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The aim of this study was to evaluate the influence of different light sources (LED and Halogen lamp) on 
the roughness (superficial) of composite resin (Filtek Z250, Filtek P60, Charisma and Durafill) varying post-
irradiation times, in an in situ experiment. For this purpose, 80 specimens were made in polyurethane moulds. 
Ten volunteers without medicament use and good oral condition were selected and from them study moulds 
were obtained. A palatal intra-oral acrylic resin appliance was made for each of the subjects of the experiment. 
In each appliance, two specimens of each material were fixed (LED/Halogen lamp – control group). Roughness 
tests were performed immediately and 30 days after initial light-curing. Statistical analysis was performed using 
ANOVA. Statistically significant difference was observed only between post-irradiation times, where the 30th 
day showed the highest roughness values. It be concluded that roughness was influenced only by post-irradiation 
times, presenting the 30- days period inferior behavior. 
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1. Introduction

Resin composites have been widely used in daily clinical practice 
because of their esthetic advantages, improved bonding to tooth struc-
ture and enhanced mechanical properties. However, these materials 
still have several shortcomings, such as polymerization shrinkage, 
incomplete conversion of monomers in polymers, and water uptake 
upon exposure to the oral environment1, which can provide its 
mechanical properties reduction. The conversion of monomers in 
polymers is associated to the degree of polymerization of the com-
posite, which has been related to several factors2,3, including resin 
composition4,5 and light sources characteristics6-10.

In this context, halogen bulb-based light-curing units are the 
systems most commonly used in dentistry for cured dental compos-
ites11,12, whereas the light is able to activate the camphoroquinone 
photoiniciator for the polymerization reaction13. This appliance, if 
correctly employed, allows adequate conversion of composite and the 
achievement of desired mechanical properties. However, the search 
for a lesser exposure time, the possibility of higher distance between 
curing tip and restoration, and increased lifetime of appliance, lead 
to the development of recent technologies, such as LED, Plasma Arc 
Curing and Xenon Lamp.

LED uses a solid-state semiconductor (diode) that converts 
electrical energy directly into blue light14,10. One of the major ad-
vantages of this system, which incentives its use in dental practice, 
is related to the increased lifetime of this appliance, in such case, 
their performance does not significantly reduce with time14 (not oc-
cur the significantly reduction in the potency of the appliance). This 
characteristic is very important because an unsuitable potency can 
provoke a negative effect on the physical properties of composites 
and increased risk of premature failure of restorations8. 

With the introduction of this recent appliance, the development 
of new studies is need to establish the influence of these light-curing 

sources in the properties of composite resin, including microhardness, 
adhesion, polymerization shrinkage and wear resistance. These stud-
ies are needed because the longevity of restorative material is associ-
ated the mechanical properties obtained after polymerization.

Thus, experiments that evaluate the wear resistance15,16 is very 
important for the success of the restorative treatment, whereas this 
properties can provide the increase of surface roughness17,18, which 
can promote plaque accumulation, gingival irritation, poor esthetics 
and color changes, as well as, recurrent decay19,20. In the context, the 
wear resistance can be evaluated through mass loss and superficial 
smothness18 of the material.

However, in vitro studies alone are not able to establish the real 
properties of the materials, because they not effectively reflect what 
actually occur in the oral environment. In an attempt to overcome 
such difficulty, in situ experiments21 have been employed, whereas 
these models function how a bridge between the laboratories studies 
and clinical trials22. Thus, the aim of this study was to evaluate the 
influence of different light sources on the surface roughness of resin 
composites exposed to oral environment. 

2. Material and Methods

This study was approved (Process 2002.1.880.58.6) by Ribeirão 
Preto School of Dentistry’s Ethics Committee, University of São 
Paulo, Brazil.

For the accomplishment of the study, two light-curing units 
(Table 1), and four composite resins Filtek Z250, Filtek P60, Cha-
risma and Durafill (Table 2) were employed. For the materials, shade 
C

2
 was used intending the color standardization of the experiment. 

Initially, ten volunteers, which were not on medication and 
presenting a good oral condition23 (without signal of caries and 
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periodontal diseases), were selected. The group consisted of 2 males 
and 8 females, graduate or post-graduate students of Ribeirão Preto 
School of Dentistry - University of São Paulo, Brazil. The volunteers 
were informed about the possible risks involved and his participation 
was only after providing written formal consent.    

Superior dental arch impressions of each volunteer were made 
with alginate (Jeltrate®, Dentisply Industria e Comércio Ltda. - 
Petrópolis/RJ – Brazil, 25660-004) and stone cast moulds (Herostone, 
Vigodent S. A. Indústria e Comércio – Rio de Janeiro/RJ – Brazil, 
21041-150) were obtained. A removable palatal intraoral appliance 
was manufactured in acrylic resin (Orto-Clas, Clássico Indústria 
Brasileira –São Paulo/SP – Brazil, 05458-002). In each intraoral 
appliance, 8 cavities were made (5 mm in diameter and 2 mm in 
height), being 4 in each side of the appliance, where the specimens of 
composite resins were fixed with wax (KOTA Indústria e Comércio 
Ltda. – São Paulo/SP – Brazil, 05572-000). 

 For the roughness test 80 samples were made, being 20 from 
each material and 10 from each light-curing unit. The specimens were 
manufactured using a split bisected cylindrical polyurethane matrix 
with internal dimensions of 2 mm in height and 3 mm in diameter. 
Composite resin was inserted into the matrix in bulk placements 
and covered with a polyester strip. A microscope glass slide (1 mm 
thick) was placed on it. The materials were pressed with a load of 
500 g for 30 seconds to remove the material excess, permitting to 
standardize the thickness of the specimens (2 mm) and to obtain a 
parallel and flat surface. 

After load removing, the top surfaces of the specimens were 
light cured for 40 seconds using light-curing units (halogen lamp 
or LED) at a distance of 1 mm from the curing tip to the specimens. 
After three specimens preparation, the light intensity was moni-
tored using a radiometer (Newdent®, Ribeirão Preto/SP – Brazil, 
14030-140). 

The roughness of the materials was evaluated in Ra (µm) using 
a roughness meter (Prazis, ARO S. A., Buenos Aires, República 
Argentina) equipped with a 2 µm radius diamond stylus, which 
traversed the surface at a constant speed of 0.05 mm/s with a force 
of 0.7 mN. For this purpose, each specimen was carefully fixed with 
wax on a metallic support and the needle situated at the extremity 
of the equipment’s arm was positioned on the sample surface. The 
scans were 1.5 mm in length, and the data were filtered with a cutoff 
of 0.08 mm. Two additional measurements were accomplished by 
rotating the disk in an angle of 90 degrees, and a mean value was 
obtained from the three measurements17. 

The volunteers were instructed on using and cleaning of the 
removal palatal intraoral appliance. This plate would be used all day 
long, during 30 days, and could only be removed during meal and oral 
hygiene times, when they were wrapped in humid cotton in a closed 
recipient. Toothbrushes (Bitufo®, Montagem e Comércio de Escovas 
Ltda, Jundiaí/SP – Brazil, 13206-770) and toothpastes (Colgate 
– Palmolive Industria e comércio Ltda, São Bernardo do Campo/SP 
– Brazil, 09696-000) were given to the volunteers and they were 
instructed to clean the plate three times a day. The specimens were 
brushed with 10 back and forward movements with the toothbrush 
and toothpaste, while handing the appliance.

The first roughness measurement was performed after composite 
light curing. Then, the specimens were randomly placed in the oral 
appliance and utilized by volunteers as previously cited. After 30 days, 
the specimens were removed from the appliance and roughness 
measurements were accomplished again.

Data obtained were submitted to the analysis of variance (ANO-
VA), considering the factors restorative materials, light-curing units 
and post-irradiation time.     

3. Results

Statistical analysis did not show significant differences for the 
resin composite factor (Charisma, Durafill, Filtek P60 and Filtek 
Z250) and light-curing units (halogen lamp and LED). Conversely, 
for the post-irradiation time factor (immediately and 30 days), it was 
observed significant difference, with 30-days period demonstrating 
the highest means of roughness (Table 3).

4. Discussion 

The longevity of restorative treatment with resin composites 
depends on the suitable polymerization of the material, which is 
directly associated to their mechanical properties, including wear 
resistance16. This property can be evaluated through its mass loss 
and superficial smoothness18 after a certain period. Wear can be de-
fined as the progressive loss of substance, resulted from mechanical 
interaction between two contacting surfaces, which are in relative 
motion24, providing the dislodgement of filler particles25, and the wear 
of the filler itself. Many variables can influence the extent at which 
resin composites wears, including filler type and size, as well as, the 
coupling between filler and resin matrix26

However, in vitro studies can be complemented with in situ 
experiment10,21,24,27, whereas this model is performed in the human 

Table 1. Light-curing units tested.

Light-curing units Wavelength Type Intensity

XL 3000 – 3M Approximately 500 nm Halogen lamp 480-530 mW.cm-2 (40 seconds)

Ultraled - DABI ATLANTE Approximately 480 nm LED 130 mW.cm-2 (40 seconds)

Table 2. Composite resins employed.

Material Composition Percentagem/Particle size Manufacturer/Batch no.

Z250 Zirconium/Silica, BIS-GMA, UDMA e 
BIS-EMA

60% volume
(0.19-3.3 µm)

3M do Brazil
2MK

P60 Zirconium/Silica, BIS-GMA, UDMA e 
BIS-EMA

61.7% volume
(0.19-3.3 µm)

3M do Brazil
9AR

Charisma BIS-GMA, bariumaluminofluoridate glass 36% volume
(0.02-2 µm)

Heraeus Kulzer, Germany
060039

Durafill UDMA, silicon dioxide, prepolymerized 
fragments 

prepolymerized fragments of 
10-20 µm

Heraeus Kulzer, Germany
020127
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mouth, allowing the establishment of the characteristics of the re-
storative materials when exposed to saliva, pH changes and other oral 
influences. Thus, the in situ experiment must be considered, because 
the wear is a complex process that depends on the jaw movement 
and premature contact17, as well as, on toothbrushing28,29 and the 
chemical, mechanical and biological components, which can affect 
the bulk of the material24.

In the present study, the wear resistance was evaluated through 
superficial smoothness18 of materials, using roughness test and it was 
observed that halogen lamp and LED light-curing sources did not 
exhibit differences in relation to superficial roughness. A possible 
explanation for this fact should be that the curing sources promoted 
similar polymerization in the top of the specimens, because this sur-
face is few influenced for intensity of light-curing units11,30,31. Thus, 
the halogen lamp did not provide lower means of roughness, although 
show high intensity light.

Conversely, when immediately and 30-days post-irradiation times 
were evaluated, it was verified an increase in the roughness means after 
30-days for all tested materials. A suitable explanation for this result 
is the abrasion of three bodies caused for toothbrushing17,24,28,29,32-34. 
This wear is probably due to the fluoride toothpaste and toothbrush 
association action during the oral hygiene, whereas the volunteers ac-
complished the brushing of the appliance by three times a day.

In addition, other factors may promote the wear of the compos-
ite resins, as the centric and functional contacts, the interproximal 
contact areas, the attrition of the chewed food15,17,35,36 and chemical 
degradation of the composite resin organic matrix37,38. However, in 
the present study the increase on the roughness values can be due 
mainly to the toothbrushing procedure, because the appliances were 
not under occlusal stress and were removed during the ingestion of 
food and beverages. 

Halogen lamp and LED have showed similar results in relation 
to roughness of restorative material, nevertheless, for that LED can 
be employed with security, allowing the success and the longevity 
of restorative treatment, news studies are needed to evaluate other 
characteristics of resin composites cured with LED, because it has 
been observed controversial results1,14,30,39-45 in relation to the restora-
tive-materials’ properties obtained when a similar light source was 
employed. Besides, this study assessed the roughness in a short 
time period. In this way, these characteristics should be evaluated 
after a longer time period, and using another LED unit with a high 
intensity density.

 It is important to stand out that in situ studies, in spite of their 
application as predictive methods to evaluate the clinical situations, 
do not substitute the in vivo findings, which must be accomplished 
to establish with fidelity the efficacy of this light-curing unit when 
employed directly in oral environment.
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5. Conclusion

Within the limitation of an in situ study and the methodology 
employed, the following conclusions may be drawn: 

Roughness was not influenced by light sources and by composite 
resins, being affected only by post-irradiation time. 
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