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Abstract

Objective: This study investigated the effects of modeling liquids (MLs) on the staining and color
stability of composite resins, with a specific focus on unichromatic composite resins. Materials and
Methods: Disc-shaped specimens (2 mm height x 6 mm diameter) of a monochromatic composite
resin were fabricated and finished using different modeling approaches. Specimens were immersed
in distilled water or coffee solution for 21 days, and color measurements were performed using a
spectrophotometer. AE values were calculated and analyzed using non-parametric statistical tests (a
= 0.05). Results: The adhesive group presented significantly higher color change compared with the
control and modeling resin groups (p < 0.001). No statistically significant difference was observed
between immersion media (p = 0.104). Conclusion: The results indicate that the use of adhesive
systems as modeling liquids negatively affects the color stability of unichromatic composite resin,
whereas dedicated modeling resin demonstrates better optical stability, highlighting the need for
careful clinical selection of modeling approaches.

Keywords: composite resin; modeling liquids; staining; color; surface properties

1. Introduction

The continuous advancement of materials and techniques in restorative dentistry aims to
enhance clinical outcomes and streamline daily procedures [1]. Among these innovations, the
development of composite resins and their application techniques has significantly improved the
optical and mechanical properties of restorations, enabling them to better mimic the characteristics
of natural teeth [2].

Despite these advancements, composite resins retain a viscous consistency that poses challenges
in proper insertion, anatomical contouring, and adaptation to cavity walls. To facilitate handling,
clinicians often use lubricants such as alcohol, adhesives, or modeling resins [3]. Adhesive systems,
particularly non-simplified versions that lack solvents, can serve as modeling liquids by utilizing only
their final hydrophobic resin layer [4,5].

Modeling liquids (MLs) have emerged as specialized materials designed to enhance the
sculpting and finishing of direct restorations while reducing surface tension. Applied in small
quantities to dental instruments, MLs do not significantly alter the viscosity of composite resins but
improve their adaptability and reduce the incorporation of air bubbles [6,7]. These materials,
composed primarily of methacrylates such as urethane dimethacrylate (UDMA), bisphenol A-
glycidyl methacrylate (Bis-GMA), or triethylene glycol dimethacrylate (TEGDMA), can be applied
between increments or in the final layer of restorative material to create a smoother surface and
decrease working time [8-11]. This approach, commonly referred to as Direct Dental Modeling
(DDM), has gained recognition for its efficiency in restorative procedures [9].

In parallel with improvements in handling techniques, monochromatic composite resins—often
referred to as single-shade or “chameleon” composites—have been introduced to simplify shade
selection. These materials are formulated to adapt optically to the surrounding dental tissues by

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0427.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 March 2026 d0i:10.20944/preprints202603.0427.v1

2 of 9

modifying their apparent color based on environmental lighting and observation angle, reducing the
effects of metamerism and minimizing the need for multiple shades [12,13]. However, the esthetic
performance of these materials is highly dependent on surface integrity and long-term optical
stability.

Color stability is a critical factor for the longevity and esthetic success of composite restorations,
particularly when exposed to chromogenic challenges such as dietary beverages [14,15]. Previous
studies evaluating the influence of modeling liquids and adhesives on composite resins have reported
conflicting results. While some investigations suggest that modeling liquids do not significantly affect
color stability [6,7], others indicate increased discoloration depending on the chemical composition
of the lubricant used [14].

Although several studies have evaluated the influence of modeling liquids on the color stability
of conventional multi-shade composite resins, evidence regarding their interaction with
monochromatic composite resins remains scarce. Given that the optical performance of single-shade
composites relies on their chameleon effect and surface integrity, surface modifications induced by
modeling approaches may disproportionately affect their long-term color stability. To date, no study
has specifically investigated the impact of adhesive systems and dedicated modeling resins on the
color stability of unichromatic composites under staining conditions. Therefore, the present study
aimed to evaluate the stability of a monochromatic composite resin finished with different modeling
approaches after immersion in staining solutions over a 21-day period, providing evidence to support
clinical decision-making.

2. Materials and Methods
2.1. Study Design and Sample Calculation

This study was designed as an in vitro, exploratory, controlled experimental investigation
aiming to evaluate the influence of different modeling approaches on the color stability of a
unichromatic composite resin. The experimental protocol was structured to ensure standardization,
reproducibility, and minimization of confounding variables, following previously established
methodologies for color stability assessment of resin-based composites.

The sample size (n = 6 per group) was based considering the controlled in vitro design and the
magnitude of AE differences reported in previous studies [8]. This sample size was deemed sufficient
to detect relevant differences in color variation. Independent variables were the modeling approach
(no modeling liquid, modeling resin, or adhesive system used as modeling liquid) and the immersion
medium (distilled water or coffee solution). The dependent variable was color change (AE) measured
after an accelerated aging protocol.

2.2. Sample Preparation

Thirty-six disc-shaped specimens were fabricated using a unichromatic composite resin (Vittra
APS Unique, FGM Dental Group, Joinville, SC, Brazil). A standardized 3D-printed mold was used to
obtain specimens measuring 2 mm in thickness and 6 mm in diameter, dimensions selected to ensure
uniform light penetration during polymerization and compatibility with spectrophotometric
analysis.

Specimens were randomly allocated into three experimental groups according to the modeling
approach employed during fabrication:

I) Control group (c): composite resin inserted without the use of any modeling liquid;

II) Modeling resin group (m): composite resin finished using a dedicated modeling resin (Assist
Modeling APS, FGM Dental Group, Brazil);

III) Adhesive group (a): composite resin finished using an adhesive system (Optibond FL, Kerr
Corporation, USA) as a modeling liquid.

For all groups, the composite resin was inserted into the mold in a single increment. When
applicable, the modeling liquid was applied using a fine disposable brush, and excess material was
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carefully removed using sterile gauze before contact with the composite resin. The modeling liquid
was then used exclusively during sculpting of the final surface, simulating routine clinical practice.

A polyester strip and a glass slide were positioned over the composite surface prior to
polymerization to standardize specimen thickness and surface flatness.

Polymerization was performed using a LED curing unit (Quazar, FGM Dental Group, Brazil)
with an irradiance of 1000 mW/cm?, verified prior to specimen fabrication. Each specimen was light-
cured for 20 seconds, following the manufacturer’s recommendations.

After removal of the polyester strip and glass slide, an additional light-curing cycle was
performed to ensure complete polymerization of the superficial layer. This step was applied
uniformly to all specimens, regardless of the experimental group.

No finishing or polishing procedures were performed after polymerization. This decision was
intentional and aimed at preserving the superficial resin-rich layer formed during specimen
fabrication, which is clinically relevant when modeling liquids are used during the sculpting of
composite restorations.

After fabrication, specimens were stored in distilled water at 37°C for 48 hours to allow post-
polymerization reactions and stress relaxation prior to baseline color measurements.

2.3. Baseline Color Analysis

Baseline color measurements were obtained using a spectrophotometer (Vita Easyshade V, Vita
Zahnfabrik, Bad Sackingen, Germany), operating according to the CIE L*a*b* color space.

Before measurement, specimens were gently rinsed with distilled water and air-dried. Each
specimen was positioned consistently against a neutral background, and multiple readings were
obtained to minimize measurement variability. The mean values of L¥, a*, and b* coordinates were
recorded for subsequent analysis.

2.4. Immersion and Storage Protocol

After baseline measurements, specimens were immersed individually in 6 mL of either distilled
water or coffee solution for 21 days at 37°C, simulating accelerated aging and prolonged exposure to
commonly consumed staining beverages.

The coffee solution was prepared by dissolving 15 g of coffee powder (Nescafé Tradi¢ao Forte,
Nestlé, Brazil) in 500 mL of distilled water, following a standardized protocol. The solution was
renewed daily to maintain staining potential throughout the experimental period.

2.5. Final Color Analysis

After completion of the immersion period, specimens were removed from the solutions, rinsed
with distilled water, gently dried, and subjected to final color measurements using the same
spectrophotometric protocol employed at baseline.

Color change (AE) was calculated using the formula: AE = [(AL)? + (Aa)? + (Ab)?]'"2.

2.6. Statistical Analysis

Data distribution was assessed using the Shapiro-Wilk test. As the data did not meet normality
assumptions, non-parametric statistical tests were applied.

Comparisons among independent groups were performed using the Kruskal-Wallis test, while
pairwise comparisons and analysis of immersion media were conducted using the Mann-Whitney U
test. Statistical analyses were performed using SPSS software (version 25.5), with the significance
level set at oc = 0.05.

3. Results

The Kruskal-Wallis test revealed statistically significant differences in AE values among the
experimental groups (p < 0.001). Specimens finished with adhesive used as a modeling liquid
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exhibited the highest color change, with mean AE values substantially higher than those observed in
both the control group and the modeling resin group. No statistically significant difference was
detected between the control group and the modeling resin group, indicating comparable color
stability behavior (Table 1).

Regarding immersion media, the Mann—Whitney U test demonstrated (Table 2) no statistically
significant difference between specimens stored in distilled water and those immersed in coffee
solution (p = 0.104). This pattern was consistent across all experimental groups, indicating that the
modeling approach exerted a greater influence on color change than the immersion medium.

Interaction analysis between modeling approach and immersion medium showed (Table 3) that
specimens finished with adhesive presented higher AE values regardless of the storage solution.
Conversely, specimens finished with modeling resin or without modeling liquid demonstrated more
homogeneous AE distributions between distilled water and coffee immersion. Importantly, all
experimental groups exhibited AE values exceeding the clinically acceptable threshold of 3.3.

Table 1. Color evaluation (AE) in relation to groups.

Groups Average Median DP Al p
c 10,25 a 9,67 2,66 3,74
AE m 10,10 a 7,49 5,20 10,70 ,000
a 18,34 b 17,37 3,62 3,01

*Different lowercase letters indicate statistically different results.

Table 2. Color evaluation (AE) in relation to staining.

Staining Average Median DP Al p
C 11,64 9,88 6,09 10,54
AE ,104
E 14,15 15,53 4,63 7,30

Table 3. Color evaluation (AE) in relation to group X staining.

GxM Average Median DP Al p
cC 10,68 a 9,88 9,88 4,71
cE 7,46 a 9,67 2,24 4,41
AE mC 5,90 a 5,75 91 1,12
mE 14,31b 16,03 4,03 6,84 ,000
aC 18,35b 17,23 4,53 4,73
aE 18,33 b 17,76 2,88 4,21

*Different lowercase letters indicate statistically different results.

4. Discussion

Use of modeling liquids (MLs) has become increasingly common in restorative dentistry due to
their ability to improve handling, reduce stickiness, and facilitate anatomical sculpting of composite
resins [20,21]. However, concerns remain regarding their potential impact on the optical stability of
restorations, particularly when applied to contemporary unichromatic composite resins whose
esthetic performance relies heavily on surface integrity and optical interaction with surrounding
tooth structures [12,13].

The main finding of the present study was that the use of an adhesive system as a modeling
liquid resulted in significantly greater color change (AE) compared with both the control group and
the dedicated modeling resin group, regardless of the immersion medium. This result indicates that
the modeling approach exerts a stronger influence on color stability than the staining solution itself.
In contrast, specimens finished with a dedicated modeling resin exhibited color stability comparable
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to that of specimens restored without any modeling liquid, suggesting that not all lubricating agents
produce detrimental optical effects [6,7].

Discoloration observed in the adhesive group may be explained by the chemical composition
and hydrophilicity of adhesive systems. Adhesives commonly contain monomers such as Bis-GMA,
HEMA, and TEGDMA, which are known to increase water sorption and facilitate hydrolytic
degradation of the polymer network [22,23]. Bis-GMA, in particular, exhibits higher susceptibility to
water uptake due to its hydroxyl groups, promoting matrix swelling and microstructural changes
over time [27]. Additionally, the presence of HEMA increases the hydrophilic character of the
adhesive layer, further enhancing water diffusion and pigment penetration [24]. These phenomena
likely contributed to the increased AE values observed in specimens finished with adhesive used as
a modeling liquid.

From a material science perspective, the interaction between modeling agents and the superficial
resin matrix plays a critical role in determining long-term optical behavior. Previous studies have
demonstrated that the superficial resin-rich layer formed during composite placement is more
susceptible to water sorption and solubility, especially when enriched with low-molecular-weight or
hydrophilic monomers [11,16]. The presence of this layer may accelerate hydrolytic degradation,
leading to changes in refractive index and increased light scattering at the resin—filler interface, which
ultimately manifests as clinically perceptible color alteration [28,29]. These mechanisms may be
particularly relevant in unichromatic composite resins, where optical blending is highly dependent
on surface continuity and translucency rather than intrinsic pigmentation [12,31].

Another factor that may contribute to the increased discoloration observed when adhesive
systems are used as modeling liquids is the potential elution of unreacted monomers from the
superficial layer. Studies evaluating the chemical composition and elution behavior of dental
adhesives have shown that residual monomers such as Bis-GMA, TEGDMA, and UDMA may be
released over time, especially under aqueous storage conditions [26,27]. This elution process not only
weakens the polymer network but may also increase surface porosity, facilitating pigment absorption
and intrinsic staining [22,23]. In contrast, materials formulated specifically as modeling resins tend to
present a more homogeneous polymer structure, which may explain their comparatively improved
color stability observed in the present study [6,9].

From a clinical standpoint, the findings of this investigation highlight the importance of selecting
modeling strategies that balance handling convenience with long-term esthetic performance.
Although adhesive systems may offer short-term benefits during sculpting procedures, their
chemical composition and hydrophilic nature may compromise the optical stability of restorations
over time [7,21]. This consideration is especially critical when working with single-shade composite
resins, whose success relies on sustained optical integration with surrounding tooth structure [12,13].
Therefore, clinicians should be aware that material choices made during the modeling phase may
have a direct impact on restoration longevity and esthetic predictability, reinforcing the need for
evidence-based selection of modeling agents in daily practice [6,10].

Conversely, the dedicated modeling resin evaluated in this study is primarily composed of
UDMA-based monomers, which have been associated with lower water sorption and improved color
stability when compared with Bis-GMA-rich formulations [27]. The absence of highly hydrophilic
monomers may explain the more favorable optical behavior observed in this group. These findings
corroborate previous reports indicating that the chemical nature of the lubricant plays a decisive role
in determining the long-term esthetic performance of composite resins [6,9,10].

Interestingly, no statistically significant difference was observed between distilled water and
coffee immersion for any of the experimental groups. This finding contrasts with several studies
reporting pronounced staining effects associated with coffee exposure [26,27]. However, the absence
of polishing in the present study may explain this result. The superficial resin-rich layer formed
during specimen fabrication was intentionally preserved to evaluate the direct influence of modeling
liquids on the restoration surface [11]. This unpolished surface is more susceptible to water sorption
and intrinsic color changes, which may have masked differences between staining solutions.
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Clinically, this approach is relevant, as modeling liquids are often applied during sculpting of the
final increment, and the superficial layer may remain partially unmodified until finishing procedures
are performed.

Despite differences among modeling approaches, all experimental groups exhibited AE values
exceeding the commonly accepted clinical acceptability threshold of 3.3 [25]. This result highlights
the vulnerability of unpolished composite surfaces to optical degradation, even in the absence of
aggressive staining agents. Light scattering at the resin-filler interface, matrix degradation, and
changes in refractive index resulting from water uptake may collectively contribute to the observed
discoloration [28,29]. These mechanisms are particularly critical in unichromatic composite resins,
whose chameleon effect depends on precise optical continuity between the restoration surface and
surrounding dental tissues [12,13].

The findings of this study are especially relevant in the context of monochromatic composite
resins. Unlike conventional multi-shade composites, single-shade materials rely on their ability to
adapt optically to adjacent tooth structures, making them more sensitive to surface alterations [12,31].
Any modification of the superficial resin layer—whether chemical or topographical —may
compromise this adaptive behavior and negatively affect esthetic outcomes over time. While
previous investigations have predominantly focused on conventional composites [6,7,14], the present
study addresses an important gap by evaluating the interaction between modeling approaches and
unichromatic composites.

Differences between the present findings and previous studies reporting minimal color changes
associated with adhesive-based modeling may be attributed to methodological variations, including
polishing protocols, immersion periods, and adhesive composition [6,7,31]. Studies incorporating
surface polishing may have removed the resin-rich superficial layer, thereby reducing the impact of
hydrophilic monomers on color stability [11]. Additionally, variations in adhesive formulations—
particularly regarding solvent content and monomer composition—may account for discrepancies in
reported outcomes [24,30].

Within the limitations of this in vitro investigation, the results suggest that the indiscriminate
use of adhesive systems as modeling liquids should be approached with caution, particularly when
working with unichromatic composite resins. Dedicated modeling resins appear to offer a more
stable alternative, preserving optical properties while maintaining the handling benefits sought
during restorative procedures.

5. Conclusion

Within the limitations of this in vitro study, it was concluded that adhesive systems used as
modeling liquids resulted in greater color change of unichromatic composite resin, whereas the
dedicated modeling resin demonstrated better color stability. These findings highlight the
importance of appropriate selection of modeling approaches to ensure long-term esthetic success of
direct composite restorations.
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Testes de Normalidade

Kolmogorov-Smirnov? Shapiro-Wilk
Grupo  Estatistica df Sig. Estatistica df Sig.
AEL 1 180 12 2000 865 12 0587
2 . 174 . 12 . ,EUUx 823 . 12 . 308
3 . ,200 . 13 . 2000 . 812 . 12 . 013
AEZ 1 _ 229 12 a4 877 12 081
2 123 12 ,EDD’ 470 12 912
3 . 153 . 12 . ,EDD.’ . 928 . 12 . 358
AE3 1 202 12 . 191 905 . 12 183
2 _ 270 12 | 016 806 12 | 011
3 258 12 025 780 12 006
* Este & um limite inferior da significancia verdadeira.
a. Correlagdo de Significncia de Lilliefors
Teste de Homogeneidade de Variancias
Estatistica de
Levene df1 df2 Sig.
AE1 Com base em média 009 _ 1 _ 34 | !92?
Com base em mediana 021 1 34 a4
Com bhase em mediana e 021 . 1 . 29,825. 285
com df ajustado
Com base erm média 016 . 1 . 34 ,594
aparada
HME2 Zom hase em media 20 . 1 . 34 . 731
Com base em mediana 023 . 1 . K| . 880
Com base em mediana e 023 . 1 . 30,146 . 880
com df ajustado
Com hasé am meadia 105 . 1 . 34 . 748
aparada
AE3 Com base em média 1,339 - 1 - K| 255
Com base em mediana 1,011 . 1 . 34 . 322
-Cnr-n.haseemmediéﬁae -1,01"1 - 1 - 31,605 322
com df ajustado
Com hase em meadia 1,118 . 1 . K] 298
aparada
ANOVA
Soma dos Quadrado
Quadrados df Medio Z Sia.
AEL Entre Grupos 6,786 1 6,786 A65 G50
Mas grupos §32,820 ' u 18,612 ' '
Tatal 639,506 - a5 .
AE2Z  Entre Grupos 4,666 ' i 4,666 ' 133 TAT
Mos grupos 1189114 - 34 . 34974 -
Total 1193780 . 356 l
NE3 Entre Grupos -55,5?5 - 1 . 56,575 - 1,029 174
Mos grupos 9497 151 . 34 . 29,328 .
Total 1053726 - a5 .
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