage media interactions within each column (p < 0.05).
Note: Symbols and letters are randomly assigned and serve purely for grouping purposes — they do not reflect ranking.

Table 1. Effect of storage media and substrate shade on 
color matching values (ΔE00) at each immersion time.

Test 
statistics*

df p-value

ΔE00_single

Shade 835.417 2 <0.001

Storage media 0.001 1 0.973

Shade*storage media 1.650 2 0.202

Baseline

Shade 406.708 2 <0.001

Storage media 3.200 1 0.079

Shade*storage media 0.235 2 0.792

At 1 day

Shade 421.185 2 <0.001

Storage media 48.691 1 <0.001

Shade*storage media 106.387 2 <0.001

At 1 week

Shade 396.779 2 <0.001

Storage media 236.851 1 <0.001

Shade*storage media 49.976 2 <0.001

At 1 month

Shade 289.476 2 <0.001

Storage media 612.685 1 <0.001

Shade*storage media 17.902 2 <0.001

*Two-way analysis of variance, df: Degree of freedom. Bold values 
mean statistical significance.
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ly higher ΔE00_dual values for all groups compared to distilled 
water.

The three-way ANOVA conducted to determine the effects 
of substrate shade (F = 89.193, p < 0.001), storage media (F = 
43.447, p < 0.001), and immersion time (F = 116.263, p < 0.001) 
on the CAP00 value of Omnichroma revealed that all three main 
factors had statistically significant effects. The interaction be-
tween these factors was also significant (p < 0.001; Figures 2, 
3, and 4). The time-dependent CAP00 graph for each shade-stor-
age media subgroup during the experiment is shown in Figure 
5. According to repeated measures ANOVA, time-dependent 
changes in CAP00 values were statistically significant for each 
shade-storage media subgroup (p < 0.05). Bonferroni tests re-
vealed statistically significant differences between the 1-day 
and 1-month measurements for the A1 shade-distilled water 
subgroup (p = 0.024), between baseline and 1-month measure-
ments for the D4 shade-distilled water subgroup (p = 0.003), 
and between baseline and 1-day (p < 0.001), 1-week (p < 0.001), 
and 1-month (p = 0.001) measurements for the A2 shade-dis-

tilled water subgroup. For the subgroups immersed in coffee 
solution, a statistically significant increase was observed be-
tween all immersion times except for baseline and 1-day mea-
surements for the A1 shade-coffee subgroup (p < 0.05).

Discussion

This study used the CIEDE2000 color difference formula and 
the color adjustment potential (CAP00) equation to analyze the 
potential color shift towards the substrate’s color that resin 
composites undergo when exposed to colorants. Accordingly, 
the color matching with the substrate material after color 
changes over time in composite restorations was evaluated 
relative to the initial color difference values. Based on the sig-
nificant changes observed in CAP00 values across different 
immersion media and time intervals, both the primary and 
secondary null hypotheses were rejected.

In all dual-shade samples, the CIEDE2000 color differences 
between the resin tooth and the restoration surface were ini-
tially considerably higher than the generally accepted accept-
ability threshold for ΔE00 (AT00 ≤ 1.8), as reported in ISO/TR 
28642:2016 and more recent perceptibility/acceptability consen-
sus studies.31,33 Omnichroma initially exhibited a lower color 
difference (ΔE00) from the high-value VITA A1 substrate resin 
tooth and matched better than the low-value VITA D4 substrate 
shade. Similarly, Iyer et al.34 reported that among univer-
sal-shade composites, Omnichroma exhibited better compati-
bility with lighter color shades (A2, B1, and B2) in resin teeth. 
Another study reported that the color-matching ability of a uni-
versal-shade  resin composite (Omnichroma) was influenced by 
tooth color.16 Forabosco et al.10 reported a significant decrease 
in the color difference value of Omnichroma with brighter 
shades after bleaching in human teeth. The authors thus noted 
the advantage of universal color composites in simplifying the 
technique, shortening the process, and eliminating the need to 
replace existing restorations when bleaching occurs.5

The high ΔE values observed for the D4 group may not only 
reflect restoration-substrate mismatch but could also be par-

Figure 2. Results from a three-way ANOVA carried out 
to evaluate CAP00 according to substrate shade

Figure 3. Results from a three-way ANOVA carried out 
to evaluate CAP00 according to storage media

Figure 4. Results from a three-way ANOVA carried out 
to evaluate CAP00 according to immersion time

119rev port estomatol med dent cir maxilofac . 2025;66(3) :115-123



tially due to the reduced measurement precision of spectro-
photometers in darker and more chromatic shade areas. While 
specific data on D4 are scarce, the literature indicates that the 
peripheral regions of the VITA Classical shade scale—such as 
C and D groups—may pose greater challenges in accurate col-
or measurement due to their higher chromaticity and lower 
frequency in calibration sets.35

Unfortunately, most materials exhibit color changes ranging 
from light cream to yellowish or light brown due to exposure to 
organic pigments found in food and beverages.36 In clinical sce-
narios involving prolonged exposure to a coloring solution, it is 
important to examine how these new-generation composites 
with CAP interact with the substrate tissue. The coffee solution 
contains low-polarity yellow stain molecules, which potential-
ly cause staining due to their affinity for the polymer network.37 
Researchers have stated that coffee provides pigments that are 
adsorbed and absorbed by the substrate composite resin, lead-
ing to discoloration on the material’s surface and in deeper lay-
ers.28,38 It is also believed that the high coffee temperature could 
facilitate the restoration’s staining process.39 Furthermore, pre-
vious studies have reported that Omnichroma exhibits color 
stability comparable to traditional composite resin in coffee.16 
In the current study, after 1 month, the coffee solution led to 
higher color difference values than the control environment 
across all shades, with the highest values observed in the D4 
tone. Um and Ruyter40 have noted that colorants in coffee ad-
here to the surface and then become fixed, thus making stain-
ing from coffee more pronounced. Lago et al.41 emphasized that 
when staining occurs due to external factors, it happens syner-
gistically with cumulative material degradation.

The CAP00 values, which evaluate the time-dependent col-
or match between the universal-shade composite and the 
substrate, increased noticeably after 1 month compared to 
baseline in the distilled water environment, showing relative-
ly consistent trends from 1 day on, as expected. Research in-

dicates that most clinically significant color changes occur 
after the initial polymerization and within 24 hours. After 24 
hours, the color change over 1 month remains negligible and 
does not significantly contribute to the total color change. The 
increase in color change observed within the first 24 hours is 
attributed to the change in optical properties of the resin 
during the post-irradiation polymerization reaction, which is 
known to occur following light activation of the composites 
and can last up to 24 hours.42

A CAP00 of 0.50 (corresponding to a 50% ΔE00 reduction in 
dual-shade samples compared to single-shade samples) is 
considered a threshold for effective blending.12 The data from 
the current study show that the CAP00 values of samples im-
mersed in distilled water approached the threshold value af-
ter 24 hours compared to baseline, but remained above the 
threshold only for A2-shade samples. In contrast, when ex-
amining the ΔE00_dual values, the lowest color difference was 
observed in the A1 shade for all evaluation periods (1 day, 1 
week, 1 month). This difference between the two parameters 
arises from the higher level of ΔE00_single in the A2-shade sam-
ples. Although better color-matching results were obtained in 
the A1 shade from the beginning, it can be said that there is 
a higher CAP in the A2 shade. This suggests that different 
substrate shades may affect the blending capacities of these 
materials. Furthermore, considering a previous study that es-
tablished a CAP (using the CIE L*a*b* color difference formula) 
value of 0.20 as the threshold for effective blending with den-
ture tooth shade, only the values obtained in the coffee solu-
tion after 1 month fell below this threshold.43 Additionally, in 
the same study, it was reported that instrumental (CAP-I) and 
visual (CAP-V) measurements performed on the A2 denture 
tooth yielded higher results for most of the tested resin com-
posites, similar to the findings in the current study.

Many studies in the literature report conflicting results re-
garding color matching with Omnichroma and high ΔE00 val-

Figure 5. Line graph of CAP00 measurements according to shade and solution during 
the storage time (p = 0.029 for A1-distilled water; p < 0.001 for A1-coffee, A2-distilled 
water, A2-coffee, and D4-coffee; p = 0.003 for D4-distilled water)
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ues.44,45 In the study by Vaizoğlu et al.,46 significant changes 
were observed in the ΔE00 values after traditional composites 
repaired with universal resin composites were colored with 
coffee. In another study, Omnichroma was the composite that 
changed color the most, and repairing composites with the 
same resin yielded the best results.47 Pereira-Sanchez et al.,43 
based on both instrumental and visual evaluations, stated that 
Omnichroma exhibited the greatest color mismatch in their 
study. The differences in the results from these studies can 
largely be attributed to the methods used.

When considering the CAP00 values of samples immersed 
in the coffee simulating the coloring environment, it is surpris-
ing that after 1 day, which simulates 1 month of exposure, all 
CAP00 values except for the A1 group (0.20) were above the 
threshold of 0.50. Previous studies evaluating the color stabili-
ty of universal-shade composite, including Omnichroma, have 
reported that, although universal-shade composites exhibit 
some differences depending on the immersion environment, 
they have a high potential for color change.17,48–52 Earlier stud-
ies on the CAP00 values of universal-shade composites focused 
on blending effects superior to other multi-shade composites, 
which are visually and instrumentally correlated9,43 and posi-
tively affect the color and translucency attributes.12 However, 
limited evidence is available regarding the degree of CAP when 
these composites are subjected to conditions simulating intra-
oral aging. One study found that increased storage time and 
resin thickness positively influenced CAP00 values of class V 
universal-shade composite restorations with different thick-
nesses (2 and 3 mm) in acrylic denture teeth immersed in dis-
tilled water for 24 hours and 1 month.52 In the current study, 
similarly, the level of color matching increased over time in the 
control environment, while long-term exposure to a coloring 
environment had a negative impact. Another study that ac-
counted for aging conditions (thermal aging for 10,000 cycles 
in distilled water) also found inadequate color-matching per-
formance with high ΔE00 for universal-shade repair compos-
ites.18 However, unlike our study, they applied aging conditions 
before the repair application of universal-shade composites  
and did not consider CAP00 values.

This study has certain limitations that should be ac-
knowledged. The investigation was limited to a single univer-
sal-shade composite resin (Omnichroma), selected intention-
ally to maintain material standardization and focus on the 
intrinsic behavior of a widely used representative. While this 
enhances internal consistency, future research should ex-
plore other single-shade composites with varying formula-
tions to broaden the scope of applicability. Moreover, only 
coffee was used as the staining agent, chosen due to its es-
tablished and reproducible staining capacity reported in pri-
or literature. However, evaluating the effects of beverages 
with different pH levels or using multiple staining agents 
would provide a more comprehensive understanding of re-
al-life discoloration mechanisms. Simulated toothbrushing 
was not included in the protocol, as mechanical abrasion 
could interfere with surface integrity and introduce uncon-
trolled variables in color measurements. Likewise, salivary 
dilution and dynamic exposure to staining agents, which oc-
cur in the oral environment, were not replicated in order to 
preserve the conditions’ standardization. Finally, the immer-

sion was performed under static conditions without agita-
tion, consistent with previous in vitro protocols aimed at 
isolating the effects of storage medium and time. The ab-
sence of fluid motion may underestimate the staining poten-
tial of beverages, yet this approach allowed for more con-
trolled assessment of color changes. These methodological 
choices, while limiting clinical mimicry, were implemented 
to ensure experimental reproducibility and internal validity.

Although some variables, such as the inherent glossiness 
of acrylic resin teeth and the inability to simulate the complex 
dynamics of the oral environment, could not be controlled, sev-
eral standardization techniques were applied to minimize their 
impact. These included using prefabricated teeth with identical 
surface morphology, a consistent finishing and polishing pro-
tocol, and standardized spectrophotometer positioning under 
controlled lighting. These measures aimed to reduce operator 
and environmental bias and ensure reliable comparisons.

This study provides valuable insights into the color com-
patibility and long-term color stability of universal-shade 
composite resins, specifically Omnichroma, in restorative 
dentistry. By simulating real-life staining agents, the research 
enhances understanding of how these materials perform over 
time, offering essential information to improve aesthetic out-
comes and durability in clinical practice. These findings help 
inform decisions regarding the use of universal-shade com-
posites in long-term dental restorations. Therefore, the clini-
cal relevance of these findings should be emphasized, espe-
cially when selecting restorative materials for long-term 
aesthetic stability.

Conclusions

When comparing the initial ΔE00_single and ΔE00_dual values, the 
lowest values were observed in the A1 shade, followed by A2 
and D4 shades, respectively. After 1 month, the ΔE00 values 
obtained in the coffee environment were significantly higher 
for all groups than those in distilled water. Except for the val-
ues obtained after 1-month exposure to the coffee solution, 
the CAP00 values were positive for all groups and increased 
over time. The shade of the substrate resin tooth resulted in 
different CAP00 values, with the A2 shade demonstrating the 
highest performance in both immersion environments.

One-month storage in distilled water enhanced CAP in all 
groups. However, prolonged coffee exposure increased color 
differences and diminished the color harmony of restorations 
over time.
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Impacto da exposição ao café no potencial de ajuste 
de cor de compósitos de resina de tonalidade 
universal: um estudo in vitro

r e s u m o

Objetivos: Este estudo teve como objetivo avaliar o potencial de 

ajuste de cor (CAP) de uma resina composta de cor universal apli-

cada a dentes artificiais de diferentes tonalidades, sob diferentes 

condições de armazenamento e em vários intervalos de tempo.

Métodos: Uma resina composta de cor universal (Omnichroma; 

Tokuyama, Tóquio, Japão) e dentes molares artificiais em três tona-

lidades (A1, A2, D4) foram utilizados. Dois tipos de amostras foram 

preparados: restaurações de tonalidade dupla (Classe I) e réplicas 

de dentes artificiais de tonalidade única. As amostras foram arma-

zenadas em água destilada ou café. As medições de cor foram rea-

lizadas com um espectrofotômetro no momento inicial e ao fim de 

1 dia, 1 semana e 1 mês. As diferenças de cor (ΔE00) foram calculadas 

utilizando a fórmula CIEDE2000. Os valores de ΔE00 foram analisa-

dos com ANOVA de dois fatores e testes de Tukey. Os valores de 

CAP00 foram analisados com ANOVA de três fatores para compara-

ções entre grupos e ANOVA de medidas repetidas com testes de 

Bonferroni para avaliar os efeitos ao longo do tempo.

Resultados: No momento inicial, os valores de ΔE00 foram mais 

baixos no grupo A1 para ambos os tipos de amostras, seguidos por 

A2 e D4. Após 1 mês, a imersão em café resultou em valores de ΔE00 

significativamente superiores aos da água destilada em todos os 

grupos. Os valores de CAP00 diminuíram significativamente entre 

1 semana e 1 mês nos grupos armazenados em café. Todos os sub-

grupos de tonalidade e armazenamento apresentaram um aumen-

to significativo do CAP00 ao longo do tempo (p < 0,05).

Conclusões: O armazenamento por um mês em água destilada me-

lhorou o CAP em todos os grupos. Por outro lado, uma exposição 

prolongada ao café aumentou as diferenças de cor e reduziu a 

harmonia estética das restaurações com o tempo. (Rev Port Esto-

matol Med Dent Cir Maxilofac. 2025;66(3):115-123)
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