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Clinical Relevance

Despite recent developments in dentin-bonding systems, flowable composite resins, and
restorative procedures, microleakage resistance of the restoration–tooth surface interface
remains problematic. In this in vitro study on minimally invasive Class I restorations, the
flowable composites used, with their manufacturers’ bonding systems, all produced more
microleakage than a conventional microhybrid composite control. Microbubbles were found
within many of the flowable composite restorations; these might result in undue
restoration pitting or degradation.

SUMMARY

Minimally invasive flowable composite Class I
restorations are widely used. However, flow-
able composites are characterized by low filler
contents, modified resin formulations, low

moduli of elasticity, low viscosity, generally
poor mechanical properties, and decreased
long-term stability. The purpose of this study
was to compare the microleakage resistance of
a wide variety of flowable composites used
with their manufacturers’ recommended bond-
ing systems to that of a long-used and widely
studied microhybrid composite when placed as
minimally invasive occlusal restorations. Mo-
lar teeth were prepared in a standardized
manner, restored, artificially aged, stained,
sectioned, evaluated, and analyzed. Microleak-
age varied substantially, by a whole order of
magnitude, among the material groups tested.
The control group, a conventional microhybrid
composite material, leaked significantly less
than all the flowable composite groups. Micro-
leakage varied very slightly among measure-
ment site locations. Tiny microscopic bubbles
were seen within many of the flowable com-
posite specimens, as were a few voids.
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INTRODUCTION

Although fluoride treatment can successfully reduce
smooth surface caries, occlusal pits and fissures
remain at risk.1-3 Early diagnosis combined with
conservative interceptive adhesive treatment of
occlusal caries may preserve the integrity of the
remaining tooth and increase its longevity.4,5 Mini-
mally invasive flowable composite Class I restora-
tions have gained widespread use because of their
pleasing esthetics, the belief that they require less
removal of sound tooth structure than for amalgam
restorations, and the perception that adhesion to
enamel will reduce the risk of leakage and secondary
caries.6,7

However, polymerization shrinkage of resinous
composites can result in loss of adhesion and micro-
gap formation.8 Loss of adhesion and microgap
formation may allow microleakage of bacteria and
their toxic products; these contribute to postopera-
tive tooth sensitivity, development of secondary
caries, pulpal disease, marginal staining, and resto-
ration failure.9-13

Techniques such as incremental buildup and soft-
start light polymerization have been used with the
aim of improving the depth of cure, reducing
polymerization stress, and minimizing its unwanted
developed effects.14,15 However, other studies have
not found significant differences between bulk and
incremental insertion in terms of magnitude and
distribution of stress at the bonded interface.16,17

Highly filled composites, containing proportionally
less resin, likely undergo less shrinkage. However,
these materials have higher elastic moduli and a
lower propensity for stress relaxation, as well as are
thought to be more difficult to place in conservative
tooth preparations. Alternatively, it has been sug-
gested that flowable composites with less filler and
lower viscosities might be easier to place, especially
in inaccessible areas, and might reduce the effects of
polymerization shrinkage through increased stress
relaxation.18-21 It has been suggested that the ease of
flowable composite placement facilitates superior
adaptation, but supportive data are lacking. Since
their introduction in the mid-1990s, flowable com-
posites have become widely used for a broad range of
restorative applications such as liners, bases, build-
ups, bulk restorative materials, or sealants. Flow-
able composites generally contain lower filler
concentrations and modified resin formulations.
They are characterized by low moduli of elasticity,
low viscosity, generally poor mechanical properties,
and decreased long-term stability.22 Flowable resins

may manifest superior notched-beam fracture tough-
ness values in comparison to conventional micro-
hybrid composites23,24; however, such findings must
be tempered by their tendency toward greater
deformation. Some studies have suggested that
flowable composites may protect bonding agents
from the effects of polymerization stress of the
restorative material, thus reducing the microleak-
age.18,19 However, other studies have found no
significant reduction of marginal microleakage when
flowable composite linings were used.13,25

The microleakage resistance of composites for
conservative Class I restorations has rarely been
evaluated. Therefore, the purpose of this study was
to compare the microleakage resistance of flowable
composites to that of a long-used and widely studied
microhybrid composite, used with their manufactur-
ers’ recommended bonding agents, when placed as
minimally invasive occlusal restorations.

METHODS AND MATERIALS

Tooth Preparation

One hundred freshly extracted human molars were
stored in water at room temperature. These were
mostly third molars with an even distribution of
upper and lower teeth. The roots of the teeth were
cleaned using periodontal curettes and then mount-
ed in acrylic resin blocks, leaving the crowns
exposed. A fissurotomy bur (Micro STF, SS White,
Lakewood, NJ, USA), with flutes 0.6 mm in diameter
and 1.5 mm in height, was used to make shallow
preparations within the enamel of the central fossae
of the molars. These minimally invasive Class I
restorations were 3 mm in length from mesial to
distal, 0.6 mm in width, and 1.5 mm in depth. To aid
in standardizing the preparations, the handpiece
(Tradition Midwest, Dentsply, York PA, USA) was
mounted in a surveyor parallometer system (Ney
products, Dentsply). Prepared teeth were arbitrarily
assigned to one of 10 material groups (n=10) to
ensure that upper and lower teeth, or larger and
smaller teeth, were evenly distributed.

Restoration

Ten different flowable resin composite–bonding
agent groups were included (Table 1). These includ-
ed representative products from a wide range of
manufacturers. Nine of these groups contained a
flowable composite; one control group contained a
widely used microhybrid composite as a control.
Each restorative material was paired with an
adhesive from, and specifically recommended for
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this purpose by, the same manufacturer. Condition-
ers, dentin bonding agents, and the flowable com-
posite resins were applied following their
manufacturer’s instructions using syringes. The
control material was delivered from a unidose tip
directly into the preparation using a unidose gun/
dispenser. The preparations were filled to the
occlusal cavosurface margins. After the excess
composite resin was removed with a composite metal
spatula, the composites were light cured for 40
seconds at 800 mW per square centimeter (Spectrum
800, Denstsply), finished, and polished using a
composite polishing kit (Diacomp, Brasseler, Savan-
nah, GA, USA) with water spray.

Microleakage Assessment

After restoration, the teeth were stored in water at
378C for 14 days to ensure hydration of the resinous
restorations. Next, the restorations were then arti-
ficially aged by thermal cycling from 58C to 508C for

1000 cycles, with dwell and travel times of 20
seconds. The process of thermocycling causes differ-
ential contraction of restoration and tooth, which
stresses their interface. After artificial aging, the
entire surface of each tooth was coated with two
layers of a clear nail polish, with the exception of 1
mm around the circumference of the restoration
margins, to prevent leakage through other avenues.
The restored teeth were then submerged in a 50%
solution of silver nitrate for 60 minutes, rinsed with
water, placed in photo developer (D76, Eastman
Kodak, Rochester, NY), and exposed under a 150-W
floodlamp for 30 minutes to ensure reduction and
immobilization of the silver nitrate stain. The
specimens were then embedded in slow-setting,
low-viscosity, clear epoxy resin (Hapex 1200A/1226,
Hastings Plastics, Santa Monica, CA, USA). The
specimens were sectioned faciolingually through
reference marks, scribed on the midfacial and
midlingual aspects of the teeth using a wide diamond
blade in a slow-speed saw with copious aqueous
irrigation (Isomet, Buehler, Evanston, IL, USA).
This provided four tooth-restoration interfaces for
measurement of stain penetration on each specimen:
mesiofacial (MF), mesiolingual (ML), distolingual
(DL), and distofacial (DF). The sectioned samples
were then re-exposed to the 150-W floodlamp for 5
minutes to ensure that all of the silver nitrate stain
would turn black and be fixed.

Microleakage was recorded as a continuous para-
metric variable as the distance of stain penetration
in millimeters, in a plane parallel to the long axis of
the tooth, measured at 303 magnification using a
toolmakers microscope (Unitron, Commack, NY,
USA) and digital positioners calibrated to an
accuracy of 0.1 lm (Boeckeler Instruments, AZ,
USA; Figure 1).

Analysis

Mean microleakage means and associated standard
deviations were calculated for each material group
and plotted. Two-way analysis of variance was
performed to evaluate the main effects of material
type, measurement site, and their interaction
(p,0.05). The Tukey multiple comparisons test was
then computed to determine which materials dif-
fered from one another (p,0.05).

RESULTS

Microleakage varied substantially, by a whole order
of magnitude, among the material groups tested
(Table 2; Figure 2; p,0.0001). Material type ac-
counted for almost all of the variation produced in

Table 1: Flowable Composites, Their Bonding Agents
(Group Abbreviations), and Manufacturers

(R2-OB) Revolution 2; OptiBond SOLO; SDS Kerr,
Orange, CA, USA

(VF-TQ) Virtuoso Flowable; Tenure Quick w/FL; Den-
Mat, Santa Maria, CA, USA

(UF-UB) UniFil FLOW; UniFil Bond; GC America,
Alsip, IL, USA

(HM-EX) Heliomolar Flow; Excite; Ivoclar Vivadent,
Amherst, NY, USA

(AF-OS) Aelite Flo LV; One Step PLUS; Bisco,
Schaumburg, IL, USA

(FF-SB) Filtek Flow; Single Bond; 3M ESPE, St Paul,
MN, USA

(PF-PQ) Permaflo; PQ1; Ultradent Products, South
Jordan, UT, USA

(FI-B1) Flow-it ALC; Bond 1; PENTRON Clinical
Technologies, Wallingford, CT, USA

(GD-GB) Gradia Direct Flo; G Bond; GC America,
Alsip, IL, USA

(HX-OB) Herculite XRV; OptiBond SOLO; SDS Kerr,
Orange, CA, USA
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this experimental model (Table 2). Microleakage also
varied among measurement site locations (Table 2;
Figure 3; p=0.005). However, material type and
measurement site did not interact to influence
microleakage; that is, their effects were simply
summative, and materials were equally affected by
the measurement site locations (Table 2; p=0.1).

Almost all of the variation was attributable to the
material choice (Table 2). Among the material
groups, multiple comparisons testing showed that
the control group, a conventional microhybrid com-
posite with its associated bonding agent (HX-OB),
leaked significantly less than all nine of the flowable
composites tested. Many statistically significant
differences in microleakage resistance were dis-
cerned among the nine flowable composites (Figure
2). Material choice had an enormous impact on the
microleakage resistance of minimally invasive com-
posite restorations.

Measurement site had a statistically significant,
but very small, effect (Table 2; Figure 3). Multiple
comparisons testing revealed that the ML/P site
leaked significantly less than MF and DF there was
no difference in leakage among DL,DF, and MF
sites. This experimental model attributed a differ-
ence in microleakage to tooth morphology.

Defects or bubbles were seen within the bulk
restorative materials in 56% of the 200 sections
(Figure 1). Mostly, these bubbles were very small,
approximately 50 to 100 lm in diameter, but three
larger voids were seen. They often appeared as white

spots on the sectioned specimens because they
tended to be filled with sectioning debris. The defects
had no influence on interfacial leakage. Only groups
HX-OB and UF-UB were entirely without bubbles or

voids. Groups R2-OB and FI-B1 had six specimens
with bubbles or voids, group FF-SB had five
specimens with bubbles or voids, groups AF-SB and

PF-PQ had four specimens with bubbles or voids,
groups VF-TQ and GD-GB had three specimens with
bubbles or voids, and group HM-EX had two
specimens with bubbles or voids. Because of the

unexpected identification of tiny bubbles and larger
voids, the flowable composites that had manifested
bubbles and voids on sectioning were expressed

directly onto glass slabs, polymerized, sectioned,
and examined as above. For all of these materials,
tiny bubbles were revealed, but larger voids were

absent.

DISCUSSION

Despite a long search for materials and techniques to

ensure adhesion to tooth structure so as to minimize
leakage, the interface between restoration and tooth
remains problematic.26 Advances continue, but lim-
itations persist at macro, micro, and nano levels.27,28

In the present in vitro study, the inorganic com-
pound silver nitrate was selected because it has been
accepted as a suitable method for measuring both

microleakage and nanoleakage.29,30 The silver ion is
very small (0.059-nm diameter) when compared with
the size of a typical bacteria (0.5-1.0 lm).31 This

small size and high reactivity makes silver nitrate
an appropriate agent to detect the nanoporosities.32

Table 2: Two-Way Analysis of Variance for the Main
Effects of Material Group and Measurement Site
and Their Interaction (p,0.05).

Source
of Variation

Sum
of Squares

Degrees
of Freedom

F-Ratio p Value

Material 39.9 9 865 ,0.0001

Site 0.1 3 4 0.005

Interaction 0.2 27 1 0.1

Residual 1 200

Total 41 239

Figure 1. Macro photographs of representative sectioned tooth
specimens. Microleakage was recorded as the distance of stain
penetration in millimeters, in a plane parallel to the long axis of the
tooth, from the restoration margin to its most apical extent using a
toolmaker’s microscope and digital positioners. Microbubbles can be
visualized as white spots within the bodies of all of these sectioned
restorations, especially the one on the right.
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Figure 2. Bar graph of microleakage of composite and bonding agent groups in millimeters. Means and standard deviations are displayed. Flowable
composite groups are illustrated by black bars; the control microhybrid composite group is illustrated by a gray bar. Statistically similar groups are
linked by horizontal lines (p.0.05).

Figure 3. Bar graph of microleakage of measurement site locations in millimeters. Means and standard deviations are displayed. Statistically similar
groups are linked by horizontal lines (p.0.05).
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Multiple factors may influence the microleakage
resistance of minimally invasive composite restora-
tions. These likely include polymerization shrinkage,
resistance to deformation or elastic modulus, cavity
configuration, the amounts of exposed enamel and
dentin, and the restorative procedures them-
selves.8,33-36 It has been reported that marginal gaps
increase as cavity designs change from a V-shaped to
box-shaped configurations.37 The term cavity config-
uration factor (C-factor) has been used to describe
differences in cavity design.38 A high C-factor
indicates a high ratio of bonded to unbonded tooth/
composite surfaces, corresponding to high stress
levels and increased probability of separation of the
composite from the wall of the tooth preparation.
This effect is caused by a reduction in unbonded
surfaces, which restricts the composite’s ability to
flow to relieve polymerization stress. Hence, shallow
cavities tend to have lower C-factors, but deep or
narrow cavities tend to have higher C-factors. In this
study of minimally invasive fissure preparations, the
cavities were relatively shallow but proportionally
very narrow. In contrast, a fissure sealant would
tend to be shallower and much wider with a much
more favorable configuration, whereas a convention-
al deeper and bulkier restoration would have a less
favorable configuration.

Conflicting data on the microleakage and caries
resistance of bonded flowable composites in compar-
ison to those of conventional fissure sealants have
been reported.39,40 This may be explained by the
wide variation in filler content and other properties
of commercially available flowable composites.22,24,41

This current study identified substantial differences,
sixfold, in microleakage resistance among nine
commercially available bonded flowable composites
(Table 2; Figure 2).

In this study, the entire preparation was in
enamel and had a shallow and narrow standardized
conservative outline form. Because bonding to
enamel is known to be very predictable, similar
performances might have been expected. However,
some of the differences found may be ascribed to the
use of self-etching primers. The two test groups with
significantly more microleakage than all others used
self-etching primers. Self-etching adhesives are
more effective on ground enamel than on intact
enamel because self-etching materials do not create
an enamel-etching pattern as well defined as those
produced by a separate step 37% phosphoric acid
etching.42 Pertinently, the same bonding agent was
used both with the conventional microhybrid control
material (HX-OB) and with a flowable composite

made by the same manufacturer (R2-OB); the
flowable composite recorded five times more micro-
leakage than the conventional microhybrid (Figure
2). It is possible that the conservative cavity
preparations, without undercuts, used in this cur-
rent study tended to be cut along or obliquely to rods,
rather than across enamel rods, exacerbating the
lesser etching ability of the self-etching adhesives.

Recently, preheating composite resin with appro-
priate devices such as Calset (AdDent Inc, Danbury,
CT, USA) has been advocated as a method to reduce
paste viscosity, to improve internal adaptation and
marginal adaptation, and to shorten curing times.43-

45 Preliminary studies have demonstrated improved
flowability and handling characteristics of preheated
resins without alteration of their physical proper-
ties.46 A strong positive correlation between temper-
ature and monomer conversion has also been
demonstrated in vitro.47,48 However, in vitro testing
of adaptation and microleakage resistance of pre-
heated resins has produced mixed results.49,50

Identification of tiny bubbles in flowable compos-
ites that were expressed directly onto glass slabs and
polymerized suggests that they were pre-existing as
a result of manufacturing methods. The authors
believed that the three larger voids they identified
were related to the technical difficulties in placing
flowable composite into narrow minimally invasive
restorations. Although it is widely believed that
flowable composite resins are easy to apply without
voids, our results and those of others suggest that
porosities remain.25,51 Flowable composites inher-
ently contain proportionally more resin and less
filler than conventional composites. This reduces
their viscosity and enhances their flowability. How-
ever, this makes them more difficult to pack into
cavity preparations and increases the technical
difficulty of removing microbubbles during the
manufacturing process.

Anusavice, long ago, discussed criteria for the
selection of restorative materials: properties vs
technique sensitivity.52 He identified the viscosity
of composite resins as one of many factors influenc-
ing technique sensitivity. Both viscosity and void
concentration influence rheology, or flow. However,
study of the influence of rheology on technique
sensitivity and clinical performance still remains in
its infancy. It is also important to note that operator
preference is quite a different matter than technique
sensitivity or material performance.

Clinical preparation designs for minimally inva-
sive restorations differ widely. The preparation
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design used in this study, created using a standard
fissurotomy bur, was extremely conservative, but it
was also relatively narrow and deep, having an
unfavorable C-factor. Another approach was taken
by Mertz-Fairhurst and others in a landmark study
on ultraconservative cariostatic sealed restora-
tions.53 They used 458 to 608 enamel bevels at least
1 mm wide but did not excavate carious dentin. This
cavity conformation likely attained a highly favor-
able C-factor. An autocured highly-filled hybrid
composite was placed and shaped, then covered with
bonded fissure sealants. These restorations, placed
directly over carious dentin in frankly cavitated
lesions, arrested carious progress for 10 years,
despite frequent loss of marginal seal. That data
indicated that shallow sealed hybrid composite
restorations are capable of conserving tooth struc-
ture, preventing recurrent caries, and extending
restoration survival. That data also indirectly sug-
gested that both the use of flowable composites and
narrow deep fissurotomy preparations must be
critically examined, or at least compared with other
preparation designs.

The authors recognize that the generally disap-
pointing results of this current study cannot neces-
sarily be extrapolated to clinical performance.
However, the authors advocate that minimally
invasive Class I composite restorations be restored
using long-used and well-studied conventional mi-
crohybrid composites until flowable composites have
been validated in long-term controlled clinical trials.

CONCLUSIONS

Microleakage varied substantially, by a whole order
of magnitude, among the material groups tested. The
control group, a conventional microhybrid composite
material used with its manufacturer’s recommended
bonding agent, leaked significantly less than a wide
variety of flowable composites used with their
manufacturers’ recommended bonding agents. Mi-
croleakage varied very slightly among measurement
site locations. Tiny microbubbles were seen within
many of the flowable composite specimens, as were a
few voids.

(Accepted 5 August 2011)

REFERENCES

1. Mandel ID (1996) Caries prevention: current strategies,
new directions Journal of the American Dental Associa-
tion 127(10) 1477-1488.

2. Li SH, Kingman A, Forthofer R, & Swango P (1993)
Comparison of tooth surface-specific dental caries attack

patterns in U.S. schoolchildren from two national surveys
Journal of Dental Research 72(10) 1398-1405.

3. Tagliaferro EP, Pardi V, Ambrosano GM, Meneghim MC,
& Pereira AC (2008) An overview of caries risk assess-
ment in 0–18 years olds over the last ten years (1997–
2007) Brazilian Journal of Oral Sciences 7(27) 1682-1690.

4. White JM, & Eakle WS (2000) Rationale and treatment
approach in minimally invasive dentistry Journal of the
American Dental Association 131(6) 13S-19S.

5. Beun S, Bailly C, Devaux J, & Leloup G (2008) Rhelogical
properties of flowable resin composites and pit and fissure
sealants Dental Materials 24(4) 548-555.

6. Simecek JW, Diefenderfer KE, & Cohen ME (2009) An
evaluation of replacement rates for posterior resin-based
composite and amalgam restorations in US Navy and
Marine recruits Journal of the American Dental Associ-
ation 140(2) 200-209.

7. Beazoglou T, Eklund S, Heffley D, Meiers J, Brown LJ, &
Bailit H (2007) Economic impact of regulating the use of
amalgam restorations Public Health Reports 122(5)
657-663.

8. Carvalho RM, Pereira JC, Yoshiyama M, & Pashley DH
(1996) A review of polymerization contraction: the
influence of stress development versus stress relief
Operative Dentistry 21(1) 17-22.

9. Brännström M, Linden LA, & Astrom A (1967) The
hydrodynamics of the dental tubule and of the pulp fluid
Caries Research 1(4) 310-317.

10. Brännström M (1987) Infection beneath composite resin
restorations: can it be avoided? Operative Dentistry 12(4)
158-163.

11. Bergenholtz G, Cox CF, Loesche WJ, & Syed SA (1982)
Bacterial leakage around dental restorations: its effect on
the dental pulp Journal of Oral Pathology 11(6) 439-450.

12. Brännström M, Mattsson B, & Torstenson B (1991)
Materials techniques for lining composite resin restora-
tions: a critical approach Journal of Dentistry 19(2)
71-79.

13. Jain P, & Belcher M (2000) Microleakage of Class II resin-
based composite restorations with flowable composite in
the proximal box American Journal of Dentistry 13(4)
235-238.

14. Lutz E, Krejci I, & Oldenburg TR (1986) Elimination of
polymerization stresses at the margins of posterior
composite resin restorations: a new restorative technique
Quintessence International 17(12) 777-784.

15. Watts DC, & Hindi AA (1999) Intrinsinc ‘‘Soft-Start’’
polymerization shrinkage-kinetics in an acrylate-based
resin-composite Dental Materials 15(1) 39-45.

16. Versluis A, Douglas WH, Cross M, & Sakaguchi RL (1996)
Does an incremental filling technique reduce polymeriza-
tion shrinkage stress? Journal of Dental Research 75(3)
871-878.

17. Kuijs RH, Fennis WM, Kreulen CM, Barink M, &
Verdonschot N (2003) Does layering minimize shrinkage
stresses in composite restorations? Journal of Dental
Research 82(12) 967-971.

296 Operative Dentistry

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-01 via free access



18. Kemp-Scholte CM, & Davidson CL (1988) Marginal
sealing of curing contraction gaps in Class V composite
resin restorations Journal of Dental Research 67(5)
841-845.

19. Kemp-Scholte CM, & Davidson CL (1990) Complete
marginal seal of Class V resin composite restorations
effected by increased flexibility Journal of Dental Re-
search 69(6) 1240-1243.

20. Attar N, Tam LE, & McComb D. (2003) Flow, strength,
stiffness and radiopacity of flowable resin composites
Journal of the Canadian Dental Association 69(8)
516-521.

21. Abedian B, & Millstein P (2006) An effective method for
spreading flowable composites in resin-based restorations
Operative Dentistry 30(5) 151-154.

22. Bayne SC, Thompson JY, Swift EJ Jr, Stamatiades P, &
Wilkerson M (1998) A characterization of first-generation
flowable composites Journal of the American Dental
Association 129(5) 567-577.

23. Bonilla ED, Mardirossian G, & Caputo AA (2001)
Fracture toughness of posterior resin composites. Quin-
tessence International 32(3) 206-210.

24. Bonilla ED, Yashar M, & Caputo AA (2003) Fracture
toughness of nine flowable resin composites. Journal of
Prosthetic Dentistry 89(3) 261-267.

25. Chuang SF, Liu JK, Chao CC, Liao FP, & Chen YM (2001)
Effects of flowable composite lining and operator experi-
ence on microleakage and internal voids in Class II
composite restorations. Journal of Prosthetic Dentistry
85(2) 177-183.

26. Van Meerbeek B, Yoshida Y, & Lambrechts PA (1998)
TEM study of two water-based adhesive systems bonded
to dry and wet dentin. Journal of Dental Research 77(1)
50-59.

27. Eick JD, Miller RG, Robinson SJ, Bowles CQ, Gutshall
PL, & Chappelow CC (1996) Quantities analysis of the
dentin adhesive interface by Auger spectroscopy Journal
of Dental Research 75(4) 1027-1033.

28. Sano H, Takatsu T, Ciucchi B, Horner JA, Matthews WG,
& Pashley DH (1995) Nanoleakage: leakage within the
hybrid layer Operative Dentistry 20(1) 18-25.

29. Mair LH (1991) Staining of in vivo subsurface degrada-
tion in dental composite with silver nitrate Journal of
Dental Research 70(3) 215-220.

30. Awliya WY, & El-Sahn AM (2008) Leakage pathway of
Class V cavities restored with different flowable resin
composite restorations Operative Dentistry 33(1) 31-36.

31. Hammesfahr PD, Huang CT, & Shffer SE (1987) Micro-
leakage and bond strength of resin restorations with
various bonding agents Dental Materials 3(4) 194-199.

32. Li SH, Burrow MF, & Tyas MJ (2000) Nanoleakage
pattern of four dentin bonding systems Dental Materials
16(1) 48-56.

33. Davidson CL, & de Gee AJ (2000) Light-curing units,
polymerization, and clinical implications Journal of
Adhesive Dentistry 2(3) 167-173.

34. Braem M, Finger W, Van Doren VE, Lambrechts P, &
Vanherle G (1989) Mechanical properties and filler

fraction of dental composites Dental Materials 5(5)
346-349.

35. Lu H, Lee YK, Oguri M, & Powers JM (2006) Properties of
a dental resin composite with a spherical inorganic filler
Operative Dentistry 31(6) 734-740.

36. Yamazaki PC, Bedran-Russo AK, & Pereira PN (2008)
The effect of load cycling on nanoleakage of deproteinized
resin/dentin interfaces as a function of time. Dental
Materials 24(7) 867-873.

37. Asmussen E, & Munksgaard EC (1988) Bonding of
restorative resins to dentin: status of dentin adhesive
and impact on cavity design and filling techniques
International Dental Journal 38(2) 97-104.

38. Feilzer AJ, De Gee AJ, & Davidson CL (1987) Setting
stress in composite resin in relation to configuration of
the restoration Journal of Dental Research 66(11)
1636-1639.

39. Francescut P, & Lussi A (2006) Performance of a
conventional sealant and a flowable composite on mini-
mally invasive prepared fissures Operative Dentistry
31(5) 543-550.

40. Kwon HB, & Park KT (2006) SEM and microleakage
evaluation of 3 flowable composites as sealants without
bonding agents Pedriatic Dentistry 28(1) 48-53.

41. Braga RR, Ballester RY, & Ferracane JL (2005) Factors
involved in the development of polymerization shrinkage
stress in resin composites: a systematic review Dental
Materials 21(10) 962-970.

42. Perdigão J, & Geraldeli S. (2003) Bonding characteristics
of self-etching adhesives to intact versus prepared enamel
Journal of Esthetic and Restorative Dentistry 15(1) 32-41.

43. Friedman J (2003) Thermally assisted polymerization of
composite resins Contemporary Esthetics and Restorative
Practice 7(5) 45-46

44. Lovell LG, Lu H, Elliott JE, Stansbury JW, & Bowman
CN (2001) The effect of cure rate on the mechanical
properties of dental resins Dental Materials 17(6)
504-511.

45. Blalock JS, Holmes RG, & Rueggeberg FA (2006) Effect of
temperature on unpolymerized composite resin film
thickness Journal of Prosthetic Dentistry 96(6) 424-432.

46. Daronch M, Rueggeberg FA, Moss L, & de Goes MF
(2006) Clinically relevant issues related to preheating
composites Journal of Esthetic and Restorative Dentistry
18(6) 340-350.

47. Daronch M, Rueggeberg FA, & De Goes MF (2005)
Monomer conversion of pre-heated composite Journal of
Dental Research 84(7) 663-667.

48. Trujillo M, Newman SM, & Stransbury J (2004) Use of
near-IR to monitor the influence of external heating on
dental composite photopolymerization Dental Materials
20(8) 766-777.

49. Wagner WC, Asku MN, Neme AM, Linger JB, Pink FE, &
Walker S (2008) Effect of preheating resin composite on
restoration microleakage Operative Dentistry 33(1) 72-78.

50. Sabatini C, Blunck U, Denehy G, & Munoz C (2010) Efect
of pre-heated composites and flowable liners on Class II

Bonilla & Others: Flowable Composite Microleakage 297

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-01 via free access



gingival margin gap formation Operative Dentistry 35(6)
663-671.

51. Opdam N, Roeters J, de Boer T, Pesschier D, &
Bronkhorst E. (2003) Voids and porosities in Class I
micropreparations filled with various resin composites
Operative Dentistry 28(1) 9-14.

52. Anusavice KJ (1989) Criteria for selection of restorative
materials: properties versus technique sensitivity. In:

Anusavice KJ (ed) Quality Evaluation of Dental Restora-

tions: Criteria for Placement and Replacement Quintes-

sence, Chicago 34-40.

53. Mertz-Fairhurst EJ, Curtis JW Jr, Ergle JW, Rueggeberg

FA, & Adair SM (1998) Ultraconservative and cariostatic

sealed restorations: results at year 10. Journal of the

American Dental Association 129(1) 55-66.

298 Operative Dentistry

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-01 via free access



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


