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Abstract: This in vitro study evaluated the marginal gap at the composite tooth/resin interface in class V cavities
under the influence of two insertion techniques and a curing system by means of atomic force microscopy
~AFM!. Forty enamel and dentin cavities were prepared on the buccal surface in bovine teeth with quadratic
forms measuring 2 mm � 2 mm and depth of 1.5 mm. The teeth were then divided into four groups: group A,
10 cavities were restored in one increment, light cured by halogen light; group B, 10 cavities filled with bulk
filling, light cured by the light emitting diodes ~LED!; group C, 10 cavities were restored by the incremental
technique, light cured by halogen light; group D, 10 cavities were restored by the incremental technique, light
cured by the LED. The teeth underwent the polishing procedure and were analyzed by AFM for tooth/
restoration interface evaluation. The data were compared between groups using the nonparametric Kruskall-
Wallis and Mann-Whitney tests ~ p , 0.05!. The results showed a statistically significant difference between
groups A and B and groups A and C. It was concluded that no insertion and polymerization technique was able
to completely seal the cavity.
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INTRODUCTION

One of the most studied phenomena in dentistry in recent
years is the polymerization shrinkage of resin composites. It
is currently known that several factors influence the tension
of contraction, such as the cavity configuration factor ~Fac-
tor C! ~Feilzer et al., 1987!, chemical composition, speed of
polymerization, curing system, and elasticity modulus of
the restorative material ~Braga et al., 2005!.

The chemical reaction triggered in the organic resin
produces the conversion of monomers into polymers, result-
ing in the approximation of these molecules and conse-
quently the contraction. In the process, the tension generated

in the composite concentrates on the adhesive interface
between the tooth and restorative material compromising
the integrity in this region, which may cause marginal
defects, cleft formation, deflection of cusps, and postopera-
tive sensitivity ~Braga & Ferracane, 2004; Braga et al., 2006!.

There are several types of dental light curing units in
the market with different types of energy source, wave-
length, and light intensity for the polymerization of photo-
activated restorative materials ~Cavalcante et al., 2007!. These
materials’ polymerization has an influence on its properties,
as it depends on the particle size, composition, color, trans-
lucency, light intensity, length of exposure to radiation, as
well as the monomer composition and concentration of
polymerization initiators ~Lindberg et al., 2005!.

Several techniques have also been proposed in an at-
tempt to overcome problems resulting from the polymeriza-
tion shrinkage ~Beznos, 2001; Moszner & Salz, 2001!. The
insertion techniques of the composite cavity are widely
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known as a modifying factor in the tensions of the compos-
ite to preserve the sealing for better adaptation to the cavity
and to provide high conversion rates ~Versluis et al., 1996;
Yap, 2000!.

To evaluate the crack originated from the marginal
contraction, using a methodology that enables estimating
its length and depth is of great interest. Some methodolo-
gies are applied, such as the use of colorants that penetrate
the tooth/composite interface and further evaluation using
a stereomicroscope ~Niu et al., 1998; Hardan et al., 2008! or
by using a scanning electron microscope ~SEM! ~Waldman
et al., 2008; Xie et al., 2008!. However, the atomic force
microscope ~AFM! allows three-dimensional ~3D! evalua-
tion of this interface, making it possible to assess the length
and depth of the marginal gaps by quantitative data.

The AFM has been used in some studies in dentistry;
however, none has evaluated the formation of marginal
gaps ~Eliades et al., 1997; Saeki et al., 2001; Oliveira et al.,
2003; Silva et al., 2006; Batista et al., 2007!. The aim of this
study was to evaluate in vitro by AFM, of which the inser-
tion technique and the polymerization system are more
appropriate to minimize the formation of marginal gaps.

MATERIAL AND METHODS

Selection and Preparation of Tooth Cavities

Forty bovine incisors were extracted, cleaned, and stored in
saline at 378C until the beginning of the dental cavities
preparation. Subsequently, 20 mm were sectioned from the
apex/cementum-enamel junction with an Isomet 1000 cut-
ting machine ~Buehler, Lake Bluff, IL, USA!. The cavities
were performed on the midface vestibular using a high
speed turbine ~Dabi Atlante, Ribeirão Preto, São Paulo,
Brazil!, under air/water coolant with diamond burs ~KG
Sorensen 1090, Barueri, Sao Paulo, Brazil!. An acrylic resin
“stop” was fixed at 2 mm from the edge of the active point
of these tips, standardizing the wells with regard to its
depth. At the end of the preparation stage, the cavities had
quadrangular shapes measuring 2 mm in the mesiodistal
direction, 2 mm in the cervical-incisal, and 1.5 mm in depth
and enamel cavo-superficial angle.

Restoring Procedures

The teeth were divided into four groups ~n � 10!, a total
sample volume of 40 teeth. A three-step adhesive system
was applied to all ~Alloybond, SDI, Victoria, Australia! with
the following clinical sequence: total conditioning of the
cavity with phosphoric acid at 37% for 20 s; rinsing in
running water for 15 s and air drying for 5 s; primer
application and light curing for 10 s; application of light-
weight jet air for 5 s; adhesive application and curing for
10 s. Then, the hybrid composite resin ~Glacier, A3, SDI,
Victoria, Australia! was inserted into the cavity with a
titanium spatula. The insertion and polymerization tech-

nique was performed as follows: group A, 10 cavities were
restored by the bulk filling technique, and light cured for
60 s with the unit Optilight Digital–Halogen Light ~Gnatus,
Ribeirão Preto, São Paulo, Brazil!, with an intensity of 700
mW/cm2; group B, 10 cavities were filled by the bulk filling
technique of resin and photoactivated for 60 s with an
Optilight II LD–LED ~light-emitting diodes Gnatus, Ribeirão
Preto, São Paulo, Brazil!, with an intensity of 470 mW/cm2;
group C, 10 cavities were filled by the incremental tech-
nique, inserted in three increments: The increment A was
activated for 30 s with a Digital Optilight ~Gnatus, Ribeirão
Preto, São Paulo, Brazil!, with an intensity of 700 mW/cm2,
increment B was activated for 30 s and increment C for 60 s;
and group D, 10 wells were restored by the incremental
technique, the same as group C; however, the polymeriza-
tion was carried out with the Optilight II LD ~Gnatus,
Ribeirao Preto, São Paulo, Brazil!, with an intensity of
570 mW/cm2.

After the restorations, all samples were stored in saline
at 3708C for 7 days. Next, they underwent the finishing
procedure using decreasing granulation Soflex discs ~3M
ESPE Dental Products, St. Paul, MN, USA! and polishing
with circular felt discs without water cooling, soaked in
Diamond Excel paste ~FGM, Joinville, Santa Catarina, Bra-
zil! and Diamond R ~FGM, Joinville, Santa Catarina, Brazil!
and placed on a counter angle ~Dabi Atlante, Brazil!. In each
grained pulp a new felt disc was used to prevent the gran-
ules from mixing with different granules on one disc. The
samples were positioned parallel and held in position by
exerting gentle pressure to the granule and the disk spin-
ning for 60 s for each different grain intermittently.

The teeth were then cut again to produce compatible
samples for evaluation in the AFM. Next, square forms
measuring 6 � 6 � 2 mm were marked on each sample
using a dermographic pencil ~Pilot, Cubatao São Paulo,
Brazil!. To standardize the exposed surfaces, the samples
were subjected to a finish using a sheet of sandpaper under
refrigeration, so that the front and back of the sample were
parallel to each other, and this planning was made on the
opposite face to the restored face.

AFM Analysis

All images were obtained through the AFM Shimadzu SPM-
9500J3 model ~Shimadzu� Corp., Japan! coupled to an
optical microscope with a 0.8–5� zoom lens with light
source ~Kyowa Optical, Kanagawa, Japan!, a Shimadsu Micro-
CDD-S2 video camera, and a TM-A14S video monitor. All
images shown were obtained in contact mode. Si3N4 tips
were used in the Olympus ~Tokyo, Japan! of 200 mm length,
controlled by the AFM J3 Shimadzu software ~Version 2.59!.
The microscope scanner allows scanning of up to 125 mm
in the horizontal directions ~x and y! and up to 8 mm in the
orthogonal direction ~z direction!, with regular image reso-
lution of 10 to 100 nm. The mapping procedure produced
images of 50 � 50 mm, with a frequency of 1 Hz. The
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images were generated from regions at the tooth/resin inter-
face randomly chosen ~Fig. 1!. Some images were subjected
to the flattening procedure in the x and y axes to correct the
angle discrepancies in the sample. The cracks were mea-
sured by the Profile system ~Fig. 2!.

Statistical Analysis

The Bioestat 5.0 ~Belém, PA, Brazil! computer program was
used for the statistical analysis. The Shapiro-Wilk normality

test was used to evaluate the distribution of data in relation
to the theorem of central distribution, and it was observed
that the data are distributed in the nonnormal way. The
results relating the type of growth and type of light curing
unit with the length of marginal gaps were subjected to
statistical analysis using nonparametric Kruskal-Wallis and
Mann-Whitney tests. All the tests used in this study were
applied with a significance level of 95%.

RESULTS

In evaluating the marginal gaps formed in each group, we
verified that the group that experienced the largest cracks
was group A, where the resin was inserted into the cavity by
a single increment and the light curing unit used was the
halogen light ~2.38 mm 6 0.50!, followed by group D, where
the cavity was filled with three increments and the light
curing unit used was an LED ~2.22 mm 6 0.57!. In group B,
where the cavity was filled by a single increment in the
cavity and was light cured through the LED ~1.98 mm 6
0.29!, and group C, where the resin was inserted in three
increments in the cavity and was light cured through the
LED ~1.85 mm 6 0.32!, had the lowest marginal gaps

Figure 1. Marginal gaps image obtained by AFM.

Figure 2. Marginal gap measurements executed by profile system of the AFM.
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~Table 1!. The Kruskal-Wallis test showed significant statis-
tical differences between groups ~ p � 0.05!. The Mann-
Whitney test revealed significant differences only between
groups A and B ~ p � 0.02! and between groups A and C
~ p � 0.01!.

DISCUSSION

In this study, we used only one type of composite resin and
bonding system to avoid the influence of the composition
of the restorative material and analyze only the restorative
technique and type of light used for photoactivation. None
of the insertion techniques or light curing units used were
able to prevent the formation of cracks, which corroborates
the literature ~Kubo et al., 2004; Duarte et al., 2007!. The
resin insertion technique in small increments in cavities has
been proposed by some authors ~Félix et al., 2007; Park
et al., 2008! and is based on the possibility of a material
having less contact with the cavity walls, greater depth of
light penetration, and lower tension generated by the reac-
tion ~Pfeifer et al., 2006!.

In this study the incremental insertion technique was
superior to the single increment technique when halogen
light was the light curing unit used. This probably occurred
due to the lower increment thickness, hence leaving the free
areas wider, enough to allow the relaxation of the tension
caused by polymerization shrinkage during curing. How-
ever, these results disagree with other studies ~Sensi et al.,
2005!, where no significant statistical differences were found
between the single incremental technique and the increased
technique when halogen light was the curing light unit. The
results concerning the unity of LED curing light showed no
statistically significant difference between the restorative
techniques, which disagrees with the studies that advocate
the incremental insertion technique as a factor in reducing
polymerization stress ~Félix et al., 2007; Lazarchik et al.,
2007!.

When the two insertion techniques were compared, ex-
cluding the type of light used for curing, there was no statis-
tically significant difference, which is in agreement with some
studies ~Kuijs et al., 2003; He et al., 2007!, although other

studies ~Versluis et al., 1996; Chikawa et al., 2006; Park et al.,
2008! showed greater stress on the single increment tech-
nique. In our study we used cavities with depths less than
2 mm, which is the likely cause for the nonstatistically signif-
icant differences between techniques because the minimum
thickness for differences in effective curing resin is an incre-
ment of 2 mm ~Kuijs et al., 2003; He et al., 2007!.

One can divide the contraction of the resins in two
stages, pre-gel and post-gel, with the contraction of the
material involving the combination of both. During the
polymerization shrinkage that occurs during the so-called
pre-gel, the speed with which a light cured resin reaches its
gel is dependent on the light intensity applied in the initial
stage of polymerization ~He et al., 2007!. The light curing
emitting high incidence of light induces greater polymeriza-
tion shrinkage and consequently higher marginal fissure
~Takamizawa et al., 2008!. Halogen lamps are the most used
in the polymerization of composite resin ~Santos et al.,
2007!; however, the high temperature generated during the
light emission, damage to the bulb, reflector, and filter can
affect the degree of polymerization of the material, without
the operator perceiving this ~Hasler et al., 2006!. In our
study two types of light curing units were used, with inten-
sities of different lights. The small difference in the size of
the holes can be explained by small thickness of the incre-
ments and the proximity of the intensity values of the
apparatus.

Thus, the LED can be an alternative for curing compos-
ite resins; however, careful insertion techniques and the type
of resin used are important as resins using other types of
photoinitiators, which are different from camphorquinone,
such as the PPD ~1-phenyl-1,2-propanodiona! and benzyl
~Santos et al., 2007!. The action of the LED is better in
resins that use camphorquinone as a photoinitiator. In
resins in which the camphorquinone is not the photoinitia-
tor, the halogen light is better ~Uctasli et al., 2005!.

In our study AFM proved to be an appropriate tool for
the assessment of marginal gaps formed at the tooth-resin
composite tissue interface. The AFM provides 3D high-
resolution images because it has a software with great
mathematical accuracy for the mapping and characteriza-
tion of surfaces ~Silva et al., 2006; Batista et al., 2007;
Kakaboura et al., 2007! providing quantitative data on the
length of marginal gaps. Furthermore, samples to be evalu-
ated by AFM need not be fixed or metalized, which reduces
the need to create artifacts that affect the analysis ~Miles
et al., 2003; Batista et al., 2007; Botta et al., 2008!.

To our knowledge, this is the first study to evaluate the
formation of marginal gaps by means of AFM. Previous
studies that evaluated the tooth-restoration interface using
tools such as the SEM ~Magni et al., 2008; Waldman et al.,
2008; Xie et al., 2008!, or the analysis of dye penetration
using a stereomicroscope ~Niu et al., 1998; Hardan et al.,
2008; Yazici et al., 2008!. For evaluation using SEM, it is
necessary to process and metallize the samples, which can
cause artifacts that hinder the assessment of cracks, and

Table 1. Average and Standard Deviation of the Marginal Gap
Measurements.

Group n
Average
~mm! SD

A. Bulk filling technique � halogen light 10 2.38 0.50
B. Bulk filling technique � LED 10 1.98 0.29
C. Incremental technique � halogen light 10 1.85 0.32
D. Incremental technique � LED 10 2.22 0.57
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furthermore, the images obtained by SEM are lower resolu-
tion two-dimensional ~2D! images than those obtained by
AFM. The assessment by dye penetration, like SEM, can
produce structural changes in the samples; the images are
2D and the data, unlike those obtained by AFM, are qualita-
tive, thereby providing a lower statistical power.

In the literature, we found that the studies show differ-
ent results and similar methodologies but different forms of
analysis. Thus, for a better comparison of the results of this
research, we need more scientific studies using the AFM as a
form of analysis.

CONCLUSION

Thus, the following can be concluded:

• None of the insertion and polymerization techniques
were able to completely seal the cavity.

• There was no statistically significant difference between
both insertion and polymerization techniques.

• AFM proved to be an appropriate tool for the assessment
of marginal gaps formed at the tooth-resin composite
tissue interface.
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