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Abstract 33 

Purpose: The surface properties like roughness, wettability and surface free energy are 34 

important for utility properties of traditional and flowable dental restorative composites, due to 35 

their role in plaque formation, discoloration, mechanical wear or adhesion and bonding. The 36 

goal of our work was to assess the surface free energy (SFE) and the surface roughness (Ra) of 37 

three commercial flowable dental composites: everX Flow (bulk), everX Flow (dentin) and 38 

Flow-Art. Methods: Surface roughness, contact angle and surface free energy were determined 39 

for tested composites. Two surface states (control and roughened) were compared. Roughness 40 

was measured with the use of the 3D optical profilometer. The contact angle (CA) was 41 

determined through the sessile drop method with the use of four different probing liquids. This 42 

enabled to apply two surface free energy approaches (Owens–Wendt (O-W) and van Oss– 43 

Chaudhury–Good (LWAB)). Additionally, Zisman’s approach (γC) was used. Results: The 44 

water contact angle values were similar for Flow-Art (67.56±1.49°) and everX Flow (bulk) 45 

(68.94±2.72°) compared to higher value for everX Flow (dentin) (74.39±2.05°). SFE was in the 46 

range from 43 to 50 mJ/m2 for O-W and from 47 to 62 mJ/m2 for LWAB. The γC was from 37 47 

to 45 mJ/m2. Conclusions: Roughening composites’ surface influenced on increasing the CA 48 

value. All approaches of surface free energy calculations provide useful data for predicting 49 

interactions between flowable composites and dental tissues. Tested composites showed good 50 

wetting for initial state of surface after polymerization. These influence on better adhesion of 51 

the material to the bonding system during dental restoration. 52 
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1. Introduction 63 

Dental flowable resin composites are a tooth-colored restorative material with a lower 64 

viscosity than conventional resin composites. This facilitates the application of the restorative 65 

material into complex cavity spaces and its good adaptation. These limit marginal gap defects 66 

within a restoration and time of application [1]. Lower viscosity of flowable composites 67 

compared to conventional composites results from reducing filler content to 37%-65% 68 

(volume) and/or by integrating less viscous monomers [2]. In comparison to conventional 69 

dental resin the bulk-fill composites have less or the same polymerization shrinkage, 70 

polymerization stress and marginal gaps [3, 4]. The good functionality of the flowable resin 71 

composites is determined by several factors such as the filler percentage and the viscosity; the 72 

composition of the monomers and other components; the polymerization shrinkage; the 73 

thermomechanical tolerance and physicochemical parameters of the materials; the color 74 

stability and overall wear resistance [2]. Also surface properties e.g. roughness, surface energy 75 

and wetting play an important role in dental restorative composites performance, due to their 76 

impact on plaque formation in the oral cavity environment, discoloration, mechanical wear, 77 

adhesion and bonding [5].  78 

Adhesion enables attachment of restoration material to dentin and enamel and is improved 79 

by using different bonding systems. Adhesive systems are composed of monomers with 80 

hydrophilic and hydrophobic groups. The hydrophilic groups enhance the wettability to the 81 

dental hard tissues and the hydrophobic groups interact with the restorative material. The 82 

combination of hydrophilic and hydrophobic interactions in adhesive systems allows to create 83 

a bridge over the gap between the hydrophilic tooth tissue and hydrophobic restorative 84 

composite [6, 7]. Adhesion may be also enhanced by increasing the surface free energy value 85 

[8, 9]. In dependence of the surface free energy components, the joined surfaces will connect 86 

with dispersive interactions or acid-based interactions [8, 10]. Values of surface energy of 87 

bonded materials can be used to determine the work of adhesion as an indirect method of 88 

adhesion estimation [8]. The most popular method to determine the surface free energy is 89 

contact angle measurement. The contact angle (CA) expresses the wetting of the solid by the 90 

liquid phase. It is used to indicate the interfacial tension. The wetting of a solid by a liquid is 91 

related to the surface free energy of the solid and the surface tension of the liquid [11]. The 92 

surface free energy (SFE) shows the difference between an atom on the solid surface and an 93 

atom in the interior. In the interior of a material, atoms are in equilibrium and the interatomic 94 

forces between nearby atoms in the crystal structure are in equilibrium. At the outer layer of 95 

material, there are no interatomic interactions on the external surface of the atoms [12, 7].  96 



 

 

Studies that evaluated the surface characterization of flowable dental composites focused 97 

on ability of a material to reflect direct light, the aesthetic appearance, color stability, the 98 

roughness and influence of finishing and polishing techniques on materials’ performance [13, 99 

14].  100 

EverX Flow was tested in a few areas of application, like fracture or wear [15, 16]. There 101 

are pilot clinical applications of everX Flow to reinforce direct composite bridges [17] and 102 

application in bilayer structure system of anterior composite crown restorations [18]. The use 103 

of these materials in combination with other dental materials [19, 20, 21] shows the importance 104 

of the adhesive properties of flowable composites.  105 

Ability of flowable composites to fill deep tooth cavities indicates their good wettability but 106 

there are limited published studies reporting values of the contact angle for new-generation 107 

flowable resin composites for dental restorations. Studies that evaluated contact angle and 108 

surface free energy for dental flowable composites reported moderate wettability (78.62° for 109 

Flow-Art) and SFE at the level of 49.33 mJ/m2 [22]. 110 

Available in the literature data of the surface free energy and roughness have been focused 111 

on dental ceramic [9], dental cements [23] and universal dental restorative materials [24]. Also, 112 

works on the evaluation of the roughness and wettability of some bulk fill materials are 113 

available, but recently properties of flowable composites have been improved due to 114 

nanotechnology and greater filler content, thus further studies are needed to analyze these 115 

rapidly developing composites [25]. Determination of surface energy states and wettability of 116 

new-generation dental materials becomes an important issue that gives the possibility to assess 117 

the level of adhesion. The objective of this investigation was to estimate the relationship 118 

between surface free energy (SFE) and the surface roughness of three commercial flowable 119 

dental composites.  120 

Wettability and surface free energy for two surface states, as delivered and after 121 

roughening, were compared to estimate the influence of roughness on wettability and surface 122 

free energy. In the contact angle measurement, other probing liquids (with different 123 

physicochemical properties) in addition to water were used. This enabled to use different 124 

surface free energy models and to compare the influence of number of SFE parameters and type 125 

of probing liquids on obtained SFE values. It can provide further information on the materials’ 126 

surface and give some insight into the necessity of proper choosing test liquids. The null 127 

hypothesis was that roughening the surface of flow composites will not affect wettability and 128 

surface free energy. Fundamental knowledge related to the influence of surface roughness on 129 



 

 

flowable composites surface wettability, and the different associated wetting regimes, can 130 

improve understanding the role of wettability on adhesion and the biological outcome. 131 

2. Materials and Methods 132 

2.1. Materials 133 

Samples were prepared from the following flowable dental composites: everX Flow (GC 134 

Corporation, Japan) in two shades: the bulk shade for deep cavities (depth of cure 5.5 mm) and 135 

the dentin shade for aesthetic results (depth of cure 2 mm) and Flow-Art (Arkona, Poland). 136 

Flow-Art is used in deep cavities up to crown modeling. The bulk shade has a higher 137 

transparency/translucency, so it can conduct and scatter the irradiated light to every corner of 138 

the cavity. This behavior is important in deep cavities reaching the root canals, which are 139 

difficult to irradiate. Flow-Art resin matrix is composed of Bis-GMA and methacrylate 140 

monomers (TEGDMA, UDMA). The filler material is barium-aluminum-silicon glass with 141 

content of 61% (w/w) [26]. EverX Flow is composed of matrix resin (Bis-MEPP, TEGDMA, 142 

UDMA) and 70% (w/w) of the filler (barium glass and glass fiber) [27].  143 

All samples were prepared according to the manufacturers’ instructions. The samples were pre- 144 

pared in the shape of cuboids with dimensions 10.0x10.0x15.0 mm in mold made of polytetra- 145 

fluoroethylene. Composites were applied in to the mold in 2 mm layers. Each layer of composite 146 

was irradiated for 10 sec using a polymerization lamp with High Power LED, prior to the ap- 147 

plication of next layer. For each sample, the upper surface was covered by a glass slide to avoid 148 

the influence of oxygen inhibition layer on results. 149 

Samples were tested after polymerization (control group - C) and after surface treatment 150 

(sandblasted group - S). For the sandblasting group, specimens were blasted with 135-180 μm 151 

aluminum oxide (Al2O3) (Sand Fengda® BD-60, Ningbo Bida Machinery Manufacture, China) 152 

by a sandblasting device (air eraser, DB-178, Ningbo Bida Machinery Manufacture, China) at 153 

a distance of 100 mm with a pressure 0.2 – 0.4 MPa for 5 s. In this work sandblasting was used 154 

to increase the surface roughness. Roughness increase is related with an enhancement of surface 155 

wettability, which influence on the bond strength of dental restorative materials [28]. 156 

2.2. Methods 157 

Roughness measurement was conducted by the 3D optical profilometer Keyence VR-6200 158 

(Keyence, Itasca, U.S.A). Roughness parameters were measured along the line (Ra, Rz) 159 

according to EN ISO 21920-2:2022 and across the surface (Sa, Sz) according to EN ISO 25178- 160 

2:2021. Ra is referred to the arithmetic mean roughness (arithmetic mean height of a line) and 161 

Rz is referred to the maximum roughness [29]. The extension of Ra to a surface is Sa. It expresses 162 



 

 

the difference in height of each point compared to the arithmetical mean of the surface. Sz is 163 

defined as the sum of the largest peak height value and the largest pit depth value within the 164 

defined area [30]. 165 

Contact angle measurements were carried out using the sessile drop method. The optical 166 

goniometer (Advex Instrument, Czech Republic) with colorful 2Mpix (1600 x 1200) UVC 167 

camera, high-resolution glass objective lens and compatible software SeeSystem6.3 were used. 168 

Four probe liquids with defined values of surface tension (program data) were used in the tests 169 

for contact angle examinations: diiodomethane and a-bromonaphthalene (Sigma-Aldrich, 170 

USA), glycerol (Chempur, Poland), distilled water (Biomus, Poland). Contact angles were 171 

measured at room temperature (23±1°C) and 50±5% RH. Each surface of samples was cleaned 172 

in 99.8% V/V ethanol (Avantor Performance Materials, Poland). A liquid drop of 0.5 µl volume 173 

was dropped perpendicular to the material surface, with the use of micropipette Vitrum 174 

(VITRUM, Czech Republic), and the drop profile image was captured by SeeSystem software. 175 

The value of contact angle was calculated from the drop profile image based on the height and 176 

width analysis of the drop. The final contact angle for analysis, was an average of ten measured 177 

values for each liquid and surface.   178 

The surface free energy of tested composites was calculated using two approaches: the 179 

Owens–Wendt’s (O-W) method and van Oss–Chaudhury–Good’s (LWAB) method. 180 

Additionally, Zisman’s approach was used to obtain values of the critical surface tension.  181 

The Owens-Wendt’s model considers the geometric meaning of the polar and dispersive 182 

parts of the liquid’s surface tension and the solid’s surface energy [31]. According to this 183 

method, the surface free energy (γS) is a sum of two components: the long-range dispersion 184 

(Lifshitz – van der Waals) (γS
d) and the short-range polar (hydrogen bonding) (γS

p) (1):  185 

 γS = γS
d + γS

p
,  (1) 186 

Two probe liquids (polar and nonpolar) are used to measure the contact angle and 187 

determine the polar and the nonpolar components of the SFE. Usually, the tests are carried out 188 

with distilled water as polar liquid and diiodomethane as nonpolar liquid. Polar and dispersive 189 

components of solid’s SFE are calculated from the formula (2) by forming a system of equations 190 

(one with data for a polar liquid and the second with data for a nonpolar liquid).  191 

 
1

2
(1 + cosθ)γL = √(γS

dγL
d) + √(γS

p
γL
p
), (2) 192 

where: γS– surface free energy of tested material, γS
d– SFE dispersive component of tested 193 

material, γS
p

 – SFE polar component of tested material, γL  – surface free energy of probe 194 



 

 

liquid, γL
d – SFE dispersive component of probe liquid, γL

p
 – SFE polar component of probe 195 

liquid and θ – contact angle. 196 

SFE according to this model was calculated for two different pairs of liquids: (1) distilled 197 

water and diiodomethane; (2) distilled water and a-bromonaphthalene. 198 

In the van Oss-Chaudhury-Good’s approach [32], the surface free energy of a solid (γS) is 199 

the sum of apolar Lifshitz-van der Waals (γS
LW) and polar acid-base interactions (γS

AB), the 200 

latter divided into two parts, acid (γS
+) and basic (γS

-) (3): 201 

 𝛾𝑆 = 𝛾𝑆
𝐿𝑊 + 𝛾𝑆

𝐴𝐵 = 𝛾𝑆
𝐿𝑊 + 2√𝛾𝑆

+𝛾𝑆
_, (3) 202 

where: γS
+, γS

- - represent the polar components (acid- base). 203 

The different components of the solid and the liquid surface free energies, and the contact 204 

angle are related by equation (4). 205 

 
1

2
(1 + cosθ)γL = √γS

LWγL
LW +√γS

+γL
− +√γS

−γL
+, (4) 206 

Three parameters γS
LW, γS

+, γS
- must be found to solve this equation. Therefore, the contact 207 

angle measurement must be conducted with three different measurement liquids (non-polar and 208 

two polar). SFE calculations according to this model were performed for two triple of 209 

measuring fluids: (1) distilled water, diiodomethane and glycerol; (2) distilled water, a- 210 

bromonaphthalene and glycerol.  211 

The Zisman’s method is used to determine the critical surface energy (γC). The critical 212 

surface energy is the surface tension of the liquid needed to completely wet the solid. In a 213 

contact angle measurement, numerous liquids from a given homologous series are used. Based 214 

on contact angle values, a plot is generated having the surface tension of the liquid (x-axis) and 215 

cosθ (y-axis). Measurement points are fitted to straight line and extrapolated to point cosθ=1. 216 

It gives the critical surface tension value for the surface [33]. The equation of the straight line 217 

(5) can be determined in a defined coordinate system in which b is the directional coefficient 218 

of the line. 219 

 cosθ = 1 + b(γC + γL), (5) 220 

Using Young’s equation and equation (5), for the tested material, the relationship between 221 

surface free energy and critical surface energy is given (6). 222 

 γS =
(b∙γC+1)

2

4b
, (6) 223 

Statistical analysis was performed based on the Student's t-test for non-ferrous samples 224 

separately for materials before and after roughening, and the Student's t-test for the dependent 225 

samples to check whether the roughening operation indicates significant differences between 226 



 

 

the mean values for each of the analyzed materials. The Statistica software (TIBCO Software 227 

Inc., U.S.A.) was used. The accepted level of significance was p = 0.05. At the beginning, the 228 

basic assumptions of the Student's t-test were checked, i.e. equality of groups (both samples 229 

contain n = 10 observations each), normality of distribution conducted with the use of Shapiro- 230 

Wilk test and homogeneity of variance (Levene's test). 231 

3. Results 232 

Parameters of surface roughness were measured from average line and on the area (Table 233 

1). For all tested composites, the increase of roughness parameters were observed after 234 

sandblasting. The highest mean roughness, both for initial state and sandblasted state of the 235 

surface was noticed for everX Flow (dentin). 236 

 237 

Fig. 1. The shape of water drops on the flow composites’ surfaces for control group and 238 

sandblasted group 239 

 240 

 241 

 242 



 

 

 243 

Fig. 2. The values of contact angle for four probes liquids 244 

 245 

Table 1. Roughness parameters for initial and sandblasted surface of tested composites. Ra – 246 

the arithmetical mean height of line, Rz – maximum profile height of line, Sa – the 247 

arithmetical mean height of the surface, Sz – maximum height of the surface 248 

Material Surface Ra [µm] Rz [µm] Sa [µm] Sz [µm] 

everX Flow 

(bulk) 

C 1.142 6.188 1.186 26.090 

S 2.356 16.309 3.844 36.920 

everX Flow 

(dentin) 

C 4.236 20.404 6.432 40.520 

S 4.679 21.578 5.280 63.410 

Flow-Art 
C 1.682 9.304 1.986 29.700 

S 2.595 17.067  2.786  35.100 

 249 

 250 

 251 

 252 

 253 

 254 



 

 

The values of contact angle measured with the use of four probe liquids were presented in table 255 

2. In Figure 1, the exemplary shape of water drops on the flow composites’ surfaces for control 256 

group and sandblasted group were shown. The wettability of tested flow composites for two 257 

states of surface was compared in Figure 2. The water contact angle measurements showed that 258 

all the surfaces are moderately wettable surfaces (68.91±4.16° for everX Flow (bulk), 259 

74.34±3.12° for everX Flow (dentin) and 67.44±2.20° for Flow-Art). The wettability of everX 260 

Flow (bulk) and Flow-Art are very similar (no statistical significant difference between mean 261 

values, p = 0.17). After roughening, differences in contact angle values between all materials 262 

can be seen (p≤ 0.05). Considering only the water contact angle, roughening materials’ surface 263 

influenced an increase of the contact angle value for each material (p ≤ 0.05). The character of 264 

the everX Flow (bulk) and Flow-Art surface became more hydrophobic. Comparison of the 265 

effect of roughness change on the contact angle values did not show a proportional relationship 266 

between these parameters.   267 

 268 

Table 2. The values of contact angles (Θ) for four probe liquids for control (C) and 269 

sandblasted surfaces (S). Mean values (standard deviation) 270 

Material Surface 

Θ [°] 

water (W) 
diiodomethane 

(D) 
glycerol (G) 

a-

bromonaphthale

ne (B) 

everX 

Flow 

(bulk) 

C 68.94 (2.72)  39.62 (2.35) 75.77 (3.42)  23.06 (2.75)  

S 81.75 (2.41) 24.79 (4.16)  65.62 (4.11)  14.66 (2.21)  

everX 

Flow 

(dentin) 

C 74.39 (2.05) 46.26 (2.04)  93.74 (3.82)  30.16 (3.47)  

S 96.59 (1.79)  31.87 (2.03) 104.42 (5.69)  11.20 (1.37)  

Flow-Art 
C 67.56 (1.49) 35.16 (2.78) 70.92 (3.82)  21.59 (2.08) 

S 90.50 (1.98) 21.71 (1.32)  85.08 (1.13)  10.02 (0.47) 

 271 

 272 

The surface free energy is a sum of the polar and dispersive components of surface tension. 273 

According to the Owens-Wendt’s calculations, tested materials showed a low total SFE (Table 274 



 

 

3 and 4). Composites' surface after roughening presented similar values of γS when compared 275 

to composites without any treatment.  276 

 277 

Table 3. Surface free-energy (γS) and its components (γS
d - Lifshitz-van der Waals surface 278 

tension component; γS
p - Lewis acid-base interaction) according to Owens-Wendt’s model 279 

(water and diiodomethane as probe liquids). Mean values (standard deviation) 280 

Material Surface 
γS 

[mJ/m2] 

γS
d 

[mJ/m2] 

γS
p 

[mJ/m2] 

everX Flow 

(bulk) 

C 47.70 (1.28) 39.78 (1.17) 7.92 (1.40) 

S 48.12 (0.94) 46.13 (1.44) 1.99 (0.73) 

everX Flow 

(dentin) 

C 42.73 (1.56) 36.32 (1.11) 6.41 (0.72) 

S 43.48 (0.84)  43.41 (0.88) 0.07 (0.07) 

Flow-Art 
C 49.83 (1.16) 41.92 (1.27) 7.91 (0.78) 

S 47.59 (0.40) 47.25 (0.43) 0.34 (0.20) 

 281 

Table 4. Surface free-energy (γS) and its components (γS
d - Lifshitz-van der Waals surface 282 

tension component; γS
p - Lewis acid-base interaction) according to Owens-Wendt’s model 283 

(water and a-bromonaphthalene as probe liquids). Mean values (standard deviation) 284 

Material Surface 
γS 

[mJ/m2] 

γS
d 

[mJ/m2] 

γS
p 

[mJ/m2] 

everX Flow 

(bulk) 

C 48.47 (1.64) 40.89 (0.77) 7.58 (1.11) 

S 45.36 (0.69) 42.94 (0.43) 2.43 (0.67) 

everX Flow 

(dentin) 

C 44.39 (1.13) 38.54 (1.24) 5.84 (0.96) 

S 43.61 (0.21) 43.55 (0.21) 0.06 (0.06) 

Flow-Art 
C 49.39 (1.03) 41.32 (0.57) 8.07 (0.59) 

S 44.28 (0.23) 43.72 (0.06) 0.56 (0.25) 

 285 

 286 

 287 

 288 

 289 

 290 

 291 

 292 



 

 

Differences in SFE values before and after roughening are statistically significant for Flow-Art 293 

material (both pairs of probe liquids), at the assumed significance level of 0.05. There are no 294 

statistically significant differences before and after roughening for everX Flow (bulk) and 295 

everX Flow (dentin) for OW model calculated for water and diiodomethane as probe liquids 296 

(p>0.05). However, increase of the dispersive component (γS
d) values and reduction of polar 297 

component (γS
p) values were observed after sandblasting of the surface. Van Oss–Chaudhury– 298 

Good’s model based on the results of the measurement of the contact angle using three liquids, 299 

showed much higher values of the total SFE (γS) for everX Flow (dentin) and similar values for 300 

the other two materials (Table 5 and 6) compared to Owens-Wendt’s model. Differences in 301 

values of γS between treated and untreated materials’ surfaces are statistically significant 302 

between exerX Flow (dentin) and everX Flow (bulk) (p≤0.05) and Flow-Art and everX Flow 303 

(bulk) (p≤0.05). The difference between SFE values for Flow-Art and everX Flow (dentin) is 304 

not statistically significant. Large differences can be noted for polar components of SFE 305 

resulting from a decrease after the roughening process. Both methods of SFE calculations 306 

showed that a polar component was low with a dispersive component as a greater part of SFE. 307 

Comparison of the SFE values according to Owens-Wendt’s model calculated with the use of 308 

two pairs of probe liquids (Table 3 and 4) showed that before the roughening process, 309 

statistically significant differences can be observed only for the everX Flow (bulk) (p≤0.05), 310 

the other materials seem to be similar, regardless of the pair of probe liquids adopted. On the 311 

other hand, after roughening, the situation was reversed. The everX Flow (dentin) and Flow- 312 

Art materials were characterized by statistically significant differences, while the everX Flow 313 

(bulk) material seemed to be similar regardless of the adopted liquids. 314 

 315 

Table 5. Surface free-energy and its components (γS
LW - Lifshitz-van der Waals surface 316 

tension component; γS
AB - Lewis acid-base interaction, γS

+ - Lewis-acid and γS
− - Lewis-base) 317 

according to van Oss–Chaudhury–Good’s model (water, diiodomethane and glycerol as probe 318 

liquids).  Mean values (standard deviation) 319 

Material Surface 
γS 

[mJ/m2] 

γS
LW 

[mJ/m2] 

γS
AB 

[mJ/m2] 

γS
+ 

[mJ/m2] 

γS
- 

[mJ/m2] 

everX Flow 

(bulk) 

C 48.09 (3.57) 39.78 (1.17) 8.30 (3.46) 0.80 (0.53) 23.34 (4.27) 

S 47.62 (1.40) 46.13 (1.44) 1.49 (0.92) 0.24 (0.15) 3.16 (2.71) 

everX Flow 

(dentin) 

C 62.10 (8.45) 36.32 (1.11) 25.78 (7.59) 5.01 (1.85) 38.58 (6.78) 

S 59.84 (7.44) 43.41 (0.88) 16.43 (6.90) 7.42 (3.21) 9.15 (3.89) 



 

 

Flow-Art 
C 47.52 (4.88) 41.92 (1.27)  5.59 (3.86) 0.48 (0.41) 20.75 (3.39) 

S 52.25 (1.12) 47.25 (0.43) 4.99 (0.93) 1.53 (0.25) 4.15 (1.12) 

 320 

Table 6. Surface free-energy and its components (γS
LW - Lifshitz-van der Waals surface 321 

tension component; γS
AB - Lewis acid-base interaction, γS

+ - Lewis-acid and γS
− - Lewis-base) 322 

according to van Oss–Chaudhury–Good’s model (water, a-bromonaphthalene and glycerol as 323 

probe liquids). Mean values (standard deviation) 324 

Material Surface 
γS 

[mJ/m2] 

γS
LW 

[mJ/m2] 

γS
AB 

[mJ/m2] 

γS
+ 

[mJ/m2] 

γS
- 

[mJ/m2] 

everX Flow 

(bulk) 

C 49.80 (4.26) 40.89 (0.77) 8.91 (3.80) 0.92 (0.64) 23.15 (4.09) 

S 44.75 (0.74) 42.94 (0.43) 1.81 (0.67) 0.38 (0.20) 3.32 (2.74) 

everX Flow 

(dentin) 

C 65.60 (7.89) 38.54 (1.24) 27.06 (7.41) 5.58 (1.88) 33.16 (6.88) 

S 59.99 (6.68) 43.55 (0.21) 16.44 (6.77) 7.43 (3.01) 9.14 (3.93) 

Flow-Art 
C 46.50 (3.49) 41.32 (0.57) 5.18 (3.53) 0.40 (0.34) 20.85 (4.02) 

S 48.08 (0.78) 43.72 (0.06) 4.35 (0.82) 1.10 (0.18) 4.38 (1.16) 

 325 

Table 7. Critical surface energy (γC) of dental flowable composites and coefficient of 326 

determination linear regression 327 

Material Surface γC [mJ/m2] R2 

evreX Flow (bulk) 
C 39.46 0.91 

S 45.22 0.99 

evreX Flow 

(dentin) 

C 37.04 0.81 

S 44.24 0.92 

Flow-Art 
C 40.63 0.93 

S 45.46 0.96 

 328 

Comparison of the SFE values according to van Oss-Chaudhury–Good’s model calculated with 329 

the use of different probe liquids (Table 5 and 6) before the roughening process showed 330 

statistically significant differences only for the everX Flow (bulk) (p≤0.05), the other materials 331 

seem to be similar, regardless of the probe liquids adopted. After roughening, the situation was 332 

reversed. The everX Flow (dentin) and Flow-Art were characterized by statistically significant 333 

differences (p ≤ 0.05) for the adopted liquids, while everX Flow (bulk) seemed to be similar 334 

regardless of the adopted probe liquid. 335 



 

 

The critical surface energy (γC) was determined by Zisman’s method (Fig. 3), values of energy 336 

were presented in Table 7. Initial values of the critical surface energy are similar for all samples. 337 

After sandblasting, the increase of critical energy was observed for all materials.  338 

 339 

Fig. 3. Comparison of the surface state influence on the critical surface free energy flowable 340 

dental materials obtained by Zisman’s method. The hatched area shows the difference of γC 341 

between samples in the initial control state (C) and after sandblasted (S) 342 

 343 

4. Discussion 344 

This paper presents an experimental study focused on the comparison of roughness, 345 

wettability and surface free energy of three commercial dental flowable composites: everX 346 

Flow in two shades and Flow-Art. The surface of composites was tested in two states, after 347 

polymerization in the form as initial state and after roughening. EverX Flow (bulk) and Flow- 348 

Art showed similar roughness parameters both in the initial and sandblasted state. EverX Flow 349 

(dentin) showed more than twice higher roughness in the initial state in comparison to other 350 

materials. A similar trend was observed for contact angle values, with higher values for everX 351 

Flow (dentin) and lower for the other two. The surface free energy was calculated according to 352 

van Oss-Chaudhury–Good’s approach and Owens-Wendt’s approach, what gives possibility to 353 

better estimate SFE of tested materials, while verifying all approaches. Average values of SFE 354 



 

 

from two approaches agreed very well for flowable composites dedicated for deep cavities 355 

(everX Flow (bulk) and Flow-Art). For dentin shade composite (everX Flow (dentin)), the 356 

average value of SFE differed between approaches, mainly due to different values of polar 357 

component. The combination of three probe liquids in LWAB approach and two liquids in O– 358 

W approach did not affect obtained SFE values.  359 

Increase of surface roughness after sandblasting did not affect the significant change of the 360 

surface free energy calculated according to both approaches. However, comparison of separated 361 

components of the surface free energy showed a slight increase of dispersive component and 362 

significant decrease of polar component. For both surface states (initial and sandblasted), the 363 

dispersive component has the predominant share in the surface free energy value. It indicates 364 

that tested materials have higher ability to interact on dispersive way and a higher adhesive 365 

affinity for non-polar substances [22]. The polar part of the SFE according to LWAB approach 366 

is separated into an acid (γs+) and a base component (γs-). For tested composites the base 367 

component dominated over the acid component. The base component of SFE energy may 368 

improve interactions between resin and more acidic surface. The character of dental tissue 369 

surface depends on dental adhesive systems used in restorative procedures. For example, 370 

adhesive-treated dentin has an acidic character [34], so a dental resin will contact with an acidic 371 

surface. Higher value of the base component of the surface free energy will influence on 372 

increasing interactions between dentin acidic surface and composite. On the other hand, acidic 373 

treated tissue may contribute to problems with resin polymerization at the interface. It results 374 

from reaction between the aromatic tertiary amine from the composite and acidic adhesive 375 

monomer. However, some accelerators, e.g. aromatic sulfinic-acid sodium salts have been 376 

incorporated into adhesives to improve polymerization in the presence of acidic monomers [35]. 377 

For practical reasons, when applying dental resin to dentine, it appears to be advantageous to 378 

use a resin composite compatible with the adhesive system. 379 

Contact angle and surface free energy values were utilized in many studies for dental 380 

biomaterials as factors used in estimating adhesion and bonding to dental tissues [22]. Our 381 

results for the initial state of surface showed more hydrophilic surface but surface roughening 382 

influenced on achieving more hydrophobic character of the surface. It should be considered 383 

during composite application, which should have good wettability to ensure adhesion to the 384 

dental tissues. 385 

Comparison of obtained result for dental flow composites is difficult due to the limited 386 

number of publications estimating wettability and surface free energy for this types of 387 

composites. The values of surface free energy and its components determined by the O-W 388 



 

 

method were reported for Flow-Art composite [22]. The water contact angle was 78.62±2.48° 389 

and diiodomethane contact angle was 23.55±1.64°. These values are in good agreement with 390 

our results: 67.56±1.49° (water) and 35.16±2.78° (diiodomethane) for the control surface and 391 

90.50±1.98° (water) and 21.71±1.32° (diiodomethane) for the sandblasted surface.  392 

Comparison of roughness and wettability (Ra,μm/CA,°) of eight different dental materials’ 393 

surfaces referred in [12, 36] for amalgam (0.40 μm/81°), Chromasit (0.26μm/73°), Co-Cr alloy 394 

(0.53 μm/100°), IPS InLine ceramic (0.40 μm/68°), resin-based composite (0.39 μm/76°), Au- 395 

Pt alloy (0.57 μm/90°), TPZ ceramic (0.23 μm/41°), and tooth (0.5 μm/71°) can be 396 

supplemented with the results of flowable materials (average of everX Flow (bulk) (1.14 397 

μm/69°). Different commercial bulk-fill composite materials were used in the work [37] to 398 

evaluate the bacterial adhesion and related surface properties like SFE, CA and Ra. The values 399 

of SFE (mN/m) were from 23.5 (for Beautiful Bulk Restoration) to 39.9 (for Sonic Fill) and are 400 

related to our values of γS (42.73 to 49.83 mJ/m2) and water contact angle (68° to 90°). 401 

The control (initial) surface roughness of our samples resulted from the roughness of the 402 

mold used for their polymerization. For this reason, discrepancies in control values are 403 

observed. Roughening resulted in the increase of the critical surface energy (γC) value for everX 404 

Flow (bulk) by 13%, for everX Flow (dentin) by 16% and for Flow-Art by 11%, respectively. 405 

Comparing the critical energy values of flowable materials obtained in the range of 37 – 45 406 

mJ/m2 with the values of composite materials used in dentistry like Villacryl SP – 44 mJ/m2, 407 

Villacryl H Plus – 46 mJ/m2, Vip Esthetic V2 – 27 mJ/m2 and tooth tissues (swine model) - 408 

enamel pig's tooth – 21 mJ/m2 and root tissue 39 – mJ/m2 determined in [38] shows their 409 

similarity. The values of obtained critical surface tension are close to values reported by Baier 410 

corresponding to the range of good tissue bioadhesion (above 40 mJ/m2) [39]. 411 

Observed differences in wettability and surface free energy between flow composites 412 

dedicated for the deep cavities and for aesthetic results indicate better bonding capability for 413 

everX Flow (bulk) and Flow-Art compared to everX Flow (dentin). However, the limitations 414 

associated with the assessment of only selected surface parameters such as wettability, surface 415 

free energy and roughness must be taken into account. In aim to extensive understanding the 416 

problem of influence of roughening on wettability and adhesion of flow composites, research 417 

should be performed on a wider group of dental materials. Future studies should consider 418 

adhesion force estimation between the material and a tissue in relation to the surface free 419 

energy. 420 

 421 

5. Conclusions 422 



 

 

Two common approaches for SFE estimation have been reviewed. The use of new- 423 

generation flowable dental composite materials in clinical practice is becoming more popular. 424 

There are studies comparing traditional dental composites with flow composites [40, 41], but 425 

there are no data available on surface properties which characterize wettability and surface free 426 

energy. Tested composites showed good wetting for initial state of surface after polymerization 427 

what is required for tooth restorations. Wettability and surface free energy for materials in initial 428 

state was statistically different for two types of everX Flow and between Flow-Art and everX 429 

Flow (dentin). This shows that the energetic state of the surface layer and the related adhesion 430 

are different in the case of flow composites intended for deep cavities and aesthetic purposes. 431 

Increase of roughness influences decrease of wettability and increase of surface free energy for 432 

all tested materials, what is the basis for the rejection of the null hypothesis. Importantly, this 433 

resulted from the decrease in the polar energy component and the dominant share of the 434 

dispersive component. This indicates a higher ability to interact on dispersive than acid-base 435 

way and better adhesion under conditions of interaction with non-polar substances. Presented 436 

results of contact angle measurements and SFE calculation for new-generation flowable dental 437 

composites complements available literature data which focus on strength and fracture 438 

toughness, wear-resistance, and polymerization shrinkage. From a practical aspect, contact 439 

angle measurements procedure using four probe liquids gives some new insights into demands 440 

of proper choosing sets of liquids implemented in surface free energy calculations, as well as 441 

SFE approaches. 442 
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