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Objectives: The aim of this study is to comparatively evaluate the effects of resin composite materials with different 
viscosities and different application techniques on the color stability and surface roughness of restorations. 
Materials and Methods: Eighty cylindrical specimens (8 × 2 mm) were prepared, forming eight groups (n = 10) using 
packable and flowable composites from two manufacturers. Four different methods were used: packable, flowable, 
snowplow, and preheating. After polishing and baseline measurements, specimens were immersed in coffee for 12 days. 
Color (ΔE, ΔE₀₀) was measured with a VITA Easyshade V spectrophotometer, and surface roughness (Ra) with a Surtronic S-
128 profilometer. Data were analyzed using Welch ANOVA, paired t-test, Pearson correlation, and regression (α = 0.05). 
Results: The highest ΔE₀₀ values were observed in the Charisma Packable (CP) and Charisma Preheated (CH) groups, 
followed by the Tetric Preheated (TH) group, while the lowest values were found in the Tetric Flow (TF) and Tetric Snowplow 
(TS) groups (p < 0.001). A strong positive correlation was identified between ΔE and ΔE₀₀ (r = 0.893, p < 0.001). The 
Snowplow technique reduced the initial surface roughness in the Charisma Snowplow (CS). After the coloring procedure, 
roughness increased in all groups; however, it was found to be significant only in the CS, CF, and CH groups (p < 0.05). 
Preheating slightly decreased discoloration in CH, while it resulted in higher in TH. 
Conclusion: The impact of application technique on color stability and surface roughness is strongly influenced by composite 
composition. While preheating and Snowplow techniques showed beneficial effects in the Bis-GMA–based system, similar 
improvements were not observed in the UDMA-containing composite. These findings demonstrated the importance of 
material-specific technique selection in clinical practice. 
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ÖZ 
Amaç: Bu çalışmanın amacı, farklı viskozitelere sahip rezin kompozit materyallerin ve farklı uygulama tekniklerinin 
restorasyonların renk stabilitesi ve yüzey pürüzlülüğü üzerindeki etkilerini karşılaştırmalı olarak değerlendirmektir. 
Gereç ve Yöntem: İki farklı üreticiye ait kondanse edilebilen ve akışkan kompozitler kullanılarak, 8x2 mm boyutlarında 
toplam 80 silindirik numune hazırlandı (n=10). Numuneler, viskozite özellikleri ve uygulama tekniklerine göre dört gruba 
ayrılmıştır: Kondanse edilebilen kompozit, akışkan kompozit, kar küreme (Snowplow) tekniği ile uygulanan kompozit ve ön 
ısıtma işlemi uygulanan kompozit. Polisaj ve parlatma işlemlerinin ardından başlangıç ölçümleri gerçekleştirilmiş, daha sonra 
numuneler 12 gün süreyle kahve solüsyonunda bekletilmiştir. Renk değişimi (ΔE, ΔE₀₀) VITA Easyshade V spektrofotometre 
ile, yüzey pürüzlülüğü (Ra) ise Surtronic S-128 profilometre kullanılarak ölçülmüştür. Elde edilen veriler Welch ANOVA, 
eşleştirilmiş t-testi, Pearson korelasyon ve regresyon analizleri kullanılarak değerlendirilmiş, anlamlılık düzeyi α = 0,05 olarak 
kabul edilmiştir. 
Bulgular: En yüksek ΔE₀₀ değerleri; Charisma Packable (CP) ve Charisma Preheated (CH) gruplarında saptanmış, bu grupları 
Tetric Preheated (TH) grubu takip etmiştir; en düşük değerler ise Tetric Flow (TF) ve Tetric Snowplow (TS) gruplarında 
gözlemlenmiştir (p < 0,001). ΔE ve ΔE₀₀ arasında güçlü bir pozitif korelasyon belirlenmiştir (r = 0,893). Snowplow tekniği, 
Charisma Snowplow (CS) grubunda başlangıç yüzey pürüzlülüğünü azaltmıştır. Renklendirme prosedürü sonrasında tüm 
gruplarda pürüzlülük artışı görülse de, bu artışın yalnızca CS, CF ve CH gruplarında istatistiksel olarak anlamlı olduğu 
saptanmıştır (p < 0,05). Ön ısıtma işlemi Charisma grubunda (CH) renk değişimini hafifçe azaltırken, Tetric grubunda (TH) 
daha yüksek renk değişimiyle sonuçlanmıştır. 
Sonuçlar: Uygulama tekniğinin renk stabilitesi ve yüzey pürüzlülüğü üzerindeki etkisi, kompozit bileşimi tarafından büyük 
ölçüde etkilenir. Ön ısıtma ve Snowplow teknikleri Bis-GMA bazlı sistemde olumlu etkiler gösterirken, UDMA içeren 
kompozitte benzer iyileşmeler gözlemlenmemiştir. Bu bulgular, klinik uygulamada malzemeye özgü teknik seçiminin 
önemini vurgulamaktadır. 
 
Anahtar Kelimeler: Isıtılmış Kompozitler, Snowplow (Kar Küreme) Tekniği, Renk stabilitesi, Yüzey pürüzlülüğü, Kompozit 
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Introduction 

Resin-based composites are one of the direct restorative 
materials that have been widely employed in dentistry for 

approximately 50 years. They provide reliable outcomes with 
high clinical survival rates and extended functional durability 
in the restoration of anterior and posterior teeth. Their 
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aesthetic properties, good adhesion to dental tissues, lower 
cost compared to ceramic materials, and the fact that they 
do not require conservative preparation make these 
materials advantageous in clinical applications.1,2 

The surface properties of resin composites are among the 
factors determining the aesthetic success of restorations.3 
The color changes observed in these materials are associated 
not only with external factors such as dietary habits, chemical 
reactions, water absorption, and inadequate oral hygiene, 
but also with internal factors such as the filler components, 
matrix structure, or alterations in the silane coating. Due to 
the influence of these factors, the color mismatches that 
occur over time are reported as one of the essential reasons 
requiring the replacement of composite restorations.3,4 

Surface roughness of restorations leads to plaque 
accumulation, secondary caries formation at the tooth–
material interface, coloring, and loss of aesthetic 
properties.5,6 The surface roughness of resin composites has 
been reported to vary depending on the type of monomer 
used in the organic matrix, as well as the type, size, and 
morphology of filler particles, and a significant correlation 
has been noted between surface roughness and increased 
filler content (by weight or volume).7,8 In addition, 
appropriate finishing and polishing procedures reduce this 
roughness by eliminating surface defects, thereby improving 
the mechanical and aesthetic properties of the restoration.9  

In the clinical success of resin composites, not only 
material properties but also the application technique and 
the viscosity of the material play a crucial role. During the 
placement of resin composites into the cavity, insufficient 
adaptation between layers or the existence of micro-
topographical irregularities on the surface due to high 
viscosity may negatively affect both the aesthetic and 
mechanical properties of the restoration. This situation 
complicates the handling and manipulation of the material, 
leading to inadequate marginal adaptation to the cavity 
walls, and over time may result in plaque accumulation, 
discoloration, wear, and consequently a reduced clinical 
lifespan of the restoration.10,11 

To address the problem of cavity adaptation, the viscosity 
of resin composites was reduced, leading to the 
development of flowable composites that can more 
effectively penetrate narrow areas and internal angles of the 
cavity with injection syringes. When used as a cavity liner, 
these materials provide good adaptation to the cavity due to 
their low viscosity, act as stress absorbers, reduce the C-
factor, and decrease the volume of the overlying high-
viscosity composite, thereby contributing to faster and more 
controlled clinical procedures.12,13 However, beyond these 
mechanical advantages, the handling characteristics and 
viscosity of the composite directly influence the final surface 
topography. Lower viscosity materials, particularly when 
used in layered techniques, can facilitate a more 
homogenous interface and reduce the presence of interfacial 
voids, which are critical for maintaining surface integrity and 
reducing the number of sites available for pigment 
accumulation.14,15 

Therefore, in recent years, researchers have focused on 
different application approaches aimed at improving the 

physical and aesthetic properties of resin composites by 
reducing their viscosity to enhance cavity adaptation, 
including the use of flowable and preheated composites.10, 16 
In this context, techniques such as the “injection-mold”17 and 
“Snowplow” methods have been introduced, with the aim of 
enhancing material adaptation to the cavity and reducing 
microleakage. In the Snowplow technique, a layer of 
flowable composite is applied to the cavity floor, followed by 
the placement and adaptation of a packable composite on 
top, after which both materials are polymerized 
simultaneously. This method is intended to enhance the 
adaptation of the resin composite to the cavity walls.14, 17 This 
simultaneous polymerization (co-irradiation) of materials 
with different viscosities may create a more uniform surface 
structure. Such a combined surface can potentially offer 
superior resistance to surface staining compared to 
traditional layering, as it minimizes the micro-voids at the 
restoration’s surface and improves initial roughness (Ra) 
values.14,18 

Preheating resin composites reduces their viscosity, 
thereby improving their adaptation to cavity walls, as well as 
enhancing marginal sealing and overall interfacial integrity. 
Furthermore, numerous studies have demonstrated that this 
procedure has positive effects on physical properties such as 
the degree of conversion and microhardness.19-21 From an 
optical perspective, a higher degree of conversion results in 
a more stable and dense polymer network. This improved 
polymerization density reduces the volume of water sorption 
and limits the penetration of extrinsic staining agents into the 
resin matrix, thereby directly enhancing the long-term color 
stability and surface integrity of the restoration.22  

Although previous studies have investigated the effects 
of preheating on physical properties such as the degree of 
conversion and microhardness, the optical and surface 
topographic consequences of this technique have not been 
sufficiently studied. Similarly, while the Snowplow technique 
has been proposed as a method to improve cavity adaptation 
and reduce microleakage, its influence on color stability and 
surface roughness has rarely been examined. The selected 
composite systems (Charisma and Tetric) represent two 
widely used commercial materials with distinct monomer 
architectures (Bis-GMA–dominant vs. UDMA-containing), 
enabling the evaluation of material-dependent responses to 
different placement techniques. Despite the widespread 
clinical use of these techniques, there is a significant gap in 
the literature regarding how the interaction between 
different placement methods and monomer chemistries 
(e.g., Bis-GMA vs. UDMA) affects color stability and surface 
topography. Furthermore, while coffee is a well-known 
extrinsic staining agent in clinical practice due to its ability to 
cause discoloration through both surface adsorption and 
deep absorption,23, 24 its impact on materials applied with the 
Snowplow or preheating techniques remains under-
investigated. 

This in vitro study evaluated how four application 
techniques—packable, flowable, preheated, and 
Snowplow—affect the surface roughness and color stability 
of resin composite systems from two different 
manufacturers featuring distinct monomer structures after 
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coffee immersion. It was hypothesized that variations in 
composite type and application technique would not 
significantly affect these outcomes. 

Materials and Methods 

Sample size calculation   
The minimum sample size required for this study was 

determined using the G*Power 3.1.9.7 software (Heinrich 
Heine University, Düsseldorf, Germany) according to the 
planned statistical analyses. The significance level was set at 
α = 0.05, and the test power (1−β) at 0.80. Effect size values 
were determined based on similar studies in the literature.25 
According to the one-way ANOVA performed for color 
change (ΔE, ΔE00) measurements, with an effect size of f = 
0.53 and eight groups, at least eight samples per group (64 in 
total) were required. 

Based on the paired samples t-test conducted for surface 
roughness (Ra), with an effect size of dz = 0.44, 
approximately six paired samples per group were considered 
sufficient. 

To account for potential data loss and improve statistical 
power, the sample size was increased to 10 specimens per 
group. 

Preparation of samples 
The present study was conducted as an in vitro laboratory 

investigation and did not involve human participants or 
animals. Therefore, ethical approval was not required in 
accordance with institutional regulations. In this study, 
packable and flowable resin composite materials from two 
different manufacturers were evaluated using four different 
application techniques. Eight groups were formed, with ten 
specimens (n = 10) in each group, resulting in a total of 80 
cylindrical composite specimens. All specimens were 
prepared using Teflon molds with a diameter of 8 mm and a 
height of 2 mm. 

Experimental groups  
The materials used in this study are listed in Table 1. Four 

application techniques were employed within each 
manufacturer group: 

 Charisma Groups: Charisma Smart A2 (packable) and 
Charisma Flow A2 (flowable) (Kulzer GmbH, Hanau, 
Germany) 

 Tetric Groups: Te-Econom Plus A2 (packable) and Tetric 
N-Flow A2 (flowable) (Ivoclar Vivadent, Schaan, 
Liechtenstein) 

Table 1. Materials used in this study 
Material Manufacturer Type Composition 

Charisma Smart 
Kulzer, Hanau,  
Germany 

Light-cured, 
radiopaque micro-
hybrid composite 
resin 

Barium Aluminium Boro Fluor Silicate Glass, BisGMA, Silica, 
TEGDMA, Titanium Dioxide,  Fluorescent Pigments, Metallic 
Oxide Pigments, Amino benzoic acid ester, BHT, 
Camphorquinone. Filler volume, 59%. Filler size; 0.005-10μm. 

Charisma Flow 
Kulzer, Hanau, 
 Germany 

Light-cured, 
flowable micro-
hybrid composite 

Barium Aluminium Boro Fluor Silicate Glass, E2BADMA, 
TEGDMA, Silica, Oxybenzone, 2,2-Dimethoxy-2-
phenylacetophenone, Amino benzoic acid ester, 
Camphorquinone, BHT, Titanium Dioxide, Fluorescent 
pigments, Metallic oxide Pigments. Filler volume 38%, filler 
particle size 0,005-5 μm.  

Te-Econom Plus 
Ivoclar, Schaan, 
Liechtenstein 

Light curing micro-
hybrid composite 
resin 

Barium glass, ytterbiumtrifluoride, BisGMA, UDMA, Barium 
aluminium fluorosilicate glass, TEGDMA, Silica oxide, Si-Zr 
mixed oxide filler volume 59%-61%, filler size 0,03-16,3 μm. 

Tetric N-Flow 
Ivoclar, Schaan, 
Liechtenstein 

Light curing, 
Flowable,  micro-
hybrid composite 
resin 

Barium glass, ytterbiumtrifluoride, BisGMA, UDMA, Barium 
aluminium fluorosilicate glass, Si-Zr mixed oxide filler. Filler 
volume 38%-40%, filler size 0,03-15.5 μm. 

*Based on the manufacturer's technical data 

1-Packable Composite Technique: After placing the 
composite materials into the molds, the surface was 
flattened using a Mylar strip and a microscope glass slide. The 
specimens were light-cured for 20 s from both sides with an 
LED curing device (O-Star, Guilin Woodpecker Medical 
Instrument Co., Guangxi, China) according to the 
manufacturer’s guidelines. 

2-Flowable Composite Technique: The flowable 
composite was inserted into the molds, covered with a Mylar 
strip and a microscope glass slide to obtain a flat surface, and 
subsequently cured for 20 s per side using an LED light-curing 
device based on the manufacturer’s protocol. 

3-Preheated Packable Composite Technique: Prior to 
preheating, the ENA Heat CHC3 unit (Micerium S.p.A., Italy) 
was turned on at least 10 minutes earlier to achieve thermal 
stabilization. Packable composite material was then 
preheated to 39 °C for 16 minutes, which is the temperature 

recommended by the manufacturer for direct restorative 
applications. Since preheated composites rapidly lose heat 
once removed from the device,26 the material was 
immediately placed into the molds, pressed with a Mylar 
strip and a microscope glass slide, and light-cured from both 
sides for 20 s using an LED curing unit. 

4-Snowplow Composite Technique: After positioning a 
Mylar strip and Teflon mold on a microscope slide, flowable 
composite was first applied, and without curing, packable 
composite was condensed on top. The specimens were then 
polymerized from both sides for 20 s using an LED light-curing 
unit following the manufacturer's recommendations. 

To standardize the specimen surfaces after 
polymerization, the same polishing protocol was applied to 
all samples. For polishing, abrasive discs with decreasing grit 
sizes—blue, green, and yellow (Tor VM, Moscow, Russia)—
were used sequentially. 
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The discs were applied using a low-speed micromotor 
(~10,000 rpm) under continuous water cooling for 10 
seconds per disc at constant pressure and speed. A single 
operator performed all procedures to maintain consistency 
in pressure and duration. After preparation, all specimens 
were kept in distilled water at 37 °C for 24 h. 

Coloring procedure 
After the baseline color and surface roughness 

measurements, the samples were immersed in a coffee 
solution (Nescafé Intens, Nestlé, Turkey) at room 
temperature for 12 days to simulate a one-year staining 
process.24 The solution was prepared by dissolving 3.6 g of 
instant coffee in 300 mL boiled water.27 To avoid bacterial 
contamination and maintain consistent coloring conditions, 
the solution was freshly prepared and replaced daily. 
Samples were washed with distilled water before 
measurement to eliminate contaminants that could affect 
the results.   

Measuring color change values (ΔE) /(ΔE00) 
Spectrophotometric color measurements were 

performed using the VITA Easyshade V device (VITA 
Zahnfabrik, Bad Säckingen, Germany). The measurements 
were conducted in a controlled environment characterized 
by a white floor and neutral gray walls, ensuring the exclusion 
of direct sunlight. The lighting system employed was a 
ceiling-mounted LED panel with a color temperature of 6500 
Kelvin, which provided uniform illumination ideal for the 
analysis (FIBERLI PNCLIPIN-FS, 36W, 6500K, IP40, Turkey)  
illumination at 6500 K (D65 equivalent). For each specimen, 
measurements were repeated three times, and the average 

L, a, and b* values were recorded as baseline values. 
Following the coloring procedure, the same protocol was 
repeated, and the mean post-immersion values (L1*, a1*, 
b1*) were recorded. Color differences were then calculated 
using both the CıeLAB (ΔE) and CIEDE (ΔE00) equations; 
(ΔE)=[(L1*-L0*)2+(a0*-a1*)2+(b0*-b1*)2]½ 

(Δ𝐸00) = √(
Δ𝐿′

𝑘𝐿𝑆𝐿
)2 + (

Δ𝐶′

𝑘𝐶𝑆𝐶
)2 + (

Δ𝐻′

𝑘𝐻𝑆𝐻
)2 + 𝑅𝑇(

Δ𝐶′

𝑘𝐶𝑆𝐶
)(

Δ𝐻′

𝑘𝐻𝑆𝐻
). 28 

Measuring surface roughness values 
Surface roughness (Ra) was measured using a contact 

profilometer (Surtronic S-128, Taylor Hobson, UK). For all 
experimental groups, measurements were conducted 
exclusively on the final top surface that resulted from the 
entire restorative and polishing procedure. In the 
Snowplow groups, the packable composite was placed over 
the uncured flowable layer and co-irradiated; thus, the (Ra) 
values represent the integrity of this combined final 
surface. Three readings were taken from different locations 
on each specimen, and the mean value was recorded as the 
initial surface roughness (Ra₀). The profilometer was 
standardized with a cut-off length of 0.25 mm, an 
evaluation length of 1.25 mm, and a filter range of 100 µm. 
Following the coloring procedure, the same measurement 
protocol was repeated, and the mean post-immersion 
values were recorded as Ra₁. A visual summary of the 
specimen preparation process, experimental grouping, 
staining protocol, and measurement procedures is 
provided in Figure 1.  

 

 

 

Figure 1. Schematic representation of specimen preparation, experimental groups, aging procedure, and 
outcome assessments. 

*(ΔE:  Color difference calculated using the CIELAB formula, ΔE₀₀: Color difference calculated using the 
CIEDE2000 formula, Ra:Surface Roughness) 

Statistical Analysis 
Statistical analyses were carried out using SPSS version 

27.0 (IBM Corp., Armonk, NY, USA). The Shapiro–Wilk test 

was used to determine whether the data followed a normal 
distribution. Parametric tests were subsequently applied to 
independent groups with normally distributed data. 
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Variance homogeneity was assessed using the Levene test. 
Since variance homogeneity was not achieved, the groups 
were evaluated using the Welch ANOVA test. Differences 
between groups were assessed using the Tamhane post hoc 
test. A paired samples t-test was conducted to compare 
dependent data sets. Pearson correlation analysis was 
employed to assess the relationship between variables. 
Additionally, regression analysis was utilized to explore the 
relationship between color change and surface roughness. 
For all statistical analyses, the level of significance was 
defined as p < 0.05. 

Results 

The initial (Ra₀) and post-coloring (Ra₁) surface 
roughness values and their differences (ΔRa) are presented 

in Table 2 and Figure 2. A significant difference in initial 
surface roughness was observed among the application 
techniques (Welch ANOVA, F = 4.615, p < 0.001). Post hoc 
analysis revealed that the Charisma Snowplow (CS), Tetric 
Packable (TP), Tetric Flow (TF), and Tetric Snowplow (TS) 
groups demonstrated the lowest baseline surface 
roughness values, whereas the Charisma Packable (CP) and 
Charisma Preheated (CH) groups showed significantly 
higher values (p < 0.05). Among the Tetric subgroups, the 
Tetric Preheated (TH) group exhibited the highest initial 
surface roughness. 

 
 

 
Table 2. Comparison of surface roughness (Ra) values before and after coloring procedures in different composite resin 
groups 

Composite Techniques 
Initial Ra0 
Mean ±Std. Deviation 

Procedure Ra1 
Mean ±Std. Deviation 

ΔRa (Mean ± SD) t 
 

p 

Charisma-Packable 0.36 ± 0.12ab 0.37 ± 0.09 0.011 ± 0.092 0.378 0.714 

Charisma-Flow 0.35 ± 0.09b 0.43 ± 0.13 0.078 ± 0.079 3.111 0.012** 

Charisma-Snowplow 0.21 ± 0.05a 0.26 ± 0.05 0.050 ± 0.023 6.994 <0.001** 

Charisma- Preheated 0.36 ± 0.19ab 0.42 ± 0.20 0.060 ± 0.058 3.265 0.010** 

Tetric-Packable 0.21 ± 0.06a 0.24 ± 0.05 0.022 ± 0.046 1.524 0.162 

Tetric-Flow 0.22 ± 0.07a 0.29 ± 0.07 0.061 ± 0.100 1.818 0.102 

Tetric-Snowplow 0.23 ± 0.05a 0.26 ± 0.05 0.023 ± 0.069 1.047 0.322 

Tetric-Preheated 0.27 ± 0.11ab 0.31 ± 0.14 0.034 ± 0.143 0.753 0.471 
Welch ANOVA test: F = 4.615; p < 0.001 
Groups sharing the same superscript letters are not significantly different (Tamhane’s T2 post-hoc test, p > 0.05). Paired t-test was performed to 
compare pre- and post-coloring procedure surface roughness values

 

Figure 2. Baseline and After Coloring Procedure Surface Roughness of Resin Composites  
*(Ra₀: Initial surface roughness (before coloring), Ra₁: Post-coloring surface roughness, SD: Standard Deviation) 

Following the coloring procedure, statistically 
significant increases in surface roughness were detected 
in the Charisma Flow (CF) (p = 0.012), Charisma Snowplow 
(CS) (p < 0.001), and Charisma Preheated (CH) groups. In 

contrast, no significant changes were observed in the 
Charisma Packable (CP) or in any of the Tetric groups (p > 
0.05). When all specimens were analyzed collectively, 
surface roughness values showed a significant overall 
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increase after the procedure (mean difference = 0.042 ± 
0.084; t(79) = 4.53, p < 0.001). 

Despite these within-group increases, comparison of 
roughness change values (ΔRa) among the resin 
composite groups revealed no statistically significant 

differences in the magnitude of change (Welch ANOVA, 
F(7, 29.64) = 1.017, p = 0.440). 

Color change values calculated using both the 
CIEDE2000 and CIELAB formulas are presented in Table 3 
and Figure 3. 

 

Table 3. Comparison of color change values (ΔE and ΔE₀₀) among different resin composite groups 
  Mean± Std. Dev Median (Min-Max) Test statistics p 

Color (ΔE₀₀)         

Charisma-Packable 4.57 ± 1.17a 4.17 (3.26 - 6.85) 14.778 p<0.001* 

Charisma-Flow 3.34 ± 0.32a 3.44 (2.88 - 3.81)   

Charisma-Snowplow 3.19 ± 0.53a 3.13 (2.25 - 4.26)   

Charisma-Preheated 4.47 ± 1.18a 4.26 (2.93 - 6.17)   

Tetric-Packable 3.15 ± 0.59abc 3.21 (2.40 - 4.4)   

Tetric-Flow 2.46 ± 0.28b 2.47 (1.90 - 2.94)   

Tetric Snowplow 2.43 ± 0.37b 2.47 (1.54 - 2.94)   

Tetric-Preheated 4.17 ± 1.03ac  4.09 (2.68 - 6.3)   

Color (ΔE)         

Charisma-Packable 8.07 ± 1.67a 7.72 (5.71 - 11.21) 11.044 p<0.001* 

Charisma-Flow 5.99 ± 0.53a 6.07 (5.16 - 6.75)   

Charisma-Snowplow 5.68 ± 1.22ab 5.53 (3.75 - 8.26)   

Charisma-Preheated 6.66 ± 1.67ab 6.50 (4.27 - 8.93)   

Tetric-Packable 5.95 ± 1.05ab 5.75 (4.67 - 8.33)   

Tetric-Flow 4.55 ± 0.56b 4.65 (3.2 - 5.12)   

Tetric-Snowplow 5.33 ± 0.95b 5.20 (3.64 - 6.80)   

Tetric-Preheated 8.12 ± 1.87a 7.98 (5.32 - 10.96)     
Data are presented as Mean ± SD and Median (Min–Max). Different superscript letters indicate statistically significant differences (p < 0.05). 
*Welch ANOVA and Tamhane’s T2 post-hoc test were used due to the violation of the homogeneity of variance assumption.

 

Figure 3. Comparison of ΔE and ΔE00 Among Composite Groups 
*(ΔE:  Color difference calculated using the CIELAB formula, ΔE₀₀: Color difference calculated using the 

CIEDE2000 formula, SD: Standard Deviation) 

Based on the CIEDE2000 formula, the highest color 
change was observed in the CP and CH groups, while the 
lowest was observed in the TS and TF groups, and the 
differences were statistically significant (p < 0.001). 
According to the CIELAB formula, the highest color change 

occurred in the CP and Tetric Preheated (TH) groups, and 
the lowest in the TF group, with statistically significant 
differences among them. 

A strong positive correlation was found between ΔE 
and ΔE₀₀ (r = 0.893, p < 0.001; Pearson correlation 
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analysis). This finding indicates that both color difference 
formulas evaluated the color change of the specimens 
with similar trends. To determine the direction and 
strength of the relationship between color change (ΔE₀₀) 
and surface roughness (Ra), Pearson correlation and 
regression analyses were performed. 

The relationship between roughness change (ΔRa) and 
color change (ΔE and ΔE₀₀) was also examined. 
According to the results, weak positive correlations were 
found between these variables, but they were not 
statistically significant (r = 0.080, p = 0.480 for ΔE; r = 
0.108, p = 0.342 for ΔE₀₀). 

Discussion 

The effects of different application techniques on the 
surface roughness and color stability of resin composites 
were evaluated, and significant variations in both 
parameters were observed. Therefore, considering the 
results of the present study, we rejected the null 
hypothesis. 

In the present study, compared with baseline values, 
the use of different application techniques did not cause 
a significant change in surface roughness within all Tetric 
groups. Similarly, no significant differences were found 
among the CP, CF, and CH groups. However, the CS group 
resulted in significantly lower after the coloring procedure 
surface roughness values. Üçtaşlı et al.15 reported that, 
despite differences in filler content and particle size, no 
significant difference in surface roughness was observed 
between packable and flowable composites after 
polishing. In this respect, the lack of significant differences 
between CP and CF, and between TP and TF in the present 
study, is consistent with their findings. 

Preheating did not significantly affect surface 
roughness in the CP group, and although a slight increase 
was detected in TP, it was not statistically significant. 
Elkaffass et al.29 reported that preheating increased the 
surface roughness of nanofilled composites to some 
extent; however, this increase was not statistically 
significant. This suggests that preheating does not 
markedly alter surface topography and that variations in 
roughness may be more directly influenced by the 
material composition rather than temperature 
modification. These findings are consistent with the 
results of the present study. 

However, no study was found in the literature that 
directly evaluated the effect of the Snowplow technique 
on surface roughness. No significant change in surface 
roughness was observed in the TS group, whereas the CS 
group showed significantly lower values. This finding may 
be related to variations in filler particle size between the 
flowable and packable composites (approximately 0.005–
5 µm and 0.005–10 µm, respectively). The broader filler 
range in the packable material may allow partial 
compression of the adjacent flowable composite during 
application, potentially helping it adapt more closely to 
the cavity walls. Improved adaptation may minimize small 
interfacial voids, producing a relatively smoother surface 
after polymerization. Similarly, an in vitro study 

comparing bulk-fill, Snowplow, and injection-molded 
techniques reported that the Snowplow technique was 
advantageous in reducing nanoleakage and enhancing 
surface integrity by improving adaptation.10 These 
findings are in agreement with the present study, 
suggesting that the Snowplow technique may contribute to 
reduced surface roughness. However, this interpretation is 
based on indirect evidence, as no microstructural analysis 
was performed in the present study. 

Following the coloring procedure, surface roughness 
values increased in all groups; this increase was 
statistically significant in CF, CS and CH groups (p > 0.05), 
whereas the magnitude of change (ΔRa) did not differ 
significantly among the groups (p = 0.440). In the 
literature, it has been reported that surface roughness 
values of resin composites immersed in various solutions 
either decreased23 or showed slight increases,30, 31 but 
these changes were generally stated to be statistically 
non-significant. In this respect, the findings of our study 
are consistent with the current literature and support 
previous research. 

In this study, both the CIELAB (ΔE*) and CIEDE2000 
(ΔE₀₀) formulas were used to evaluate color differences. 
Although the CIELAB system is traditionally widespread, it 
assesses color differences linearly and therefore does not 
fully reflect the perceptual sensitivity of the human eye.32 
For this reason, CIELAB was retained to maintain 
comparability with previous data, while CIEDE2000 was 
additionally included due to its improved perceptual 
accuracy. A multicenter prospective study reported the 
50:50% perceptibility threshold (PT) and acceptability 
threshold (AT) as ΔE* = 1.2 and 2.7 for CIELAB, and ΔE₀₀ = 
0.8 and 1.8 for CIEDE2000, respectively.33 Although all 
groups exceeded the acceptability threshold (AT = 1.8 for 
CIEDE2000), the TS (2.43 ± 0.37) and TF (2.46 ± 0.28) 
groups demonstrated the lowest ΔE₀₀ values among all 
groups, indicating comparatively better color stability. In 
contrast, the CP (4.57 ± 1.17), CH (4.47 ± 1.18), and TH 
(4.17 ± 1.03) groups showed substantially higher color 
changes, reflecting clinically more pronounced 
discoloration. These differences between groups were 
even more apparent when evaluated using the CIELAB 
formula, where CP and TH reached mean ΔE values of 8.07 
and 8.12, respectively, further highlighting the magnitude 
of discoloration in these groups. The findings of the 
present study also showed a strong correlation between 
the CIELAB and CIEDE2000 formulas, supporting the 
reliability of both systems in evaluating color 
differences.34 Nevertheless, considering the historical 
comparability of CIELAB and the perceptual and clinical 
accuracy of CIEDE2000, reporting both values together 
offers a methodological advantage. 

According to the CIEDE2000 values, the greatest color 
change was observed in the CP and CH groups, followed 
by the TH group. Based on the CIELAB (ΔE*) results, the 
highest discoloration was again found in the CP group, 
followed in descending order by the TH and CH groups. 
Although the CP and TP composite groups in this study 
were not originally designed as control groups, a 
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comparative interpretation was made with the packable 
form of the same material in order to evaluate the effect 
of preheating. In the CP group, preheating appeared to 
slightly reduce discoloration compared to the packable 
form of the same composite material. This finding is in 
agreement with previous reports suggesting that 
preheating increases the degree of conversion in 
composites.22,35,36 Preheating enhances monomer 
mobility, promotes the formation of a more densely cross-
linked polymer network, and reduces the amount of 
residual monomer, which may contribute to improved 
color stability.37,38 On the other hand, in the Tetric group, 
preheating may have resulted in a decrease in color 
stability compared to the condensed form. When the 
initial color measurements were examined in our study, a 
significant difference was noted between the condensed 
and preheated composites, particularly in the L* values. 
This difference suggests that preheating may affect the 
material's optical properties and light reflection behavior. 
This darkening tendency can be explained by the thermal 
sensitivity of the UDMA monomer, which is inherently 
more reactive than Bis-GMA. Temperature increases in 
dimethacrylate systems can trigger a sudden surge in the 
polymerization rate, and as stated by Daronch et al.,22 the 
reduction in the time to reach the maximum rate of 
polymerization induces a rapid vitrification process. This 
sudden acceleration may cause the polymer network to 
'freeze' before it can properly organize, leading to the 
formation of internal stresses or micro-voids that facilitate 
pigment penetration. Similarly, previous studies20,39 have 
reported that repeated preheating cycles in Tetric N-
Ceram composites may negatively affect color stability. 
This finding is consistent with the increased color change 
observed in the preheated Tetric group in our study.  

Both CIEDE2000 and CIELAB results showed that TF 
and TS exhibited the least color change. This finding may 
be attributed to differences in the resin matrix 
composition of the composites. The type of organic matrix 
has a significant influence on water sorption and color 
stability. Although Tetric composites contain UDMA 
monomer, it is not present in the Charisma composites. 
Therefore, the lower color change measured in the Tetric 
groups can be partially attributed to UDMA's ability to 
reduce water absorption and maintain color stability. 
Additionally, unlike its packable form, Tetric Flowable 
composite does not contain TEGDMA in its structure. In 
the literature, TEGDMA has been reported to affect color 
stability due to its hydrophilic nature. Therefore, Tetric 
Flowable composite, which contains UDMA but not 
TEGDMA, has the most advantageous composition in 
terms of color stability among all groups.39,40 

According to the CIEDE2000 formula, the lowest color 
change in both composite systems was observed in the 
specimens treated with the Snowplow technique. 
Although the color change was lower compared with 
packable composites, it did not demonstrate a significant 
difference when compared with the flowable composite 
groups. Most of the existing studies on the Snowplow 
technique predominantly focus on marginal adaptation 

and microleakage10,18, while investigations addressing its 
influence on color stability are extremely limited. 
Therefore, the findings obtained from the Snowplow 
groups in the present study contribute to the limited body 
of literature evaluating the esthetic outcomes of this 
technique. 

In a retrospective clinical study conducted by 
Borouziniat et al.,41 the clinical success of Class II 
composite restorations placed using the Snowplow 
technique was evaluated over a 4-year follow-up period. 
The study reported a marginal discoloration rate of 1%, 
with an overall survival rate of 79% at the end of the 
fourth year. However, the authors stated that the 
Snowplow technique did not significantly improve the 
clinical longevity of posterior composite restorations 
compared with conventional placement methods, 
indicating that it does not provide a distinct advantage in 
terms of color stability.  

This study acknowledges several noteworthy 
limitations that should be considered. Firstly, although the 
experimental conditions were standardized in a 
laboratory setting, the in vitro design may not exactly 
reflect the complexity of real-world clinical practice. The 
coloring procedure was evaluated only with coffee 
solution, and the effects of dyeing agents from different 
beverages and food sources were not included in the 
study. Studies on preheated composites have used 
different and higher temperatures, whereas the present 
study adhered to a single manufacturer-recommended 
temperature, which may be considered a limitation. 
Moreover, the Snowplow technique was originally 
developed to enhance marginal adaptation in Class II 
cavities; however, flat surface specimens were used in the 
present study, as this design was necessary to enable 
standardized measurements of surface roughness and 
color stability. This approach does not replicate the three-
dimensional geometry of Class II cavities, where the C-
factor is substantially higher, and polymerization 
contraction stresses are more clinically relevant. 
Consequently, the adaptation behavior and surface 
integrity observed with the Snowplow technique in flat 
specimens may differ from outcomes in actual cavity 
preparations, and these findings should be interpreted 
accordingly. 

Despite these limitations, this study offers important 
insights into how application techniques influence the 
color stability and surface roughness of resin composites. 
Future studies incorporating clinically relevant cavity 
models, different preheating temperatures, and a wider 
range of composite formulations are essential to confirm 
and expand upon these findings. 

Conclusions 

The findings of this study demonstrate that the 
application technique employed in resin composite 
restorations can have a decisive influence on both color 
stability and surface roughness. 
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1-Despite having different filler contents, the flowable 
and packable composites from the same manufacturer 
exhibited nearly identical surface roughness values. 

2-The Snowplow technique yielded material-dependent 
outcomes; while it produced favorable effects on both 
surface roughness and color in the CS group, its impact was 
limited in the TS group. 

3- Preheating improved color stability in Bis-GMA–
dominant composites (CH), whereas it adversely affected 
UDMA-containing composites (TH). This material-
dependent behavior suggests that monomer structure and 
polymerization kinetics play a critical role in the response of 
resin composites to thermal application. 

 
Abbreviations  

CP Charisma Packable (Condensable) 
CF Charisma Flow 
CS Charisma Snowplow 
CH Charisma Preheated 
TP Tetric Packable (Condensable) 
TF Tetric Flow 
TS Tetric Snowplow 
TH Tetric Preheated 
Ra₀ Initial surface roughness (before coloring) 
Ra₁ Post-coloring surface roughness 
ΔRa Change in surface roughness 
ΔE Color difference calculated using the CIELAB formula 
ΔE₀₀ Color difference calculated using the CIEDE2000 formula 
CIELAB Commission Internationale de l'Éclairage Lab* color space 
CIEDE2000 Updated color difference formula by CIE (2000) 
PT Perceptibility Threshold 
AT Acceptability Threshold 
Bis-GMA Bisphenol A-glycidyl methacrylate 
UDMA Urethane dimethacrylate 
TEGDMA Triethylene glycol dimethacrylate 
BHT Butylated hydroxytoluene (polymerization inhibitor / stabilizer) 
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