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ABSTRACT

Flowable bulk-fill resin-based composites (BF-RBCs) represent a new and interesting alternative
for the bulk-fill restorative techniques in the posterior region. However, they comprise a hetero-
geneous group of materials, with important differences in composition and design. Therefore,
the aim of the present systematic review was to compare the main properties of flowable BF-
RBCs, including their composition, degree of monomer conversion (DC), polymerization shrink-
age and shrinkage stress, as well as flexural strength. The search was conducted following
PRISMA guidelines in the Medline (PubMed), Scopus and Web of Science databases. In vitro
articles reporting on the DC, polymerization shrinkage/shrinkage stress, and flexural strength of
flowable BF-RBCs strength were included. The QUIN risk-of-bias (RoB) tool was used for assess-
ing the study quality. From initially 684 found articles, 53 were included. Values for DC ranged
between 19.41 and 93.71%, whereas polymerization shrinkage varied between 1.26 and 10.45%.
Polymerization shrinkage stresses reported by most studies ranged between 2 and 3 MPa.
Flexural strength was above 80 MPa for most materials. A moderate RoB was observed in most
studies. Flowable BF-RBCs meet the requirements to be indicated for bulk fill restoration tech-
nigue in the posterior region. However, important variations among composition and properties
hinder extrapolation of the results to materials different from those reported here. Clinical stud-
ies are urgently required to assess their performance under a real working scenario.
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Introduction

Bulk-fill (BF-RBCs) were
introduced to the dental market during the last dec-
ade, aiming to solve issues associated with the incre-

fundamental requirements: (1) an adequate degree of
monomer conversion (DC) throughout the material;
and (2) the ability to compensate or dissipate poly-
merization shrinkage stress at the cavity margins [2].
Whereas the former has been achieved to a large
extent by increasing the translucency of the material
and by using alternative and more efficient initiation
systems than camphorquinone, [3] the latter has been
optimized by modifying the chemistry of the mono-
mers, as well as improving their interaction with the
filler particles [4].

resin-based composites

mental technique in posterior teeth. Initially, the term
bulk-fill was used to designate resin composites that
allowed 4-5mm thick increments, being adequate for
the full-body and base bulk-fill techniques [1].
However, product marketing by dental manufacturers
has slowly installed the bulk-fill concept as a new

class of materials, rather than the technique to which
it originally referred. This has become a non-negligible
source of confusion among clinicians, as so-called
BE-RBCs comprise an heterogenous group of materi-
als, with important differences in composition and
properties [2].

Resin composites aiming to be included into the
BE-RBC

category need to comply with two

Current commercial BF-RBCs can be classified
according to their viscosity in flowable (low viscosity)
and sculptable (also high viscosity). Flowable RBCs
have been known in the past to display inferior mech-
anical properties than high-viscosity RBCs, mainly
due to the higher amount of filler particles in the lat-
ter [5]. Accordingly, their use was limited to small or
minimally invasive cavity preparations, for the repair
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and sealing of defective restorations, and as cavity
base or liner in larger restorations. However, incorp-
oration of nanofillers to this new generation of flow-
able BF-RBCs has enhanced their mechanical
properties while maintaining their low viscosity [6].
In addition, their self-leveling capacity guarantees an
excellent adaptation to the cavity margins, [7] while
displaying a high DC [8] and an improved stress
relieving capacity [6,9]. Thus, they represent an inter-
esting alternative for bulk-fill restorations in the pos-
terior region, when combined with a final layer or
cap of sculptable RBC [10].

To date, a large number of flowable BF-RBCs are
available in the market. Despite their common seek
for higher DC and reduced polymerization shrinkage
stresses, manufacturers have gone different ways to
achieve these goals, which in turn has led to different
degrees of success. Accordingly, material selection and
indication has become a difficult task for clinicians
around the world. In this vein, the aim of the present
systematic review was to compare, on the base of
available scientific evidence, the main properties of
flowable BF-RBCs, including their composition, DC,
polymerization shrinkage and shrinkage stress, as well
as flexural strength.

Methods

This systematic review followed the recommendations
of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [11]. The sys-
tematic electronic search was conducted in the
Medline (PubMed), Scopus and Web of Science
(WOS) databases. The search strategy is presented in
Table 1. Only articles written in English, with no more
than 10years of being published, reporting in vitro
studies on the DC, polymerization shrinkage/shrinkage
stress, and flexural strength of flowable BF-RBCs, were
included. Systematic reviews and meta-analysis,
articles written in any other language than English,
as well as nonavailable full-text references were
excluded. Studies that did not describe the exposure
time to the light-curing unit or used any type of dual-
curing BF-RBCs were also excluded. The inclusion cri-
teria for each variable are summarized in Table 2.
Regarding DC, only studies that evaluated polymeriza-
tion using spectroscopic techniques and at 4 mm deep
increments were included. For flexural strength, only
studies using the 3-point-bending set-up, according
to the ISO 4049, [12] were included. In the case of
polymerization shrinkage, only studies determining
volumetric contraction or its determination through
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microtomography, were included. Last search was
conducted on 30™ of August 2022. Data were inde-
pendently extracted by one reviewer (E.P.), and sys-
tematically classified in excel tables.

The risk-of-bias (RoB) was assessed using the
recently developed QUIN tool [13]. Briefly, 12 crite-
ria, including aim/objective statement, sample size cal-
culation, sampling technique, comparison group
details, methodology explanation, operator details,
randomization, outcome assessment and analysis,
blinding, statistical analysis, and result presentation,
were evaluated and rated according to ‘adequately
specified” (score = 2), ‘inadequately specified’ (score
= 1), or ‘not specified’ (score = 0). Scores were sub-
sequently added and the RoB of the study was esti-
mated using: [13]

total score x 100

RoB = : —
2 X applicable criteria

Studies were then graded according to their RoB as
high (<50%), medium (between 50 and 70%) or low
risk (>70%).

Results

Following duplicate removal (467), 217 eligible papers
were identified (title selection). After abstract reading,
79 articles met the eligibility criteria, and their full
texts were obtained and read. Subsequently, another
20 articles were excluded due to discrepancies in their
methods and the inclusion criteria. Further three were
excluded as no full text was available. The qualitative
analysis was conducted on a total of 53 articles
(Figure 1).

In total, 12 materials were studied in the included
literature. The manufacturer’s information on their
composition is listed in Table 3. Among selected
articles, 22 evaluated the DC (Table 4), 9 the poly-
merization shrinkage (Table 5), 13 the polymerization
shrinkage stress (Table 6) and 16 measured the flexural
strength (Table 7) of one or more flowable BF-RBCs.
In 6 of the included studies more than one property
was simultaneously evaluated.

A high variability was found for the DC of flow-
able BF-RBCs in the current systematic review (Table
4). Whereas the highest DC values were reported for
Venus Bulk Fill and Surefil SDR Flow, which dis-
played a 93.71%, [14] the lowest DC was measured
for Filtek Bulk Fill Flowable, which reached only a
32.71% in the study by Lempel et al. [8]. An inverse
relation was observed between the DC and the poly-
merization depth, with most studies reporting DC
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Table 1. Search strategy.

Pubmed

Scopus

Web of Science

(((bulk-fill) OR (bulkfill)) AND ((flowable) OR (flow))) AND (“flexural strength”)
(((bulk-fill) OR (bulkfill)) AND ((flowable) OR (flow))) AND (“polymerization shrinkage”)
(((bulk-fill) OR (bulkfill)) AND ((flowable) OR (flow))) AND (((“polymerization stress”)

OR (“polymerization shrinkage stress”)) OR (“shrinkage stress”))
(((bulk-fill) OR (bulkfill)) AND ((flowable) OR (flow))) AND (“degree of conversion”)
TITLE-ABS-KEY ((((bulk-fill) OR (bulkfill)) AND ((flowable) OR (flow)))

AND (“flexural strength”))

TITLE-ABS-KEY ((((bulk-fill) OR (bulkfill)) AND ((flowable) OR (flow)))

AND (“polymerization shrinkage”))

TITLE-ABS-KEY ((((bulk-fill) OR (bulkfill)) AND ((flowable) OR (flow)))

AND (((“polymerization stress”) OR (“polymerization shrinkage stress”))

OR (“shrinkage stress”)))

TITLE-ABS-KEY ((((bulk-fill) OR (bulkfill)) AND ((flowable) OR (flow)))

AND (“degree of conversion”))

((((bulk-fill) OR (bulkfill)) AND ((flowable) OR (flow))) AND
((((bulk-fill) OR (bulkfill)) AND ((flowable) OR (flow))) AND
TS=((((bulk-fill) OR (bulkfill)) AND ((flowable) OR (flow))) AND
OR (“polymerization shrinkage stress”)) OR (“shrinkage stress”))
TS=((((bulk-fill) OR (bulkfill)) AND ((flowable) OR (flow))) AND
OR (“polymerization shrinkage stress”)) OR (“shrinkage stress”))

“flexural strength”))
“polymerization shrinkage”))
((“polymerization stress”)

TS=
TS=

((“polymerization stress”)

Table 2. Inclusion criteria.

Degree of conversion
Polymerization shrinkage stress
Polymerization shrinkage

Flexural strength

Studies with spectroscopy-based evaluation methods and 4 mm depth
samples.

Studies that measure stress (MPa) and not force, through a universal
testing machine or other device designed for this purpose.

Studies measuring volumetric shrinkage (%), using microtomography as a
method of evaluation.

Studies measuring flexural strength (MPa) using the 3-point bending test.

values above 55% at distances below 4 mm from the
light source (Table 4).

Polymerization shrinkage reported by the studies
included in this systematic review ranged between
1.26% and 10.45%, although most of them were
around 3.5% (Table 5). A similar volume shrinkage
value was reported by two of the studies for the mate-
rials SureFil SDR Flow and Filtek Bulk Fill Flow,
[15,16] despite the slightly lower filler fraction of the
latter (Table 5). However, a significantly higher value
was measured by Sampaio et al. for Filtek Bulk Fill
Flow when applied in class I cavities [9]. A similar
trend was observed by the same authors for Tetric
EvoFlow Bulk Fill when compared to Filtek Bulk Fill
Flow, [17] pointing to an inverse relationship between
the filler content and the polymerization shrinkage of
these materials.

A high variation was also observed for the poly-
merization shrinkage stress (Table 6), with the lowest
informed value as low as 0.13 MPa [18] and the high-
est reaching up 24.24 MPa [19]. Still, most studies
reported values at the lower end of this span, between
2 and 3MPa (Table 6). Statistically significant differ-
ences between materials were observed in most stud-
ies, with SureFil SDR Flow outperforming Filtek Bulk
Fill Flow in four out of seven studies, [7,20-22] and
Venus Bulk Fill in other two studies [22,23].

Most studies included in this systematic review
reported mean flexural strength values above 80 MPa
(Table 7), fulfilling the requirements of the ISO 4049
standard [12] for type-1 resin composite materials.
Among the reported flowable BF-RBC, the highest
values were obtained by X-tra base (139.4 MPa) [24],
G-aenial Bulk Injectable (143.9 MPa) [25] and Filtek
Bulk Fill Flow (144.9 MPa) [26]. On the other hand,
only four studies reported flexural strength values
below the 80 MPa threshold [6,26-28].

Regarding the RoB analysis, only four studies were
graded as ‘low risk’, whereas one study was catego-
rized as ‘high risk’ and the remaining 48 had a
medium bias risk (Table 8). Most studies displayed an
inadequate description of the sample size calculation,
control group/s, as well as operator details, calibration
processes and blinding (for more details, please refer
to Table SI in the Supplemental Material).

Discussion

The overall quality of the studies was rated with a
moderate risk of bias. This implied in most studies
that part of the information regarding sampling, test
conduction and blinding was missing or incorrectly
reported (see Table S1 in the Supplemental Material).
Guidelines for reporting in vitro studies are still a
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Figure 1. Flow diagram of the article identification and inclusion process.

pending matter in the dental field, an issue that has
been thoroughly worked out in clinical and epidemio-
logical studies, as well as in case reports and system-
atic reviews. Development of instruments to assess
RoB, like the QUIN tool [13] used here or the
recently published RoBDEMAT, [29] represent an
interesting start point to improve the design and
communication quality of in vitro studies.

Although to date no consensus has been reached
about a minimum value for DC, an increase in the
monomer conversion of the material has been often
associated with improved mechanical properties
[14,30,31]. In addition, a low DC has been associated
with increased microleakage, [32] marginal break-
down, [33] as well as lower hardness and wear resist-
ance [33]. Critical values for these parameters seem to
occur when the DC is below 55-65%, which has been

proposed as a monomer conversion threshold in the
past [34,35]. Regarding laboratory methods to deter-
mine the polymerization efficiency of RBCs, different
alternatives have been proposed, including indirect
techniques (such as hardness or nanoindentation), as
well as direct methods (mainly vibrational spectros-
copy). In the present review, only articles that con-
ducted a direct evaluation of the material’'s DC were
included, as these techniques base on the quantifica-
tion of the non-reactive C=C bonds, [36] displaying
higher precision than their indirect counterparts.
Among them, Fourier-transform infrared spectros-
copy (FTIR), as well as Raman spectroscopy, are the
most common and widely used methods.

Observed differences in the DC of the flowable BF-
RBCs reported here (Table 4) have been related to
their intrinsic characteristics (i.e. photoinitiator
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Table 3. Overview of resin composites and their composition according to manufacturers.
Load

Material Code Resin Matrix Filler (% weight/% volume)

Filtek Bulk Fill Flow FBF Bis-GMA, Bis-EMA, UDMA, procrylat Combination of zirconia/silica and 64.5%/42.5%
3 M) resins ytterbium trifluoride filler

SureFil SDR Flow SDR Modified UDMA, EBPADMA, Barium and Strontium alumino- 68%/45%
(Dentsply) TEGDMA fluoro-silicate glasses

Tetric EvoFlow Bulk Fill TEBF Bis-GMA, Bis-EMA,TCDDA Ytterbium, Trifluoride, Barium 68.2%/46.4%
(Ivoclar-Vivadent) aluminium silicate glass and

copolymer

Beautifil Bulk Flowable BBF BisGMA, UDMA, Bis-MPEPP, TEGDMA  S-PRG filler based on fluoroboro 72.5%/N.A.
(Shofu) aluminosilicate glass

Venus Bulk Fill VBF UDMA,EBPDMA Ba-Al-F-Si glass, Si02, ytterbium 65%/38%
(Kulzer) trifluoride

X-tra base XTB Aliphatic dimethacrylate, Bis-EMA N.A. 75%/ N.A.
(Voco)

SDR Plus SDR+ Modified UDMA, Barium and Strontium alumino- 70.5%/47.4%
(Dentsply) TEGDMA fluoro-silicate glasses, ytterbium

fluoride;

Tetric Power Flow TPF Bis-GMA, TCDDA barium glass, ytterbium trifluoride 68.2%/46.4%
(Ivoclar-Vivadent) and copolymers

Bulk base /Bulk base Medium BB/BBM/ N.A. N.A. N.A.
Flow/ Bulk base High Flow BBH
(Sun Medical)

Filtek Fill and Core FCF N.A. N.A. N.A.
(3m)

Estelite bulk fill flow EBF Bis-GMA, Bis-MPEPP, TEGMA Supra Nano spherical Si02-Zr02 70%/56%
(Tokuyama)

G-aenial Bulk Injectable GBF Bis EMA, UDMA barium glass, silica N.A.
(GQ)

Bis-GMA: bisphenol A diglycidyl ether dimethacrylate; BisEMA: ethoxylated bisphenol A glycol dimethacrylate; UDMA: urethane dimethacrylate; EBPADMA:
Ethoxylated bisphenol A dimethacrylate; TEGDMA: triethyleneglycol dimethacrylate; TCDDA: tricyclodecane dimethanol diacrylate; Bis-MPEPP: Bisphenol A

polyethoxy methacrylate; N.A.: not available.

system, resin matrix chemistry, filler type, etc.), as
well as with external factors, including the restorative
technique (increment thickness, application tempera-
ture), light activation (curing mode, exposure time)
and the light-curing unit itself (light intensity, wave-
length, heat diameter, etc.) [37].
Accordingly, different strategies have been followed
by the manufacturers to achieve satisfactory conver-
sion degrees in their materials. Materials that incorp-
orate monomers with lower viscosity (Bis-EMA,
UDMA), have shown to increase their DC when com-
pared to RBCs that have only Bis-GMA and
TEGDMA in their composition [38]. In the case of
Venus Bulk Fill, its high translucency and low filler
content increase light transmission through the
material, favoring photoinitiation in deeper incre-
ments [39]. Similarly, SureFil SDR Flow incorporates
a lesser amount of filler content, but with an
increased particle size, which further decreases light
scattering in the material [40]. In addition, a photo-
active group is embedded in the UDMA monomers,
aiming to optimize the polymerization process thor-
ough interaction with camphorquinone [41]. The
manufacturer of Tetric EvoFlow Bulk Fill, on the
other hand, switched to a different photoinitiator sys-
tem, based on benzoyl germanium derivates (under
the commercial trade name Ivocerin), which has

emission,

shown a higher photoinitiation activity and thus, a
higher efficiency at lower light intensities than its
camphorquinone counterpart [42].

Average values reported for the polymerization
shrinkage of flowable BF-RBCs (Table 5) match previ-
ously reported data for conventional paste BF-RBCs
(2.0 — 3.5%) [15,17,21,43] and are below conventional
flowable RBCs (4.00 —5.50%) [44]. Although it may
be intuitive to expect lower polymerization shrinkage
stresses in materials with a low-volume shrinkage, it
has been shown that both properties are not always
directly related [44]. The low polymerization shrink-
age stresses reported by most studies included in this
systematic review (Table 6) seem to confirm this
trend, underlining the effectiveness of stress-control
mechanisms introduced by the manufacturers.
Furthermore, the few studies that looked at both
properties found polymerization shrinkage stresses in
the range of 1 to 2.5MPa even in flowable BF-RBCs
with  polymerization shrinkage exceeding 4%
[20,22,45].

It has been suggested that the replacement of
higher molecular weight monomers (such as UDMA)
by others with lower molecular weight (e.g. Bis-
EMA), may contribute to limit volumetric reduction,
and thus polymerization shrinkage stress [6].
Incorporation of stress releasing monomers, on the
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Study Materials Degree of Conversion (%)
Al-Ahdal et al. Dent Mater 2015 FBF 55.8-62.3°
https://doi.org/10.1016/j.dental.2015.07.004 BBF 56.3-65.7°
VBF 66.6-74.8°
XTB 49.4-57.7°
Albuquerque et al. Eur J Gen Dent 2021 SDR 73.20/74.64°
https://doi.org/10.4103/ejgd.ejgd_14_19
Braga et al. Oper Dent 2019 SDR 64.6/75.6°
https://doi.org/10.2341/17-351-L
Czasch et al. Clin Oral Investig 2013 SDR 58.3-61.2¢
https://doi.org/10.1007/s00784-012-0702-8 VBF 62.9-67.92¢
Fronza et al. Dent Mater 2015 FBF 753
https://doi.org/10.1016/j.dental.2015.10.001 SDR 81.2
Gonc,alves et al. Braz. Oral Res 2018 FBF 41.0
https://doi.org/10.1590/1807-3107bor-2018.vol32.0017 VBF 86.0
Harp et al. J Esthet Restor Dent. 2022 SDR-+ 60.2
https://doi.org/10.1111/jerd.12901 TEBF 47.5
Hayashi et al. Dent Mater 2020 TEBF 58.7
https://doi.org/10.1016/j.dental.2020.10.012 TPF 60.1
Lempel et al. Int J Mol Sci 2016 FBF 19.41/32.71¢
https://doi.org/10.3390/ijms17050732 SDR 50.05¢
XTB 28.77/34.01°
Lempel et al. Dent Mater 2019 FBF 36.7-49.2¢
https://doi.org/10.1016/j.dental.2018.11.017 SDR 42.8-63.0°
Lempel et al. Dent Mater 2021 SDR+ 65
https://doi.org/10.1016/j.dental.2021.02.013
Majidinia et al. Dental Hypotheses 2020 FBF 63.06/66.28°
https://doi.org/10.4103/denthyp.denthyp_41_19
Marigo et al. Eur Rev Med Pharmacol Sci 2015 SDR 64.67
Marovic et al. Acta Odontol Scand 2015 SDR 70.0
https://doi.org/10.3109/00016357.2014.992810 VBF 78.8
XTB 67.5
Monterubbianesi et al. Front Physiol 2016 SDR 75.67-93.17°°
https://doi.org/10.3389/fphys.2016.00652
Papadogiannis et al. Dent Mater 2015 SDR 63.20
http://doi.org/10.1016/j.dental.2015.09.022 VBF 58.49
XTB 45.83
Par et al. Oper Dent 2015 FBF 63.4
https://doi.org/10.2341/14-091-L SDR 74.7
VBF 83.3
XTB 66.3
Siagian et al. J Contemp Dent Pract 2020 SDR 41.76
https://doi.org/10.5005/jp-journals-10024-2848
Sousa-Lima et al. Oper Dent 2017 TEBF 85.7
https://doi.org/10.2341/16-299-L
Theobaldo et al. Clin Cosmet Investig Dent 2017 SDR 79.97-84.16°¢
https://doi.org/10.2147/CCIDE.S130803
Yu et al. Oper Dent 2017 SDR 69.38
https://doi.org/10.2341/16-027-L BBF 53.17
Zorzin et al. Dent Mater 2015 FBF 66.4/69.26
http://doi.org/10.1016/j.dental.2014.12.010 SDR 52.04/72.18
VBF 80.07/73.93
XTB 62.53/61.53

3Different times post-cure. PDifferent light curing units. “Different curing times or modes °Different preheating temperatures.
FBF: Filtek Bulk Fill Flow; SDR: SureFil SDR Flow; TEBF: Tetric EvoFlow Bulk Fill; BBF: Beautifil Bulk Flowable; VBF: Venus Bulk Fill; XTB:
X-tra Base; SDR+: SDR Plus; TPF: Tetric Power Flow; EXF: EverX Flow; BB: Bulk Base; BBM: Bulk Base Medium Flow; BBH: Bulk Base High

Flow; FCF: Filtek Fill and Core.

other hand, as well as the use of so-called ‘intelligent
fillers’, can increase the flexibility of the chains during
the pre-gelation phase, compensating stress develop-
ment at the adhesive interfaces [20,45]. These effects
seem to add to each other, rendering a general reduc-
tion of the polymerization shrinkage stress in the
reported materials. This may imply that the use of
these materials in large increments does not represent
an important risk for the integrity of the adhesive
interfaces of the restorations.

Manufacturer’s recommendations of most commer-
cially available flowable BF-RBCs is to cover the res-
toration with a final layer of conventional resin
composite [10]. This allows to compensate to some
extent its lower flexural strength, [6] as well as to pre-
vent accelerated wear of the restoration. This balance
becomes critical in extensive tooth preparations that
are exposed to high mechanical loads, since the mech-
anical performance of the restoration could be com-
promised due to an excessive volume of the base
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Table 5. Polymerization shrinkage main informed results.

Study Materials Polymerization shrinkage (%)
Algamaiah et al. J Esthet Restor Dent 2017 FBF 3.47/4.07°
http://doi.org/10.1111/jerd.12275 SDR 3.65/3.78°
Haugen et al. Int J Mol Sci 2020 SDR 336
http://doi.org/10.3390/ijms21145136 FBF 3.39
Hirata et al. Biomed Mater Res B Appl Biomater 2015 SDR 1.5/2.0°
http://doi.org/10.1002/jbm.b.33258
Kamalak & Kamalak. Biomed Res 2018 SDR 1.54
https://doi.org/10.4066/biomedicalresearch.29-18-314 FBF 2.04

XTB 1.26
Oglakci et al. J Adhes Sci Technol 2020 SDR+ 4.4/10.41°
https://doi.org/10.1080/01694243.2020.1782038 EBF 4.07/10.45°
Prager et al. Dent Mater J 2018 SDR 6.55
https://doi.org/10.4012/dm;}.2017-136 VBF 4,07
Rizzante, Duque et al. Dent Mater J 2019 FBF 334
https://doi.org/10.4012/dm;.2018-063 SDR 336

XTB 3N
Sampaio et al. Oper Dent 2017 FBF 5.49
https://doi.org/10.2341/15-296-L SDR 331
Sampaio et al. Dent Mater 2019 FBF 3.50
https://doi.org/10.1016/j.dental.2019.07.025 TEBF 2.75

3Samples with/ without adhesive. *Samples with/without thermo-mechanical ageing.

FBF: Filtek Bulk Fill Flow; SDR: SureFil SDR Flow; TEBF: Tetric EvoFlow Bulk Fill; BBF: Beautifil Bulk Flowable; VBF: Venus Bulk
Fill; XTB: X-tra Base; SDR+: SDR Plus; TPF: Tetric Power Flow; EXF: EverX Flow; BB: Bulk Base; BBM: Bulk Base Medium Flow;
BBH: Bulk Base High Flow; FCF: Filtek Fill and Core.

Table 6. Polymerization shrinkage stress informed results.

Study Materials Shrinkage stress (MPa)
Attik et al. Dent Mater 2022 SDR-+ 344
https://doi.org/10.1016/j.dental.2021.12.029
De Freitas Chaves et al. J Conserv Dent 2020 FBF 19.45
http://doi.org/10.4103/jcd.Jcd_58_19 SDR 24.24
XTB 18.68
Fronza et al. J Adhes Dent 2018 FBF 3.87
http://doi.org/10.2341/16-024-|
Fronza et al. Dent Mater 2015 FBF 35
http://doi.org/10.1016/j.dental.2015.10.001 SDR 33
Han et al. Oper Dent 2017 SDR 3.02
http://doi.org/10.2341/16-023-L VBF 3.46
Han et al. J Dent 2019 SDR 2.76
https://doi.org/10.1016/j.jdent.2018.10.013
Kim et al. J Dent 2015 FBF 2.24
http://doi.org/10.1016/j.jdent.2015.02.002 SDR 1.68
Kim et al. Oper Dent 2016 FBF 2.28
http://doi.org/10.2341/15-260-| SDR 1.70
Nakano et al. Oper Dent 2020 FBF 23
http://doi.org/10.2341/19-166-| TEBF 2.8
Rizzante et al. J Appl Oral Sci 2019 FBF 0.28/0.43°
http://doi.org/10.1590/1678-7757-2018-0132 SDR 0.19/0.24°
XTB 0.31/0.51°
Sousa-Lima et al. Oper Dent 2017 TEBF 0.77
https://doi.org/10.2341/16-299-L
Velo et al. Braz Dent J 2019 FBF 0.13
http://doi.org/10.1590/0103-6440201902571 SDR 0.23
Zorzin et al. Dent Mater 2015 FBF 1.55/1.47°
http://doi.org/10.1016/j.dental.2014.12.010 SDR 133/ 1.29°
VBF 165/ 1.74°
XTB 145/ 1.68°

“Different sample volumes (12mm>/24mm?3), PDifferent curing times (manufacturer’s instructions/30s).

FBF: Filtek Bulk Fill Flow; SDR: SureFil SDR Flow; TEBF: Tetric EvoFlow Bulk Fill; BBF: Beautifil Bulk Flowable; VBF:
Venus Bulk Fill; XTB: X-tra Base; SDR+: SDR Plus; TPF: Tetric Power Flow; EXF: EverX Flow; BB: Bulk Base; BBM: Bulk
Base Medium Flow; BBH: Bulk Base High Flow; FCF: Filtek Fill and Core.

material. Nevertheless, results of the present system- by the ISO 4049 standard [12]. In addition, studies
atic review revealed that the flexural strength of most  that also included in their experimental design high
flowable BF-RBCs were above the threshold defined  viscosity BF-RBCs found strength values in the same


https://doi.org/10.1111/jerd.12275
https://doi.org/10.3390/ijms21145136
https://doi.org/10.1002/jbm.b.33258
https://doi.org/10.4066/biomedicalresearch.29-18-314
https://doi.org/10.1080/01694243.2020.1782038
https://doi.org/10.4012/dmj.2017-136
https://doi.org/10.4012/dmj.2018-063
https://doi.org/10.2341/15-296-L
https://doi.org/10.1016/j.dental.2019.07.025
https://doi.org/10.1016/j.dental.2021.12.029
https://doi.org/10.4103/jcd.Jcd_58_19
https://doi.org/10.2341/16-024-l
https://doi.org/10.1016/j.dental.2015.10.001
https://doi.org/10.2341/16-023-L
https://doi.org/10.1016/j.jdent.2018.10.013
https://doi.org/10.1016/j.jdent.2015.02.002
https://doi.org/10.2341/15-260-l
https://doi.org/10.2341/19-166-l
https://doi.org/10.1590/
https://doi.org/10.2341/16-299-L
https://doi.org/10.1590/0103-6440201902571
https://doi.org/10.1016/j.dental.2014.12.010

Table 7. Flexural strength main informed results.
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Study Materials Flexural strength (MPa)
Alrahlah. J Contemp Dent Pract 2018 SDR 138.5/130.02°
http://doi.org/10.1016/j.dental.2015.07.004
Attik et al. Dent Mater 2022 SDR+ 115.7
http://doi.org/10.1016/j.dental.2021.12.029
Czasch et al. Clin Oral Investig 2013 SDR 131.8
http://doi.org/10.1007/s00784-012-0702-8 VBF 122.7
de Freitas Chaves et al. J Conserv Dent 2020 FBF 135.98
http://doi.org/10.4103/jcd.Jcd_58_19 SDR 115.75

XTB 89.82
Gilli et al. Oper Dent 2022 FBF 121.7
http://doi.org/10.2341/21-084-L SDR 147.8

VBF 115.114

XTB 132.2
Hirokane et al. Oper Dent 2021 FBF 117.4/103.0°
https://doi.org/10.2341/20-253-L BBF 122.5/105.0°

BBM 102.0/93.1%

SDR+ 122.0/111.0°

GBF 143.9/129.4°
llie et al. Oper Dent 2013 FBF 1224
https://doi.org/10.2341/12-395-L SDR 131.8

VBF 122.7

XTB 139.4
Jung & Park. Oper Dent 2017 SDR 101.26
https://doi.org/10.2341/16-254-L VBF 97.36
Lassila et al. Odontology 2019 FBF 122
https://doi.org/10.1007/510266-018-0405-y SDR 120

TEBF 97
Leprince et al. J Dent 2014 FBF 884
http://doi.org/10.1016/j.jdent.2014.05.009 SDR 100.2

VBF 76.0

XTB 110.5
Nitta et al. Dent Mater J 2017 FBF 132.8
http://doi.org/10.4012/dmj.2016-394 BBM 96.2
. “BBH 89
Oznurhan et al. J Clin Pediatr Dent 2015 SDR 45.0
http://doi.org/10.17796/1053-4628-39.3.241 XTB 40.96
Shimatani et al. Oper Dent 2020 SDR 105.7
https://doi.org/10.2341/18-160-L XTB 1104

BBF 102.1

BB 68.9

FCF 116.1
Sousa-Lima et al. Oper Dent 2017 TEBF 76.6
https://doi.org/10.2341/16-299-L
Tsujimoto et al. Polymers 2021 FBF 50.3/144.9°
https://doi.org/10.3390/polym13162613
Oh et al. Biomater Res 2022 SDR 127.69 — 135.83¢

https://doi.org/10.1186/540824-022-00267-5

3Samples with/without thermo-mechanical ageing. "Different times post-cure. “Different irradiation distance.

FBF: Filtek Bulk Fill Flow; SDR: SureFil SDR Flow; TEBF: Tetric EvoFlow Bulk Fill; BBF: Beautifil Bulk Flowable; VBF:
Venus Bulk Fill; XTB: X-tra Base; SDR+: SDR Plus; TPF: Tetric Power Flow; EXF: EverX Flow; BB: Bulk Base; BBM: Bulk
Base Medium Flow; BBH: Bulk Base High Flow; FCF: Filtek Fill and Core; GBF: G-aenial Bulk Injectable.

range of those displayed by the flowable BF-RBC
[24,27,46,47]. For instance, no statistical differences in
the flexural strength of X-tra Base (flowable) and X-
tra fill (sculptable) were measured by Ilie et al. [24] as
well as by Leprince et al. [27] despite their difference
in filler content (75 vs. 86 wt.%). This highlights the
reduction in the gap between the mechanical proper-
ties of the two material categories, encouraging the
use of low viscosity RBCs for the fill-up of large and
deep cavities.

Conclusion

Results of this systematic review highlight the good
standard achieved by contemporary flowable BF-RBCs.
In terms of DC, flexural strength and polymerization
shrinkage/shrinkage stress, they meet necessary require-
ments to be indicated for the bulk-fill restoration techni-
ques in the posterior region. However, important
variations among composition and design of this “new”
class of RBCs hinder extrapolation of the results to
materials different from those reported here. In addition,


https://doi.org/10.1016/j.dental.2015.07.004
https://doi.org/10.1016/j.dental.2021.12.029
http://doi.org
https://doi.org/10.4103/jcd.Jcd_58_19
https://doi.org/10.2341/21-084-L
https://doi.org/10.2341/20-253-L
https://doi.org/10.2341/12-395-L
https://doi.org/10.2341/16-254-L
https://doi.org/10.1007/s10266-018-0405-y
https://doi.org/10.1016/j.jdent.2014.05.009
https://doi.org/10.4012/dmj.2016-394
https://doi.org/10.17796/1053-4628-39.3.241
https://doi.org/10.2341/18-160-L
https://doi.org/10.2341/16-299-L
https://doi.org/10.3390/polym13162613
https://doi.org/10.1186/s40824-022-00267-5
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Table 8. Quality assessment of risk of bias of in vitro studies (QUIN tool).

Study Risk of Bias Study grading
Al-Ahdal K et al. Dent Mater 2015 58.33% Medium risk
https://doi.org/10.1016/j.dental.2015.07.004

Albuquerque et al. Eur J Gen Dent 2021 58.33% Medium risk
https://doi.org/10.4103/ejgd.ejgd_14_19

Alrahlah et al. J Contemp Dent Pract 2018 58.33% Medium risk
https://doi.org/10.5005/jp-journals-10024-2205

Algamaiah et al. J Esthet Restor Dent 2016 66.67% Medium risk
https://doi.org/10.1111/jerd.12275

Attik et al. Dent Mater 2022 58.33% Medium risk
https://doi.org/10.1016/j.dental.2021.12.029

Braga et al. Oper Dent 2019 62.5% Medium risk
https://doi.org/10.2341/17-351-L

Czasch et al. Clin Oral Investig 2013 54.17% Medium risk
https://doi.org/10.1007/s00784-012-0702-8

De Freitas et al. J Conserv Dent 2020 62.5% Medium risk
https://doi.org/10.4103/JCD.JCD_58_19

Fronza et al. Dent Mater 2015 66.67% Medium risk
https://doi.org/10.1016/j.dental.2015.10.001

Fronza et al. J Adhes Dent 2018 54.17% Medium risk
https://doi.org/10.3290/j.jad.a40987

Gilli et al. Oper Dent 2022 58.33% Medium risk
http://doi.org/10.2341/21-084-L

Gongalvez et al. Braz Oral Res 2018 58.33% Medium risk
https://doi.org/10.1590/1807-3107bor-2018.vol32.0017

Han et al. Oper Dent 2017 70.83%

https://doi.org/10.2341/16-023-L

Han et al. J Dent 2019 70.83%

https://doi.org/10.1016/j.jdent.2018.10.013

Harp et al. J Esthet Restor Dent 2022 62.50% Medium
https://doi.org/10.1111/jerd.12901

Haugen et al. Int J Mol Sci 2020 62.5% Medium risk
https://doi.org/10.3390/ijms21145136

Hayashi et al. Dent Mater 2020 58.33% Medium risk
https://doi.org/10.1016/j.dental.2020.10.012

Hirata et al. Biomed Mater Res B Appl Biomater 2014 54.17% Medium risk
https://doi.org/10.1002/jbm.b.33258

Hirokane et al. Oper Dent 2021 66.67% Medium risk
https://doi.org/10.2341/20-253-L

llie et al. Oper Dent 2013 58.33% Medium risk
https://doi.org/10.2341/12-395-L

Jung & Park Oper Dent 2017 58.33% Medium risk
https://doi.org/10.2341/16-254-L

Kamalak & Kamalak Biomed Res 2018 50%

10.4066/biomedicalresearch.29-18-314

Kim et al. J Dent 2015 58.33% Medium risk
https://doi.org/10.1016/j.jdent.2015.02.002

Kim et al. Oper Dent 2016 58.33% Medium risk
https://doi.org/10.2341/15-260-L

Lassila et al. Odontology 2019 58.33% Medium risk
https://doi.org/10.1007/510266-018-0405-y

Lampel et al. Dent Mater 2021 58.33% Medium risk
https://doi.org/10.1016/j.dental.2021.02.013

Lempel et al. Int J Mol Sci 2016 62.5% Medium risk
https://doi.org/10.3390/ijms 17050732

Lempel et al. Dent Mater 2019 62.5% Medium risk
https://doi.org/10.1016/j.dental.2018.11.017

Leprince et al. J Dent 2014 54.17% Medium risk
https://doi.org/10.1016/j.jdent.2014.05.009

Majidinia et al. Dental Hypotheses 2020 58.33% Medium risk
https://doi.org/10.4103/denthyp.denthyp_41_19

Marigo et al. Eur Rev Med Pharmacol Sci 2015 58.33% Medium risk
Marovic et al. Acta Odontol Scand 2014 62.5% Medium risk
https://doi.org/10.3109/00016357.2014.992810

Monterubbianesi et al. Front Physiol 2016 58.33% Medium risk
https://doi.org/10.3389/fphys.2016.00652

Nakano et al. Oper Dent 2020 54.17% Medium risk
https://doi.org/10.2341/19-166-L

Nitta et al. Dent Mater J 2017 58.33% Medium risk
https://doi.org/10.4012/dm;j.2016-394

Oglakci et al. J Adhes Sci Technol 2020 62.50% Medium risk

https://doi.org/10.1080/01694243.2020.1782038
58.33% Medium risk

(continued)



https://doi.org/10.1016/j.dental.2015.07.004
https://doi.org/10.4103/ejgd.ejgd_14_19
https://doi.org/10.5005/jp-journals-10024-2205
https://doi.org/10.1111/jerd.12275
https://doi.org/10.1016/j.dental.2021.12.029
https://doi.org/10.2341/17-351-L
https://doi.org/10.1007/s00784-012-0702-8
https://doi.org/10.4103/JCD.JCD_58_19
https://doi.org/10.1016/j.dental.2015.10.001
https://doi.org/10.3290/j.jad.a40987
https://doi.org/10.2341/21-084-L
https://doi.org/10.1590/1807-3107bor-2018.vol32.0017
https://doi.org/10.2341/16-023-L
https://doi.org/10.1016/j.jdent.2018.10.013
https://doi.org/10.1111/jerd.12901
https://doi.org/10.3390/ijms21145136
https://doi.org/10.1016/j.dental.2020.10.012
https://doi.org/10.1002/jbm.b.33258
https://doi.org/10.2341/20-253-L
https://doi.org/10.2341/12-395-L
https://doi.org/10.2341/16-254-L
https://doi.org/10.1016/j.jdent.2015.02.002
https://doi.org/10.2341/15-260-L
https://doi.org/10.1007/s10266-018-0405-y
https://doi.org/10.1016/j.dental.2021.02.013
https://doi.org/10.3390/ijms17050732
https://doi.org/10.1016/j.dental.2018.11.017
https://doi.org/10.1016/j.jdent.2014.05.009
https://doi.org/10.4103/denthyp.denthyp_41_19
https://doi.org/10.3109/00016357.2014.992810
https://doi.org/10.3389/fphys.2016.00652
https://doi.org/10.2341/19-166-L
https://doi.org/10.4012/dmj.2016-394
https://doi.org/10.1080/01694243.2020.1782038

Table 8. Continued.
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Study Risk of Bias Study grading
Oh et al. Biomater Res 2022

https://doi.org/10.1186/540824-022-00267-5

Oznurhan et al. J Clin Pediatr Dent 2015 54.17% Medium risk
https://doi.org/10.17796/1053-4628-39.3.241

Papadogiannis et al. Dent Mater 2015 54.17% Medium risk
https://doi.org/10.1016/j.dental.2015.09.022

Par et al. Oper Dent 2015 58.33% Medium risk
https://doi.org/10.2341/14-091-L

Prager et al. Dent Mater J 2018 58.33% Medium risk
https://doi.org/10.4012/dm;j.2017-136

Rizzante et al. J Appl Oral Sci 2019 54.17% Medium risk
https://doi.org/10.1590/1678-7757-2018-0132

Rizzante et al. Dent Mater J 2019 54.17% Medium risk
https://doi.org/10.4012/dm;j.2018-063

Sampaio et al. Oper Dent 2016 70.83%

https://doi.org/10.2341/15-296-L

Sampaio et al. Dent Mater 2019 70.83%

https://doi.org/10.1016/j.dental.2019.07.025

Shimatani et al. Oper Dent 2020 62.5% Medium risk
https://doi.org/10.2341/18-160-L

Siagian et al. J Contemp Dent Pract 2020 54.17% Medium risk
https://doi.org/10.5005/jp-journals-10024-2848

Sousa-Lima et al. Oper Dent 2017 58.33% Medium risk
https://doi.org/10.2341/16-299-L

Theobaldo et al. Clin Cosmet Investig Dent 2017 62.5% Medium risk
https://doi.org/10.2147/CCIDE.5130803

Tsujimoto et al. Polymers 2021 54.17% Medium risk
https://doi.org/10.3390/polym13162613

Velo et al. Braz Dent J 2019 62.5% Medium risk
https://doi.org/10.1590/0103-6440201902571

Yu et al. Oper Dent 2017 54.17% Medium risk
https://doi.org/10.2341/16-027-L

Zorzin et al. Dent Mater 2015 58.33% Medium risk

https://doi.org/10.1016/j.dental.2014.12.010

RoB <50% high risk; 50%<RoB < 70% medium risk; RoB > 70% low risk.

clinical studies are urgently required to assess their per-
formance under a real working scenario.
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