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Abstract: Achieving color match between natural teeth and restorative materials is crucial in dentistry.
Factors such as the light source, brightness, and opacity influence tooth color, determined by light
absorption and scattering within the material. Advances in CAD/CAM systems have enhanced
prosthodontic treatments, particularly with new temporary materials, but data on their color stability
and masking ability remains limited. However, data on the color stability and masking ability of
these CAD/CAM materials is limited. Telio® CAD-Temp and VITA CAD-Temp® blocks were cut
into slices and polished. Composite resin specimens were prepared using a custom-designed metal
resin former and light-cured. Samples were paired randomly and assigned to experimental groups
based on base type and thickness (n = 30). Samples were stored in a controlled environment for
24 h before color evaluation using an EasyShade® V spectrophotometer. Color difference (∆E) was
calculated using L*, a*, and b* values. Statistical analyses included the Shapiro–Wilk test, Levene’s
test, and three-way ANOVA, with post-hoc comparisons using the Bonferroni method (α = 0.05). ∆E
was classified according to perceptibility (PT = 1.2) and acceptability (AT = 2.7) values.

Keywords: provisionals; dental veneers; spectrophotometry; dental materials

1. Introduction

Teeth colour is a phenomenon influenced by primary and secondary optical properties,
and it is determined by the interaction of various components such as brightness, light
source, opacity, and the observer’s visual perception [1]. The color match between natural
teeth and restorative materials is one of the most important and most difficult tasks in
dentistry from the point of view of aestheticism [2].

Tooth color is a visual perception that is affected by several optical characteristics such
as light diffraction, lighting environment/light source, transparency, opacity, and gloss,
as well as visual information processing and brain control [3,4]. A person with naturally
yellow teeth may perceive their teeth to be more yellow than a person with naturally white
teeth, even if the actual color of their teeth is the same [5].

The peculiar color of dental structures is defined by the absorption and diffusion
(scattering) of light within the tooth material [6]. While the clear enamel may not totally
conceal the underlying dentin color and contributes to the absorbance of blue wavelengths
itself, it is the dentin color that determines the shade of the tooth in the end [1,7,8].

The shift towards CAD/CAM systems in fixed prosthodontics has led to significant
advancements in treatment approaches in glass-ceramic restorations, demonstrating long-
term clinical success [9]. Nonetheless, the introduction of new CAD/CAM temporary
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materials in prosthodontics in the past few years has opened the door to new solutions that
assure clinician success.

Adding to these properties, we also have the thickness, material type, and layering
combination of ceramics contribute to the final restoration’s color. The selection of ap-
propriate thickness plays a crucial role in achieving optimal aesthetic outcomes. A thin
layer has limited masking ability, allowing the color of the underlying tooth structure and
cement to show through [10]. Several studies have demonstrated the substantial impact
of ceramic thickness on the final shade of restorations [11–14]. However, there is a lack of
data regarding the use of temporary materials made by CAD/CAM.

Temporary fixed dental prostheses fabricated using indirect techniques can remain
in service for up to two years [15,16]. This extended duration is particularly beneficial in
clinical settings where alterations in the vertical or horizontal dimension of occlusion are
necessary. In such cases, the use of long-term temporary restorations allows for a prolonged
simulation period, which is essential for ensuring the stability and functionality of the
occlusion adjustments [17,18]. This approach not only provides ample time to assess the
patient’s adaptation to the changes but also ensures that the final restoration will meet
the desired clinical and aesthetic outcomes [17]. Consequently, incorporating long-term
temporary restorations into the treatment plan is mandatory for achieving optimal results
in complex dental procedures.

By thoroughly understanding the importance of width and meticulously selecting the
appropriate thickness for both provisional and definitive materials, clinicians can signifi-
cantly enhance the overall aesthetic outcome of dental restorations. This careful considera-
tion ensures that the final appearance is not only natural-looking but also harmonious with
the patient’s existing dentition, leading to improved satisfaction and long-term success.

There is a lack of comprehensive data on the color stability and masking ability of
these CAD/CAM provisional materials, especially when used with different substrate
colors and thicknesses. Existing studies have primarily focused on permanent restorative
materials, leaving a critical gap in understanding how temporary restorations perform
in terms of aesthetics under varying clinical conditions [19–22]. This gap is particularly
important given the increasing demand for aesthetic outcomes in dentistry, where even
slight color mismatches can lead to patient dissatisfaction. This study aims to fill this
gap by systematically evaluating the color stability and masking ability of two commonly
used CAD/CAM provisional materials (Telio® CAD-Temp and VITA CAD-Temp®) across
different thicknesses (0.5 mm, 1.0 mm, and 2.0 mm) and substrate colors (A2 and A3). By
employing a three-way mixed ANOVA to analyze the color differences (∆Eab), this research
seeks to determine how these variables interact and influence the aesthetic outcome of
provisional restorations. The findings from this study will provide clinicians with evidence-
based guidance on selecting appropriate materials and thicknesses to achieve optimal color
matching, ultimately improving patient satisfaction and clinical success in dental practices.

The null hypothesis is that there is no significant difference in the color stability
between different dental materials, regardless of the resin composite base, thickness, and
type of material used.

2. Materials and Methods

Telio® CAD-Temp (Ivoclar Vivadent; Schaan, Liechtenstein, Germany) and VITA
CAD-Temp® (VITA Zahnfabrik; Bad Säckingen, Germany) blocks were cut in slices with
a Powermill Kondia (Clausing, MI, USA) Type FV-300 (serial number: S-913) with an
IsoMetTM Diamond Wafering Brades diamond disc (Buehler®, Lake Bluff, IL, USA) 127 mm
in diameter and 0.4 mm thick at 240 rpm, cooled with a mixture of 95% deionized water
and 5% oil. One hundred and twenty samples were obtained in three different widths: 0.5,
1.0, and 2.0 mm. Each sample was 15.5 × 19 mm.

A LabolPol-4 (Stuers, Cleveland, OH, USA) grinding machine with sequential grinding
papers (Carbimet 2; Buehler, Lake Bluff, IL, USA) of ISO/FEPA 500, 1000, and 1500 grit was
used for polishing both sides of the samples at a constant speed of 100 rpm, for 15 s each.
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To standardize the background, two shades, A2 and A3, of resin composite (FiltekTM

Supreme XTE Universal Restorative Body; 3M ESPE, St. Paul, MN, USA) (Table 1) were
made. The sample thickness was 1 mm with a diameter of 14 mm. They were produced
with a custom-designed metal resin former. And light-cured for 40 s at a high intensity
(1000 mW/cm2), using an EliparTM (3M, St. Paul, MN, USA) LED light.

Table 1. Materials used in the study.

Material and Manufacturer Composition Batch
Number

Telio® CAD (Ivoclar Vivadent. Schaan,
Liechtenstein)

LT BL3 A2

>98% ester-based cross-linked polymethyl methacrylate,
<0.1% pigments Z04CK9

VITA CAD-Temp® (VITA Zahnfabrik, Bad
Säckingen, Germany)

2 M2T A2

83–86% poly-methyl methacrylate (PMMA); 14% SiO2;
<0.1% pigments 99510

FiltekTM Supreme XTE Universal Restorative
Body Shade A2 (3M ESPE, St. Paul,

MN, USA)

UDMA, TEGMA, Bis-GMA, Bis-EMA, silica (20 nm), Zirconia,
pigments. (4–11 nm). Average particle size 0.6 to 10 µm.
Inorganic particles represent 78.5% of the total charge.

NF22572

FiltekTM Supreme XTE Universal
Restaurative Body Shade A3 (3M ESPE,

St. Paul, MN, USA)

UDMA, TEGMA, Bis-GMA, Bis-EMA, silica (20 nm), Zirconia,
pigments. (4–11 nm). Average particle size 0.6 to 10 µm.
Inorganic particles represent 78.5% of the total charge.

N927242

Polymers underwent a process of randomization and were assigned to the experimen-
tal groups according to the base, type, and thickness (n = 30).

The samples were stored in a dark, dry room temperature for 24 h.
The color was evaluated with an EasyShade V spectrophotometer (VITA Zahnfabrik,

Bad Säckingen, Germany). The measurements were made in the L*, a*, and b* color space.
The spectrophotometer was calibrated according to the manufacturer’s instructions, and
color measurement was performed at the center of each sample on a gray background
(Figure 1) in accordance with ISO/TR 28642:2016 [23,24]. Each material was measured two
times, alone and then over the resin background.
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spectrophotometer.

Colour difference (∆E) was calculated from the L*, a*, and b* values measured with
the spectrophotometer. A grey background was used to standardize the measurements.
According to the equation (below), the color difference (∆E) was calculated [24]:

∆E =

√
(∆L∗)2 + (∆a∗)2 + (∆b∗)2
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The Shapiro–Wilk test showed the normal distribution, and the Levene test showed
the homogeneity of variances. A three-way mixed ANOVA was performed to evaluate
the interaction between the resin base, the thickness (0.5, 1.0, and 2.0 mm), and the type
of provisional on the L*, a*, b*, and ∆Eab measurements. Post-hoc comparisons were
performed using a Bonferroni method with a 95% confidence interval. All Statistical tests
were performed with a statistical software program (IBM SPSS v28; IBM Corp., New York,
NY, USA) (∆ = 0.05).

Color difference (∆E) was also classified according to the most used perceptibility
values, currently corresponding to a 50:50% perceptibility value (PT) of 1.2 and a 50:50%
acceptability value (AT) of 2.7 [19–22].

3. Results

Presented in Table 2 are the ∆Eab mean values and standard deviations (SD) for
shade A2 provisionals with two different composite resin substrates (A2 and A3) and
statistical analysis.

Table 2. ∆Eab mean values ± standard deviation (SD) of paired sample groups. The same letters
represent a direct comparison between the groups.

Thicknesses

Bases Material 0.5 mm 1 mm 2 mm

A2
Telio CAD A2 4.30 ± 0.16 8.00 ± 0.25 8.88 ± 0.37 p < 0.001 (a)(*)

Vita CAD-Temp A2 2.00 ± 0.32 5.17 ± 0.19 5.76 ± 0.22 p < 0.001 (a)(*)

A3
Telio CAD A2 7.45 ± 0.29 11.36 ± 0.28 12.69 ± 0.30 p < 0.001 (a)(*)

Vita CAD-Temp A2 3.06 ± 0.36 5.90 ± 0.20 5.51 ± 0.21 p < 0.001 (a)(*)

p < 0.001 (a)(*) p < 0.001 (a)(*) p < 0.001 (a)(*)

(a) Three-way mixed ANOVA; (*) Identifies a statistically significant difference for a 95% confidence interval.

The ∆Eab values tend to rise with increasing material thickness. This trend is consistent
across both types of materials (Telio CAD and Vita CAD-Temp) and both composite resin
substrates (A2 and A3). For both A2 and A3 substrates, Telio CAD shows higher ∆Eab
values compared to Vita CAD-Temp at all thicknesses. Telio CAD has a greater color
difference when paired with the composite resin substrates than Vita CAD-Temp.

Similar to Table 2, Figure 2 easily demonstrates the ∆Eab values generally increase
as the thickness of the material increases. Telio CAD has a greater color difference when
paired with the composite resin substrates compared to Vita CAD-Temp, as it shows higher
∆Eab values compared to Vita CAD-Temp in all thicknesses. The darker A3 substrate
results in greater color change when covered by the provisional material compared to the
lighter A2 substrate, as ∆Eab values are higher for the A3 substrate across all thicknesses
and materials.

Levene’s test was used to assess the homogeneity of variances. The test results
indicated that variances were equal across the groups, validating the use of ANOVA for
the data analysis. ANOVA results showed significant main effects for all three independent
variables, indicating that each factor independently affects the ∆Eab values. Significant
interaction effects between the variables were also observed. The impact of one independent
variable on ∆Eab depends on the levels of the other variables. For instance, the difference in
∆Eab values between Telio CAD and Vita CAD-Temp varied depending on the substrate
color and material thickness.

Post-hoc comparisons were conducted using the Bonferroni method to explore these
interactions further. It revealed that increasing thickness significantly increased ∆Eab values
for both materials, with Telio CAD showing greater changes than Vita CAD-Temp at each
thickness level. Darker substrates (A3) consistently resulted in higher ∆Eab values compared
to lighter substrates (A2) across all material types and thicknesses. This finding underscores
the significant impact of substrate color on the final appearance of the restoration. All
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statistical tests yielded p-values less than 0.05. This statistical significance confirms that the
differences in color change (∆Eab) between Telio CAD and Vita CAD-Temp are not due to
random variation but are indeed significant and clinically relevant.
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Figure 2. ∆Eab mean values ± standard deviation (SD) of paired sample groups.

The variation in lightness (∆L*) for Telio CAD and Vita CAD-Temp materials was
analyzed across different thicknesses (0.5 mm, 1 mm, and 2 mm) and for the two substrates,
A2 and A3. These results are presented in Figure 3.
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For the A2 substrate, the Telio CAD material exhibited a significant increase in the
variation of lightness with increasing thickness. The ∆L* values began at 2.40 ± 0.21 for
the 0.5 mm thickness, rising to 7.00 ± 0.27 at 1 mm and reaching 7.18 ± 0.33 at 2 mm.
This indicates that the material becomes considerably less light as the thickness increases,
especially at greater thicknesses. In contrast, Vita CAD-Temp showed a less pronounced
variation in lightness with increasing thickness. The ∆L* values started at 0.90 ± 0.30 for
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0.5 mm, increased to 3.51 ± 0.14 at 1 mm, and then decreased to 1.59 ± 0.23 at 2 mm,
suggesting a variation in lightness that is not as consistent as observed in Telio CAD.

For the darker A3 substrate, the Telio CAD also demonstrated a significant variation in
lightness with increasing thickness. The ∆L* values started at 4.29 ± 0.40 for 0.5 mm, rising
to 9.22 ± 0.17 at 1 mm and reaching 9.81 ± 0.23 at 2 mm, showing that the material becomes
significantly less light with increasing thickness. On the other hand, Vita CAD-Temp
showed a similar pattern to the A2 substrate, with ∆L* values increasing from 2.53 ± 0.44
at 0.5 mm to 5.98 ± 0.27 at 1 mm and then slightly decreasing to 4.93 ± 0.25 at 2 mm. This
indicates that there is also a reduction in lightness with increasing thickness, although the
changes are more subtle compared to Telio CAD.

These results indicate that the Telio CAD material, in both substrate colors, tends to
exhibit a greater variation in lightness with increasing thickness, particularly on darker
substrates, while Vita CAD-Temp shows a more moderate and less consistent variation.

Exploring the variation in the red-green axis (∆a*), detailed in Figure 4, for both
materials across different thicknesses (0.5 mm, 1 mm, and 2 mm) and substrates (A2
and A3).
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For the A2 substrate, Telio CAD exhibited a clear increase in ∆a* values with increasing
thickness. The values started at 1.93 ± 0.07 for 0.5 mm thickness and rose to 2.44 ± 0.16 at
1 mm, reaching 3.25 ± 0.12 at 2 mm. This indicates that the material becomes progressively
redder as the thickness increases. In contrast, Vita CAD-Temp showed a smaller and
more gradual increase in ∆a* values with increasing thickness. The values increased from
1.08 ± 0.06 at 0.5 mm to 1.32 ± 0.04 at 1 mm and then slightly to 1.39 ± 0.12 at 2 mm,
indicating a much less pronounced shift towards red.

When analyzing the A3 substrate, the Telio CAD material continued to show an
increase in ∆a* values with increasing thickness, though the values were slightly lower
than those observed with the A2 substrate. The ∆a* values began at 1.69 ± 0.12 for 0.5 mm,
increased to 2.17 ± 0.17 at 1 mm, and reached 2.99 ± 0.10 at 2 mm. This indicates a
consistent trend of increased redness with greater thickness, albeit at a slightly lower
magnitude than in the A2 substrate. The Vita CAD-Temp material, on the other hand,
displayed even smaller changes in ∆a* with increasing thickness, with values ranging from
0.77 ± 0.09 at 0.5 mm to 0.98 ± 0.06 at 1 mm and 1.01 ± 0.09 at 2 mm, indicating a minimal
shift towards red across all thicknesses.

These results suggest that Telio CAD exhibits a more substantial increase in redness
(∆a*) with increasing thickness compared to Vita CAD-Temp, particularly in the A2 sub-
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strate. The darker A3 substrate results in a slightly lower, but still noticeable, increase in
redness for Telio CAD, while Vita CAD-Temp maintains a more stable red-green balance
across varying thicknesses.

The variation in the yellow-blue axis (∆b*) for both materials and thicknesses and
substrates was also scrutinized, and the results are presented in Figure 5.
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For the A2 substrate, Telio CAD demonstrated a moderate increase in ∆b* values
with increasing thickness. The values started at 3.04 ± 0.24 for 0.5 mm thickness, slightly
increased to 3.20 ± 0.40 at 1 mm, and then rose more significantly to 4.09 ± 0.27 at 2 mm.
This indicates that the material shifts towards the yellow spectrum as the thickness increases.
Conversely, Vita CAD-Temp showed a more pronounced increase in ∆b* values with
thickness, starting at 1.40 ± 0.29 for 0.5 mm, rising to 3.51 ± 0.29 at 1 mm, and reaching
5.39 ± 0.16 at 2 mm. This suggests that Vita CAD-Temp undergoes a more significant
yellow shift with increasing thickness compared to Telio CAD on the A2 substrate.

For the A3 substrate, the Telio CAD material exhibited a stronger increase in ∆b*
values as the thickness increased. The values started at 5.91 ± 0.31 for 0.5 mm, increased to
6.27 ± 0.35 at 1 mm, and reached 7.47 ± 0.24 at 2 mm, indicating a substantial shift towards
the yellow spectrum with increased thickness. In contrast, Vita CAD-Temp presented a
less consistent trend, with ∆b* values starting at 1.45 ± 0.47 for 0.5 mm, decreasing to
0.57 ± 0.18 at 1 mm, and then increasing again to 2.38 ± 0.20 at 2 mm. This variation
suggests that Vita CAD-Temp behaviour in terms of yellow-blue shift is less predictable on
the darker A3 substrate.

Overall, these results indicate that Telio CAD tends to show a consistent increase in
yellowness (∆b*) with increasing thickness, particularly on the A3 substrate, while Vita
CAD-Temp exhibits a more variable pattern. The A3 substrate enhances the yellow shift in
Telio CAD more noticeably compared to the A2 substrate, whereas Vita CAD-Temp shows
a stronger yellow shift on the A2 substrate.

4. Discussion

The aesthetic concerns of patients seeking dental treatments have grown significantly
in recent times, with the appearance and color of teeth being of utmost importance. Den-
tistry faces a major hurdle in trying to replicate the visual characteristics of natural teeth
using artificial materials. To achieve optimal and durable aesthetic outcomes, it is vital to
have a comprehensive understanding of the optical properties of dental materials used in
various types of aesthetic restorations [25–27]. However, achieving the desired aesthetic
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outcome with ceramic restorations depends not only on the material selection but also on
proper tooth preparation, choice of resin cement, and surface treatments [28,29]. The color
of the underlying tooth or the base where the ceramic restoration will be placed, as well as
the cement used, can also impact the overall result [30–33].

The findings of this study are highly significant for clinicians as they directly impact the
aesthetic outcomes of dental restorations, which are critical for patient satisfaction. Color
mismatches, even subtle ones, can lead to noticeable discrepancies between the restoration
and natural teeth, potentially resulting in patient dissatisfaction and a lack of confidence
in the treatment. These mismatches can also necessitate additional corrective procedures,
increasing treatment time and costs. By understanding how different provisional materials
and thicknesses influence color stability, clinicians can make more informed decisions,
ensuring better aesthetic integration and enhancing overall clinical outcomes.

The rationale behind choosing the thicknesses of 0.5 mm, 1.0 mm, and 2.0 mm in
this study is grounded in their relevance to clinical practice, particularly in the fabrication
of dental restorations. These thicknesses represent the range typically encountered in
provisional restorations, where material thickness significantly influences both the aesthetic
and functional outcomes. A 0.5 mm thickness is commonly used in areas where minimal
material is required to maintain tooth structure, such as in thin anterior veneers or when
preserving natural teeth is critical. It tests the material’s ability to mask the underlying
tooth color while remaining thin. An intermediate thickness, 1.0 mm, is representative
of many standard provisional restorations. It balances strength and aesthetics, making it
a common choice in clinical settings. It provides insight into how the material performs
under typical conditions where moderate masking ability is needed. A much thicker option
is often used in cases requiring significant masking of underlying tooth discoloration or in
situations where additional material thickness is necessary for structural integrity or when
replacing old metal ceramic crowns. It tests the material’s ability to maintain color stability
and aesthetic appearance when more substantial coverage is required.

By evaluating these specific thicknesses, the study aims to provide practical insights
into how different provisional materials perform across a range of clinically relevant
scenarios, helping clinicians choose the most appropriate thickness for achieving optimal
aesthetic and functional outcomes.

According to the results obtained in this study, the color difference (∆Eab) between the
initial composite resin sample and the sample after the addition of a provisional material
is consistently perceptible (>1.2) and falls within the “unacceptable” range (>2.7). This
finding holds true regardless of the color of the base, the type of material, or the thickness
used. This indicates that the addition of any provisional material leads to a noticeable and
clinically significant change in color, which, depending on the clinical situation, does or
does not meet the accepted aesthetic standards.

In the context of dental restorations, perceptibility and acceptability thresholds are
critical metrics used to evaluate color differences. A ∆Eab value greater than 1.2 indicates
that the color difference is perceptible to the human eye under normal viewing condi-
tions. When this difference exceeds 2.7, it is deemed “unacceptable”, meaning it is large
enough to be noticeable and potentially problematic for the patient’s satisfaction with the
aesthetic outcome.

The findings from this study are particularly relevant when considering the aesthetic
demands of dental patients. In modern dentistry, especially in visible areas of the mouth,
achieving a color match that is indistinguishable from the surrounding natural teeth is
paramount. The fact that all tested combinations in this study resulted in ∆Eab values
exceeding the perceptibility and acceptability thresholds highlights a significant challenge
in the use of provisional materials.

The study further reveals that the base color significantly influences the final color of
the composite resin and provisional material combination. Specifically, when using an A3
base, the observed ∆E value is consistently higher compared to an A2 base. This suggests
that darker base colors, such as A3, exacerbate the color difference when a provisional
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material is added, leading to a more pronounced and often unacceptable change in appear-
ance. Darker bases/teeth tend to absorb more light and alter the way light interacts with
the provisional material, thus enhancing the color shift.

Previous studies have extensively investigated the impact of substrate color, material
type, and thickness on the final color of dental restorations, particularly through the use
of the CIELAB color system [21,22,34,35]. Research in this area has demonstrated that
the substrate color, which refers to the underlying tooth or restorative material, plays a
pivotal role in determining the overall appearance of the final restoration. This is partic-
ularly important in aesthetic zones where even slight color discrepancies can be easily
detected by patients [21,22,34,35]. We believe that ours is the first to address this with
long-term provisionals.

Previous research has primarily focused on permanent restorative materials; this study
provides new insights into the performance of CAD/CAM provisional materials [19–22].
The finding that Telio CAD exhibits greater color changes than Vita CAD-Temp across
all thicknesses is a novel contribution, offering clinicians specific guidance on material
selection based on aesthetic needs. This is particularly relevant for temporary restorations,
where the balance between aesthetic appearance and practical functionality is critical.

Darker substrates (A3) result in higher ∆Eab values across both materials and all
thicknesses. This underscores the significant impact that substrate color has on the final
appearance of the restoration. In clinical practice, this means that the color of the under-
lying tooth or composite base must be carefully considered, as it can markedly affect the
visual outcome.

For aesthetic applications and when biomimetic principles dictate the preservation
of tooth structure, a provisional material that can achieve significant color change with
minimal thickness should be considered. Telio CAD is effective in these scenarios due to its
higher ∆Eab values, which enable it to mask the underlying substrate color more effectively,
even at reduced thicknesses. Conversely, Vita CAD-Temp might be preferred when less
color change is needed and a more subtle effect is desired, as it exhibits lower ∆Eab values,
indicating less color change.

While Telio CAD demonstrates excellent color masking capabilities with higher ∆Eab
values, clinicians must also consider its mechanical properties. The inferior fracture
load and surface wear resistance of materials such as Vita CAD-Temp, as evidenced by
Hensel et al. [36], suggest that a balanced approach is necessary. Thus, an integrated
assessment of both aesthetic and mechanical properties is crucial for making informed
clinical decisions.

The analysis of the L* (lightness), a* (green-red axis), and b* (blue-yellow axis) compo-
nents provides valuable insights into how provisional materials interact with underlying
substrates. Telio CAD demonstrates a notable increase in lightness (L*) with increasing
thickness, especially on darker substrates, suggesting that thicker Telio CAD layers may
effectively mask darker underlying substrates. This effect is less pronounced in the Vita
CAD-Temp material, suggesting that its composition, including possible differences in filler
content or pigment types, interacts differently with the substrate’s color [37,38].

The increase in lightness observed with greater material thicknesses resulted in per-
ceptible color differences in many cases. Specifically, the Telio CAD A2 material exceeded
the acceptability threshold (∆L* > 2.7) at both 1 mm and 2 mm thicknesses on both the A2
and A3 substrates, indicating that the brightness change was not only noticeable but also
potentially unacceptable from an aesthetic standpoint. In contrast, the Vita CAD-Temp
A2 material generally remained within acceptable limits, except when applied over the
A3 substrate at 1 mm and 2 mm thicknesses, where the ∆Eab values also surpassed the
2.7 threshold, suggesting a similar concern for aesthetic integration.

Additionally, Telio CAD exhibits a consistent shift towards green (a*) as thickness
increases, contributing to overall color differences. Pecho et al. [39] similarly observed
that the a* values for Filtek™ Supreme A2 composite resin, measured at a 1 mm thickness,
were lower (indicating a more greenish hue) when compared to the Filtek™ Supreme
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A3 base. The discrepancies between our findings and those of Pecho et al. [39] could
be attributed to variations in the measurement conditions, such as the background color
used during measurements (black versus white) and the type of instrument employed
(spectroradiometer). This highlights the importance of substrate color and the specific
measurement setup in determining the red-green color shift.

The decrease in a* values, indicating a shift towards a greener hue, was also found
to be significant in certain scenarios. The Telio CAD material once again showed a trend
where the ∆a* exceeded the acceptability threshold at 1 mm and 2 mm thicknesses on
both substrates, making these shifts in the red-green axis potentially problematic for color
matching in clinical practice. However, for the Vita CAD-Temp material, the shifts in a*
were generally perceptible (∆a* > 1.2) but stayed within the acceptable range (∆a* < 2.7),
particularly when applied over the A2 substrate. This indicates that while there was a
noticeable color change, it was less likely to be deemed unacceptable by patients.

The decrease in yellowness (b*) with thickness for both Telio CAD and Vita CAD-Temp
indicates potential color adjustments, with Telio CAD showing a more substantial blue
shift, which is beneficial for colder tones. Variations in the b* coordinate between different
composite resin shades are influenced by differences in the materials’ composition and
the pigments used in their formulation. Composite resins typically contain a blend of
organic resins, inorganic fillers, and specific pigments to achieve the desired color and
translucency for dental restorations. Inorganic oxides, such as ferrous oxide for red tones
and ferric hydroxide for yellow, are often added in small amounts to help create shades
that closely resemble natural teeth [37,39]. Consistent with our findings, previous research,
including a study by Pecho et al. [39], has shown that the b* values tend to be higher for A3
composite resin bases compared to A2. This pattern was observed with the same brand and
shades of composite resin as those used in our study, suggesting that the composition and
pigmentation are key factors driving these differences in the yellow-blue axis. Such findings
highlight the importance of carefully selecting materials based on their color properties to
achieve the desired aesthetic outcomes in dental restorations.

The decrease observed in b* values, which corresponds to a shift towards a more
bluish tone, also has significant implications for color perception. The Telio CAD material
demonstrated ∆b* values that exceeded the acceptability threshold at 1 mm and 2 mm
thicknesses on both the A2 and A3 substrates. This suggests that the yellow-blue shift
could be highly noticeable and potentially unsatisfactory in these cases. The Vita CAD-
Temp material, on the other hand, remained mostly within the acceptable range on the A2
substrate but showed unacceptable color differences (∆b* > 2.7) at 2 mm thickness when
applied over the A3 substrate.

Significant shifts in the L*, a*, and b* values of Telio CAD suggest its responsiveness
to thickness and substrate color variations, offering versatility but also posing challenges
in clinical contexts. In contrast, Vita CAD-Temp demonstrates more stable color behavior,
suitable for cases requiring minimal color change [40]. These findings underscore the
importance of considering the individual contributions of L*, a*, and b* to overall color
differences, which vary based on material and substrate combinations. The pronounced
shifts in the L*, a*, and b* values of Telio CAD suggest its sensitivity to changes, while Vita
CAD-Temp’s consistent color balance offers advantages in scenarios of subtle adjustments.

Collectively, our results indicate that the variations in ∆a* and ∆b* Vita CAD-Temp
make Vita CAD Temp less predictable than when using Telio CAD. However, the thickness
is the most relevant factor for Vita CAD-Temp. Understanding how these provisional
materials interact with substrates and how their color properties evolve with thickness is
crucial for achieving desired aesthetic outcomes in clinical practice.

Given that all p-values are less than 0.05, we reject the null hypothesis. This statistical
significance indicates that there are indeed significant differences in the color change
(∆Eab) between Telio CAD and Vita CAD-Temp across different material thicknesses and
substrate colors.
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The study sheds light on the unique color behavior of different provisional materials,
particularly in how Telio CAD shows more substantial shifts in lightness (L*), redness (a*),
and yellowness (b*) compared to Vita CAD-Temp. This differentiation between materials
adds a new dimension to the understanding of how provisional materials interact with
substrate colors and thicknesses, which has not been extensively explored in the literature.

5. Conclusions

Clinicians should consider the specific requirements of the restoration and the underly-
ing substrate color when selecting the material and thickness. Thinner layers of Telio CAD
will produce more noticeable color changes, which could be advantageous or detrimental
depending on the clinical scenario.

The primary objective of our research is to improve clinical practices. We conclude
that when the substrate color is darker, using a thicker provisional layer is advisable.
This recommendation aims to enhance the brightness and aesthetic appeal of the final
restoration, ultimately improving the overall outcome of the procedure. By considering
this factor, clinicians can achieve more visually pleasing results in their dental work.

Nonetheless, when using Telio CAD, less tooth preparation is required to achieve
the same level of color change compared to Vita CAD-Temp. This is crucial for maintain-
ing tooth integrity and following biomimetic principles. For achieving noticeable color
changes and optimal aesthetic results with minimal material thickness, Telio CAD is prefer-
able. However, for more conservative color adjustments, Vita CAD-Temp may be the
better choice.

However, it is important to note that further research and clinical studies are necessary
to validate and expand upon these findings. Additionally, other factors such as patient
preferences, oral conditions, and individual case considerations should also be taken into
account when determining the optimal thickness of the restorative materials.
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