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ABSTRACT 
Objective: To evaluate the effect of various types of cigarettes on the color of microhybrid (MH) and 
nanofilled (NF) resin composites. Material and Methods: Disc-shaped specimens (5 × 2 mm; n = 10) of MH 
(Filtek Z250, 3M) or NF (Filtek Z350XT, 3M) were exposed or not (control) to cigarette smoke (20 cigarettes 
daily × 5 days) from four commercial cigarettes with increasing concentrations of tar, nicotine, and carbon 
monoxide (MSL < MFP < MBI < MR). The cigarettes had an additional filter (MFP) or added flavoring 
(MBI). The color parameters (L*, a*, b*, ΔEab, ΔE00) were determined considering baseline versus after 
exposure to cigarette smoke. Data were submitted to Mann-Whitney, Kruskal-Wallis, and Dunn tests 
(α=0.05). Results: Significant differences were observed for ΔL* (toward black), Δa* (toward red), ΔEab, and 
ΔE00 of both resin composites compared with the control (p<0.05) regardless of the type of cigarette, with 
higher values for NF (p<0.05). For the MH, MBI provided higher negative ΔL* variation compared to MSL 
and MR (p<0.05). For the NF, higher Δa* values were observed for MR and MSL, with significant differences 
from MFP and MBI (p<0.05). Regardless of the cigarette, ΔEab and ΔE00 exceeded the limits of perceptibility 
and acceptability of color alteration. Conclusion: Color alteration of resin composites was modulated by the 
cigarette and resin composite type, the NF resin composite being more susceptible to staining. 
 
Keywords: Composite Resins; Color; Tobacco Products; Dental Restoration Failure. 

ORIGINAL ARTICLE 

mailto:jeh_theobaldo@hotmail.com
https://orcid.org/0000-0002-7470-230X
https://orcid.org/0000-0001-8226-3100
https://orcid.org/0000-0003-3443-5021
https://orcid.org/0009-0000-3889-1273
https://orcid.org/0000-0001-5457-3347
https://orcid.org/0000-0002-0945-1305
https://orcid.org/0000-0003-3389-5536


 Pesqui. Bras. Odontopediatria Clín. Integr. 2025; 25:e240014 

 
2 

n Introduction 

Resin composites are the first-choice materials for direct restorations due to their high applicability and 

versatility. These materials have the advantages of minimally invasive cavity preparations, resulting in tooth 

structure and longevity preservation due to excellent clinical performance [1-3]. Furthermore, resin-based 

materials have good physical and mechanical properties, including esthetic properties [1-3]. 

Resin composites comprise a resin matrix, inorganic filler particles, a bonding agent (silane), and a 

photoinitiator system, which can be classified according to the particle sizes and/or the types of monomers used 

[4-6]. Nanofilled (NF) and nanohybrid resin composites are the most modern in terms of the distribution of 

fillers within the matrix. Nanocomposites are often suggested for anterior restorations due to their excellent 

polishing and esthetic results. At the same time, microhybrid (MH) resin composites are indicated more often 

for posterior teeth due to their high mechanical properties [5,7]. However, some studies have shown color 

instability on these resin composites after bleaching and exposure to colored food, beverages, and cigarette smoke 

[8-14]. Therefore, whereas color changes are one of the main factors associated with treatment failure, 

knowledge about the effects of cigarettes with various levels of components on the color of the resin composites 

is fundamental for the replacement of restoration. 

Cigarette smoke is a particulate and a gas phase, a complex mixture of more than 4,700 chemical 

constituents, including toxic substances [15,16]. During tobacco curing, many chemical and physical changes 

occur in the tobacco leaf, including the conversion of starch to sugar and color change in tobacco from green to 

light yellow to orange/brown. Moreover, more than 99% of nicotine is in the particulate phase [17]. These 

substances play an essential role in staining resin composites; however, the color change's mechanism and 

dynamics are poorly understood. 

Although tobacco is well known as the main component of a cigarette, several substances have been 

incorporated into cigarettes. The mechanisms and interactions of how these substances produce changes in the 

human body are highly complex and difficult to understand [17]. The yields of tar and nicotine in the 

mainstream smoke of a given cigarette brand, as printed on the pack, are measured via a smoking machine under 

conditions standardized and informed by the manufacturers. Regulatory organizations do not recommend brands 

that generate yields above 10 mg of tar, 1 mg of nicotine, or 10 mg of carbon monoxide per cigarette [17].  

This study aimed to evaluate the effects of various types of cigarette smoke on the color properties of 

MH and NF resin composites. Therefore, the null hypotheses of this study were 1- There is no difference between 

the effects of various cigarettes on color changes of resin composites and 2- There is no difference between MH 

and NF resin composites upon exposure to cigarette smoke. 

 

n Material and Methods 

Sample Preparation 

One hundred disc-shaped specimens 5 mm in diameter and 2 mm in thickness, consisting of fifty units 

of each resin composite: Filtek Z250 [MH] and Filtek Z350 XT [NF] (3M Oral Care, St. Paul, MN, USA) 

(Table 1) were divided into five groups (n = 10) according to the type of cigarette, as shown in Table 2. 
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Table 1. Information about the composition of resin composites. 
Resin 

composites 
Classification General Components Filler Content 

Filtek Z250  
Microhybrid resin 
composite (MH) 

Bis-EMA (1-10 % wt.); UDMA (1-10% wt.); Bis-
GMA (1-6% wt.); TEGDMA (< 3% wt.) 

Ceramic-treated silane: silica-treated 
silane (70-85% wt.); aluminum oxide 
(<1% wt.) 

Filtek Z350 XT 
Nanofilled resin 
composite (NF) 

Bis-EMA (1-10% wt.); UDMA (1-10% wt.); Bis-
GMA (1-10% wt.); TEGDMA (<1% wt.); 
Polyethylene glycol dimethacrylate (< 5% wt.) 

Silane-treated ceramic (60-80% wt.); 
silane-treated silica (1-10% wt.); silane-
treated zirconia (1-5% wt.) 

Bis-EMA: Bisphenol-A hexaethoxylated dimethacrylate; TEGDMA: Triethylene glycol dimethacrylate; UDMA: Urethane dimethacrylate; 
Bis-GMA: Bisphenol a diglycidyl ether dimethacrylate; DDDMA: 1,12- Dodecane dimethycrylate; YbF3: Ytterbium trifluoride. 
 

 

Table 2. Division of study groups and concentrations of tar, nicotine, and carbon monoxide in various 
cigarettes. 

Resin Composites 
Commercial 

Cigarette 

Composition of Smoke 

Tar* Nicotine* 
Carbon 

Monoxide* 

Microhybrid (MH) - (Filtek Z250, 3M Oral 
Care) or Nanofilled Resin (NF) - (Filtek 

Z350XT, 3M Oral Care) 

Without exposure (Control) - - - 
Marlboro Silver Light (MSL) 4 mg 0.4 mg 5 mg 

Marlboro Filter Plus (MFP) Additional Filter 6 mg 0.5 mg 6 mg 
Marlboro Blue Ice (MBI) Flavoring 8 mg 0.6 mg 7 mg 

Marlboro Red (MR) 10 mg 0.8 mg 10 mg 
*Manufacturer information: Philip Morris Brazil Ind. e Com. Ltda., Santa Cruz do Sul, RS, Brazil.  
 

The resin composite was inserted into the Teflon matrix in one increment with a metal spatula 

(Goldstein XTS flex, Hu-Friedy, Chicago, USA) to obtain the samples. Then, the increment was covered with a 

polyester strip and glass slide to remove air bubbles. The material was light cured using a third-generation LED 

unit (VALO, Ultradent Products Inc., South Jordan, UT, USA) in standard mode with an irradiance of 1000 

mW/cm2 for 20 s. The samples were stored in a relative humidity environment at 37°C for 24 hours. Then, the 

surface of the samples was submitted to the polishing process using a polishing machine (model APL-4; Arotec, 

Cotia, SP, Brazil). Under constant irrigation, the surface was polished with #600-, #1200-, and #4000-grit silicon 

carbide abrasive papers (CARBIMET Paper Discs; Buehler, IL, USA). Felt discs (TOP, RAM E SUPRA- Arotec, 

Cotia, SP, Brazil) with diamond pastes (3, ½, and ¼ μm) were used to finish polishing. Samples were subjected 

to an ultrasonic cleaner (Marconi, Piracicaba, São Paulo, SP, Brazil) for 15 minutes after each polishing cycle and 

at the end of the polishing procedures. The samples were stored in distilled water until analysis. 

 

Color Measurements 

The color measurements were performed twice, at the baseline and after exposure to cigarette smoke, 

using a reflectance spectrophotometer (CM 700d, Konica Minolta Inc., Tokyo, Japan). The samples were placed 

on a sample holder (Teflon device) inside a light cabin (GTI mini matcher MM1e; GTI Graphic Technology, 

Newburgh, NY, USA) to standardize the ambient light during the measurement step. The results were measured 

in the CIE L*a*b* color system using On Color software (Konica Minolta Inc., Tokyo, Japan). The equipment 

was calibrated according to the manufacturer’s instructions. According to the International Commission on 

Illumination—CIE L*a*b*, the L* coordinate represents the white-black axis (luminosity), a* represents the 

green-red axis, and b* represents the blue-yellow axis. The differences in L*, a*, and b* values between times 

were expressed using Δ values (ΔL*, Δa*, Δb*). The color differences were calculated using the equations below, 

and the results were expressed as ΔEab and CIEDE2000 (ΔE00): ΔEab = [(ΔL*)2 +(Δa*)2 + (Δb*)2]1/2  

∆E00 = √(∆L´/kLSL)2 + (∆C´/kCSC)2 + (∆H´/kHSH)2 +RT(∆C´/kCSC) (∆H´/(kHSh) 
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Exposure to Cigarette Smoke  

For the MH (MLS, MFP, MBI, and MR) and NF (MLS, MFP, MBI, and MR) groups, a locally 

developed smoke machine (PI 1101465-2, INPI – National Institute of Industrial Property, Rio de Janeiro, RJ, 

Brazil) was used to expose the samples to cigarette smoke after initial color analysis. The machine operates by 

aspirating and conducting the smoke through compartments to circulate smoke throughout the environment, 

thereby enabling the deposition of chemical compounds and pigments on the specimens. The cycle was set to a 

time interval, simulating the smoking behavior usually performed by a smoker, with the smoke remaining in 

contact with the specimens for 3 seconds. The machine allows for ambient air to be inhaled every 10 seconds, 

thus simulating smoke inhalation and subsequent elimination. In this study, the samples were exposed to 20 

cigarettes daily for 5 days [18] according to the levels of tar, nicotine, and carbon monoxide present in the 

cigarette (Philip Morris Brazil Ind. e Com., Santa Cruz do Sul, RS, Brazil) (Table 2). The samples were stored in 

distilled water at 37 °C throughout the experiment. Before the final color measurements, the sample surfaces 

were cleaned with cotton to remove the residues from cigarette smoke. 

 

Statistical Analysis 

Initially, the variables were assessed for normality and homoscedasticity. The ΔL*, Δa*, Δb*, ΔEab, and 

ΔE00 data were analyzed by Mann Whitney, Kruskal Wallis, and Dunn tests. A significance level of 0.05 was 

used, and the analyses were performed using R software (R Foundation for Statistical Computing, Vienna, 

Austria). 

 

n Results 

The variation of color variables (ΔL*, Δa*, and Δb*) in MH and NF resin composites as a function of 

the cigarette smoke are presented in Figure 1. For all color coordinate variables, significant differences were 

observed for the resin composite groups exposed to cigarette smoke compared with the control (without 

exposure), regardless of the type of cigarette studied. For ∆L* values, both resin composites showed changes in 

luminosity toward the black axis (negative values) when exposed to cigarette smoke, differing statistically from 

the control. The exception was the MH resin exposed to MSL, which presented intermediate values with no 

differences from the control. When comparing the resin composites, NF showed the lowest L* values and greater 

changes in luminosity for the groups exposed to different types of cigarette smoke, differing statistically from 

MH. When the MH resin composite was exposed to cigarette smoke, MBI provided a lower luminosity than 

MSL and MR, with no other differences. For the NF resin composite, all groups exposed to cigarette smoke 

showed a significant decrease in luminosity, differing from the control group, with no differences related to the 

cigarette type. 

Concerning the parameter Δa* (Figure 1), all groups exposed to cigarette smoke were statistically 

different from the control, regardless of the resin composite used. The changes in the positive a* values represent 

color changes toward red. A greater change in a* values was observed for the NF resin composite, with a 

significant difference from the MH resin composite. Regarding the cigarette smoke applied to the MH resin 

composite, MR showed intermediate values, with no significant differences from the control or the samples 

exposed to MSL, MBI, and MFP, which did not differ from each other. For the NF resin composite, higher color 

changes were observed for MR and MSL, with significant differences from MFP and MBI, which were 

statistically different from each other. 
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Concerning the Δb* values (Figure 1), the MH resin composite exposed to MSL, MFP, and MBI was 

statistically different from the control group, presenting a higher negative b* value, which indicates a color 

opposite to yellow. For the NF resin composite, MSL presented the highest variation in the b* axis, differing 

statistically from the control and MFP. Furthermore, MR and MBI presented intermediate values and were not 

different from each other. When comparing the resin composites, the NF resin composite presented higher 

changes in b* values for MSL and MR, which differed statistically from the MH resin composite. However, the 

MH resin composite exposed to MFP showed higher Δb* values when compared to the NF resin composite. 

 

 
Different uppercase letters indicate differences between the resin composites in the same cigarette. Different lowercase letters indicate 
differences among the cigarettes considering the same resin composite (p<0.05). MSL: Marlboro Silver Light; MFP: Marlboro Filter Plus; 
MBI: Marlboro Blue Ice; MR: Marlboro Red. The cigarettes are presented in ascending order of component concentration 
(MSL<MFP<MBI<MR). Moreover, MFP has an additional filter, and MBI has flavoring. 

Figure 1. Results of color-related variables (A- ∆L*, B- ∆a*, and C- ∆b*) as a function of resin 
composite and cigarette. 
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Concerning the ΔEab and ΔE00 values of the resin composites (Table 3), the NF resin composite's color 

change was significantly higher than the MH resin composite for all types of cigarettes. Regarding the type of 

resin composite, all groups exposed to cigarette smoke differed statistically from the control, presenting a greater 

color change (ΔEab and ΔE00), except for MR and MFP in the MH and NF resin composites, respectively. For 

the MH resin, MBI showed more significant color changes than MR. MSL showed intermediate values and did 

not differ from other types of cigarettes. For the NC resin composite, MSL showed higher ΔE00 values than 

MFP. 

 

Table 3. Median (Q1; Q3) of general color alteration (∆Eab and ∆E00) as a function of resin composite and 
cigarette. 

Variables Cigarette Smoke 
Resin Composite 

Microhybrid Nanofilled 
∆Eab Without (control) 0.56 (0.49; 0.62) Bc 0.93 (0.81; 1.09) Ab 
 MSL 2.48 (2.32; 2.79) Bab 4.65 (4.21; 5.23) Aa 
 MFP 2.46 (2.13; 2.58) Bab 3.31 (2.81; 3.61) Aab 
 MBI 3.29 (2.90; 3.78) Ba 4.66 (4.24; 5.27) Aa 
 MR 1.98 (1.53; 2.54) Bbc 4.63 (4.35; 5.23) Aa 
∆E00 Without (control) 0.43 (0.38; 0.45) Bc 0.86 (0.76; 0.95) Ac 
 MSL 2.51 (2.37; 2.68) Bab 4.84 (4.38; 5.32) Aa 
 MFP 2.23 (1.98; 2.47) Bab 3.14 (2.78; 3.38) Abc 
 MBI 2.83 (2.61; 3.12) Ba 4.48 (4.19; 4.79) Aab 
 MR 1.97 (1.43; 2.15) Bbc 4.79 (4.34; 5.08) Aa 

Medians followed by letters (uppercase letters in the rows and lowercase letters in the columns for each variable) indicate statistical 
differences (p≤0.05); Q1: Quartile 1; Q3: Quartile 3; MSL: Marlboro Silver Light; MFP: Marlboro Filter Plus; MBI: Marlboro Blue Ice; MR: 
Marlboro Red; The cigarettes are presented in ascending order of component concentration (MSL<MFP<MBI<MR). Moreover, MFP has 
an additional filter, and MBI has flavoring. 
 

n Discussion 

A significant increase in color changes was observed for both resin composites after exposure to 

cigarette smoke. However, considering all types of cigarettes, the color changes of the NF resin composite were 

more significant compared with the MH resin composite. Therefore, the first and second null hypotheses were 

rejected. The results found in this study for all color variables (ΔL*, Δa*, and Δb*) and color changes (ΔEab and 

ΔE00) after exposure to cigarette smoke align with the literature. Previous studies [10,13,19] evaluated the 

effects of various conventional resin composites exposure to cigarette smoke. The resin composites presented 

alterations in all color coordinates, with decreased luminosity and increased a* values. Considering the effect of 

all cigarettes, the color changes (ΔEab) were clinically unacceptable only for the NF resin composites (ΔEab > 3) 

because, according to a previous study [20], ΔEab = 0-2 is considered clinically imperceptible; for ΔEab > 2-3, 

the change is noticeable, while the change is noticeable and esthetically unacceptable for ΔEab > 3-8. New color 

parameters for color perceptibility and acceptability have been suggested in the literature to simulate clinical 

settings. Paravina et al. [21] reported that ΔE00 values higher than 1.8 are clinically unacceptable, while 

perceptibility thresholds are set at ΔE00 > 0.8. Therefore, considering the ΔE00 values, the clinically unacceptable 

changes were more prominent for the NF resin composite than the MH resin composite, regardless of the type 

of cigarette, although both resin composites’ values exceeded the acceptability and perceptibility limits. 

Some specific characteristics of a resin composite, including the chemistry of monomers, the structural 

composition, and the degree of conversion, play a major role in physicochemical properties, such as hydrophilicity 

and wear resistance. All these factors influence surface integrity and color stability [22]. Their organic matrix 

content may also be related to the materials' staining and sorption potential [5,23]. Incorporating pigments 
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from cigarette smoke into the resin composite may also be due to the type and size of particles of these 

composites. The NF resin composite in the present study had zirconium and silica particles in its composition, 

as well as aggregates or nanoclusters, due to their small particle size [5,24]. The gaps formed between the 

inorganic particles and the resin matrix [25] may favor staining by the particulate phase of cigarette smoke, 

which presented diameters from 0.1 to 1 mm, while the average diameters of the resin range from 0.35 to 0.4 μm 

[17]. 

Alzraikat et al. [26] evaluated nanocomposites' properties and clinical performance compared to hybrid 

resin composites. They concluded that NF composites presented higher sorption values, which may affect their 

clinical performance. Those findings corroborate the present results, demonstrating increased staining once the 

NF resin composite color changes were significantly higher than the MH resin composite. This difference may 

be associated with the properties of the materials. The specimens were stored in a distilled water solution during 

the experiment, and the solution immersion-enhanced exposure to cigarette smoke probably contributed to 

higher staining in the NC resin composites due to higher sorption [26]. According to Fonseca et al. [23], there 

is a direct correlation between ∆E × water sorption and solubility, indicating that increased sorption and 

solubility properties enhance the color variation. In addition, the presence of water and solvents such as alcohol, 

methanol, and oils [17] in cigarette smoke can contribute to surface degradation of the organic matrix, favoring 

the adsorption of pigments and consequently contributing to staining. 

The kind of cigarette modulated the color change of the resin composites; however, a direct relationship 

between the increased concentration of the components and increased pigmentation was not possible to 

determine based on all the variables evaluated. Although MBI cigarettes do not have the highest concentrations 

of tar, nicotine, and carbon monoxide (Table 2), their group demonstrated the highest color change in NC resin 

composite, probably due to the presence of flavor compounds in this cigarette, rejecting the first null hypothesis. 

Whereas the top flavors are highly volatile, these aroma compounds and ethereal oils are added to an alcohol 

base, which evaporates after the addition of flavor compounds. In the end, flavor represents 0.1% of the weight 

of the cigarette tobacco [17]. The top flavors can interact with resin monomers that did not convert after light 

curing. Other relevant findings occurred with MFP cigarettes (intermediate levels of tar, nicotine, and carbon 

monoxide, which presented the lowest staining capacity, probably due to an additional filter. The presence of 

specific paper, filter materials, inks, and adhesives can confer specific desirable properties on a cigarette's 

performance during smoking [17]. 

Measurements of tar, nicotine, and carbon monoxide concentrations were selected as analytical 

parameters for each market brand due to their association with many health problems [17,27], including 

alterations in dental structure, such as heavy metal contamination [28,29], and decreased bond strength of 

adhesive systems [30,31]. The present study was designed with cigarettes containing increasing concentrations 

of components; however, the cigarettes have other undeclared components, flavorings, and different filters, which 

could alter the final concentration of the components. Furthermore, the components in the mainstream smoke of 

a given cigarette brand, printed on the pack, are measured by smoking the cigarette in a smoking machine under 

standardized conditions provided by the manufacturers and ISO, which serves as a regulatory limit [17]. 

Many chemical and physical changes occur during the curing of a tobacco leaf, including the conversion 

of compounds into sugar and color changes of tobacco from green to light yellow to orange/brown. The presence 

of orange, red, and brown pigments in the tobacco leaf can increase a* values (green-red axis). Higher a* values 

were observed for the NF resin composite. Another relevant finding was the nonrelevant color differences with 

b* values in the yellow direction. The previous hypothesis was that cigarette smoke would make the sample 
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more yellow. However, this study revealed a color shift to red or brown, as shown by the results of the a* 

coordinate. Moreover, more than 99% of nicotine is present in the particulate phase [17], indicating a 

relationship between this compound and staining. Despite the yellow color of nicotine, burning a cigarette causes 

degradation that can prompt more brown or red pigments in the smoke. 

In general, regardless of the type of resin composite studied, the cigarette smoke reduced the L* values 

of samples. Luminosity parameters are critical to esthetic clinical results of restorations, which are affected by 

the presence of pigments [32]. New studies can be designed to assess the impact of these components separately. 

In the present study, although cigarettes contained increasing concentrations of the substances studied, it is not 

possible to determine the effects of tar, carbon monoxide, nicotine, or other components individually. 

Nevertheless, in direct restorative procedures, various factors affect the longevity of the tooth restorations [33], 

but certain aesthetic characteristics are desired, and exposure to cigarette smoke can affect the color of the resin 

composites, mainly NF resin composites. Furthermore, future studies of statistical association, correlation, and 

regression could be developed considering experimental cigarette smoke, whereas these studies have been widely 

used in dentistry to study color, measure the degree of association and correlation between variables, or 

determine whether one depends on the other [23,34]. 

 

n Conclusion 

Nanofilled resin composite was more susceptible to cigarette smoke staining than microhybrid resin 

composite. Moreover, the type of cigarette mediated the intensity of staining, but a direct relationship was not 

found between the increased levels of nicotine, tar, and carbon monoxide and increased pigmentation of the resin 

composites. 
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