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Influence of varying light intensity on microleakage of Class II restorations
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ABSTRACT

The purpose of this in vitro study was to evaluate the marginal microleakage of Class II restorations photo
activated with varying light intensity.  Class II preparations with gingival margins were made in 80 sound human
third molars. The teeth were divided into 2 groups and restored with two different resin composites (P60 and
Z100). Each group was further subdivided into four subgroups, which were submitted to distinct light intensity
during the polymerization process. Groups 1A and 1B received a light intensity of 550 mW/cm2 in each of the
three layers. Groups 2A and 2B received an exponential light intensity from 0 to 600 mW/cm2 in each layer.
Groups 3A and 3B received 300 mW/cm2 in the first layer and 550 mW/cm2 in the other two layers. Groups 4A
and 4B were submitted to a light intensity of 100 mW/cm2 for 10 seconds followed by 550 mW/cm2 for 30
seconds in each layer. The specimens were immersed in a 2% buffered aqueous solution of methylene blue for 2
hours. The penetration of the dye was then measured under a stereomicroscope with X20 magnification. Data
were submitted to the Kruskall-Wallis test and results demonstrated no statistically significant differences be-
tween the groups when differentiated by the resin composites or the light intensity, at a p-value of 0.05.  In
conclusion, the variation in light intensity did not significantly affect the marginal microleakage of the resin
composites tested.
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INTRODUCTION

Resin composites have been largely employed
in dentistry due to their aesthetics, adhesiveness, and
preservation of sound tooth tissue. However, in spi-
te of these characteristics, resin composites present
a limitation since volumetric decrease occurs during
the polymerization process 15. This decrease occurs
when the halogen light excites the charged compo-
nents of the resin composite with the initiation of
the polymeric conversion, leading to a decrease in
the material final volume, which can cause flaws at
the tooth-restoration interface 11, 23. Marginal micro-

leakage occurs as a consequence of these flaws and
is responsible for secondary caries, hypersensitivi-
ty and pulp damage. Microleakage is known to be
responsible for a significant number of restoration
failures. Unfortunately, the damage is often subtle
and slow 14.

The evolution of the resin composites enhan-
ced their benefits allowing safer indications of aes-
thetic restorations for the posterior areas. Thus,
these materials must present a good wear behavi-
or, adaptation to the cavity walls and an effective
sealing of the tooth-restoration interface to avoid
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the penetration of oral fluids into these areas. In
addition to these features, the material should be
resistant to hydrolyse, easy to handle and insert,
and opaque in x-rays 6.

When aesthetics is a concern, resin composites
present advantages over amalgam and cast metallic
restorations for the posterior areas; moreover, the
adhesive technique employed with these materials
enables the saving of sound dental tissue, decrea-
sing the size of the final restoration 13. The adhesi-
veness of resin composites is an important advan-
tage due to the conservation of the remaining tooth,
allowing a less invasive restorative procedure 5.

The polymerization process utilizing visible
light is effective only in areas where the light, rea-
ches the material with a wavelength ranging from
460 to 480nm, exciting the photo-sensible compo-
nents present in the resin composites 1. However,
it is uncertain the divisor line in the light intensity
that, from beyond could jeopardizing the quality
of the final polymerisation, and consequently the
properties of the resin composites 3.

The interaction of the flow and the light inten-
sity during the polymerization process has genera-
ted confusion among researchers. Therefore, due
to the difficulties of an in vivo or clinical research,
and based on the reviewed literature, Class II resin
composite restorations were made to evaluate mar-
ginal microleakage at the interface tooth-restorati-
on with varying light intensity.

MATERIALS AND METHODS

The Single Bond adhesive system (3M Dental
Products, St. Paul, USA) was the only material used
for both resin composites: P60 (3M Dental Pro-
ducts, St. Paul, USA) and Z250 (3M Dental Pro-
ducts). The light cure units utilized during the stu-
dy were Elipar Trilight (Espe Dental AG, Seefeld,
Germany), Demetron 400 (Demetron Research
Corp., Danbury, CT, USA), and Demetron 100 (De-
metron Research Corp.).

For this study, eighty sound human third-mo-
lars freshly extracted for orthodontic reasons, and
from patients ranging from 18 to 25 years old, were
used. All remaining hard and soft debris were re-
moved with the aid of periodontal hand instruments
followed by cleaning with pumice and water with
a Robinson brush coupled to a low speed handpie-

ce. The teeth were stored in distilled water refrige-
rated at 4 ºC until the initiation of the restorative
procedures.

To reproduce mouth positioning, a block of a
chemically activated resin (Orthoftalic Resin T 208,
Redefibra, SP, Brazil) was made. For the positio-
ning, two stock acrylic resin teeth were placed
mesially and distally to the prepared tooth, allo-
wing an adequate proximal contact and the use of
a properly edged metallic matrix band. Soft wax
was used in the roots of the prepared teeth to faci-
litate their removal when necessary.

Two Class II cavities were prepared in each
tooth, one in the mesial and one in the distal porti-
on, with no connection between them. A high-spe-
ed handpiece (Kavo, Joinville, SC, Brazil) was used
for the preparations with continuous water spray
and cylindrical diamond burs Nº 3145 (KG Soren-
sen, Barueri, SP, Brazil). Each diamond bur was
calibrated, in accordance to a pre-established dep-
th of 6 mm, using a water-resistant red pen. Each
bur was replaced after five preparations.

Standard cavity preparations were made with
an occlusal-gingival length of 6mm, a facial-lin-
gual width of 4mm and a axial depth of 2mm. For
improved standardization, a digital meter (Digima-
tic, Mitutoyo, SP, Brazil) was used to verify the
established dimensions in the preparations.

For the restorative procedures, the teeth were
divided into groups. Forty teeth (Group A) were
restored with the P60 resin composite (3M Dental
Products) and 40 (Group B) were restored with the
Z250 resin composite (3M Dental Products). Each
group was further divided into four subgroups, with
10 teeth each, and received distinct light intensiti-
es during the polymerization process.

Regardless of the group, all teeth were acid
etched with 37% phosphoric acid for 15 seconds
and rinsed with a water spray for 30 seconds. The
excess of water was removed with sterilized cot-
ton pellets. Two layers of the adhesive Single Bond
system (3M Dental Products) were then applied to
the dentine and enamel surfaces of the prepared
cavity with a brush and lightly air dried for 5 se-
conds. The adhesive was then light cured for 15
seconds with an Elipar Trilight light cure unit, at a
light intensity of 550 mW/cm2.

A self-adjustable metal matrix band (TDV, Po-
merode, SC, Brazil) was then placed and secured
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with a wooden edge. The insertion of the resin com-
posite was accomplished following the horizontal
layering technique. Three layers (each 2-mm thi-
ck) of resin composite were necessary to fill each
cavity.

For the groups A1 and B1 (with twenty prepa-
red cavities each), each layer was light cured for
40 seconds with a Standard light intensity (± 550
mW/cm2), utilizing the Elipar Trilight light cure
unit. The layers of groups A2 and B2 were light
cured for 40 seconds with an exponential light in-
tensity ranging from 0 to 600 mW/cm2. For groups
A3 and B3, the first layer was light cured for 40
seconds with a light intensity of 300 mW/cm2 fo-
llowed by curing of the remaining two layers with
the Standard light intensity. A light intensity of 100
mW/cm2 was utilized for groups A4 and B4 by dis-
tancing the tip of the curing unit, light intensity
was verified with a radiometer. For improved stan-
dardization of the distance, a hard and transparent
plastic tube, 22 mm in length, was coupled to the
tip of the light cure unit.

Following finishing and polishing of the resto-
rations, the specimens were stored at room tempe-
rature in distilled water for one week. After the sto-
rage time all specimens were painted with two coats
of nail polish intercalated with white wax (Artigos
Odontológicos Clássico Ltda., São Paulo, SP, Bra-
zil). The tooth-restoration interface was not coa-
ted at the gingival margin and 2mm around the
margins of the preparations to allow the penetrati-
on of the methylene blue dye.

After the completion of the restorative proce-
dures, the specimens were stored in a buffered 2%
aqueous solution of methylene blue for 2 hours.
The specimens were then removed from the dye
solution, rinsed in running tap water for 20 minu-
tes, and allowed to air dry for 24 hours prior to the

removal of the painted coats. The specimens were
then mounted in an acrylic resin base plate and sec-
tioned mesio-distally. For the sectioning procedu-
re a diamond wheel saw (South Bay Technology
Inc, model 650, San Clemente, CA, USA) was uti-
lized.

After the sectioning, the sample that presented
the highest dye penetration, from each restoration,
was selected before being scored. A qualitative
analysis was made and the extension of methylene
blue penetration was measured under a stereomi-
croscope (Micronal VMT – São Paulo, SP, Brazil),
with X20 magnification. Two independent evalua-
tors, familiar with this in vitro technique, evalua-
ted all specimens, and the highest microleakage
score for each site was used for the statistical analy-
sis. The specimens were scored as described in
Table 1.

RESULTS

None of the procedures tested in this study com-
pletely eliminated microleakage. The scores are
presented in Tables 2 and 3.

The results for the Kruskall-Wallis test (p ≤
0.05) showed that there was no statistically signi-
ficant difference between the resin composites, P60
(p = 0.2984) and Z250 (p = 0.2196) when differen-
tiated by the light intensity employed. Groups 1A
and 1B (p = 0.7119), which were subjected to the
Standard light intensity, were not significantly di-
fferent from each other. Similar results were obtai-
ned for groups 2A and 2B (p = 0.7651), which uti-
lized medium light intensity (300 mW/cm_) and
Standard light intensity; and groups 4A and 4B (p
= 0.4236), which utilized low light intensity
(100mW/cm_) and Standard light intensity in each
layer. These results are depicted in Table 4.

Table 1 - Microleakage scores

Microleakage score Penetration

0 No dye penetration

1 Partial dye penetration along the gingival wall

2 Dye penetration along the gingival wall, but not including the axial wall

3 Dye penetration along the axial wall

The data were submitted to the Kruskall-Wallis non-parametric test, with the p-value set at 0.05.
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DISCUSSION

Marginal microleakage is one of the main dra-
wbacks presented by resin composite restorations.
This deficiency occurs due to many factors, inclu-
ding the polymerization shrinkage that causes ten-
sion at the tooth-restoration interface, leading to
flaws and decreasing the longevity of the restora-
tions. The microleakage test is the in vitro method
most employed to evaluate the marginal sealing of
restorations, and the method possesses well-defi-
ned criteria in the literature.

In this study, a 2% buffered solution of methy-
lene blue dye was employed as the immersion me-
dium for the specimens for two hours 4. In accor-
dance with the methodology suggested by Déjou
et al.9(1996),  the sample with the highest dye pe-
netration for each site was the one utilized for eva-
luation and scoring for statistical analysis.

The results showed that the majority of the sam-
ples tested presented dye penetration, regardless of
the light intensity employed during the polymeriza-
tion process, suggesting the formation of gaps at the

Table 2 - Microleakage scores obtained for each experimental group using  P60  resin composite

Score 0 Score 1 Score 2 Score 3

Group A1 5 8 - 7

Group A2 6 9 2 2

Group A3 4 8 1 5

Group A4 8 7 4 1

Table 3 - Microleakage scores obtained for each experimental group using  Z250  resin composite

Score 0 Score 1 Score 2 Score 3

Group B1 4 7 3 6

Group B2 7 9 - 4

Group B3 7 8 3 2

Group B4 7 5 5 3

Table 4 - Results for the Kruskal-Wallis test (p ≤ 0.05)

H (p)  Kruskal-Wallis

Z250 4.4198 0.2196 a

P60 3.6779 0.2984 a

LI 1 (550mW/cm2) 0.1364 0.7119 a

LI 2 (0 to 600mW/cm2) 0.0893 0.7651 a

LI 3 (300mW/cm2 and 550mW/cm2) 2.1003 0.1473 a

LI 4 (100mW/cm2 + 550mW/cm2) 0.6404 0.4236 a

LI = Ligth Intensity
Averages followed by the same letter in the column do not differ one from the other at a 5% level of significance
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tooth-restoration interface which allowed this mi-
croleakage. It may be speculated that, as a clinical
consequence, this microleakage could cause secon-
dary caries, tooth sensitivity, and pulp damage. The-
se findings are in accordance to those reported by
Mehl et al.16(1997), and Friedl et al.10(2000), who
employed similar light intensities to the ones utili-
zed in this study. However, the findings of this stu-
dy disagree with those of Yoshikawa et al.24(2001),
who tested a soft-start polymerization light with
an output of 270 mW/cm2 for 10 seconds, conside-
red a medium light intensity, followed by an ou-
tput of 600 mW/cm2 for 50 seconds, which led to
statistically superior results when compared to con-
ventional and low light intensities.

Polymerization shrinkage is a complex process,
resulting from the interaction of several factors, and
generating tensions that are compensated, at first,
by the material flow 7. The velocity of polymeriza-
tion appeared to be an important factor contributing
to the distribution of the internal stress 12.   Goracci
et al.11(1996) suggested that an alternative to reduce
the polymerization shrinkage and its consequences
is the prevention of the rapid increase in the visco-
sity of a material caused by the intense light emissi-
on found in conventional light cure units.

High intensity light cure units are broadly re-
commended generally based on an increased poly-
merization depth, enhancing the material physical
properties 2. However, the possibility of the induc-
tion of tension and the avoidance of its relaxation
must be considered 16. High intensity light emissi-
on over a resin composite leads to a rapid polyme-
rization of the material; therefore, a less viscous
state (pre-gel) is rapidly transformed into a stiffer
state (post-gel), with a considerable increase in the
modulus of elasticity 21. Up to the gel phase, when
the polymeric chain is already formed obstructing
the flow of the material, a molecular rearrangement
is still able to release the generated tensions. After
the development of the material rigidity, the great
decrease of its flow enhances the concentration of
tensions 7. Therefore, a high light intensity leads
to a low and limited tension relief, due to a decre-
ased pre-gel phase, where the polymerization ten-
sions could be compensated 20.

In this study, groups 2, 3, and 4 demonstrated
the influence of the light intensity upon marginal
microleakage of resin composites restorations; ho-
wever, no statistically significant difference was

found between the control group (Standard light
intensity), and the other groups. In the group 2,
which utilized exponential light, the intensity of
250 mW/cm2 was reached in approximately 10 se-
conds, decreasing the flow time and the release of
the tensions. This behavior is close to a conventio-
nal polymerization process. Similarly, in group 3,
the light intensity utilized in the first layer was 300
mW/cm2, considered to be a medium intensity, fo-
llowed by an output of 550 mW/cm2, resulting in a
light energy density of 56 J/cm2 when summing the
three layers. In contrast the conventional polyme-
rization resulted in 66 J/cm2. For the calculation of
the light energy density the formula, X intensity
time 19 was employed, not considering therefore,
the flow or significant differences in microleaka-
ge. The results in group 4, where the soft-start po-
lymerization was employed with an initial output
of 100 mW/cm2, followed by a complementary li-
ght intensity of 550 mW/cm2 in each layer, sho-
wed no statistically significantly differences in
microleakage from the other groups.

Considering that a low light intensity of 100
mW/cm2 is not enough for complete polymerizati-
on due to the inability to properly activate the pho-
to-initiators present in resin composites 16, and that
10 seconds is a quarter of the total exposition time,
resin composites exposed to a conventional light
intensity behave similarly to non pre-polymerized
ones, with no relief of the generated tensions, as
showed by Friedl et al.10(2000). Sakaguchi & Ber-
ge 19 also showed that there were no significant
differences in the polymerization shrinkage and in
the polymeric conversion when comparing two dis-
tinct light intensities, one low and one high, to a
more conventional one.

The tension generated during the polymerizati-
on shrinkage of a resin composite antagonizes the
adhesiveness at the dentine surfaces during the po-
lymerization process. The C-factor 8, is the ratio
between the adhered surfaces and the free surfaces,
the higher the C-factor the higher the probability of
an adhesive failure at the dentine-resin interface
composite restoration during the polymerization
shrinkage in the entire cavity, especially during a
bulk insertion 17, these findings are in agreement with
the results of this study due to the high level of pe-
netration of the methylene blue dye.

Suliman et al.22 showed that the size of a restorati-
on, the C-factor, the insertion technique (layering or
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bulk), the activation method (chemical or photo-cu-
ring) and the material composition, influence the de-
velopment of stresses during the pre-gel phase, the
authors further suggested that the proximal cavity con-
figuration, a box type, might have had an effect upon
the outcomes of the study. Moreover, Nordbo et
al.18(1998), showed that a round, or saucer, cavity con-
figuration presents advantages over a box type due to
the direction of the force vectors during the polymeri-
zation shrinkage. The box configuration develops high
levels of tensions at the interfaces, while in the round
configuration the vectors are directed toward the free
surfaces, favoring the flow of the material. The choice
of the cavity design used in this study was made due to
the high incidence of amalgam restoration substituti-
on that possesses this configuration.

Sakaguchi et al.20(1992), stated that the occlu-
sal-cervical extension of cavities presents clinical
difficulties during the insertion of resin composi-
tes, what could lead to a poor adaptation of the
material, causing gaps and consequently increasing
microleakage. Moreover, the distancing of the
emission light device from the cervical margins,
decreases substantially and critically the light in-
tensity at these areas and could influence the appe-
arance of flaws at the tooth-restoration interface.

In this study, no statistically significant differen-
ce was demonstrated between the resin composites,
Z250 (indicated for universal use) and P60 (indica-
ted for posterior restorations). It may be speculated

that the similarity in the resin composite formulati-
ons was responsible for the outcomes. The inorganic
filler content of both materials is composed of Zirco-
nium/Silica particles; Z250 with 60 vol. %, and P60
with 61 vol. % of inorganic fillers, without the silane
agent and with a particle average of between 0.19 and
3.3 _m. Moreover, the organic matrixes of P60 and
Z250 possess Bis-GMA, UDMA, and Bis-EMA.
Thus, further research with the utilization of materi-
als possessing distinct compositions, which could give
different outcomes, is recommended.

The literature presents studies with different
results, employing similar methodologies or with
small discrepancies, making more detailed studies
necessary or clinical studies that could provide in-
formation about the longevity of restorations po-
lymerized with distinct light intensities.

CONCLUSION

The variations in the light intensity did not show
statistically significant differences in microleaka-
ge when evaluating the sealing capability of the
two resin composites tested, or statistically signi-
ficant differences in the averaged medium values
of these materials.

Under these test conditions, most of the resto-
rations could not prevent microleakage of the uti-
lized dye solution.

RESUMO

A proposta deste estudo foi avaliar, in vitro, a infiltração marginal em restaurações classe II de compósitos fotoa-
tivados com diferentes intensidades luminosas. Foram utilizados 80 dentes terceiros molares, com preparos cavi-
tários ocluso-proximais com término cervical em dentina. Estes dentes foram divididos em dois grupos os quais
foram restaurados com os compósitos Z250 e P60 (3M). Cada grupo foi dividido em quatro subgrupos os quais
receberam intensidade luminosa diferenciada durante o procedimento restaurador. Nos subgrupos 1A e 1B foi
empregada a intensidade de ± 550 mW/cm_ nos três incrementos; nos subgrupos 2A e 2B a intensidade foi expo-
nencial de 0 a 600 mW/cm_ em cada incremento; nos subgrupos 3A e 3B, no primeiro incremento a intensidade foi
de 300 mW/cm_ e 550 mW/cm_ nos outro dois incrementos, e nos subgrupos 4A e 4B a intensidade foi de 100 mW/
cm2 por 10segundos, seguido de 550mW/cm2  por 30 segundos para cada incremento  . Para fotopolimerização foi
usado o aparelho Elipar Trilight (Espe). Em seguida, as amostras foram cobertas com duas camadas de esmalte
para unha e cera rosa para então serem imersas em solução corante de azul de metileno a 2% tamponado por duas
horas. Após o seccionamento as amostras foram analisadas em lupa esterioscópica Zeiss com 20X de aumento
onde foi mensurada a extensão da penetração do corante e transformada em escores. Os dados foram submetidos
à análise estatística empregando-se teste Kruskal-Wallis. Concluiu-se que não houve diferença estatisticamente
significante (p>0,05) entre os materiais restauradores utilizados bem como para a  intensidade luminosa.

UNITERMOS
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Camargo DAA,   Sinhoreti MAC,  Coelho CS,  Consani S,   Sobrinho LC

INFLUENCE OF VARYING LIGHT INTENSITY ON MICROLEAKAGE OF CLASS II RESTORATIONS

17 Cienc Odontol Bras 2003 jan./mar.; 6 (1): 11-7

ACKNOWLEDGEMENTS

FOP–UNICAMP and FOI–UNIVALI universities for partial support of this study.

REFERENCES

1. Anusavice KJ. Resina para restauração. In: Anusavice KJ  Phillips’
science of dental materials 10th. Rio de Janeiro: Guanabara Koogan;
1996. chap.12, p.161-77.

2. Barghi N, Berry T,  Hatton C.  Evaluating intensity output of cu-
ring lights in private dental offices. J Am Dent Assoc 1994
July.;125(7):992-6.

3. Burgess JO, De Goes MF, Walker R, Ripps, AH. An evaluation of
four light-curing unit  comparing soft and hard curing. Pract Pe-
riodontics Aesthet Dent 1999 Jan-Feb.;11(1):125-32.

4. Camargo DAA, Sinhoreti MAC, Consani S, Correr Sobrinho L.
In vitro evaluation of marginal leakage on Class II composite res-
torations. Braz J Oral Sci 2002 July/Sep;1(2):84-8.

5. Cândido MSM. Avaliação qualitativa da microinfiltração em res-
taurações de classe V com resina composta. Odonto 2000: Odon-
to séc XXI 1997 Jan/Jun;1(1):22-7.

6. Catirse ABCEB, Gonçalves Filho M, Dinelli W. Resinas com-
postas para dentes posteriores: estudo in vitro da resistência à
compressão em função do tempo de polimerização e material. J
Bras Cir 2000 Jan/Jun; 4(1):19-23.

7. Davidson CL, De Gee AJ, Feilzer A.  The competition between
the composite-dentine bond strength and the polymerizations con-
traction stress.  J Dent Res 1984 Dec;63(12):1396-9.

8. Davidson CL, De Gee AJ.  Relaxation of polymerization contrac-
tion stresses by flow  in dental composites. J Dent Res 1984
Feb;63(2):146-8.

9. Déjou J, Sindres V, Camps J.  Influence of criteria on the results
of in vitro evaluation of microleakage. Dent Mater 1996
Nov;12(6):342-9.

10.Friedl KH, Schmalz G, Hiller KA, Markl A. Marginal Adaption
of Class V  restorations with and without “softstart – polymariza-
tion”. Oper Dent 2000 Jan/Feb;25(1):26-32.

11. Goracci G, Mori G, Martinis LC. Curing light intensity and mar-
ginal leakage of  resin composite restorations. Quintessence In
1996 May; 27(5):355-62.

12. Kinomoto Y, Torii M, Takeshige F, Ebisu S. Comparison of poly-

merization contraction stresses between self- and light-curing
composites. J Dent 1999 July; 27(5):383-9.

13. Leinfelder KF. After Amalgam, what? Other materials fall short.
J Am Dent Assoc 1994 May;125(5):586-9.

14. Mangum Jr FI, Berry EA, Deschepper E, Rieger MR.  Microle-
akage of incremental versus compression matrix bulk filling of
cervical resin composite restorations. Gen Dent 1994 July/
Aug;42(4):304-8.

15. Maitland RI. Direct posterior class II composite.  Curr Opin Cos-
met Dent 1994;40-6. Review.

16. Mehl A, Hickel R, Kunzelmann KH.  Physical properties and
gap formation of light-curing composites with and without “soft-
start polymerization”. J Dent 1997 May/July; 25(3-4):321-30.

17. Nakabayashi NP, Pashley DH. Hibridização dos tecidos dentais
duros. São Paulo:Quintessence; 2000. 129 p.

18. Nordbo H, Leirskar J, Von Der Fehr FR. Saucer-shaped cavity
preparations for posterior proximal resin composite restorati-
ons: observations up to 10 years. Quintessence Int  1998
Jan;29(1):5-11.

19. Sakaguchi RL, Berge HX. Reduced light energy density decrea-
ses post-gel contraction  while maintaining degree of conversion
in composites. J Dent 1998 Nov;26(8):695-700.

20. Sakaguchi RL, Douglas WH, Peters MC. Curing light perfor-
mance and polymerization of composite restorative materials. J
Dent 1992 June; 20(3):183-8.

21. Sakaguchi RL, Versluis A, Douglas WH. Analysis of strain gage
method for measurement of post-gel shrinkage in resin composi-
tes. Dent Mater 1997 July; 13(4):233-9.

22. Suliman AH, Boyer DB, Lakes RS. Polymerization shrinkage of
composite resins: comparison with tooth deformation. J Prosthet
Dent 1994 Jan;71(1):7-12.

23. Versluis A, Douglas WH, Cross M, Sakaguchi RL. Does an in-
cremental filling technique reduce polymerization shrinkage stres-
ses? J Dent Res 1996 Mar;75(3):871-8.

24. Yoshikawa T, Burrow MF, Tagami J. A light curing method for
improving marginal sealing and cavity wall adaptation of resin
composite restorations. Dent Mater 2001 July; 17(4):359-66.

Recebido em: 16/12/02
Aprovado em: 16/01/03

Mário Alexandre Coelho Sinhoreti
Av. Limeira, 901, Bairro Areião

13414-903 , Piracicaba – SP
Phone: 55 (19) 430-5348

Fax: 55 (19) 430-5218
sinhoreti@fop.unicamp.br


