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Abstract: Accurate color determination in dental restorations is crucial for achieving aesthetically pleasing and functional 
results. Traditionally, color selection has been performed using visual methods, which are subject to observer variability 
and factors such as lighting and experience. However, the use of instrumental technologies like spectrophotometry has 
allowed for greater objectivity and reproducibility in color measurement. This study aims to evaluate the accuracy of color 
determination in composite resin restorations using spectrophotometry, comparing the results obtained with the Vita 
Classic shade guide. 

A total of 120 samples were prepared using 4 types of composite resins and 3 enamel/dentin combinations (A2, A3, and 
A3.5), with 0.7 mm thickness for enamel and 1.3 mm for dentin, achieving a final thickness of 2 mm. Color 
measurements were taken with a Vita™ Easyshade® spectrophotometer, and the results were expressed in terms of ΔE 
using the CIE Lab* formula. Normality (Shapiro-Wilk) and homoscedasticity (Levene) tests were applied, and one-way 
ANOVA was used to assess differences between resin brands and shades. 

The results showed that, although no statistically significant differences were found in the A2 and A3 shades between 
brands, the A3.5 shade exhibited significant variations, with Filtek Z350 XT® 3M Espe Solventum being the resin that 
showed color values closest to the ideal. 
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INTRODUCTION 

In restorative dentistry, accurate shade selection 
and reproduction are critical to achieve functional and 
aesthetic expectations. Traditionally, color 
determination has been carried out using visual 
methods, which, although widely used, present high 
observer variability due to factors such as lighting, 
visual fatigue and operator experience. 

The development of technologies such as 
spectrophotometry has allowed greater objectivity and 
reproducibility in color determination. This instrumental 
method evaluates colorimetric characteristics based on 
the CIE Lab scale, offering more precise results 
compared to visual methods. However, its 
implementation in the clinic has several challenges, 
since factors such as the composition of the resins and 
the calibration of the device can influence the results 
obtained. 
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The main objective of this study is to evaluate the 
correlation between the colorimetric characteristics 
obtained by spectrophotometry and those provided by 
the Vita Classic® scale in composite resins from 
different brands, using the combination of enamel and 
dentin shades A2, A3 and A3.5. This study protocol 
complies with the relevant ethical guidelines and is 
approved by the institutional ethics and biosecurity 
Committee.  

MATERIALS AND METHOD 

Descriptive in vitro study without biological samples, 
based on the preparation and observation of composite 
resin samples from different four brands were used in 
shades to evaluate correlation between the colorimetric 
characteristics in mixed composite restorations that 
simulate enamel-dentin of different brands, through 
reading with a spectrophotometer in an in vitro study. 

An analytical study was performed using four 
commercial brands of composite resins (Filtek Z350 
XT® 3M Espe Solventum™, Weisswiss® Swisstec™, 
Forma® Ultradent™ and Spectra® Dentsply Sirona™) in 
shades A2, A3 and A3.5, coded according to the Vita 
Classic® scale. 
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The study universe corresponds to enamel and 
dentin composite resins, for direct restoration 
technique. Four composite resins from different 
manufacturers were selected in their A2, A3 and A3.5 
shade variants, based on the Vita Classic shade 
nomenclature. 

The sample size consisted of 120 samples, which 
were prepared under the following conditions: 4 brands 
of resins, 3 enamel/dentin combinations (A2- A3 and 
A3.5) in a final thickness of 2 mm (with thicknesses of 
0.7 mm for enamel and 1.3 mm for dentin), and 10 
discs for each combination. 

Sample preparation: resin discs with a diameter of 
10 mm and thicknesses of 0.7 mm for enamel and 1.3 
mm for dentin were made. The samples were made 
with 3D printed plastic matrices, one 0.7 mm thick and 
the other 1.3 mm thick, and were verified with a metal 
gauge (Germany Stainless Inox). Polymerization was 
performed with a Woodpecker® LED lamp at 3200 
mW/cm² for the time specified by the manufacturer. 
Sample preparation was performed by a single 
operator, respecting safety barriers to avoid 
contamination. 

Color measurement: the dentin-simulating resin disc 
was placed in the positioner, glycerin was applied to fix 
the enamel-simulating disc, ensuring that there was no 
displacement. The dark box was closed before 
positioning the spectrophotometer to ensure 
reproducible measurements. 

A Vita Easyshade® spectrophotometer was used in 
“Medium Color Determination” mode. Each sample was 
measured five times, and the average CIE L*, a*, and 
b* values were recorded in a Microsoft Excel 
spreadsheet. Color differences (Delta E) were 
calculated using the equation ΔE* = {(ΔL*)² + (Δa*)² + 
(Δb*)²}¹/². 

Statistical analysis: normality (Shapiro-Wilk) and 
homoscedasticity (Levene) tests were performed to 
verify parametric assumptions. One-way ANOVA 
analysis was used to determine statistically significant 
differences, considering a significance level of p < 0.05. 

RESULTS 

The analysis of the results was carried out by 
evaluating the correlation between the colorimetric 
characteristics measured with spectrophotometry and 
the values of the Vita Classic scale in composite resins 
of different brands.  

Descriptive results: the average Delta E values and 
their standard deviations for each shade and brand are 
presented in Table 1. 

Normality and homoscedasticity analysis: normality 
tests (Shapiro-Wilk) and homoscedasticity (Levene) 
were performed to ensure compliance with parametric 
assumptions before applying ANOVA. 

Normality tests: results of the Shapiro-Wilk test for 
shades A2 and A3 showed p values > 0.05 in all 
brands, indicating that the data follow a normal 

Table 1: Average Delta E Values and Standard Deviations by Shade and Brand 

Brand Shade Average Standard Deviation 

Filtek 350 XT A2 25,53277992 4,19078597 

 A3 24,7743171 0,54567892 

 A3,5 16,05375817 123326218 

Weisswiss A2 14,11645552 0,38775544 

 A3 17,18907849 1,8751602 

 A3,5 5,293759279 2,40159132 

Forma A2 14,2984965 1,63890124 

 A3 15,30318931 2,96660518 

 A3,5 2,573596789 0,38177147 

Spectra A2 14,01841811 0,74979461 

 A3 18,05398607 0,99107698 

 A3,5 17,54323679 1,13404305 
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distribution. For shade A3.5, all brands showed a 
normal distribution, except for Filtek Z350 XT® (p < 
0.05). This small deviation is considered compensated 
in the ANOVA analysis due to the robustness of the 
statistical test. 

Homoscedasticity test: Levene test for homogeneity 
of variances yielded p > 0.05, confirming that the 
variances between brands are homogeneous and 
parametric tests can be used. 

Analysis of variance (ANOVA): ANOVA analysis 
was applied to evaluate significant differences between 
the brands in each of the shades. 

Shade A2: one-way ANOVA showed that there are 
no statistically significant differences (p > 0.05) 
between the brands for shade A2. This indicates that 
the Delta E values are consistent between the 
analyzed composite resins. 

Shade A3: ANOVA results for shade A3 also 
indicated the absence of statistically significant 
differences (p > 0.05) between the brands. This 
suggests that all the analyzed resins have a similar 
colorimetric behavior in this shade. 

Shade A3.5: unlike the previous shades, the 
ANOVA analysis for shade A3.5 showed statistically 
significant differences (p < 0.05) between the brands. 
This finding indicates that there are notable variations 
in the colorimetric characteristics of the resins for this 
shade. In particular, Filtek Z350 XT® showed the 
closest to ideal Delta E values, while other brands 
showed greater dispersion. 

Graphical interpretation: Results are illustrated in 
Figure 1, which shows the dispersion of Delta E values 
for each brand and shade, highlighting significant 
differences in shade A3.5. 

 

Figure 1: Scatter plot of Delta E values by brand and shade. 
A3.5 distribution chart. 

Comparison between visual and instrumental 
methods: Delta E and clinical perception: A 
complementary analysis was added to compare the 
values obtained by spectrophotometry with those 
estimated using the Vita Classic scale. Delta E values 
greater than 3.3 are considered clinically perceptible. In 
this study, shades A2 and A3 presented consistent 
values between brands, while in shade A3.5 the 
differences reached perceptible values in some brands, 
reflecting a greater variability in this shade. The 
interpretation of these values is in Table 2. 

DISCUSSION 

The analysis of the results highlights statistically 
significant differences for the A3.5 shade, while the A2 
and A3 shades did not present notable discrepancies 
between brands, which partially agrees with previous 
studies. [1-5] However, we must take into account that 
it was used based on the values of Imbery (2013), and 

Table 2:  ΔE Values and their Interpretation 

ΔE Values Interpretation 

ΔE less than 1 The color difference will not be perceived by the human eye. 

ΔE between 1 and 2 The color difference will be perceived by an experienced observer. 

ΔE between 2 and 3 Obvious difference between reference color and obtained color, but it is acceptable. 

ΔE between 3 and 4 Obvious difference between reference color and obtained color, but it does not harm the work done. 

ΔE between 4 and 5 Obvious difference between reference color and obtained color, at the limit of acceptance. 

ΔE higher than 5 Obvious difference between reference color and obtained color, unacceptable. 
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VITA™ does not provide information about these 
values. [6-10] 

In particular, Filtek Z350 XT® showed more 
consistent and closer to ideal Delta E values, possibly 
due to its formulation that includes an optimized resin 
matrix and uniform filler particles, characteristics that 
influence the optical properties of the material [11-15]. 
It should be noted that for this particular resin, Filtek 
Z350 XT® body or universal was used, since there is no 
easy access to resins that imitate dentin and enamel 
[16-20]. 

The influence of factors such as thickness, degree 
of polymerization and composition of composite resins 
has been pointed out in previous studies as critical 
variables for color determination [21-24]. Although in 
this study the samples were not subjected to polishing 
techniques to maintain standardization, various 
investigations [25-28] have shown that surface 
irregularities can alter color perception, especially in 
subjective methods such as visual assessment [29-31]. 

It is important to mention that spectrophotometers, 
such as the Vita Easyshade®, provide a more objective 
and reproducible measurement compared to the Vita 
Classic® scale, which depends on the operator's 
perception. However, the clinical environment, 
calibration of the device and light characteristics can 
influence the results. For example, discrepancies 
between instrumental readings and expected values 
according to the CIE Lab scale may be due to factors 
such as lack of standardization in measurement 
conditions [32-34]. 

At the clinical level, shade selection for layered 
restorative techniques remains a challenge, especially 
when using universal resins rather than those 
specifically designed to simulate enamel and dentin. 
These limitations underscore the need for more 
precisely coded materials compatible with instrumental 
methods. Future studies could explore the influence of 
filler type and other additives on color stability and 
reproducibility [35, 36]. 

The analysis indicated that shade A3.5 presented 
statistically significant differences, suggesting that resin 
properties such as matrix and filler composition 
influence color perception. Shades A2 and A3 showed 
consistency between brands, aligning with previous 
studies highlighting the utility of the spectrophotometer 
as an objective tool for shade selection [37, 38]. 

Despite the advantages of spectrophotometry, its 
accuracy can be affected by device calibration and 
clinical environment. Furthermore, factors such as 
thickness and degree of polishing can alter results, 
underscoring the need to standardize procedures. 

CONCLUSIONS 

The mixed A2 and A3 resin groups that simulate 
enamel and dentin do not show correlation of 
colorimetric characteristics with respect to the 
measurement with a spectrophotometer. On the other 
hand, the mixed A3.5 resin group showed results 
where there is a correlation of colorimetric 
characteristics coded according to the visual scale by 
the manufacturer with the instrumental method of the 
VITA™ Easyshade V® spectrophotometer. 

The A3.5 resin complies with the colorimetric 
characteristics under the CieLab system, but not the A2 
and A3 colors for the different brands. 

For both A2 and A3 colors there is no correlation 
between in vitro measurements using a 
spectrophotometer. 

LIMITATIONS 

One of the limitations of the study was that, despite 
the large number of resins and their equivalent colors 
studied, the number of brands was very small. Some of 
the resins exposed did not have their equivalent in 
color and tone for enamel and dentin, since a universal 
composite resin was used. 
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