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Objectives: This study evaluated the surface energy and wettability of composite resins 
polymerized by different light-curing units to ascertain the good wetting of tooth 

surfaces to achieve adhesion. Material and Method: Filtek Z350 (3M ESPE), Admira (VOCO) 
and Grandio (VOCO) resins were selected for the testing procedures. The resins were light 
cured using LED and Halogen devices. Contact angles were measured goniometrically 
(Ramé-Hart F100) using water and glycerol as test liquids. Surface energy values were 
calculated with a software program (DROPimage Standard) that uses the harmonic mean 
method applied to the acid-base theory. The data were analyzed statistically by ANOVA and 
Tukey’s test with a significance of 0.05. Results and Conclusions: No statistically significant 
differences were found between the values of surface energy. The measured wettability 
differed statistically in most combinations as a function of the type of composite resin, 
type of light-curing unit, and the test liquid.
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INTRODUCTION

Light-cured composite resins (LCCRs) have been 
studied extensively in recent years. The formulation 
proposed by Bowen1 (1963), which is still in use 
today albeit with slight modifications, consists 
basically of a resin matrix, filler particles, monomers 
and a photo absorbing compound18.

The latest development in this field has been 
the introduction of low shrinkage monomers and 
nanofiller particles17. LCCR (polymerase chain 
reaction) materials are present in Filtec Z350 
(3M/ESPE, Saint Paul, MN, USA), which combines 
nanometric particles and nanoclusters in a 
conventional resin matrix, and in Admira (VOCO, 
Cuxhaven, Germany), whose resin matrix contains 
ormocer, an organically modified ceramic22.

The light-curing units (LCUs) equipped with 
a light-emitting diode (LED), which produces 
cold light at 450 nm wavelength, is a promising 
device of costs and efficiency. However, the LCU 
operating with a halogen lamp is still the first 
choice of clinicians and extensive research has been 

dedicated to testing its efficiency13,23.
The present research focused on one of the 

important properties of LCCRs – surface free energy 
(SFE), to study the interaction between the forces of 
cohesion and the forces of adhesion that determine 
the occurrence of surface wetting.

The wetting performance of etched enamel 
is important in all types of adhesive restorations 
because of the close interaction between the 
surface free energy of the etched enamel and the 
wettability of the luting and bonding material. The 
enamel-composite bond strength depends on these 
interactions2,12. The contact angle measurement 
method is probably the most definite way to 
determine cell surface hydrophobic. The angle is 
very high for water if substrata are hydrophobic. 
If the surface is hydrophilic, the droplet quickly 
dissipates and the measured angle is low. Contact 
angles values vary with surface topography, surface 
tension of the liquid, surface energy of the substrate 
and the level of interaction between the liquid and 
solid19. Hydrophobic materials are more color-stable 
and stain-resistant than hydrophilic materials11.
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Liquid Source Purity r g gLW g+ g- Chemical Formulation
Water PUC 99% 0.998 71.8 21.8 25.5 25.5 H2O

Glycerol VETEC/PUC 99.5% 1.261 64 34 3.92 57.4 C3H5(OH)3

Table 1- Test liquids 

ρ=Relative equilibrium pressure , g=Interface tension , gLW=Interation forces (London dispersive - Debye dipole and Keeson 
dipole-dipole) g+=Acidic part –acceptor, g-=Basic part - donor
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Gaps formed at the tooth/restoration interface 
may be caused by inadequate wetting of the 
tooth surface by the restorative material along 
the preparation walls during placement9. Surfaces 
with a low surface free energy minimize plaque 
formation16.

To calculate de SFe, the first step consists 
of measuring the contact angle (CA) between 
the solid under study and the test liquid, using 
a contact angle goniometer. The CA which is 
the macroscopic expression of the micro and 
macroscopic phenomena occurring between the 
solid, the test liquid4,6.

The SFE can be calculated based on two 
theories. The acid-base theory involves the 
multicomponent approach, whereby the SFE 
occurs through dispersive interactions or Lifshitz-
van der Waals (LW) and Lewis acid-base (AB) 
interactions. The second approach involves the 
equation-of-state theory, which is highly criticized 
from the thermodynamic standpoint. Although 
these theories are based on different concepts, 
they share the same basic idea, i.e., they attempt 
to express the reverse work of adhesion of some of 
the components of the interfacial tension between 
liquids and solids5.

The aim of this work was to evaluate the 
variations in the surface energy of various 
composite resins after curing by LeD and halogen 
curing devices, based on contact angles and surface 
free energy.

MATERIAL AND METhODS

Test preparation
Thirty-six test specimens of composite resins 

(Admira-Voco, Cuxhaven, Germany; Filtec Z350-
3M/eSPe, Saint Paul, MN, USA; Grandio-Voco, 
Cuxhaven, Germany) were prepared in a 10 mm 
diameter, 2-mm thick articulated brass matrix. The 
specimens were finished with Sof-Lex discs (3M/
ESPE) and polished with Kota diamond paste (Kota 
Dental Products, São Paulo, Brazil).

The LCUs employed were a LED device (Elipar 
Freelight II -1000 mW/cm2, 3M/eSPe) and a 
halogen device (VIP TM 500 mW/cm2 and 600 
mW/cm2, Bisco, Inc., Schaumburg, IL, USA). The 
light emission control was preset with a radiometer 
(Demetron 100P/N; Demetron Research Corp., 

Danbury, CT, USA).
The materials (shade A2) were inserted into 

the matrix in two portions and pressed with two 
microscope slides to achieve a smooth flat surface, 
after which they were light-cured in the specimens 
center for 20 s on each side. Twelve samples of 
each composite were prepared, 6 were light-cured 
wit a LED LCU and 6 with a halogen lamp. All 
specimens were stored in dark vials at 8ºC for 1 
week, after which they were finished and polished 
before testing.

Contact angle measurements
The static contact angles were measured with a 

goniometer (Ramé-Hart 100-FO, Netcong, NJ, USA) 
using deionized water and glycerol as test liquids 
(Table 1). The volume of each drop was standardized 
at 2 µL. The 36 samples were divided into 12 groups 
of 6 test specimens each, and 6 drops of each liquid 
were used for the measurements. The computer 
was set to record 10 contact angle measurements 
of each drop, so 360 measurements were made for 
each group, making a total of 4,320 measurements.

Determination of surface free energy (SFE)
The SFE was determined based on the harmonic 

mean method described by Wu22 (1995). Because 
two test liquids are required to calculate the SFE by 
this method, the samples were divided into 6 groups 
of 6 test specimens each. A different LCU and test 
liquid were used for each group. The contact angle 
values determined for each group were stored in the 
computer, and the surface energy was calculated 
using DROPimage Standard software, Netcong, 
NJ, USA. The values were done by the soft but 
the calculations can be done by Youngs equation: 
γ2=γ12+γ1 cos θ and with the acid-base theory.

Statistical analysis
Statistical inter- and intra-group analyses of the 

data were made using ANOVA and Tukey’s test at 
0.05 significance level.

RESULTS

Table 2 shows the mean values and standard 
deviations of the interactions among the various 
types of LCCRs, LCUs, and test liquids, as well as 
the statistically significant differences among the 
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Material Halogen/Water Halogen/Glycerol LED/Water LED/Glycerol
Admira 71.44±3.653a 74.45±3.924a 66.96±3.07a 71.33±3.244a

Filtek Z350 67.22±4.334a 65.57±2.802a 67.62±4.744a 67.33±4.246a

Grandio 73.64±1.636a 74.35±1.521a 72.97±2.034a 59.19±3.780b

Table 2- Mean values of Contact Angles (Mean±SD)

Tukey’s multiple comparisons- (Same letters=not statistically significant p>0.05)    
SD=standard deviation 

Material Halogen Lamp LED
Admira 36.13±2.293 (0.9359) 40.17±4.804 (1.961)

Grandio 34.74±1.960 (0.8002) 39.59±5.808 (2.598)

Filtek Z350 38.56±2.119 (0.8651) 38.45±2.735 (1.117)

Table 3- Mean, Standard Deviation and Standard Error for surface free energy (mJ/m2)

p>0.05 – Not statistically significant

NAMEN FM, FERRANDINI E, GALAN J Jr

groups as indicated by the Tukey’s test.
The resin Admira (74.45°), using glycerol as the 

test liquid and the halogen lamp as the LCU, yielded 
the highest mean CA value, while Grandio (59.19°) 
resin tested with glycerol, using LED as the light 
source, yielded the lowest CA value.

The inter- and intra-group CA values showed no 
significant difference (p>0.05) for the Filtec Z350 
resin, but all values obtained for the resin Grandio 
showed significant differences (p<0.05).

The SFE results listed in Table 3 were subjected 
to Tukey’s test, which indicated the absence of 
statistically significant differences among the 
groups.

DISCUSSION

In the present study, the CA varied among some 
groups. The main controllable variables involved in 
CA measurements are the light-curing process, the 
test liquids and the chemical composition of the 
resin under study.

All samples (shade A2) were subjected to 40 s of 
light incidence upon the center of the sample, which 
according to Lindberg, Peutzfeldt and Van Dijken13 
(2004) is sufficient to cure the entire surface of 
such samples. 

Although the intensity of the VIP TM (Bisco) 
halogen lamp varied from 500 to 600 mW/cm2, 
we do not believe this variation impaired the 
polymerization of the test specimens of the 3 resins. 
The intensity of light emitted by a halogen lamp 
is lower than that emitted by a LED unit14, but its 
values still exceed 280 to 300 mW/cm2, according 
to Caughman, Rueggeberg and Curtis3 (1995). In 
view of the lack of information about the surface 
energy of these materials, it is difficult to compare 
our results to those of other author8.

The test liquids used here had different 
polarities, in spite of similar values10 which explains 
the mean CA values ranging from 59.19° to 74.45° 
obtained in this study. The degree of purity and the 
numerous measurements yielded reliable results 
and low standard deviations. Although Zisman24 
(1964) stated that the volume of the drop does not 
influence CA values, this volume, as well as room 
temperature and humidity, were standardized in this 
study in order to reduce the number of variables.

The organic matrix of Admira resin is composed 
of ormocer, siloxane organic/inorganic polymer, 
Bis-GMa, HeMA, UDMA, Fe2O3, TiO and 4-tert-
butylcatechol (TBC), and its inorganic matrix 
contains Ba-Al borosilicate, a silicon dioxide (0.04-
0.7 µm) – 78% in weight and 56% in volume. The 
presence of these high surface energy particles, 
which in some samples may have been located close 
to the surface, could cause a decrease in measured 
CA values. Light curing of the organic material, 
which closes the carbon chains, also probably 
interferes in the expression of these particles even 
in the deepest layers.

The diameters of the inorganic particles of Filtec 
Z350 and Grandio resins are nanometric. Wu22 

(1973) argues that the homogeneous dispersion 
of inorganic particles in the polymeric matrix is 
critical, a statement confirmed by Von Werne 
and Patten20 (2001). Hydrophobic polymers and 
inorganic hydrophilic particles are physically difficult 
to mix, and phase separation or agglomeration is 
common in such mixtures, resulting, according to 
the aforementioned author, in alterations in their 
mechanical, optical and electrical properties. These 
particles can be treated chemically used to produce 
a more hydrophobic or hydrophilic surface.

As shown in Table 2, the CA values of the Filtek 
Z350 resin showed no major variations in any of 
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the combinations. In view of these results, it is 
reasonable to assume that the components of the 
resin in these test specimens were distributed more 
homogeneously. The CA values of the Admira resin 
revealed greater variations in the two test liquids 
and the two LCUs. Among the 3 resins of this study, 
this one showed the highest CA variability.

Table 3 lists the mean values of the total SFe 
calculated for each LCCR with respective SD, 
indicating no significant differences among the 
groups. The Admira resin showed the highest SFE 
value when light-cured with the LED unit (40.17 mJ/
m2), while the Grandio resin displayed the lowest 
SFE when photo-activated by the conventional 
halogen lamp (34.74 mJ/m2).

The statistical analysis of the resins’ SFe 
data confirmed that the different types of LCU 
employed to polymerize the resins did not influence 
these results. This finding is congruent with that 
reported by Glantz and Larsson7 (1971), although 
the resins tested by these authors belong to 
another generation of composites, whose chemical 
compositions differ considerably from those used 
in our study.

Milosevic15 (1992) who studied the adhesion 
of saliva films on composite resins, stated that 
polymers are usually known as low-SFE materials 
with values of about 40 mJ/m2, and that the particles 
of their inorganic load have high SFe values. All the 
results obtained in the present research (Table 3) 
are in agreement with those of this author.

CONCLUSIONS

It may be concluded that: 1. The contact angles 
of the 3 polymers studied here did not differ 
significantly, as did their wettability. The research 
recommends the material that showed the highest 
contact angle; 2. Polymerization with LED or 
halogen units did not alter the surface free energy 
of the composite resins.
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