Review Article

Flowable Resin Composites:
A Systematic Review and Clinical

Considerations

ABSTRACT
Background: Little is known about flowable composite materials.
Most literature mentions conventional composite materials at
large, giving minimal emphasis to flowables in particular. This
paper briefly gives an in depth insight to the multiple facets of this
versatile material.

Aim: To exclusively review the most salient features of flowable
composite materials in comparison to conventional composites
and to give clinicians a detailed understanding of the advantages,
drawbacks, indications and contraindications based on
composition and physical/mechanical properties.

Methodology: Data Sources: A thorough literature search from
the year 1996 up to January 2015 was done on PubMed Central,
The Cochrane Library, Science Direct, Wiley Online Library, and
Google Scholar. Grey literature (pending patents, technical reports
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etc.) was also screened. The search terms used were “dental
flowable resin composites”.

Search Strategy: After omitting the duplicates/repetitions, a total
of 491 full text articles were assessed. As including all articles were
out of the scope of this paper. Only relevant articles that fulfilled the
reviewer’s objectives {mentioning indications, contraindications,
applications, assessment of physical/mechanical/biological
properties (in vitro/ in vivo /ex vivo)} were considered. A total of 92
full text articles were selected.

Conclusion: Flowable composites exhibit a variable composition
and consequently variable mechanical/ physical properties.
Clinicians must be aware of this aspect to make a proper material
selection based on specific properties and indications of each
material relevant to a particular clinical situation.

Keywords: Composite, Fracture toughness, Microleakage, Polymerization shrinkage

INTRODUCTION

The early 1990s hallmarked the use of composite materials in
dentistry. The initial composites were usually quartz-filled with large
filler particles, making restorations rough and difficult to polish. With
polish ability being a major aesthetic concern, a variety of newer
materials have emerged in response to the ever growing needs
expressed by dental practitioners. Composite resins derive their
physical properties/handling characteristics from the reinforcing
filler particles and viscosity from the resin matrix. A majority of direct
restorative composite resins fall into one of the following categories:
hybrid, nano-filled, microfill, packable and flowable composites [1].

The purpose of increasing the filler load is to improve the resistance
to functional wear and physical properties. Viscosity increases with
increase in filler loading. Most direct restorative composite have a
putty like consistency which is desirable for clinical situations but
there is a need to have a less viscous composite resin for better
adaptability with the cavity wall. For this reason, a new class of
“flowable composite resins” was introduced in late 1996 [2].

Flowable resin-based composites are conventional composites with
the filler loading reduced to 37%-53% (volume) compared to 50%-
70% (volume) for conventional minifiled hybrids. This altered filler
loading modifies the viscosity of these materials. Most manufacturers
package flowable composites in small syringes that allow for easy
dispensing with very small gauge needles. This makes them ideal for
use in small preparations that would be difficult to fill otherwise [3].

Most literature discusses conventional composite materials at
large, giving minimal emphasis to flowables in particular. The sole
objective of this paper was to exclusively review the most salient
features of flowable composite materials and to give clinicians a
detailed insight to the advantages, drawbacks, indications and
contraindications based on composition and physical/mechanical
properties. Clinicians are able to correlate this knowledge during
case selection, manipulation and placement for better longevity of
restorations.

METHODOLOGY

(i) Eligibility Criteria: Eligible for inclusion in this review was articles
published in English, dated from the year 1996 to January 2015.
The articles selected had to include the search terms either in
the title or abstract. Full text articles and literature reviews were
preferred. Unpublished articles in press, pending patents, personal
communications, manufacturer advertisements, etc were screened
and excluded. Our intent was to be broad in scope to ensure the
inclusion of as much relevant existing data as reasonably possible.

(i) Data Sources: A thorough literature search was done on PubMed
Central, The Cochrane Library, Science Direct, Wiley Online Library
and Google Scholar. The search terms used were “dental flowable
resin composites”.

(iii) Search Strategy: After omitting the duplicates/repetitions, a
total of 491 full text articles were screened. Literature reviews were
hand searched for prominent references.

(iv) Data Extraction: As including all articles were out of the scope of
this paper. Only relevant articles that fulfilled the reviewer’s objectives
{i.e. mentioning indications, contraindications, applications, assess
-ment of physical/mechanical/biological properties (in vitro/ in vivo /
ex vivo)} were considered.

RESULTS

From our search strategy we found only 8 review articles on the
PubMed database related to our search terms. However, none
explained flowable composites alone except one article by Unterbrink
et al.,, [4]. Hence, the authors were convinced to solely make a one
of a kind review on flowables that would update all aspects of the
material in detail. Following a strict qualitative analysis, a total of 92
full text articles were selected as summarized in [Table/Fig-1].

DISCUSSION

The sole purpose of this broadly inclusive review was to give
clinicians an in depth insight to the various facets of flowable
composite materials. Which brings us back to our question?
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714 records identified through 273 records identified through other
database searching

! ]

526 records identified and screened
after duplicates removed.

sources.

491 full text articles assessed for
igibility.

399 full text
articles exduded
did not fulfill
inclusion criteria.

92 full text articles included.

[Table/Fig-1]: Flowchart of the review process

Why use flowable composites?

At a first glance, they are not highly filled and are more susceptible
to wear in stress-bearing areas and hence, may not be a clinician’s
first choice. However, there are a few areas that require composite
in injectable form rather than its packable consistency. [Table/Fig-2]
summarizes the advantages and drawbacks of flowable composite
materials that need to be considered during case selection.

MAJOR CLINICAL INDICATIONS OF
FLOWABLE COMPOSITES

(i) Preventive Resin Restorations (for minimally invasive
occlusal Class I):

Flowable composite resin materials are ideal to restore what have
been termed, “Preventative Resin Restorations” (PRR’s) because
these are the most minimal of the Class | types and the needle
tip placement into these small preparations assures a well-
adapted restoration. Nonetheless, angled incremental deposition is
important in order to minimize the contraction force from the setting
composite [5]. According to a survey conducted by Savage et al.,
flowable composites are one of the most widely used restorative
materials for PRR’s with more than 30% of paediatric dentists using
a flowable composite or a combination of flowable and packable
composite [6].

(i) Pit and Fissure Sealants:

Accordingto evidence based review done by Jeanetal., flowables are
the first choice of materials for pit and fissure sealants [7]. However,
for effective placement and long-term retention of these materials
proper cleaning of pits and fissures, appropriate acid etching of
surfaces and maintaining a dry field uncontaminated by saliva until
the sealant is placed and cured is mandatory. Jafarzadeh et al.,
compared the retention of flowable composites with conventional
resin based sealants and concluded that flowable composites had
better retention when used as pit and fissure sealants [8]. Dukic et

Advantages Drawbacks

e High wet ability of the tooth surface, ensuring e High curing shrinkage:
penetration into every irregularity; due to lower filler load,

e Ability to form layers of minimum thickness, and
so improving or eliminating air inclusion or e Weaker mechanical
entrapment properties

e High flexibility, so less likely to be displaced
in stress concentration areas (cervical wear
processes and cavitated dentine areas);

e Radio-opaqueness

e Availability in different colours.

[Table/Fig-2]: Advantages and drawbacks of flowable composite materials
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al., concluded that flowable composite resins should be used in
combination with dentine bonding agents as they can improve the
strength of the adhesive bonding to enamel in fissures and reduce
marginal microleakage and improve retention rate [9].

(iii) Cavity Liners

There is a growing trend of using flowable composites as cavity
liners. However, postoperative sensitivity is still a major concern
[10]. Although many clinicians have been successful in reducing
postoperative sensitivity, clinical research shows no difference
in postoperative sensitivity between solely using an adhesive as
compared to just using a flowable composite as a liner [11]. Payne
et al., concluded that flowable composites are a good choice as
cavity liners [12]. They adapt well to the microstructural irregularities
of the cavity preparation prior to restorative composite placement.
Rainer et al., evaluated the use of flowable composite liners in
large extended class | restorations and concluded that large Class
| restorations without dentin support showed high amount of
marginal enamel fractures [13]. Lining with flowables improved the
initial marginal integrity.

(iv) Minimally invasive Class Il restorations and inner
layer for Class Il posterior composite resin placement in
sealing the gingival margin to avoid deficiencies:

For conservative preparation of Class Il interproximal caries with only
initial caries on the proximal surface and no caries on the occlusal
surface, a facial approach for the cavity preparation will leave the
marginal ridge intact [14]. Flowable composites are also ideally suited
for such facial approach Class Il cavity preparations [12]. Another
use for flowable composites is in conjunction with placement of
viscous packable composites. Leevailoj et al., evaluated packable
composite resin placement with and without a flowable composite
and found that there was significantly less microleakage in teeth
restored with the flowable composite resin as the first increment
in the proximal box [15]. Hence, the placement of an inner layer
of flowable composite below the final restorative packable material
can reduce microleakage at the gingival margins [16].

(v) Class V abfraction lesions

These are small angular Class V lesions attributed to the forces of
tooth flexure. When restored with a stiff hybrid composite resin,
the clinical success rate was only 70% [17]. The high failure rate
was attributed to the stiffness of the composite used. Thus, using a
flowable composite resin with a lower biaxial flexural strength than
traditional hybrid composites was assumed to improve the clinical
success of these restorations. A one year clinical study evaluating
Class V restorations using a flowable composite demonstrated that
all restorations were intact and showed no signs of postoperative
sensitivity after one year [18]. Many studies have concluded that
the use of flowable composites for non-carious Class V lesions is a
good choice [19].

OTHER APPLICATIONS OF FLOWABLE
COMPOSITES INCLUDE

i.  Bonding of orthodontic brackets [20] and lingual orthodontics
retainers [21].

i.  Splinting fractured and mobile teeth (post-trauma or periodontal
involvement) [22].

iii. ~ Emergency reattachment of fractured anterior tooth segment [23].

iv.  Repairing temporary restorations and adding to margins of
temporaries fabricated using bis-acryl composite resins.

v.  Opaquing metal substrates for example, porcelain fused to
metal (PFM) repairs.

vi.  Denture repairs: many companies offer different shades of pink
[24].
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vii. Repair of ditched amalgam margins [25].

viii. Repair of crown margins and composite restoration margins
[286].

ix. To block out small undercuts in indirect cavity preparations
[271].

x.  Repair of small porcelain fractures in non-stress-bearing areas

xi.  Minimally invasive Class Ill restorations [28].

xii. Luting porcelain and composite resin veneers [29].

xii. According to Helvey et al., flowable composites when used
as luting agents form an acid base resistant zone (ABRZ) in
dentine also termed as super dentine, which helps in preventing
secondary caries [30].

xiv. As a protective base in non-vital dental bleaching [31].

xv. Bonding of fibre posts in the restoration of endodontically
treated teeth [32].

PROPERTIES OF FLOWABLE COMPOSITES

(i) Strength & Fracture Toughness

Visible Light Cured flowable resin-based composites have a filler
loading of 37%-53% by volume in comparison with 50%-70% by
volume for conventional minifilled hybrids [2]. Bayne et al., evaluated
the filler percent, wear, compressive strength, diametral tensile
strength [26], indented biaxial flexure strength and toughness of
eight flowable and two hybrid composites. Mechanical properties
were about 60 to 90 percent than those of conventional composites.
Thus, concluding that flowable materials should be used with caution
in high-stress bearing areas. Nuray et al., evaluated the flexural
strength of eight flowable composites and concluded that the
control composite had the highest mean value for flexural strength
in comparison with the flowable composites [33]. Estaban D. Bonilla
et al., compared the resistance to crack propagation of 9 flowable
composites as measured by their fracture toughness and found no
significant difference among 7 of the 9 composites tested [34]. Also,
there was no correlation between the filler content by volume and
the fracture toughness of these flowable composites.

Kusai Baroudi et al., evaluated in vitro the failure-forces of flowable
composites at different distances from an interface edge of a bulk
material [35]. Seven materials were investigated. Two modes of
failure were observed cracking and chipping. The edge-strength
was used to differentiate between the materials and predict their
clinical marginal performance. It was found that the edge-fracture
resistance of flowable composites was lower towards the margins
than towards the center of a restoration. Burke et al., reported
marginal fracture of 18% and bulk fracture of 7% as the most
prevalent reasons for replacement of restorations when using resin-
composite materials [36]. From most of the available literature it can
be concluded that the main drawback of flowable composite resins
is low strength compared to conventional composite resin, attributed
to a low amount of filler, necessary for achieving low viscosity and
ease of handling. Hence, Sebastian Balos et al., conducted a study
to improve the mechanical properties of flowable composite resins
by adding a small amount of nanoparticles [37], which would not
compromise handling properties. A commercially available flowable
composite material was mixed with 7nm of after treated hydrophobic
fumed silica and cured by a UV lamp. Flexural modulus, flexural
strength and micro hardness were tested. Adding a small amount
of nanosilica was more effective in improving mechanical properties
without affecting handling characteristics of the composite. More
such studies are needed to better understand the strength of
flowable composites without altering its flow characteristics.

(ii) Wear Resistance & Polishability
In vitro abrasion wear tests have produced contradictory results
[38] and the clinical wear resistance of flowable composites has
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yet to be determined. However, because of the decreased filler
content and reduced physical properties, it is recommended that
flowables only be used in low-stress areas, or very conservative
occlusal restorations. Even studies evaluating the alterations in
surface morphology of flowables have attributed increased wear
due to reduced filler loading [39]. Fernanda et al., measured the
mass loss and surface roughness changes of different brands of
flowable resin composites in comparison with conventional micro
filled composites after a simulated toothbrushing test [40]. Flowable
composites proved to be inferior to the control groups. Linilin et al.,
evaluated the morphological changes of the surfaces of flowable
resins eroded by orange juice and alcoholic drinks [41]. Surface
degradation was observed for the specimens immersed in acidic and
alcoholic drinks, and it was thought that lower the filler percentage,
the greater was the surface degradation. Decomposition of the
matrix resin and fallout of the fillers were observed in flowable resins
that were eroded with acidic and alcoholic drinks. Thus, based on
the few studies evaluating surface abrasion it can be concluded that
the reduced filler content increases better polish ability but reduces
the overall wear resistance of flowables.

(iii) Flow

The fluidity of flowable composites is a characteristic property of
this material. The amount of fluidity varies significantly from one
product to another [1]. Hence, the viscosity and flow characteristics
of flowable resin composites can have a potential influence on
their clinical behaviour during handling and thus on their clinical
indications [42]. Bayne et al., measured the flow of 5 flowables
and found that the most fluid had 5 times the flow of the least fluid
[26]. As a result of differences in viscosity, flowable composites
vary considerably in polymerization shrinkage, stiffness, and other
physical properties. Moon et al., compared the variation in viscosity
of flowable composites using the ADA Flow Test and measured film
thickness with a test to simulate flow during cementation [43]. Flow
characteristics were divided into high flow, medium flow and low
flow groups. The film thickness measurements agreed with the ADA
flow test, except for two exceptions.

According to Sebastein Beun et al., flowable composites are non-
Newtonian, shear-thinning materials which showed a decrease in
viscosity as the shear rate increased [44]. Another study by the
same author concluded that flowable composites have by far better
mechanical properties than pit and fissure sealants [45]. Kusai
Baroudi et al., evaluated the creep behaviour of flowable composites
in relation to their filler fraction and postcure period [46]. Flowables
that had the highest percentage of filler produced the lowest creep
strain. The creep response decreased with 1 month of preload
storage. Clinically, the finding of this study suggests that flowable
composites are unsuitable for stress-bearing areas. Hence, when
the flowability increases the filler loading is reduced which affects
the overall strength of flowables.

(iv) Polymerisation Shrinkage & Modulus of Elasticity

Dimensional stability of dental resin-composites is essential for
the longevity and function of the restoration. Dental composites
consisting of dimethacrylate resins filled with inorganic filler particles
undergo volumetric shrinkage when cured. This shrinkage results
in corresponding stresses which may cause mechanical failure
at the composite/tooth interface, de-bonding, microleakage and
secondary caries in addition to enamel fractures [47,48]. Most
flowable composites have an average volume polymerization
shrinkage rate of 5% [49]. Kusai Baroudi et al., concluded that the
polymerization shrinkage-strain of flowable composites should be
taken into consideration in combination with their filler-fraction [50],
which highly influences their shrinkage behaviour. Lower filler loading
materials, are more likely to be highly fluid. Even though these
materials exhibited substantial polymerization shrinkage, they might
be successfully used in microconservative occlusal cavities, as the
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consequences of polymerization shrinkage would be low because
of the limited volume of the material used. However, in deep bulk-
filled cavities fractures along the cavosurface enamel margin and
cracks along the enamel wall have been detected [51].

Ichiro lkeda et al., evaluated the marginal integrity and wall
adaptation in 1- and 2-mm-deep cavities restored with a high filler-
loaded flowable composite in comparison to a flowable composite
with lower filler content and a conventional hybrid composite
[562]. No differences in marginal integrity and wall adaptation were
observed for 1 mm deep cavities. For 2 mm deep cavities, outcome
with the higher filler loaded flowable composite was similar to that
of the conventional hybrid composite when restored with the bulk
technique. Incremental technique gave a superior result when
compared to bulk fill in 2 mm deep cavities.Although manufacturers
of bulk fill flowable composites advocate filing layers of 4mm, it
should be suggested that the standard 2mm layer increments still
be used because of the high shrinkage values [53]. The literature
also showed that in general the higher the monomer content and
the more flowable, the higher the shrinkage [54-56] and the faster
the conversion rate to the gel phase [57-59].

Toshiki et al., evaluated the influence of power density on contraction
stress of composite materials during photopolymerization [60]. Six
flowable composites were compared with a hybrid resin composite.
The study concluded that the higher the power intensity of the
curing unit the higher was the contraction stress. Janaina et al.,
compared the linear polymerization shrinkage (LPS) [61], flexural
strength (FS) and modulus of elasticity (ME) of low-viscosity resin
composites with a well established conventional micro-hybrid
composite as a standard. When compared with low viscosity
composites, conventional resin presented significantly lower LPS
associated with high FS and ME.

According to Labella et al.,, the magnitude and kinetics of
polymerization shrinkage [62], together with elastic modulus, may
be potential predictors of bond failure of adhesive restorations. The
authors concluded that, flowable composites generally showed
higher shrinkage than traditional non-flowable composites. The
elastic moduli of hybrid composites showed the highest values, while
the flowable composites were in the low-medium range and the
microfilled the lowest. The higher shrinkage of flowable composites
over that of hybrids may indicate a potential for higher interfacial
stresses. However, their lower rigidity may be a counteracting
factor. From literature it can be concluded that many factors might
have an influence on the volumetric shrinkage of a material i.e., filler
content, filler size, type of monomers, monomer content, organic
matrix type, organic matrix conversion factors, power intensity of
the curing unit, thickness of the material/depth of the cavity and
technique of placement of the material [63].

(v) Marginal Integrity (Microleakage)

Majority of restorative materials show variable levels of marginal
microleakage due to changes in dimension and a lack of good
adaptation to the cavity wall [64]. This lack of adaptation is partly
due to polymerization contraction and extreme temperatures in the
oral cavity, which may break the adhesion between the adhesive
system and the cavity walls [65]. Clinical consequences of marginal
microleakage are pulpal pathology, secondary carious lesions,
post operative pain and sensitivity leading to potential failure of the
restoration [66]. The degree of polymerization contraction is also
influenced by the amount of resin matrix. Flowable composites
have a higher percentage of resin matrix than their traditional hybrid
counterparts. Thus, it could be thought that they could contract more
during polymerization and create more tension in the union agents
than the traditional composites, resulting in greater microleakage
[63]. However, flowable composites are recommended for the initial
increments that serve as cavity liners in proximal boxes of Class |l
restorations as the material adapts itself to the internal irregularities
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of the preparation. A posterior composite is then placed on top to
provide strength and wear resistance. In vitro microleakage and
gap formation studies on this technique are contradictory [67,68].
However, the use of flowable composite as a liner under hybrid
and packable composite has shown a trend towards less leakage
compared to hybrid and flowable composite alone [69].

Malmstrom et al., evaluated class Il restorations located supra CEJ
(with gingival margins in enamel) with 2 mm thick flowable resin
gingival increments which demonstrated significantly less leakage
than those with 0.5 mm thickness [70]. When the margin of the
restoration was located sub-CEJ (in dentin/cementum), neither the
thickness nor the presence of flowable resin as a gingival increment
significantly influenced the marginal leakage. According to Conte
et al., a newer category of bulk fill composites recommend 4 mm
thick increments [71], which reduces the shrinkage stresses during
polymerization. Kwon et al., determined if flowable composites
can be used as pit and fissure sealants without bonding agents
and found that the flowable composites and filled sealants showed
a similar resin tag formation pattern [72]. However, the use of a
filled sealant was more effective in sealing mechanically prepared
occlusal fissures in comparison to flowable composites.

Ascension et al., evaluated the effects of thermo-cycling on
microleakage beneath brackets bonded with orthodontic composite
and different flowable materials [73]. Some degree of microleakage
was found in all the groups investigated. However, flowable resins
showed a poorest performance. When evaluating the influence of
different light curing units and modes on microleakage of flowable
composite resins. The authors concluded that flowable composite
resin leakage was material dependent [74]. From the various studies
comparing the microleakage of flowables in cervical cavities (class
V) it was found that, flowable composites were similar or slightly
poorer to hybrid composites [75,76], similar or slightly superior
to compomers but far better than glass ionomer restorations
[77,78]. Hence, the marginal integrity of flowable composites is
still questionable and more clinical trials need to be performed to
confirm their performance.

(vi) Radiopacity

Radiopacity is an essential property which allows the dentist to
distinguish radio graphically, existing restorations and primary caries,
to evaluate contours, overhangs, and major voids in restorations,
and to assist in the identification of recurrent caries [79]. According
to the International Organization for Standardization ISO-4049 [80],
flowable composites should have a radiopacity value equal to or
greater than that of the same thickness of aluminum. According to
Bayne et al., the low filler content of flowable composites (41-53% by
volume and 56-70% by weight) is a reason for their low radiopacity
compared to the traditional hybrid composites. Radiographic
assessment is important to detect interstitial and recurrent caries.
It is difficult to distinguish a material with a low radiopacity from
secondary caries [26]. To improve their clinical detection, the
minimum radiopacity level of composite resin restorations should be
higher than that of dentine or slightly in excess than that of enamel
[81]. However, the results of previous studies have suggested that
a number of commercially available flowable composites lack the
necessary radiopacity [82,83]. In clinical practice, it is not unusual to
encounter patients who have flowables of low radiopacity present in
their mouths. For this reason clinicians should be careful in selecting
the material as not many exhibit a radiopacity equal to or greater
than that of enamel [84].

(vii) Colour Stability

The colour stability of flowables is an important factor to maintain
the longevity of these restorations relating to aesthetic concerns.
However, only a few studies have been reported evaluating colour
stability. Bin et al., evaluated the optical properties such as colour,
translucency and fluorescence of flowable resin composites, and
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compared them with the corresponding shade of universal resin
composites of the same brand [85]. The authors concluded that the
optical properties of flowable and universal resin composites were
significantly different; therefore, differences in colour, translucency
and fluorescence between the flowable and the corresponding
universal resin composites should be considered for clinically
acceptable colour matching. According to Yonca et al., effects of
aging on colour of flowable composites were shade dependent
[86]. Translucency was not affected by accelerated aging. In
another study, the influence of fluoride-containing solutions on
the translucency of flowable composite resins was evaluated. It
was found that fluorides altered the inherent translucency of the
materials tested. Flowables have a composition with lower load
particles than micro-hybrid and micro particle resins. Thus, there is
a higher proportion of matrix resin, which can benefit dye retention
from various intraoral solutions used [87].

(viii) Biocompatibility

Flowable composites are known to produce a higher level of cell
toxicity compared to their conventional counterparts. This increase
in toxicity has been attributed to the presence of increased resin
diluents that are added to achieve higher flow [88].According to a
recent in vitro study done by MN Hegde et al., it was concluded that
a significant release of BisGMA and TEGDMA resin was released
from the flowable composite materials tested [89]. However,
Muhammet Yalcin et al., evaluated the cytotoxicity of six different
flowable composites and found them to be less toxic [90]. More
future studies need to be performed to confirm these results. Kusai
Baroudietal., investigated the pulpal temperature rise induced during
the polymerization of flowable and non-flowable composites using
light-emitting diode and halogen light-curing units and concluded
that flowable composites exhibited higher temperature rises than
non-flowable materials [91]. Their lower filler loading and higher
resin content increases the exothermic reaction. Several previous
investigators have concluded that a change in exotherm was caused
by differences in a materials composition [92].The highly exothermic
nature of the setting reaction of flowable composite produced a
substantial temperature rise which could cause pulpal damage in
deep restorations. Hence, it is important to maintain caution when
using flowable composites in deeper restorations.

Correlating the Ideal Properties of Flowable
Composite Materials with Their Clinical Significance
and Clinical Considerations

Now that, we have a detailed understanding of the various properties
of flowable composites it is important for a clinician to correlate
this knowledge clinically during case selection, manipulation and
restoration. [Table/Fig-3] summarizes the influence of reduced filler
content on the various properties of flowable composite materials
and [Table/Fig-4] summarizes the correlation between the ideal
properties of flowables with their clinical significance and clinical
indications.

CONCLUSION

Flowable composites form an inhomogeneous group of materials.
They exhibit a wide variety in their composition and consequently
a variety in mechanical and physical properties. Clinicians must be
aware of this variability, thus selecting the most appropriate material
based on a particular clinical situation. Flowables are relatively newer
members to the family of conventional composites and clinical
studies still do not provide conclusive results of their performance
in the oral environment, suggesting that long term clinical trials are
necessary. Within the limitations of this review, the authors would
like to conclude that flowable composites, once thought to be a
passing fad, have become a versatile workhorse in various aesthetic
dental procedures. They surely do claim to be a promising material
for the future.
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FLOWARLE COMPOSITES
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Biowompatikility

Decreased
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Incregsed Polymedzation shrinkage
Increased Microleakage

Decreasad Modulus of Elasticity
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[Table/Fig-3]: Summarizes the influence of reduced filler content on the various

properties of flowable composite materials

Ideal Property Clinical Significance Clinical Indications
Flow ability for easy manipulation e Minimal occlusal class | cavities
and adaptability to * Preventive Resin Restorations
cavity e Pit & Fissure sealants
e Minimally invasive Class Il proximal
Increased for better wear boxes
strength {e3|sLance and fracture | o Cavity Liners
oughness e Minimally invasive class IlI
Low shrinkage | for reduced restorations
microleakage and e Class V abfraction lesions
better marginal e Bonding of orthodontic brackets/

adaptation lingual orthodontics retainers

e Splinting fractured and mobile teeth

Radiopacity to diﬁereqtiate between | o Emergency reattachment of
the material and fractured anterior tooth segment
secondary caries e Repairing temporary restorations
Shades colour adaptative N Dentgre repairs .
corresponding | qualities when used ° Repa!r of ditched amalgam margins
to in combination o Reytaaw tqf crown/pomposﬁe
conventional with conventional restoration margins )
composites composites ¢ To block out small undercuts in
indirect cavity preparations
Polishability for better aesthetics e Repair of small porcelain fractures in
and long- non-stress-bearing areas
lasting shine e |uting porcelain/composite resin

veneers

Colour stability | for better aesthetics o Asa protective base in non-vital

Bio- less toxic to the pulp dental bleaching .
compatibility | and surrounding soft ¢ Bonding of fibre posts in the
tissues restoration of endodontically treated

teeth

[Table/Fig-4]: Summary of the ideal properties of flowable composites with their

clinical significance and clinical indications

REFERENCES

[1] Burgess JO, Walker R, Davidson JM. Posterior resin-based composite: A review
of the literature. Pediatric Dentistry. 2002;24:465-79.

[2] Garcia AH, Lozano MAM, Vila JC, Escribano AB, Fos Galve P. Composite resins.
A review of the materials and clinical indications. Medicina Oral Patologia Oral Y
Cirugia Bucal. 2006;11:E215-20.

[3] Murchison D, Charlton D, Moore W. Comparative radiopacity of flowable resin
composites. Quintessence International. 1999;30:179-84.

[4] Unterbrink GL, Lienbenberg WH. Flowable resin composites as “filled adhesives”™:
Literature review and clinical recommendations. Quintessence International.
1999;30:249-57.

[5] Randall G. Cohen, DDS, The Expanded Use of Improved Flowable Composite,
Dentaltown.com, June 2008, pages 62-72. www.dentaltown.com/pdfs/
dtjune08pg62.pdf

[6] Savage B, McWhorter AG, Kerins CA. Preventive resin restorations: practice and
billing patterns of pediatric dentists. Pediatric Dentistry. 2009;31:210-15.

[7] Beauchamp J, Caufield PW, Crall JJ, Donly K, Feigal R, Gooch B, et al. Evidence-
based clinical recommendations for the use of pit-and-fissure sealants. Journal
of American Dental Association. 2008;139:257-67.

[8] Jafarzadeh M, Malekafzali B, Tadayon N, Fallahi S. Retention of a Flowable
Composite Resin in Comparison to a Conventional Resin-Based Sealant: One-
year Follow-up. Journal of Dentistry. 2010;7:1-5.

[9]1 Dukic W, Glavina D. Clinical evaluation of three fissure sealants: a 24 month
follow up European Archives of Pediatric Dentistry. 2007;8:163-66.

[10] Christensen G. Preventing postoperative sensitivity in Class |, Il, and V
restoratations. Journal of American Dental Association. 2002;133:229-31.

[11] Perdigéo J, Anauate-Netto C, Carmo AR, Hodges JS. The effect of adhesive and
flowable composites on postoperative sensitivity: 2-weekresults.Quintessence
International. 2004;35:777-84.

[12] Payne JH. The marginal seal of class ii restorations: flowable composite resin
compared to injectable glass ionomer. Journal of Clinical Pediatric Dentistry.
1999;23:123-30.

Journal of Clinical and Diagnostic Research. 2015 Jun, Vol-9(6): ZE18-ZE24



www.jcdr.net

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]
[24]
[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]
[43]
[44]

[45]

[46]

[47]

Rainer H, Michael JW, Michael JN. Marginal and internal adaptation of extended
class | restorations lined with flowable composites. Journal of Dentistry.
2003;31:231-39.

Strassler HE. Predicatable and successful posterior packable Class Il composite
resins. American Dental Institute for Continuing Education. 2001;75:15-23.
Leevailoj C. Microleakage of posterior packable resin composites with and
without flowable liners. Operative Dentistry. 2001;26:302-07.

Majety KK, Pujar M. In vitro evaluation of microleakage of class Il packable composite
resin restorations using flowable composite and resin modified glass ionomers as
intermediate layers. Journal of Conservative Dentistry. 2011;14:414-17.

McCoy RB. Clinical success of Class V composite resin restorations without
mechanical retention. Journal of American Dental Association. 1998;129:593-
99.

Estafan D, Schulman A, Calamia J. Clinical effectiveness of a Class V flowable
composite resin system. Compendium of Continuing Education in Dentistry
Journal. 1999;20:11-15.

Kubo S, Yokota H, Yokota H, Hayashi Y. Three-year clinical evaluation of a
flowable and a hybrid resin composite in non-carious cervical lesions. Journal of
Dentistry. 2010;38:191-200.

Ryou DB, Park HS, Kim KH. Use of flowable composites for orthodontic bracket
bonding. The Angle Orthodontist. 2008;78:1105-09.

Tabrizia S, Salemisb E, Usumezc S. Flowable Composites for Bonding
Orthodontic Retainers. The Angle Orthodontist. 2010;80:195-200.

Strassler HE, Heeri A, Gultz J. New generation bonded reinforcing materials
for anterior periodontal tooth stabilization and splinting. Dental Clinics of North
America. 1999;43:105-26.

Small BW. Emergency reattachment of fractured tooth using dentin bonding
agent and flowable composite. Oral Health. 1996;86:33-37.

Bohnenkamp DM, Garcia LT. Repair of bis-acryl provisional Restorations Using
Flowable Composite Resin. Journal of Prosthetic Dentistry. 2004;92:500-02.
Roberts HW, Charlton DG, Murchison DF. Repair of non-carious amalgam margin
defects. Operative Dentistry. 2001;26:273-76.

Bayne SC. A characterization of first-generation flowable composites. Journal of
American Dental Association. 1998;129:567-77.

Papacchini F, Radovic |, Magni E. Flowable composites as intermediate agents
without adhesive application in resin composite repair. American Journal of
Dentistry. 2008;21:53-58.

Fortin D, Vargas M. The Spectrum of Composites: New Techniques And
Materials. Journal of American Dental Association. 2000;131:26-30.

Barceleiro Mde O, De Miranda MS, Dias KR, Sekito T Jr. Shear bond strength of
porcelain laminate veneer bonded with flowable composite. Operative Dentistry.
2003;28:423-28.

Helvey GA. Creating super dentin: using flowable composites as luting agents
to help prevent secondary caries. Compendium of Continuing Education in
Dentistry Journal. 2013;34:288-300.

Llena C, Amengual J, Forner L. Sealing capacity of a photochromatic flowable
composite as protective base in nonvital dental bleaching. International
Endodontic Journal. 2006;39: 185-89.

Albaladejo A, Osorio R, Papacchini F, Goracci C, Toledano M, Ferrari M. Post
silanization improves bond strength of translucent posts to flowable composite
resins. Journal of Biomedical Materials Research Part B: Applied Biomaterials.
2007,;82B:320-24.

Attar N, Tam LE, McComb D. Flow, Strength, Stiffness and Radiopacity of Flowable
Resin Composites. Journal of Canadian Dental Association. 2003;69:516-21.
Bonilla ED, Yasharb M, Caputo AA. Fracture toughness of nine flowable resin
composites. Journal of Prosthetic Dentistry. 2003;89:261-67.

Baroudi K, Silikas N, Watts DC. Edge-strength of flowable resin-composites.
Journal of Dentistry. 2008;36:63-68.

Burke FJT, Wilson NHF, Cheung SW, Mijor IA. Influence of Patient Factors on
age of Restorations at Failure and reasons for their placement and replacement.
Journal of Dentistry. 2001;29:317-24.

Balos S, Pili B, Petronijevi B, Markovi D, Mirkovi S, Sarev |. Improving mechanical
properties of flowable dental composite resin by adding silica nanoparticles.
Vojnosanitetski Pregled. 2013;70:477-83. DOI: 10.2298/VSP1305477B

Dang H, Sarrett D. Wear behaviour of flowable and condensable composite
resins. Journal of Dental Research. 1999;78:447.

Salerno M, Derchi G, Thorat S, Ceseracciu L, Ruffili R, Barone AC. Surface
morphology and mechanical properties of new-generation flowable resin
composites for dental restoration. Dental Materials. 2011;27:1221-28.

Garcia FCP, Wang L, D’Alpino PHP, de Souza JB, de Aratjo PA, de LiaMondelli RF.
Evaluation of the roughness and mass loss of the flowable composites after simulated
tooth brushing abrasion. Brazilian Oral Research Journal. 2004;18:156-61.

Han L, Okamoto A, Fukushima M, Okiji T. Evaluation of Flowable Resin
Composite Surfaces Eroded by acidic and alcoholic drinks. Dental Materials
Journal. 2008;27:455-65.

Lee IB, Son HH, Um CM. Rheologic properties of flowable, conventional hybrid,
and condensable composite resins. Dental Materials. 2003;19:298-307.

Moon PC, Tabassian MS, Culbreath TE. Flow characteristics and fim thickness
of flowable resin composites. Operative Dentistry. 2002;27:248-53.

Beun S, Bailly C, Devaux J, Leloup G. Rheological properties of flowable resin
composites and pit and fissure sealants. Dental Materials. 2008;24:548-55.
Beun S, Bailly C, Devaux J, Leloup G. Physical, mechanical and rheological
characterization of resin-based pit and fissure sealants compared to flowable
resin composites, Dental Materials. 2012;28:349-59.

Baroudi K, Silikas N, Watts DC. Time dependent visco-elastic creep and recovery
of flowable composites. Eur J Oral Sci. 2007;115(6):517-21.

Davidson CL, Feilzer AJ. Polymerization shrinkage and polymerization shrinkage
stress in polymer-based restoratives. Journal of Dental Research. 1997;25:435—
40.

Journal of Clinical and Diagnostic Research. 2015 Jun, Vol-9(6): ZE18-ZE24

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[78]

[76]

[77]

[78]

Kusai Baroudi and Jean C. Rodrigues et al., Flowable Composites

Millar BJ, Nicholson JW. Effect of curing with plasma light on the properties
of polymerizable dental restorative materials. Journal of Oral Rehabilitation.
2001;28:549-52.

Radz G. An Improved Bonding System and Flowable Composite for Fast,
Effective Class V Restorations. Inside Dentistry. 2006;2(5).

Baroudi K, Saleh AM, Silikas N, Watts DC. Shrinkage behaviour of flowable
resin-composites related to conversion and filler-fraction. Journal of Dentistry.
2007;35:651-55.

Braga RR, Hilton TJ, Ferracane JL. Contraction stress of flowable composite
materials and their efficacy as stress-relieving layers. Journal of American Dental
Association. 2003;134: 721-28.

lkeda I, Otsuki M, Sadr A, Nomura T, Kishikawa R, Tagami J. Effect of filler
content of flowable composites on resin-cavity interface. Dental Materials
Journal. 2009;28:679-85.

Mulder R, Grobler SR, Osman YI. Volumetric change of flowable composite
resins due to polymerization as measured with an electronic mercury dilatometer.
Oral Biology and Dentistry. 2013;1:1-5.

Goncalves F, Kawano Y, Braga RR. Contraction stress related to composite
inorganic content. Dental Materials. 2010;26:704-09.

Pfeifer CS, Ferracane JL, Sakaguchi RL, Braga RR. Factors affecting
photopolymerization stress in dental composites. Journal of Dental Research.
2008;87:1043-47.

Bukovinszky K, Molnar L, Bako J, Szaloki M, Hegedus C. Comparative study of
polymerization shrinkage and related properties of flowable composites and an
unfilled resin. Fogorv Sz Journal. 2014;107:3-8.

Silikas N, Eliades G, Watts DC. Light intensity effects on resin composite degree
of conversion and shrinkage strain. Dental Materials. 2000;16:292-96.
Stavridakis MM, Dietschi D, Krejci |. Polymerization shrinkage of flowable resin-
based restorative materials. Operative Dentistry. 2005;30:118-28.
Helvatjoglu-Antoniadesa M, Papadogiannisa Y, Lakesb RS, Dionysopoulosa P,
Papadogiannisa D. Dynamic and static elastic moduli of packable and flowable
composite resins and their development after initial photo curing. Dental
Materials. 2006;22:450-59.

Takamizawa T, Yamamoto A, Inoue N, Tsujimoto A, Oto T, Irokawa A, et al.
Influence of Light Intensity on Contraction Stress of Flowable Composites.
Journal of Oral Sciencs. 2008;50:37-43.

Xaviera JC, de MeloMonteirob GQ, JapiasstiResendeMontesa MA. Polymerization
Shrinkage and Flexural Modulus of Flowable Dental Composites. Materials
Research. 2010;13:381-84.

Labella R, Lambrechts P, Van Meerbeek B, Vanherle G. Polymerization shrinkage
and elasticity of flowable composites and filled adhesives. Dental Materials.
1999;15:128-37.

Braga RR, Ballester RY, Ferracane JL. Factors involved in the development of
polymerization shrinkage stress in resin-composites: a systematic review. Dental
Materials. 2005;21:962-70.

Mali P, Deshpande S, Singh A. Microleakage of restorative materials: an in vitro
study. Journal of the Indian Society of Pedodontics and Preventive Dentistry.
2006;24:15-18.

Youssef M, Youssef F, Souza-Zaroni W, Turbino M, Vieira M. Effect of enamel
preparation method on in vitro marginal microleakage of a flowable composite
used as a pit and fissure sealant. International Journal of Paediatric Dentistry.
2006;16:342-47.

Alani AH, Toh CG. Detection of microleakage around dental restorations: a
review. Operative Dentistry. 1997;22:173-85.

Sensi LG, Marson FC, Monteiro S Jr, Baratieri LN, Caldeira de Andrada MA.
Flowable composites as "filled adhesives:" a microleakage study. J Contemp
Dent Pract. 2004:15; 5(4):32-41.

Olmez A, Oztas N, Bodur H. The effect of flowable resin composite on
microleakage and internal voids in class Il composite restorations. Operative
Dentistry. 2004;29:713-19.

Lokhande NA, Padmai AS, Rathore VP, Shingane S, Jayashankar DA, Sharma U.
Effectiveness of flowable resin composite in reducing microleakage - an in vitro
study. Journal of International Oral Health. 2014;6:111-14.

Malmstrém HS, Schiueter M, Roach T, Moss ME. Effect of thickness of flowable
resins on marginal leakage in class Il composite restorations. Operative Dentistry.
2002;27:373-80.

Conte NR Jr, Goodchild JH. Flowable Composites Resins: Do they decrease
microleakage and shrinkage stress? Compendium of Continuing Education in
Dentistry Journal. 2013;34 (spec issue 4):1-6.

Kwon HB, Park KT.SEM and microleakage evaluation of 3 flowable composites
as sealants without using bonding agents. PediatrDent. 2006; 28(1):48-53.
Vicente A, Ortiz AJ, Bravo LA. Microleakage beneath brackets bonded with
flowable materials: effect of thermocycling. European Journal of Orthodontics.
2009;31:390-96.

Yazicia AR, Celikb C, Dayangacc B, Ozgunaltayc G. Effects of Different Light
Curing Units/ Modes on the Microleakage of Flowable Composite Resins.
European Journal of Dentistry. 2008;2:240-46.

Kubo S, Yokota H, Yokota H, Hayashi Y. Microleakage of cervical cavities restored
with flowablecomposites. American Journal of Dentistry. 2004;17:33-37.
Chimello DT, Chinelatti MA, Ramos RP, Dibb RGP. In Vitro Evaluation of
Microleakage of a Flowable Composite In Class V Restorations. Brazilian Dental
Journal. 2002;13:184-87.

Qin M, Liu H. Clinical evaluation of a flowable resin composite and flowable
compomer for preventive resin restorations. Operative Dentistry. 2005;30:580—-
87.

Xie H, Zhang F, Wu Y, Chen C, Liu W. Dentine bond strength and microleakage
of flowable composite, compomer and glass ionomer cement. Australian Dental
Journal. 2008;53:325-31.



Kusai Baroudi and Jean C. Rodrigues et al., Flowable Composites

[79]

[80]

[81]

[82]

[83]

[84]
[85]

[86]

Hara AT, Serra MC, Haiter-Neto F, Rodrigues AL Jr. Radiopacity of esthetic
restorative materials compared with human tooth structure. American Journal of
Dentistry. 2001;14: 383-86.

ISO Standard 4049.Dentistry—Polymer-Based Filing, Restorative and Luting
Materials. Geneva,Switzerland: International Organization for Standardization.
2000:1-27.

Bouschlicher MR, Cobb DS, Boyer DB. Radiopacity of compomers, flowable
and conventional resin composite forposterior restorations. Operative Dentistry.
1999;24:20-25.

Erglct Z, Turkin LS, Onem E, Guneri P. Comparative radiopacity of six flowable
resin composites. Operative Dentistry. 2010;35:436-40.

YildiimD, Ermis BR, Gormez O, Yildiz G. Comparison of radiopacities of
different flowable resin composites. Journal of Oral and Maxillofacial Radiology .
2014;2:21-25. DOI: 10.4103/2321-3841.133562

Fortin D, Vargas MA. The spectrum of composites: new techniques and materials.
Journal of the American Dental Association. 2000;131(Suppl):26S-30S.

YuB, Lee YK. Differences in color, translucency and fluorescence between flowable
and universal resin composites. Journal of Dentistry. 2008 Oct;36(10):840-46.
Yonca KC, Ontiveros JC, Powers JM, Paravina RD. Accelerated Aging Effects
on Colour and Translucency of Flowable Composites. Colour and Appearance in
Dentistry. 2014;26:272-78. DOI: 10.1111/jerd. 12093

[87]

[88]

[89]

[90]

[91]

[92]

www.jcdr.net

Santos PA, Dibb RG, Corona SAM, Catirse ASE, Garcia PNS. Influence of
fluoride-containing solutions on the translucency of flowable composite resins.
Journal Of Materials Science. 2003;38:3765-68.

Al-Hiyasat AS, Darmani H, Milhem MM. Cytotoxicity evaluation of dental resin
composites and their flowable derivatives. Clinical Oral Investigations. 2005;9:21-
25.

Hegde MN, Wali A. BisGMA and TEGDMA elution from two flowable nanohybrid
resin composites: an in vitro study. British Journal of Medicine and Medical
Research. 2015;5: 1096-104. DOI:10.9734/BJMMR/2015/12951

Yalcin M, Ulker M, Ulker E, Sengun A. Evaluation of cytotoxicity of six different
flowable composites with the methyl tetrazolium test method. European Journal
of General Dentistry. 2013;2:292-95.

Baroudi K, Silikas N, Watts DC. In vitro pulp chamber temperature rise from
irradiation and exotherm of flowable composites. International Journal of Pediatric
Dentistry. 2009;19:48-54. DOI: 10.1111/j.1365-263X.2007.00899.x

Al-Qudah AA, Mitchell CA, Biagioni PA, Hussey DL. Thermographic investigation
of contemporary resin containing dental materials. Journal of Dentistry.
2005;33:593-602.

PARTICULARS OF CONTRIBUTORS:
Associate Professor of Pedodontics, Department of Restorative Dental Sciences, Alfarabi Colleges, Riyadh, Saudi Arabia.
Lecturer of Endodontics, Department of Restorative Dental Sciences, Alfarabi Colleges, Riyadh, Saudi Arabia.

1.
2.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Kusai Baroudli,

Associate Professor of Pedodontics, Department of Restorative Dental Sciences Al-Farabi College,
Riyadh 11691, P.O.Box 85184, Kingdom of Saudi Arabia.
E-mail: d_kusai@yahoo.co.uk

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Date of Submission: Nov 26, 2014
Date of Peer Review: Mar 30, 2015
Date of Acceptance: May 09, 2015

Date of Publishing: Jun 01, 2015

Journal of Clinical and Diagnostic Research. 2015 Jun, Vol-9(6): ZE18-ZE24



