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Abstract: The continuous need for simplified minimally invasive dental restorations using bio-
materials with adequate mechanical, physical, and biological characteristics has led to an evolution
in the field of flowable composites. Nanotechnology focuses on advancing highly filled flowable
resin-based materials, which may be used in many restorative indications. Since these materials are
anovel addition to the toolkit of restorative dentistry, the purpose of this review is to investigate their
in vitro characteristics and clinical performance. Highly filled flowable composite resins proved to
be a promising dental biomaterial. Considering that these materials show an ideal initial performance
in the injection molding technique and in Class I and II cavities but simultaneously present several
drawbacks in laboratory studies, caution should be exercised when selecting the applicable cases.
Further, in vitro and clinical studies are needed to establish the precise indications and limitations of
this type of biomaterials.

Keywords: highly — filled flowable resin composites; injection moulding technique; biomaterials;
flowable resin; injectable composites

1. Introduction

Until recently, the incrementally placed conventional, medium viscosity composite resins
proved to be the gold standard in restoring both anterior and posterior teeth. Conservation of tooth
structure, adequate shade matching, satisfactory mechanical properties and the lower cost compared
to indirect restorative counterparts, represent their beneficial side [1]. However, their poor
rheological characteristics lead to marginal defects due to unfavorable adaptability to cavity walls
and voids between increments [2]. To confine these drawbacks, the first-generation flowable
composites were introduced in the 1990s and have been proposed as liners prior to restoring a cavity
with medium-viscosity composites. They included 20-25% less filler loading than medium-viscosity
composite resins [3,4]. Their low viscosity equals ease — of — use, great flow, flexibility, good
adaptability to cavity walls, preferable handling and wetting properties, and restricted entrapment
of air bubbles in the mass of the material. Despite all the above-mentioned benefits, the reduced level
of fillers had an undesirable effect on their mechanical and optical properties (inadequate wear
resistance, inferior flexural strength, lower fracture toughness, subordinate color, gloss stability, and
decreased modulus of elasticity), limiting their indications only as class V restorative materials, liners,
pit and fissure sealants and as materials for marginal repair of restorations. Furthermore, the average
volumetric polymerization shrinkage rate of 5% constitutes an additional disadvantage for
traditional flowable resin composites [2].

Dental material manufacturers respond to clinicians” demand for simpler, color-adaptive, and
durable materials suitable for a wide range of indications, including Class I and II cavities, extensive
tooth wear, full-mouth rehabilitations and novel restorative procedures such as the injection
moulding technique, by developing novel nanotechnology-driven flowable composites. [5-7]. The
injection moulding technique, first introduced by Douglas Terry and John Powers in 2014, is a
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restorative technique that uses transparent silicone molds based on a wax-up to generate the final
restorations [5]. The flowable composite is injected into the mold to form the final shape of the
restorations. The predictable reproduction of the anatomical contour, the more accurate execution of
the procedure, and the use of easy — to — handle flowable resins proved to be factors that gained the
interest of dental experts.

Continuous attempts to improve the mechanical properties of flowable composites are made,
mainly through modifications in their formulation, such as the increase in filler loading, optimization
of filler particle size, incorporation of refined monomers, and treatment of filler particles. Through
these alterations, a significant improvement of their physical and mechanical properties is
accomplished, maintaining their superior marginal adaptation [8]. The innovative formulation of
these flowable composite resins is characterized by a higher filler content ranging from
approximately 61 to 71 % by weight, which broadens their indication spectrum since they may now
bear high occlusal loads [9,10]. According to a manufacturer’s recommendations, a “new-generation”
flowable resin composite shows a more homogeneous dispersion of nano-sized glass filler particles.
The developed silane treatment method, generating a favorable adhesion between the filler particles
and the organic matrix, corresponds to the materials’ upgrade [11]. Until now, these statements have
not been clearly verified. This new era of flowables is described mainly as highly filled flowable resin
composites. The commercial terms next-generation flowable composites or injectable composite
resins are interchangeably used, but may lead to confusion.

Despite their improved filler content, highly filled flowable resins still present challenges related
to wear resistance, color stability, and polymerization shrinkage. This review aims to critically
evaluate and shed light on the narrow spectrum of existent knowledge originating from up-to—date
laboratory experiments, randomized controlled clinical trials, and case reports referring to highly
filled flowable composites. Since these flowables are used as the preferable material for the injection
moulding technique, a short reference on clinical cases implementing this novel technique is going
to be made, and the clinical performance of the materials used will be discussed.

2. Materials and Methods

The article selection process started with a comprehensive search of the following databases:
PubMed, Scopus, and Google Scholar. The search strategy was developed using the keywords
presented in Figure 1. Date and language restrictions were applied. Studies in languages other than
English are eliminated from the selection process. For this review, we included research published
between 2016 and February 2025 to capture the evolution and the recent developments in the field of
highly filled flowable composite resins. This data limitation has been adopted since a systematic
review and meta-analysis on the clinical performance of flowable composites was published in early
2017 [12]. Two reviewers screened titles and abstracts for eligibility. When there was a conflict, a
consensus was reached by discussion. Letters to the editor, patents, review articles, short
communications, and conference papers are excluded. The procedure employed in this review is
reflected in Figure 1.
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«highly filled flowable resin composite” solely, “highly filled flowable resin composite OR inj resin composite”,
“highly filled flowable resin composite AND wear”, “highly filled flowable resin composite AND microhardness”, “highly

e S filled flowable resin composite AND surface roughness”, “highly filled flowable resin composite AND color, “highly filled
eyworcause flowable resin composite AND dlinical case”, “highly filled flowable resin composite AND clinical report”, “highly filled
flowable resin composite AND i i “highly filled flowable resin composite AND m]ectable

moulding technique AND dlmcal case”, “injectable moulding technique AND dlinical case AND denfistry” or “inectable
moulding technique” solely, The same search strategy was followed by the use of keyword “injectable resin composite”

Databases searched/ «PubMed, Scopus, Google Scholar from January 1, 2016, to February 14, 2025
Date range

| eInclusion criteria: in vitro studies, randomized controlled clinical trials, and case reports/ studies written — published in English.
*Exclusion criteria: Letters to the editor, patents, review articles, short icati and P ings / studies in
languages other than English

s Total studies included: 31 in vitro studies / 4 randomized controlled clinical trials / 24 case reports

*For in vitro studies: material properties tested, study design (materials used, control groups, experimental groups),
intervention details (methodology and tests used to assess the material properties), research outcomes.
eFor clinical trials: ials used, number of participants, number of treated and evaluated teeth,
time interval for the i criteria for clinical
eFor case reports: Treated teeth, patient information, restorative material used, protocol followed, clinical outcome and
follow up period information where applied.

*Results i and ized. Findings gorized based on study design and outcomes.
*Data analyzed for trends, patterns, and quality of evidence. Strengths and limitations of included studies considered.

Figure 1. A diagram illustrating the search process for the review.

3. Results

The first class of results recites clinical cases utilizing flowable materials, emphasizing the
injection moulding technique, whereas the second class focuses on the laboratory behavior of highly
filled flowable resin composites, as well as on their clinical performance in randomized controlled

clinical trials.
3.1. Clinical Case Reports of Injectable Moulding Technique Using Flowable Resin Composites —
Interpretation of the Clinical Outcome

Table 1 presents the total of clinical reports available, giving information on treated teeth,
patient’s profile, material used, protocol followed and initial outcome of the procedure. Follow-up
information is given where applied [13-36].

Table 1. Clinical cases using flowable resin composites, emphasizing the injection moulding technique.

Patient Restorative Follow up / Clinical Author/Yea
Treated teeth ) Protocol
record material outcome r

2-year follow-up < No

B iful F1 Anal kfl
eautitul How nalog workflow (one soft tissue inflammation Gestakovsk

6 maxillary anterior 22 years Plus FO3 (Shofu transparent silicon index and . )
e or significant wear  ietal., 2019
teeth old/male  Inc, Kyoto, individual space holders [13]
Japan) from mock-ups)

Tetric Evoflow Partially digital workflow

28 years No follow-up period Coachman

Ivoclar two transparent silicone
6 anterior teeth old/ female (_ (_ . P Excellent initial clinical et al.,2020
Vivadent, indices based on the 3D
. . L outcomes [14]
Lichtenstein) printing models)
ost-orthodontic G-zenial Partially digital workflow
P _ 15 years . Y clg . 5-month follow-up = no Hosaka et
recontouring of 4 Universal (one transparent silicon .
. ) old/ female _ . . . signs of wear and no  al., 2020
maxillaty anterior Injectable (GC, index based on 3D printing
defects [15]
teeth Japan) models)

Analog workflow (one 1-year follow-up >

28 years transparent silicone index

8 maxillary teeth G-aenial staining of restoration Ypei Gia et
. old/ female . covered by 1 mm acetate .
(upper right to left Universal Flo ) and the tooth — material al., 2020
econd premolars) (GC, Japan) plate expanded to adjacent interface / presence of [16]
s P »Jap teeth to achieve more stable Vofds

fitting)
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. . Cortés-
16 teeth with G-eenial 2-year follow-up = no .
. 52 years . M . Breton
generalised Universal Analog workflow (one gingival infammation, _ .
. old/ female _ . . ) . . Brinkmann
tetracycline dental Injectable (GC, transparent silicone index) bleeding on probing or ot al. 2020
stains Japan) wear [17]
2 missing everX Flow for Partially digital workflow:

. Lo dentin and G- {
mandibular incisors two 3d-printed casts (15

. . No @nial Universal ) .
replaced with a direct dentin cast/ 2nd: anatomic

. informatio Injectable for
bilayered _ wax-up cast) and two
. . n available enamel (GC
resin bonded fixed

3-month follow-up - Hosaka et
No signs of wear or soft al., 2021

ce tissue inflammation [18]
transparent silicon indices

dental prosthesis Corp, Tokyo, (Exaclear,GC)
Japan)
Anal kil
32 years G-eenial nalog workflow (one No follow-up period

4 maxillary anterior transparent silicon index and

teeth (lateral incisors old/male Universal stoppers made by C Ljubicic et
: Injectable (GC, > PP eby - Excellent initial ~ al, 2021 [19]

and canines) silicone on the impression

Japan) performance
tray)
. Partially digital workflow
illary lateral 25 G-aenial (one t t sili 10-month foll >

maxillary latera years Universal one tansparent silicone month follow-up >~ . =

1nc1sF)r and maxillary old/ female Injectable (GC, 'mdex based onthe3D no w.ear, discoloration or i, 2021 [20]
first premolar Japan) printed wax-up + two putty  periodontal problems
P silicone stoppers)

. G-aenial 6-month follow-up - no
transitional treatment ) Analog workflow (two ) ) Hulac et
53 years Universal e signs of tissue
of a complex full . transparent silicon indices for , al., 2023
. old/ male Injectable (GC, inflammation or wear
mouth rehabilitation each arch) [21]
Japan)
4 clinical cases of: 12-month-, 20-month-
a.  General wear in and 24-month follow-up
. No .
upper and lower jaw . . . . . - smooth and shiny
. . informatio G-zenial either digital or analog
b. Six maxillary . surfaces, absence of Peumans et
. nexceptof  Universal workflow ..
anterior teeth _ occlusal wear, chipping, al.,, 2023
. the 4t case Injectable (GC, . . .
C. Full mandibular . . marginal discoloration [22]
: 45years Japan) either one or two indices . . .
arch treatment or tissue inflammation
. . old/ male
d.  Six maxillary
anterior teeth
Clearfil ES Flow
. Digital workflow (bi-layer
. . Universal, . . Hosaka et
extensive posterior 13 years clear mini-index with hard ~ 1-year follow-up -
.\ (Kuraray . . al., 2023
occlusal cavities  old/ female . outer plastic layer and elastic ~ Excellent outcome
Noritake, ) . [23]
inner silicone layer)
Tokyo, Japan)
symmetrical
restZration of two Beautifil Flow Digital workflow (one
central incisors 50 years Plus FOO  custom-designed, two-in-one No follow-u Wuetal,
old/ female (Shofu,Kyoto, digital template) p 2023 [24]
Japan

Tetric N-Flow

re-recontouring of (Ivoclar 1-year follow-up - No Villafuerte

. 21 years . Analog workflow (one . . .
maxillary premolars to Vivadent, _ marginal discoloration et al., 2023

_ old/ female transparent index)
canines Schaan, or fracture [25]
Lichtenstein)
" . . . B 3

2nd ypper right 34 years Partially digital workflow 1-year follow-up < no Healy, 2023

premolar to upper left old/ female Not mentioned  (one transparent matrix ~ chipping and minimal

2
canine based on digital wax up) staining [26]



https://doi.org/10.20944/preprints202503.1030.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 March 2025

5 of 40
a microdont maxillar Digital workflow (one 3d
.. y Clearfil ES Flow printed index including only
lateral incisor 18 years . .
Universal two adjacent to the Watanabe
old/ male . . 6-month follow-up >
(Kuraray microdont lateral incisor Excellent outcome etal., 2023
Noritake, teeth and labial and palatal [27]
Japan) extensions + digital

stabilization holder)

41years Beautifil Flow Digital workflow (3D-printed 10-month follow-up -

multiple diastema old/ female Plus FOO (Shofu,

index with interproximal no signs of wear and soft Shui et al.,

closure (6 teeth) matrices to isolate tissue inflammation 2024 [28]
Kyoto, Japan) .
interproximal contact areas)
) Annual follow-ups for 4
36 years G-aenial ears = staining in the Rafeie et
. y Universal Flo Analog workflow (one y &t
6 lower anterior teeth old/ male e tooth — composite al., 2024
(GC, Tokyo,  transparentsilicon index) . ..
Japan) interface and chippings [29]
P repaired every year
Clearfil ES Flow . .
maxillary right central Universal Partially digital wo.r.kﬂow 3-year follow-up 2  Muslimah
Co. 42 years (one transparent silicone ..
incisor (Kuraray . . excellent clinical etal., 2024
old/ male . index based on 3D printed
Noritake, outcome [30]
models)
Tokyo, Japan)
G-aenial Partially digital workflow
. - Branzan et
full mouth 57 years Universal (one transparent silicone  1-year follow-up = No al. 2004
rehabilitation old/ male Injectable (GC, index based on 3D printing defects i 31]
Tokyo, Japan) wax up models)
Repl £
P acement.o a Estelite Digital workflow (two 3D-
missing mandibular 34 years _ . o .
. . Universal Flow, printed indices representing  1-year follow-up = Watanabe
lateral incisor with  old/ female . :
. . . (Tokuyama  the dentin layer index and excellent treatment et al., 2024
direct composite resin- .
Dental Corp., the outer enamel layer index outcomes [32]
bonded Tokyo, Japan)  + stabilization holder)
fixed partial denture Yo, Jap
‘ ‘ . 34 years B.eautlfll 12-month follow-up.é Rathod et
six maxillary anterior Injectable, Analog workflow (one ~ No wear, postoperative
old/ female . ) o . al., 2024
teeth (Shofu, Kyoto, transparent silicone index)  sensitivity, soft tissue (33]
Japan) inflammation
24 years -
peg-shaped Beautifil Flow Alyahya et
and malformed upper old/male Plus FO3 (Shofu, Analog woFlfﬂow Fone No follow-up al., 2024
. transparent silicone index)
lateral incisors Kyoto, Japan) [34]
. Beautifil Flow
lagjlsézo;h jae:iee(;ts 18 years Plus F00; Digital workflow (veneer- 1_};iea;:zlf1::)vf_tuti:leno Zhu et al,,
Y old/ female (Shofu, Kyoto, shaped 3D printing indices) . & . . 2025 [35]
inflammation or caries
Japan)
6-year follow-up = no
bleeding, staining or
. 12.6 years . periodontal
rr.lax‘lllary‘ lateral old/ female G—fae il Digital workflow (one triple- inflammation Spadoni et
incisors in two Universal o ..
L . . layer transparent silicone (Clinical case 1) al., 2025
paediatric patients Injectable (GC, )
12.3 years Tokyo, Japan) index) 2-year follow up = no [36]
old/ male yo.Jap bleeding, no color
change

(Clinical case 2)
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The injection moulding technique is described as a novel treatment modality with a
direct/indirect character that translates an analog or digital wax up into a final resin composite
restoration, without or with confined tooth preparation [13]. In order for the final restoration to be
accomplished one or more transparent silicone indices based on the wax up (analog or digital) are
fabricated, which allow the material — mainly flowable composite resins- to be passively inserted and
cured, therefore minimizing the possibility of index and restoration distortion. It presents similarities
to its ancestral technique named “index technique”, that uses a single transparent index and stamps
the resin composite directly on the surface of the single prepared tooth [37,38]. Their main difference
is based on the material used for the final restoration. At the “index technique” preheated
conventional composite resin is used, whereas the material of choice for the injectable technique is a
flowable composite resin. Furthermore, in a study of Kouri et al. in 2023 [39], the injection moulding
technique and its modifications move from the diagnostic wax- up towards the final direct resin
composite veneers in a more accurate and predictable manner compared to the “index technique”,
which uses preheated resin composite. Douglas Terry and John Powers have been the first to present
this alternative technique in 2014 and reported its numerous applications, among others the repair of
fractured teeth and restorations, the fabrication of transitional restorations and pediatric composite
crowns, the resurfacing of occlusal wear on posterior composite restorations, the development of
composite prototypes for copy milling , the establishment of an alternated vertical dimension prior
to restoring with final restorations and its use as a communication tool between patients and dental
practitioners [5,40]. Diastema closure, reshaping crown morphologies, and correction of dental
misalignments are additional indications implementing the injection technique in the restorative
dentistry toolkit. The restorations generated from this treatment method may be either transitional
or definitive [13,20]. Furthermore, this technique is nowadays used to fabricate an ideal shape and
core size without additional tooth preparation [41] or even resin bonded fixed dental prosthesis
[17,32]. The tremendous development of Digital Dentistry entails the incorporation of digital
workflows in the injection moulding procedure by the fabrication of digital wax-ups and 3D-printed
molds, rigid or soft indices and rigid holders of the soft transparent index [42].

The compositions of the flowable resin composite materials used in these clinical cases are
presented in Table 2.

Table 2. Composition of flowable composite resins used in the clinical cases.

Flowable composite resin Composition
15 - 25 % by weight Bis-GMA, 10 — 20 %by weight TEGDMA
S-PRG (surface pre reacted glass ionomer) filler based on 50 — 60 % by

Beautifil Flow Plus P03 or weight fluoroboroaluminosilicate glass, 1 — 5% by weight SiOz and 1-5%
P00 (Shofu Inc., Kyoto, Japan) by weight Al:Os, polymerization initiator, pigments and others.
Particle size range: 0.01 to 4.0 pm
Mean particle size: 0.8 um [43,44]

Bis-GMA, UDMA, copolymer, barium glass, , ytterbium trifluoride, Si-Zr
Tetric Evoflow (Ivoclar

Vivadent AG, Schaan,

Lichtenstein)

mixed oxide,
Inorganic filler content: 58% by weight / 30.7 - 33.7% by volume
Particle size range: 0.11 um to 15.5 um [45]

G-aenial Universal Injectable  Dimethacrylate monomers and 69% by weight and approximately 50% by
(GC Corporation, Tokyo, volume barium glass and silica fillers.

Japan) Particle size range: 0.01 - 0.5 um [46]
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G-aenial Universal Flo (GC
Corporation, Tokyo, Japan)

Dimethacrylate monomers and 69% by weight and approximately 50% by
volume strontium glass and silica fillers.

Particle size range: 0.01 - 1.0 um [47]

Clearfil Majesty ES flow
(Kuraray Noritake Dental,
Tokyo, Japan)

Dimethacrylates and silanized barium glass and silica filler particles.
Inorganic filler content: 48 to 64% by volume.

Particle size range: 0.18 um to 3.5 um [48]

Beautifil Injectable X (Shofu
Inc., Kyoto, Japan)

Bis-GMA, TEGDMA, Bis-MPEPP, S-PRG filler based on
fluoroboroaluminosilicate glass, polymerization initiator, pigments and
others.

Inorganic filler content: 50-60% by weight [49]

Tetric N-Flow (Ivoclar
Vivadent AG, Schaan,

Lichtenstein)

Bis-GMA, UDMA, TEGDMA, ytterbium trifluoride, barium glass,
bariumaluminium fluorosilicate glass, Si-Zr mixed oxide.
Inorganic filler content: 38 — 40% by volume.

Particle size range: 0.03 pm to 15.5 um [50]

Estelite Universal Flow,
Medium Viscosity
(Tokuyama Dental

Dimethacrylates (Bis-GMA, Bis-MPEPP, TEGDMA, UDMA) and
spherical silica-zirconia filler and composite filler

Inorganic filler content: 71% by weight/ 57% by volume

doi:10.20944/preprints202503.1030.v1

Corporation, Tokyo, Japan) Mean particle size: 200 nm

Particle size range: 100 to 300 nm [51]

These materials have been used in a wide range of situations, such as single tooth restorations,
teeth recontouring by fabricating four to six veneers on anterior maxillary and mandibular teeth,
replacement of missing teeth as direct composite resin-bonded fixed dental prosthesis and full mouth
rehabilitation with or without alteration of the vertical dimension. When minimal tooth structure loss
is present, these materials proved to perform to the maximum [13,20,22,30]. When evaluating the use
of highly filled flowable resin-based materials in full mouth treatments, no defects were present in
the 6- month and one-year follow-up periods [21,31]. Staining on the material’s surface and/or in the
tooth — material interface, minor chippings and presence of voids are defects related to some clinical
cases [16,29]. These observations strengthen the belief that highly filled flowable resin composites
may present inferior properties related to resistance to occlusal forces and color stability.

The results of the clinical reports should be interpreted with general reservation for the following
reasons:

e  Despite the material per se, external factors such as medical record, intraoral temperature and
humidity, acid consumption, grinding, poor oral hygiene, parafunctional behaviors, and
polishing procedures are additional influential factors affecting clinical outcomes [52].

e  Very short follow-up periods are applied. In order to draw clear conclusions on a technique or

a material, long-term follow-up periods are essential.
e  The initial evaluation of a restoration or restorative procedure and its behavior through time
should be based on specific guidelines and criteria and should not be only assessed by the

presence of stains and wear. These criteria include esthetic, functional, and biological
parameters, such as anatomical form, surface luster, and surface staining, fracture of material,
marginal adaptation, postoperative sensitivity, reoccurrence of dental caries, tooth integrity, and
the adjacent mucosa evaluation [53-55].

e  We should keep in mind that although clinical cases belong to the evidence — based scientific
pyramid, their quality as well as their amount of evidence is weak [56]. The selection of a dental

biomaterial in conjunction with a restorative technique should be made through well-designed
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randomized controlled clinical trials reinforced by in vitro studies and by the conduction of

well-structured systematic reviews and metanalysis.

3.2. In Vitro and Randomized Control Clinical Studies on Highly Filled Flowable Resin Composites

The presence of staining and discoloration on the surfaces of the highly filled flowable resin

composites and on the tooth-material interface, in conjunction with the voids and minor wear defects

presented in some clinical cases mentioned in 3.1 section, constitute the stimulus for investigating the

performance of highly filled flowable materials based on laboratory studies and clinical trials, which
are thoroughly described in Table 3 and Table 4 respectively [10,57-90].

Table 3. In vitro studies incorporating highly filled flowable resin composites in their design.

Paramet Type of specimens/Type of Tests Conclusions Auth
ers control groups / Procedures or/Ye
tested ar
color (1) G-aenial Universal Flo (a) Spectrophotometer color stability and Nair
stability (GC Corporation, Tokyo, measurements surface hardness: Filtek et al,,
- Japan) every 72 hours for 3 Z350XT > Tetric N 2017
surface (2) Filtek Z350XT (3M ESPE, weeks Ceram > G-aenial [57]
hardness St. Paul, MN, USA) Universal Flo
(3) Tetric N Ceram (Ivoclar (b) Microhardness
Vivadent AG, Schaan, tester Inferior properties of G-
Lichtenstein) aenial Universal Flo
immersion in coffee for 72 hours
+
tooth brushing simulation
surface (1) four traditional flowable (a) glossmeter for Highly filled flowable Lai et
gloss composites: Gloss Units composite showed: al.,
- a. GrandioSO Flow measurements 2018
surface (VOCO GmbH, (b) optical profiler for e the highest gloss  [58]
roughne Cuxhaven, Germany), Ra measurements value either
ss b. Arabesk Flow (VOCO (c) spectrophotometer before or after
) GmbH, Cuxhaven, for color change toothbrushing
color Germany) (AE) simulation
stability c. Kerr Revolution (d) Scanning Electron
Formula 2 (Kerr, Orange, Microscopy (SEM) e the lowest Ra
CA, USA) observation

d. Gradia Direct LoFlo
(GC Corporation, Tokyo,
Japan)

(2) one self-adhering
flowable composite: Kerr

Vertise Flow (Kerr,
Orange, CA, USA)

values (0.11pum)

Color alteration of all
composites was
acceptable (threshold
value of 3.3AE)
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(3) one universal injectable
composite: G-aenial

Universal Flo

Experimental groups:

toothbrushing simulation

(Willytec, Munich, Germany)

Control groups:
No toothbrushing simulation

Polishing procedure:

Grinding up to  4000-grit by
silicon carbide papers under

running water + ultrasonication

handling Experimental groups: Six
- flowable composite resins
mechani
cal (1) Beautifil Flow Plus FOO
propertie (BF; Shofu Inc., Kyoto,
s Japan)
_ (2) Clearfil Majesty ES Flow
wear (CE; Kuraray Noritake
Dental Inc., Tokyo,
Japan)
(3) Estelite Universal Flow
(EU; Tokuyama Dental
Corp, Tokyo, Japan)

(4) Filtek Supreme Ultra
Flowable Restorative (FS;
3M ESPE, St. Paul, MN,

USA)
(5) G-eenial Universal Flow
(GU)
(6) Gracefil Zero Flow (GZ;
GC Corp., Tokyo, Japan)

Control groups:
two conventional resin

composites:
(77 micro hybrid, Clearfil
AP-X (AP; Kuraray

(a) thermogravimetry/
differential thermal
analysis (TG/DTA)

for filler content

measurement

(b) ISO 4049:2019
specifications and
three-point bending
test for flexural
strength, flexural
modulus and
modulus of
resilience

evaluation

(c) Confocal laser
scanning
microscope (CLSM)
for maximum
depth and volume

loss of wear facets

(d) universal testing
machine for
extrusion force

measurement

Flowable resins show:

e significantly
lower inorganic

filler content

e significantly
lower elastic

modulus values

e significantly

higher resilience

compared to
conventional resin

composites

Conventional nanofilled
resin presents
significantly lower
volume loss compared to

the other materials.

Significantly higher
thread formation for GU
compared to the other

resin composites.

Imai

etal,
2019
[10]
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Noritake Dental Inc.,
Tokyo, Japan)

(8) mnano filled resin
composite, Filtek
Supreme Ultra (SU; 3M
ESPE, St. Paul, MN, USA)

Uniform polishing procedure:

Grinding up to 1200-grit by

silicon carbide paper discs

(e) creep meter for
thread formation

(stickiness)

(f) SEM analysis

Increasing the inorganic
filler content did not
enhance the physical
properties of highly
filled flowable resin

composites.

(1) Filtek Bulk Fill Flowable
Restorative (3M ESPE, St.
Paul, MN, USA)
(2) G-aenial Bulk Injectable
(GC Corp., Tokyo, Japan)
(3) SDR flow + (Dentsply,
York, PA, USA)
(4) Tetric EvoFlow Bulk Fill
(Ivoclar Vivadent AG,
Schaan, Lichtenstein)
(5) Clearfil Majesty I1C
(Kuraray Noritake Dental

occlusal

wear

Inc., Tokyo, Japan)
(6) Filtek Supreme Ultra
Flow
(7) G-aenial Universal Flo
(8) Herculite XRV Ultra
Flow (Kerr, Orange, CA,
USA)

Universal polishing procedure:

Grinding up to 4000-grit by

silicon carbide paper discs

Wear simulation by 400,000
cycles in a Leinfelder-Suzuki
device with a stainless steel ball

bearing antagonist

Non-contact profilometer

and SEM analysis for

volume loss and maximum

depth of wear evaluation

G-aenial bullk injectable,

Ujiie

etal,
2020
[59]

G-aenial Universal Flo
and Filtek Supreme
Ultra Flow showed

significantly less wear

and significantly lower
volume loss than the

other flowable materials

color (1) two high-viscosity

stability flowable composites (G-
aenial Injectable, GC,
Tokyo, Japan; Estelite

Super Low Flow,

(a) spectrophotometer
(EasyShade IV,
Vita, Germany)

Korku

material dependent and tet

Color stability is

colorant solution al.,
2020
[60]

dependent.
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Tokuyama Dental, (b) colorimeter Filtek Ultimate flowable
Tokyo, Japan) (ShadeStar, presented the highest
(2) a bulk-fill flowable Dentsply Sirona, level of color Change in
composite (Filtek Bulk- USA) both time intervals

Fill Flowable)
(3) alow viscosity flowable
composite (Filtek
Ultimate Flowable, 3M

ESPE, St. Paul, MN, USA)

(4) a packable composite
(Filtek Ultimate , 3M
ESPE, St. Paul, MN, USA)

Uniform polishing procedure:

Sof-Lex polishing discs (3M
ESPE, St. Paul, MN, USA)

Experimental groups:

Immersion in various colorant
solutions (coke, tea, coffee, red
wine)

Control group:

Immersion in saline

for color measurements in
two time intervals:
immediately after

discoloration for 144 hours

in an incubator at 37°C and

after repolishing

Color stability of high
viscosity flowable
composite materials is
comparable to that of

packable composite.

cuspal  Five bulk-fill flowable composite (a) Simulated cuspal Cuspal deflection, Shima
deflectio resins: deflection by the flexural strength and tani et
n (1) Beautifil Bulk Flowable use of aluminium modulus are material al.,
) (BF; Shofu, Kyoto,Japan) block milled for dependent 2020
flexural 2) Bulk Base (BB; Sun MOD (mesial — [61]
propertie Medical, Shiga,Japan) occlusal - distal) Higher cuspal deflection
S (3) Filtek Fill and Core (FF; cavities assessed by of the conventional
3M ESPE,St Paul, MN, 2 different flowable resin
UsA) meastrement composites compared to
: techni :
@) SDR (SD; Dentsply e 1.ques bulk fill flowable resin
Sirona,York, PA, USA) a. Micrometer )
composites
(5) X-tra base (XB; VOCO b. CLSM
GmbH, Cuxhaven, . .
i i Conventional highly
Germany) (b) three-point bending

and six conventional flowable
resin composites:
(6) Clearfil Majesty ES Flow
(CE)
7) Clearfil Majesty LV (CL)

test on a universal
testing machine for
flexural strength
and modulus

evaluation

filled flowable resin
composites present the
highest flexural strength

and modulus

Significant correlation

between flexural
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(8) Estelite Universal Flow (c) SEM analysis properties and cuspal
(EU) deflection of resin
9) G-eenial Universal composites
Injectable (GI)
(10) Filtek Supreme Ultra
Flowable (FS)
(11) UniFil LoFlo Plus (UF;
GC, Tokyo, Japan).
Uniform polishing procedure:
Silicon carbide papers of 600 —
grit size.
flexural 4 highly filled flowable (a) 1SO 4049:2019 (3- The new generation Tsuji
propertie composites: point bending test flowable composites moto
S (1) Beautifil Flow Plus X F03 by a universal showed significantly etal.,
- (BF) testing machine) higher: 2021
bonding (2) Clearfil Majesty ES Flow for flexural [62]
propertie Low (CM) properties e flexural strength
s (3) Estelite Universal Flow values
3 Medium Flow (EU) (b) shear bond strength immediately
marginal (4) G-eenial Universal to enamel and after
adaptati Injectable (GU). dentin by the polymerization
on universal testing than those of the
) Traditional flowable composite machine traditional and
polymeri (5) Unifil LoFlow Plus (UP, . bulk-fill
Jation GC, Tokyo, Japan) (c) traveling flowable
chrinkag microscope for composites.
Bulk fill flowable composite marginal
(6) Filtek Bulk Fill Flowable adaptation o flexural strength
(FF) values after 24h
(d) bonded-disk compared to the
The adhesive system method using a conventional
recommended by the uni-axial linear composite
manufacturer of each company variable
was used. displacement e elastic modulus
transducer (LVDT) than that of
The materials properties were for polymerization traditional and
evaluated in two time intervals: shrinkage bulk-fill
e t1: 10 min after curing composites after
(e) Aluminum cuspal 24h

e t2: 24 h after curing deflecti thod
eflection metho

for polymerization e polymerization
shrinkage stress shrinkage stress

than the
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traditional and
bulk-fill
flowable

composites.

The new generation
flowable composites

showed similar:

e bond strengths

e marginal

adaptation

to the traditional and

bulk-fill composites
regardless the storage
conditions
surface 1. G-eenial Universal (a) Surface roughness Statistically significant ~ Niyo
roughne Injectable evaluation (Ra differences in Ra values  msuja
ss 2. Beautifil Injectable X parameter)by a  after citric acid challenge  rit et
3. Filtek Z350XT Flowable contact stylus between all materials al.,
Restorative profilometer tested (conventional 2021
4. Filtek Z350XT Universal composite resin [63]

(b) Scanning Electron presented the most

Universal finishing — polishing Microscopy (SEM) favorable surface
procedure: analysis

roughness values)
Abrasive sandpaper discs of 800-,

1200-, 2000-, 2400 grit size + After cyclic acid
ultrasonic cleansing challenge Beautifil

Injectable X presented
Experimental groups: cyclic acid

statistically significant
challenge with 0.5% citric acid

higher Ra values when
(pH: 2.3)

compared to the control.

Control group: absence of cyclic

acid challenge
surface (1) Estelite Bulk Fill Flow, (a) Surface roughness Microhardness values: Degir
roughne Tokuyama Corp., Tokyo, by 3D non-contact Microhybrid > bulk fill >  menci
ss Japan profilometer injectable composite etal,
- (2) G-aenial Posterior, GC (Contour GT-K 3D 2022
microhar Europe N.V., Leuven, Optical Elastic modulus: [64]

dness Belgium Microscope,
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(3) G-aenial Universal

Bruker, Izmir,

Bulk fill > injectable >

flexural Injectable Turkey) (Ra values)  microhybrid composite
strength
- Polishing procedure: (b) Microhardness Flexural strength:
elastic Grinding up to 1200-grit by assessment by a Injectable > bulk fill >
modulus silicon carbide paper discs + Vickers microhybrid composite
ultrasonication microhardness
device (HMV-G 31 Surface roughness:
randomly divided for immersion Microhardness Injectable > bulk fill >
. Tester,Shimad
into: ester,omaczt microhybrid composite
I coke Corporation, Japan)
II.  orange juice, Acidic beverages
III.  into artificial saliva © Elasti dul affected the surface
¢) Elastic modulus
(control group) roughness,
and flexural
microhardness, flexural
measured: strength .
measurements strength, and elastic
A. before exposure to dul I £ all
beverages according to ISO modulus vatues ot a
& 4049 materials tested
B. on the first day . .
C. first week recommendations including the new
- injectable composite
D. first month
E. firstyear (d) SEM analysis
The injectable composite
exposed to short- and
long-term immersion
cycles exhibited flexural
strength values above
the ISO 4049/2019
standard.
depth of (1) Filtek Bulk Fill Flowable a. ISO 4049 scrape DOC: Ludo
cure Restorative (bulk fill technique for DOC Bulk-fill flowables > vichet
(DOC) flowable), highly filled flowable >  ti et
- (2) Tetric EvoFlow Bulk Fill b. 3D laser confocal traditional flowables al,
hardness (bulk fill flowable) microscope (LEXT 2022
_ (3) Filtek Supreme XTE OLS 4100; Hardness: [65]
surface Flowable Restorative Olympus) for Bulk fill flowables =
roughne (nanofilled flowable) durface roughness highly filled injectable >
ss (4) G-znial Flo X (Ra values) traditional flowable resin
(microhybrid flowable
't . .
filler 5) G CO.H;pSSI. ) | ¢ Vickers diamond Surface roughness:
-enial Universa ' i
dimensio ) ) indenter (Vickers Bulk fill flowables >
Injectable (high-strength microhardness . ) o
ns highly filled injectable

injectable composite)

tester, Shimadzu,
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Kyoto, Japan) for
hardness
d. SEM images at 3000
and 9000
magnification for
filler content
filler (1) Aura bulk-fill (AB) (SD], a. standard ash Highly filled flowable Jafarp
weight Bayswater, Victoria, method for filler resin composite had: our et
(FW) Australia) (bulk fill weight al.,
. composite resin) e lower filler 2022
fracture (2) Tetric EvoCeram (TE) b. 4-point test jig weight (62.82%)  [66]
toughnes (Ivoclar Vivadent) (bulk using a universal
s (FT) fill composite resin) testing machine for o the highest
(3) G-eenial Universal Flo fracture toughness fracture
Vickers (GUF) (GC) (highly filled toughness,
hardness flowable composite resin) c. Digital hardness
(VHN) (4) GC Kalore (GCK) (GC, tester for e the highest
Tokyo, Japan) microhardness water
] ) (conventional composite sorption/solubili
sorption/ .
N resin) d. IS0 4049 for ty
solubilit ) N
v (5/5) sorption/solubility
Stored: e the lowest
) L dry e. Standard hardness
color II. wet in distilled water Commission
change .
(AE) ‘ ' In,terna‘tlonale de compared to bulk and
subcategorized in three groups: L’Eclairage (CIE conventional resin
A. Stored for one day Lab) for color composites.
B. Stored for 7 days stability
C.  Stored for 60 days After 60 days, the color
changes of all resin
composites used in this
study were clinically
invisible.
polymeri (1) G-aenial Universal Flo Relative linear shrinkage Polymerization Khora
zation (GUF) assessment and shrinkage shrinkage values: mian
shrinkag (2) Filtek Z250, 3M ESPE, St.  strain rate evaluation by Tusi
e Paul, MN, USA numerical differentiation of = G-aenial Bulk Injectable  etal.,
(3) G-aenial bulk injectable the shrinkage strain data = G-aenial Universal Flo 2022
(GB) with respect to time > XF = 7250 =XB [67]

(4) X-tra base (XB)
(5) X-tra fil (XF), VOCO,

Cuxhaven, Germany
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Polymerization shrinkage

evaluation in 4 time intervals

t1:1 sec
t2:30 sec
t3: 60sec
t4:1800s
wear Experimental groups: volume loss and maximum wear volume loss and Turk
resistanc (1) nanohybrid conventional  depth of loss calculation by loss depth: etal,
e (G-aenial Posterior) and laser scanner device 2023
flowable (G-aenial e nanofilled > [68]
Universal Injectable) nanohybrid and
composite resins, submicron-filled
(2) ananofilled bulk (Filtek composite resins
One Bulk-fill Restorative)
and flowable (Filtek e flowable
Ultimate Flow) composites >
composite resin conventional
(3) submicron-filled composites
conventional (Estelite
Posterior Quick, Highly filled flowable
Tokuyama, Tokyo, composite resins still
Japan) and flowable display inferior wear
(Estelite Bulk-Fill Flow, resistance compared to
Tokuyama, T.okyo,' conventional composite
Japan) composite resin resins.
Control group:
buccal surfaces of extracted
human premolars
thermomechanical chewing
simulation for 240,000 cycles
color (1) Filtek Universal Color stability assessment ~ The flowable composites Uctasl
stability Restorative (3M ESPE) by the use of a (traditional and highly iet
(2) SDR flow+ (Dentsply) spectrophotometer (AE) filled) showed similar al.,
(3) everX Flow (GC, Tokyo, AE values to the 2023
Japan) conventional composite [69]
(4) G-zenial A’CHORD (GC, materials in the hand
Tokyo, Japan) polished groups.
(5) G-eenial Universal Flo
(GC) SDR flow+ in coffee and

wine presented the
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(6) G-aenial Universal
Injectable (GC)

Polishing procedure:

a. By machine (1000-grit,
2000-grit and 4000-grit
abrasive paper discs)
b. Or by hand (3 M Sof-Lex
Diamond Polishing
System, 3M ESPE, St.
Paul, MN, US)

Immersed in five different
beverages:
a. Distilled water (control
group)
b. Coffee
¢. Red wine
d. Energy drink
e. Coke

color change measurement in

three time periods:

highest AE when
compared to other tested
materials (above the
threshold of clinically

acceptable color change)

repolishing serves as an
effective technique for
eliminating surface
discoloration in

composite restorations

i Baseline
ii. 84 days after
immersion
iii. After repolishing
microhar  1mm thin, conservative occlusal
dness veneers fabricated by:
surface (1) Cerasmart blocks,
roughne Cerasmart, GC, Tokyo,
ss Japan (CS) (indirect
- CAD/CAM technique)
wear (2) Beautifil Injectable X (BF)

(3) G-eenial Universal
Injectable (GU)
(4) SonicFill 2, Kerr, Orange,
CA, USA (SF)

(a) three-dimensional
scanning
i. Dbefore
ii. after
thermomechanical
cyclic loading for wear

assessment

(b) optical profilometer
for surface
roughness (Ra

value)

(¢) microhardness
tester for VHN

VHN: Elsah

CS> GU =SF > BF net
al,,

surface roughness: 2023
SF>BF>CS>GU [70]

volumetric wear:

SF >BF > CS > GU

GU injectable occlusal
veneers are less
influenced by
thermomechanical cyclic
loading than CS milled

veneers
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(d) SEM analysis BF and SF: significant

volumetric loss and
increased Ra values
which might limit their

clinical use as thin

occlusal veneers
physical (1) Beautifil Injectable X (a) micro-hardness Hardness values: Islam
stability (injectable flowable resin tester (Wilson packable — conventional et al.,
- based material) Tukon 1102, resin > highly filled 2023
optical (2) Beautifil II LS (low Buehler, injectable flowable [71]
stability shrinkage paste resin Echterdingen, material > traditional
based material), Shofu, Germany) for flowables
Kyoto, Japan Vickers hardness
(3) CharmfFil flow (flowable (VH) Beautifil Injectable X and
con'1p051te resin), ‘ II LS showed negative
Dentkist Inc, Gunpo-si, (b) water sorption and WS, whereas the other
Gyeonggi-do, Korea solubility (WS/SL) o
groups had positive
(4) CharmFil Plus tests
values
(nanofilled composite
resin), Dentkist Inc, (c) digital
. . All groups showed
Gunpo-si, Gyeonggi-do, spectrophotometer
significant color
Korea for color change
alterations after one
assessment
No information available week of the staining
concerning the polishing challenge
procedure
Aging after thermocycling and
staining challenge
surface  G-aenial Bulk Injectable flowable (a) optical profilometer Improved surface Elgam
roughne resin composite, GC for surface roughness and gloss by ~ mal et
ss roughness (Ra using the multiple-step al.,
- 2 different polishing procedures: measurment) polishing system 2023
surface I.  The two-step Sof-Lex [72]
gloss spiral wheels system (b) Horiba gloss Acidic media had a

(Solventum)
II. ~ The multiple-step Sof-
Le XT disks (Solventum)

2 different time intervals:
A. After polishing
B. After three months

checker negative impact on

surface roughness and
surface gloss of the

resin composite material
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immersed in 2 different liquids:
(a) artificial saliva (control

group)
(b) Coca-Cola.

surface (1) Filtek Supreme Flowable (a) optical profiler(Ra Both material and Vulov
roughne Restorative and Rz) for surface  polishing procedures icet
ss (2) Tetric EvoFlow roughness affect surface roughness  al.,
- (3) G-aenial Universal Flo and microbial adhesion 2023
microbia (4) G-aenial Universal (b) Scanning electron (73]
1 Injectable microscopy (SEM)  GUT adhered the lowest
adhesion amount of Strep.mutans,
and Four different polishing (c) colony forming due to the smoothest
viability procedures: unit (CFU) and cell surfaces.
of 1. Sof-Lex discs, 3M ESPE, viability assay for
. biofil lysi
Streptoco St. Paul, MN, USA (SLD) 1OTHT anatysts The smoothest surfaces
2. f-L irals, 3M
ccus Sof-Lex Spirals, 3 possess GUI and GUF,
ESPE, St. Paul, MN, USA i
mutans among materials and
(SLS)
SLD and SLS, among
3. One Gloss, Shofu, Tokyo,
Japan (OG) polishing procedures
4. PoGo, Dentsply/Caulk,
Milford, DE, USA (PG)
optical (1) Microhybrid (a) spectrophotometer Highly filled flowable Degir
propertie conventional composite for optical injectable composite had  menci
S resin (G-%l’llal Anterior, properties analysis the hlghest translucency et al_,
- GC, Tokyo, Japan) (L*a*b) and opalescence and the 2023
surface (2) Highly filled flowable lowest chroma value [74]
roughne composite resin (G-eenial  translucency assessment:
ss Universal Flo) TP and TP00 equations

(3) Highly filled injectable
flowable composite resin
(G-eenial Universal

Injectable)

Polishing procedure:

specimens grinded for 180s
manual grinding up to  1200-grit

by silicon carbide papers

Experimental groups:
1. Multi step rubber

polishing discs (Sof-Lex
polishing discs)

opalescence evaluation: OP-

BW equation

chroma evaluation: C*ab

formula

(b) refractive index
assessment (RI) by
the use of Abbe

refractometer

the polishing procedure
did
not significantly affect
the RI

the composite type and
polishing procedure
show statistical
significant effects on
surface

roughness
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2. Two step flexible
polishing discs
(CLEARFIL Twist DIA,
EVE Ernst Vetter,

Keltern, Germany

Control group: no further

commercial polishing

(c) optical profilometer
for surface

roughness
(d) SEM analysis
(e) Atomic Force

Microscopy (AFM)

analysis

polymeri (1) EverX Posterior (GC,
zation Tokyo, Japan)
shrinkag (2) EverX Flow Bulk (GC,
e Tokyo, Japan)
(3) EverX Flow Dentin (GC,
Tokyo, Japan)

(4) G-aenial Anterior
(5) G-aenial Posterior
(6) G-aenial A’chord (GC,

Tokyo, Japan)
(7) G-aenial Universal
Injectable
(8) Filtek One Bulk Fill
(9) Filtek Universal
Restorative
(10) SDR + Flow
(11) Aura Bulk Fill (SD],
Bayswater, Victoria,

Australia)

(a) Polymerization
shrinkage
assessment by
i. Buoyancy method
ii. Linear strain gauge
method
iii. Depth

measurements

(b) filler content
(wt. %) by ashing-

in-air technique

(c) flexural modulus
by 3 point bending
test following the
ISO 4049:2019

specifications

(d) degree of
conversion (DOC)
by Fourier
Transformed
Infrared
Spectroscopy
(FTIR)

Shrinkage values, Szcze
obtained by the sio-
buoyancy method, are =~ Wlod
greater than those of the  arczy
strain gauge ket
al.,
The highest volume 2024
shrinkage and linear [75]

shrinkage values were
observed for the highly
filled flowable composite

resin

Volumetric filler amount
correlates with

shrinkage values

The lowest DOC is
present in the highly
filled flowable composite
resin composite (G-
aenial Universal

Injectable)

There are some
differences (around 10
%) between the filler
content (wt. %)
measured by the ashing-
in-air method and the
data given by the

manufacturers.
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mechani
cal
propertie
s

wear
antibacte
rial
propertie
S
biocomp
atibility

Three highly filled flowable
composite resins:
(1) G-aenial Universal
Injectable, (GU)
(2) Beautifil Injectable XSL
(BI),
3) Filtek Supreme Flowable
(FS)

and a compomer:
4) Dyract Flow, Dentsply,

York, PA, USA (DF)

Uniform polishing procedure:

silicon carbide abrasive papers
(600-, 1000-, 2000- grit size)

time intervals of investigation:
a. immediately after
preparation
b. after 1-day
c. 7-day
d. 1l4-day

e. 30-day water storage

(a) three-point bending
test in accordance
with ISO 4049:2019
for flexural
strength, modulus

and elastic recovery

(b) Three body wear
test for volume loss
and wear depth

assessment

(c) an optical
interferometer (Ra
values) for surface

roughness

(d) SEM analysis

(e) CCK-8 test for cell
viability

(f) Confocal Laser
Scanning
Microscopy
(CLSM) and SEM
for cell morphology

(g) CFU counting,
CLSM, and SEM for

S.mutans adherence

Chen

etal,

Mechanical properties
are material-dependent
and sensitive to water 2024

storage [76]

CFU counting: no
significant differences

between the materials

GU and FS had more
favorable cell adhesion

and morphology

Flexural strength:
GU>FS>BI>DF atall

testing levels

ES presented a slightly
thicker biofilm and BI
showed lower bacteria

density

Superior properties of
highly filled injectable

composite resins

chemical
stability
optical

stability

Highly filled flowable resin
composites + compomer
(1) G-aenial Universal
Injectable (GU)
(2) Beautifil Injectable XSL
(BD),
(3) Filtek Supreme Flowable
(FS)
(4) Dyract Flow (DF)

Uniform polishing procedure:

(a) ISO4049:2019
standard for water

sorption/solubility

(b) inductively
coupled plasma
optical emission

spectroscopy (ICP-
OES) and F-ion

selective electrode
for elemental

release

G-aenial Universal Bai et
Injectable exhibits: al,,
e favorable water 2024
sorption values: [77]
GU <FS<BI<

DF

e favorable
water solubility
values : GU=BI <

FS < DF)
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silicon carbide abrasive papers (c) FTIR for degree of
(up to 2000- grit) convertion FS presents:
immediately after o the lowest
curing and 24 elemental
hours later release

(d) Contact angle
measurement by
sessile drop
method for

wettability

(e) color difference
(AE), lightness
difference (AL) and
translucency (TP)
by a
spectrophotometer
and the CIEL*a*b*

values

e the best color

stability
e the highest
degree of
conversion
GU and BI had the

largest water contact

angle

Both material type and
duration of water
storage affected the

optical properties

surface
gloss
surface
roughne
ss
color

change

1. Estelite Universal Flow
(EUF)
2. Beautifil Flow Plus FOO
(BFP)
3. GC Fuji I, GC, Tokyo,
Japan (FLC)
4. GCFuji IX GP EXTRA,
GC, Tokyo, Japan (FGP)

Divided into four groups of
prophylaxis procedures:
Group 1: Load of 100 gf, 10 s, 4x
Group 2: Load of 100 gf, 30 s, 4x
Group 3: Load of 300 gf, 10 s, 4x
Group 4: Load of 300 gf, 30 s, 4x

(a) glossmeter (GD-26,
Murakami Color
Research
Laboratory, Tokyo,
Japan) for surface

gloss

(b) surface
profilometer
(Surfcom 130A,
Tokyo Seimitsu,
Tokyo, Japan) (Ra,
Rz, Ry values)

(c) Spectrophotometer(
Vita Easyshade V,
Vita Zahnfabrik,
Bad Sackingen,
Germany) for color

change

(d) 3D Measuring

Laser Microscope

Highly filled flowable  Miyas
resins presented hita-
favorable surface Koba
characteristics compared  yashi
to glass ionomer cements  etal,,
2024

The higher loadings and [78]
longer durations of
dental prophylaxis
might affect surface
characteristics,
depending on the

material
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for surface
observation
(e) SEM observations
physical Experimental groups: a. universal testing Variations in highly Bashe
and Four types of highly filled machine for filled flowable resins eret
mechani flowable composites: flexural strength  concerning physical and ~  al.,
cal (1) G-aenial Universal Flo and elastic mechanical properties. 2024
propertie (2) G-aenial Universal modulus [79]
s Injectable Flexural strength:
(3) Beautifl Injectable b. optical profilometer no statistically
(4) Beautifl Flow Plus (Ra parameter) for significant difference
surface roughness .\ een all highly filled
Control group: flowables and the
nanohybrid conventional resin c¢. microhardness control
composite tester (HMG-G;
(5) Filtek Z350 XT, 3M ESPE Shimadzu, Kyoto, elastic modulus:
Japan) for VHN .
Filtek Z350 presented
' higher elastic modulus
d. Microleakage
evaluation in class compared to
V cavities by the experimental groups
use of methylene
blue solution VHN: Control group >
experimental groups
surface roughness:
no differences observed
between groups
microleakage:
control group > highly
filled flowables
polymeri  Conventional composite resins +  Polymerization shrinkage  Shrinkage stress values:  Szcze
zation  highly filled flowable resin + bulk  stress evaluation by theuse  photoelastic method > sio —
shrinkag fill composite resin + flowable of two different methods contraction forces Wilod
e stress bulk-fill composite resins: measurements ararcz
(1) EverX Posterior a. Contraction forces yk et
(2) EverX Flow Bulk measurement No differences in al.,
(3) G-aenial Anterior b. Photoelastic polymerization 2024
(4) G-aenial Posterior analysis shrinkage stress values  [80]

(5) G-aenial A’chord

between conventional

composite resins and the
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(6) G-aenial Universal
Injectable
(7) Filtek One Bulk Fill
(8) Filtek Universal

highly filled flowable

resin composite.

Restorative
(9) SDR + Flow
(10) Aura Bulk Fill
wear 1. G-aenial Universal (a) Two-body wear G-aenial Universal Rajabi
- Injectable test Injectable and Beautifil ~ etal,,
flexural 2. Beautifil Plus FOO Plus F0O presented: 2024
strength 3. Tetric EvoFlow (b) Three-point [81]
bending test for e statistically
and a conventional flexural strength, lower volume
composite resin: flexural modulus loss
4. Empress Direct (Ivoclar and modulus of e statistically
Vivadent AG, Schaan, resilience higher mean
Lichtenstein) flexural strength
(c) SEM observations values
wear simulation by 200,000 cycles compared to
conventional composite
and Tetric EvoFlow
Injectable, highly filled
flowable composite
resins may be suitable
to use in occlusal, load-
bearing areas
Fluoresc Class V cavities of 50 extracted ~ color adjustment (AEcr) and ~ Paste-type composites ~ Bayra
ence human teeth restored by: fuorescence adjustment presented significantly  ktar et
adjustme (AEr) levels evaluated by lower AEr and AEcr al.,
ntlevel  Five paste-type resin composites: the use of values than the highly 2024
- (1) Omnichroma (Tokuyama filled flowable [82]
Color Dental Corporation, (a) Cross-polarization composites
adjustme Tokyo, Japan) (CP)
nt level (2) G-aenial A-Chord (b) fuorescence The only clinically

(3) Estelite Asteria
(Tokuyama Dental
Corporation, Tokyo,
Japan)
(4) Clearfil Majesty ES-2
(Kuraray Noritake,
Tokyo, Japan)

illumination (FI)

images

acceptable color
adjustment was found
for G-aenial Universal
Injectable among the

flowable composites.
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(5) Charisma Diamond One

(Kulzer Dental, Hanau,

Germany)

and five highly-filled flowable
composites:
(6) Omnichroma flow
(Tokuyama Dental
Corporation, Tokyo,
Japan)
(7) G-aenial Injectable
(GC,Japan)
(8) Estelite Universal Flow
(Tokuyama Dental
Corporation, Tokyo,
Japan)
(9) Clearfil Majesty Low
Flow (Kuraray Noritake,
Tokyo, Japan)
(10) Charisma Diamond One
Flow (Kulzer Dental,

Hanau, Germany)

Polishing procedure: two-step

diamond spiral wheels

Fracture 50 extracted maxillary premolars (a) universal testing no statistically Gerge

resistanc Control group: machine (model significant differences set
e 10 intact, untreated premolars 3343, Instron between: al.,
Corporation, 2024
Experimental groups (40 Canton, MA, USA) e the fracture [83]

extracted teeth) with stainless steel resistance in all

1. small class II cavities ball of 4mm five groups
restored with highly diameter e the mode
filled flowable resin (G- (b) Steromicroscope of failure in all

aenial Injectable)

2. extensive class II cavities
restored with highly
filled flowable resin

3. small class II cavities
restored with packable

resin (G-aenial Posterior)

for mode of failyre

assessment

five groups
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4. extensive class II cavities
restored with highly
filled flowable resin

Two highly filled flowable

Surface roughness and ~ Checc

wear of highly filled hi et

(a) Wear assessment

surface
roughne composites: after chewing
ss simulations flowable composites al.,
- (1) Clearfl Majesty ES flow (240.000 cycles, were comparable to that 2024
wear (2) G-aenial Universal 20N) of conventional [84]
Injectable composites
(b) surface roughness
two conventional resin by a rugosimeter, Highly filled flowables
composites i before can be used in occlusal
fi. after areas especially when
(3) Clearfl Majesty ES-2 chewing overcured
(4) G-aenial ACHORD cycles
Polishing procedure: Up to 4000- (c) SEM observations
grit size silicon carbide paper for
20 seconds
flexural nine highly filled flowable resin (a) Two-body wear The majority of highly Franc
propertie composites test filled composites ois et
S exhibited : al.,
- viscous composites (b) Three-point 2024
wear bending test e similar flexural [85]
resistanc  conventional low-filled flowable strengths
e composites (c) SEM analysis e superior wear
resistance
compared to viscous
composites.
surface 4 highly filled flowable (a) optical profiler (Ra G-aenial Universal Vulov
roughne composite resins: measurement) Injectable revealed lower  icet
ss (1) G-aenial Universal Flo surface roughness and al.,
- (2) G-aenial Universal (b) SEM analysis higher hardness 2024
surface Injectable compared to other [86]
hardness (3) Tetric EvoFlow (c) Vickers hardness highly filled flowable
(4) Filtek Supreme Flowable tester for surface composite resins both
hardness before and after

Restorative
exposure to acidic media

At different time intervals
(a) t0: before immersion
(b) tl:9h after immersion
(c) t2:18h after immersion
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in different media
i.  gastricjuice
ii.  fizzy drink

iii.  citricjuice

artificial saliva

iv.
Table 4. Randomized controlled clinical trials on highly filled resin composites.
Evaluati Author/Y
Objective Materials Sample size / Time intervals va .ua 1,0 Results uthor/
n Criteria ear
No statistically
58 mid-size to extensive significant difference
posterior composite between cavities
restorations in 32 patients restored with highly
1.  Conventional filled flowable and
composite resin (Estelite Restoration evaluation: conventional composite
Evaluation  Sigma Quick, Tokuyama, a.  After placement resins (p>0.05/ Pearson’s
. _ FDI .
of direct Tokyo, Japan) (baseline) X2 and Fisher’s exact :
] . ; (World ) Kitasako
posterior 2.  Highly filled flowable b.  6-months tests for differences
. . . ) Dental . et al., 2016
restorations composite resin (G-aenial C. 12-months Federatio between restorative [87]
after 36 Universal Flo, GC) d. 24-months n) criteria materials and Cochran’s
months. e. 36-months Q test for differences
two-step self-etch adhesive between the same
applied to both materials After 36 months 42 material in different time
restorations were evaluated intervals)
in 21 patients
No secondary caries
observed.
Regarding
changes over time,
. . significant differences
1.  Highly filled flowable -y
. . . were found within
composite (Clearfil Majesty each group (p < 0.01)
Evaluation ES Flow, Kuraray Noritake . . groupip =%
. 84 NCCLs in 27 subjects were
of direct  Dental Inc., Tokyo, Japan) . L .
. . included No significant difference
non-carious 2.  Conventional paste-
. . . between the two
cervical type composite (Clearfil . . . Zhang et
. . Restoration evaluation: FDI = material groups at any
lesions Majesty ES-2, Kuraray a baseline (BL) criteria time interval concernin al., 2021
(NCCLs) Noritake Dental Inc., Tokyo, ' ) . & [88]
b.  1year functional properties
after 3 years Japan)
c.  2years
d. and3years The highly filled
flowable resin composite

Clearfil SE Bond (Kuraray
Noritake Dental Inc., Tokyo,
Japan)

presented significantly
better:
surface lustre (p<0.01) at
the 1 year recall and
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marginal staining
(p<0.05) at any time
point (Wilcoxon signed-
rank test)

no statistically
significant difference

1.  Bioactive injectable between the two
resin composite (Beautifil 18 patients with 26 class I and modified materials at different
. Flow Plus X F00, Shofu Inc., II carious cavities United time intervals in terms of
Evaluation )
. Kyoto, Japan) States anatomical
of direct . . . . .
osterior Restoration evaluation: Public form, secondary caries, Elderiny
p . 2. Nanohybrid resin a. baseline Health marginal staining, et al.,, 2024
restorations . . . . e
after 18 composite (Tetric N-Ceram, b. 6-months Service postoperative sensitivity ~ [89]
months Ivoclar Vivadent AG, C. 12-months (USPHS) (p=1.00) and marginal
Schaan, Lichtenstein) d.  18-months criteria adaptation (p>0.05/95%
confidence level/ 80%
power / Chi-square
test and Cochran’s Q
test)
110 patients with 259 Class II
restorations
The materials showed
1. Conventional Restoration evaluation: similar :}?esgi:t(frier; most of
. composite: Clearfil Majesty a.  Baseline ’
Evaluation Posterior ( Kuraray Noritake b 1-year
of class II Y ' Highly filled flowable
. Dental Inc., Tokyo, Japan) c.  2years . .
restoration 5 Bulk-fill composite and bulk-fill Hanger
i ) FDI it ted S t
g composite:Filtek One Bulk After 2 years: . comPpOsIte preserite atica ©
different i . . . . criteria better clinical al., 2025
. Fill Restorative (Solventum) i.59 conventional composite .
restorative . . i performance regarding [90]
_ 3. Highly filled flowable restorations
materials combosite: G-aenal B ] . surface gloss compared
after 2 years UniverIs)al In"ectable (GC 11.68 bulk-fill C9mpos1te to conventional
) ’ restorations composite (p<0.05, rank-
Japan) iii.61 highly filled flowable based Friedman

composite restorations

analysis)
in 74 patients have been

evaluated

A total of 31 in vitro studies are included in this review. Each study evaluated single or multiple
characterictics. Most studies focus on optical properties, color stability, surface roughness,
microhardess, flexural properties and wear. Surface gloss, water sorption/solubility, filler content,
handling properties, wettability, cuspal deflection, bonding properties, microleakage and marginal
adaptation, microbial adhesion and viability, degree of conversion and polymerization shrinkage
have been evaluated to a lesser extent.

Regarding optical properties and color stability, Nair et al. in 2017 demonstrated inferior
performance for the highly filled flowable composite resin compared to nanofilled and nanohybrid
conventional composite counterparts after coffee immersion and tooth brushing simulation [57]. On
the contrary, Lai et al. in 2018 concluded that the color alterations caused by toothbrushing abrasion
were acceptable for all materials tested (highly filled flowables, traditional flowables, and self-
adhesive flowables) [58]. No statistically significant differences were found in color stability between
highly filled flowable composite resins, a bulk fill flowable composite, and a conventional nanofilled
composite resin, meaning that highly filled flowable composites” optical properties after a 144-hour
immersion in colorant solutions are relevant to controls [60]. Again, comparing the color change of
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bulk-fill composite resins and one conventional resin composite to that of a highly filled flowable
composite resin, clinically invisible color changes between materials were observed after 60 days of
storage either in dry or wet conditions [66]. When hand polished, the highly filled flowable composite
resins performed adequately after beverage immersion [69]. Another research assessing optical
properties highlighted that the highly filled G-aerial Universal Injectable flowable composite resin
presented the highest translucency and opalescence values and the lowest chroma values. This
material was compared to another highly filled flowable resin-based material and a conventional
microhybrid composite resin originating from the same company [74]. The same conclusion is drawn
in the research of Bai et al. in 2024, who also found that G-aenial Universal Injectable by GC presented
the highest traslusency values this time compared to other highly filled flowable materials (Beautifil
Injectable XSL by Shofu and Filtek Supreme Flowable, Solventum) and a compomer [77].
Interestingly, Bayrakrat et al. in 2024 demonstrated that the conventional composite resins of
different companies presented lower fluorescence and color adjustment levels compared to their
highly filled flowable formulations in class V restored cavities [82].

Proceeding to surface roughness properties the highly filled flowable resin material (G-aenial
Universal Injectable, GC) showed the lowest Ra values among four other traditional flowable
composites and a self-adhesive flowable [58]. Niyomsujarit et al. in 2021, revealed that two highly
filled flowable restorative materials, did not present any differences in Ra values compared to a
conventional, universal composite resin (control). Controversally, in this study, another highly filled
injectable flowable material (Beautifil Injectable X, Shofu) presented higher Ra values than the control
[63]. The same results were observed by Degirmenci et al. in 2023, Basheer et al. in 2024, and Checchi
et al. in 2024, where all the highly filled flowable resin composites presented statistically similar Ra
values compared to conventional nanohybrid composites [74,79,84]. In the study of Elsahn et al. in
2023, G-aenial Universal Injectable performed better in terms of Ra values, even compared to a
CAD/CAM resin based material, when applied as a thin occlusal veneer [70]. When investigating a
highly filled bulk flowable resin composite solely, the conclusion is focused on the fact that both
polishing procedure systems and acidic challenges greatly impact the surface roughness of the
material [72]. Vulovic et al. both in 2023 and 2024, comparing four highly filled flowable resin
composites to each other concluded that the ones with either ultra — fine barium or strontium fillers
and a full coverage silane technology (G-aenial Universal Injectable, GC and G-aenial Universal Flo,
GC) presented favorable roughness values compared to other flowables (Filtek Supreme Flowable
Restorative, 3M ESPE, and Tetric EvoFlow, Ivoclar Vivadent). The variation of polishing procedures
and the immersion in acidic media in different time intervals played a pivotal role on this outcome
[73,86]

Another vital aspect is surface gloss. G-aenial Universal Injectable by GC performed favorably by
presenting the highest surface gloss values (GU) compared to other traditional flowables availble in
the market [58]. Not to forget, the surface gloss of a dental material is influenced by polishing
procedures, as presented by a research demonstrating that a multi-step polishing system reinforces
the surface gloss of the restoration [72].

Microhardness is another multiply investigated crucial factor. In a plethora of in vitro studies
included in this review, the highly filled flowable restorative materials presented inferior Vickers
microhardness values either compared to conventional microfilled composites, nanofilled
composites, bulk—fill composite resins, and CAD/CAM resin-based materials [57,64,66,70,71,79].
Additionally, one study demonstrated superior hardness values for a highly filled flowable
restorative material compared to a traditional flowable counterpart [65]. When comparing highly
filled flowable resin composites to each other, G-aenial Injectable GC presented the highest surface
hardness values [86].

Emphasizing flexural properties, controversial results are to be seen. Although Imai et al., in
2019 concluded that highly filled flowable composite resins present lower elastic modulus compared
to microhybrid and nanofilled conventional resin composites [10], Degirmenci et al., in 2022
presented higher flexural strength and elastic modulus values for the highly filled flowable materials
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compared to microhybrid conventional composite resins [64]. In a more recent study of 2024, no
differences in flexural strength values between highly filled flowables and a nanohybrid conventinal
resin composite were observed [79]. When comparing traditional flowable, bulk-fill flowable
composites, and highly filled flowable composites, the latter exhibit favorable flexural strength and
elastic modulus values [62]. G-aerial Universal Injectable by GC and Majesty ES Flow by Kuraray
Noritake exhibited the greatest flexural strength and modulus values in comparison with other
highly filled flowable and bulk-fill flowable resin products [61]. Lastly, Rajabi et al. in 2024
demonstrated that two highly filled flowable composites presented statistically higher mean flexural
strength values than traditional and conventional nanohybrid composite resin [81].

The wear volume loss in conventional resin composites may be lower than that of highly filled
flowable composites. This observation comes to agreement with the results of Turk et al. in 2023,
stating that conventional nanohybrid and nanofilled resin composites perform better in terms of wear
volume loss and maximum depth loss compared to their flowable composite resin counterparts [68].
G-aenial Universal Injectable surprisingly presented lower wear volume loss compared to
CAD/CAM milled resin based material when fabricated for Imm thin occlusal veneers [70]. Finally,
some highly filled flowable resin composites (G-aenial Universal Flo by GC and Filtek Supreme Flow
by 3M ESPE) and a highly filled bulk injectable composite (G-aenial Bulk Injectable by GC) exhibit
less wear than other highly filled flowables, bulk fill flowables and older flowable resins [59]. Newly
published studies demonstrate that the wear of highly filled flowable composites is comparable to
that of conventional composites [81,84].

Other characteristics commonly investigated in dental biomaterial science are volumetric or linear
polymerization shrinkage, polymerization shrinkage stress, depth of cure, and the degree of conversion of
resin composites. According to the studies in this review, highly filled flowable resin composites
display higher values of linear and volumetric polymerization shrinkage compared to either bulk fill
flowables or conventional microfilled or nanofilled composites [62,67,75,80]. Referring to
polymerization shrinkage stress, highly filled flowable resin composites present significantly higher
values of stresses compared to traditional flowables and bulk fill flowables, but no differences when
compared to conventional composite resins [62,80].

Unfortunately, only four randomized clinical trials are presently assessing the clinical
performance of highly filled flowable resin-based materials. Three clinical studies investigated the
clinical performance of highly filled flowable resin composites in direct posterior restorations
[87,89,90], whereas one in non-cavitated cervical lesions [88]. Highly filled flowables performed
equally or even better in marginal adaptation and surface gloss than the conventional materials used
as controls [88,90].

3.2.1. Interpretation of the Results of the In Vitro Studies and Randomized Controlled Clinical Trials

Delving deeper into the aforementioned research, the results should be interpreted cautiously.
Disparities among studies examining the same material, two or more highly filled flowable materials
and variances between flowable materials, bulk fill materials and a nanofilled conventional resin
composite present a multifactorial etiological pattern in which etiological factors are interdependent.

The mechanical, physical, and optical properties as well as the surface characteristics of an
examined material are predominantly related to the material’s distinct composition, including the
composition and structure of the organic matrix and inorganic filler particles, the filler-to-resin matrix
ratio, and the silanization of the filler components. These characteristics are inextricably linked to
other material characteristics such as degree of conversion and water sorption and solubility
[10,71,77,91,92]. Despite material composition, additional factors may have a dominant impact on
several properties tested. Among others, finishing and polishing procedures, storage conditions, and
type of external aggravating stimuli (colorant solutions, acidic and abrasive challenges) modify
materials performances.

A typical example is that optical performance is affected by surface roughness, gloss, and
hardness [93]. Furthermore, surface roughness is dependent on filler content, filler type, and size, the
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surface area in percent occupied by filler particles, the degree of conversion, the interaction of filler
with the organic matrix, the silane coupling agent, and eventually, the hardness of the material
[63,94,95]. Subsequently, the inferior microhardness and color stability of highly filled flowable resin
composite after immersion in instant coffee and tooth brushing simulation may be attributed to the
type of fillers. Strontium glass fillers in G-aenial Universal Flo are related to inferior physical
properties and difficult attachment to the organic matrix, compared to zirconia and silica fillers in the
conventional resin composite [57,96]. The uniform pattern of filler content distribution has a
profound positive effect on physical and optical properties [71]. The highly filled flowable G-aenial
Universal Flo by GC consists of fillers ranging from 16nm to 200nm in size, whereas conventional
resin composite’s fillers (Filtek Z350XT) range from 4nm to 20nm [43,97].

The optical performance of a biomaterial is intertwined to translucency, opalescence, chroma
values and refractive indices of monomers and fillers [98]. The different filler composition and the
different filler type may have an important effect on the translucency between the tested materials
[99]. This statement is endorsed by Bai et al., in 2024, who found higher translucency in G-aenial
Universal Injectable, GC compared to another highly filled flowable composite (Filtek Supreme
Flowable, 3M ESPE), probably due to the zirconia fillers of the later, that have imperfect refractive
index and translucency [77]. G —aenial Universal Injectable consisting of barium glass presented the
highest translucency and opalescence values when compared to G-aenial Universal Flo consisting of
strontium glass and a microhybrid conventional resin composite consisting of strontium glass and
lanthanoid fluoride launched by the same company [74]. Furthermore, polishing systems and
especially the hardness of the abrasive particles are strongly related to translucency values [100].
Diamond particles exhibit superior abrasive hardness in comparison to aluminum oxide particles,
leading to abrasion of the resin matrix and protrusion of fillers causing differences in translucency
even at the same material [101,102]. Lastly, the general rule that higher filler fraction may lead to
increased strength and wear resistance, but simultaneously to decreased translucency and increased
opacity, should not be forgotten [103-105].

The filler loading and the filler shape and size could be etiological factors for the differences in
the surface roughness and surface gloss values between several resin composites [106,107]. Lower
filler loading, irregular shaped fillers, homogeneous composition of filler particles, and greater
average particle size result in increased surface roughness and decreased surface gloss. This is proven
by the difference in surface gloss and surface roughness between the two highly filled flowables in
the study of Miyashita — Kobayashi et al. in 2024 [78]. The one presenting supra — nano spherical
fillers and an average particle size of 0.2 um performed better than the one with the irregular shaped
fillers and the average particle size of 0.8 um. Another typical example is the increased surface
roughness value of the highly filled flowable Beautifil Injectable X by Shofu compared to the highly
filled flowables G-aenial Universal Injectable and Filtek Z350XT Flowable Restorative [63]. Beautifil
Injectable X consists of bioactive surface pre — reacted glass ionomer (S-PRG) fillers with a 0.8pum
average particle size, contrary to smaller average particle sizes present in the other two highly filled
flowable resin composites. G-aenial Universal Flo and G-aenial Universal Injectable consist of
strontium and barium glass fillers respectively and silica particles, forming a homogeneous filler
pattern. On the other hand, Tetric EvoFlow and Filtek Supreme Flowable Restorative consist of
Ytterbium trifluoride (YBF3) and three to four different, diverse, heterogeneous ingredients in their
filler composition, a fact that may hinder their surface roughness values [73]. At this point, it should
be highlighted that most of in vitro studies only analyze the Ra value, which is a single height
parameter of a surface. Additional spatial, functional or hybrid (e.g., developed interfacial area ratio,
Sdr) parameters may give a greater insight into surface texture and may alter the resulting behavior
of some already analyzed highly filled flowable resin composite materials, based on surface
characteristics [108].

Wear and elastic modulus are dependent not only on type, shape and size of fillers, but also on
interfiller spacing, surface treatment of fillers, degree of conversion, hydrolytic degradation and
water sorption, and the surface’s finishing and polishing procedures [3,8,10,59,109-112]. The smaller
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particle size of some highly filled flowables which proved to lead to lower friction coefficients and
subsequently to lower internal shear stresses in the polymer matrix may be a partial explanation on
the favorable wear performance of some highly filled flowable resin composites over other highly
filled flowables and bulk - fill flowables [8,59,113]. Moreover, the small interparticle space of small-
sized fillers may protect the resin matrix from its ongoing abrasion. The lowest volumetric wear of
G-aenial Universal Injectable compared to a resin — based CAD CAM material in 1mm thin veneers
should be interpreted with caution. Following the manufacturer’s recommendations, the proposed
thickness of this CAD/CAM material is approximately 1.5mm [114]. Therefore, the design of this
protocol could be considered as restrictive. All highly filled flowable resin materials performed
unfavorable in terms of elastic modulus compared to conventional resin composites. The higher filler
loading and the higher concentration of Bis-GMA monomers in the mass of conventional composite
resins are known to positively affect the mechanical and physical properties of resin materials
providing high elastic modulus [115]. This fact partially justifies their better wear performance
compared to the majority of highly filled flowable composite resins. In contrast, G-aenial Universal
Flo by GC demonstrated flexural strength similar to that of a nanofilled composite resin, which
characterizes the theory of filler loading as a singular etiological factor rather incompetent and
broadens the spectrum of possible explanations on this field. Different resin monomers have different
molecular weights and viscosities; for all we know, they may have a determinable effect on wear,
flexural strength and mechanical properties of flowables in general [116].

Dimensional changes, degradation and weakening of the bond between organic and inorganic
components are present after exposure in the oral environment [10,117]. It is evident that higher filler
content entails lower water sorption through the increased hydrophobic character of the material
[118] and increased filler size leads to higher water sorption through the increased surface area
available for the development of this phenomenon. Additionally, the type of the monomer and its
quantitative allocation in the organic matrix has an impact on the water sorption of the material [119].
Higher Bis-GMA and TEGDMA contents lead to greater hydrolytic degradation than that of UDMA
monomers [120,121]. By elevating the nano-sized fillers and creating a homogeneous, dispersed
distribution the internal free volume available for water intake is confined. Complementary, each
monomer with its unique molecular weight presents its own water sorption pattern [122,123].
TEGDMA absorbs more water than Bis — GMA due to the greater space between its clusters, its
greater flexibility and its consequent higher swelling [124]. The sorption of water eventually leads to
hydrolysis of the coupling agent, weakening the bond between organic matrix and fillers,
deteriorating in that manner the characteristics of dental materials. These facts may explain the
preferable water sorption values of a plethora of conventional composite resins compared to highly
filled flowables. Discrepancies between different highly filled flowables are present and are mainly
caused by the slightly different organic and inorganic composition of the materials. As an example
Beautifil Injectable X by Shofu presents greater water sorption and degradation than G — aenial
Universal Injectable after acidic challenges. This is speculated to be caused by the greater percentages
of Bis - GMA and TEGDMA in its composition and by the fact that the fluorosilicate glass (S-PRG
fillers) has a higher susceptibility to degradation by weak acids (higher affinity to water sorption)
[63]. Lastly, we should keep in mind that the design of the study (sample size calculation, sample
preparation, condition of observation, presented control groups, methodological parameters-errors)
and the devices used have a great influence on the outcome of the study.

Concerning the interpretation of the four randomized controlled clinical trials, their ambiguous
results should be assessed with caution. The number of randomized controlled clinical trials is
predicatively low. The four clinical studies are not comparable, since different restorative procedures
were applied; the number of participants is confined and the number of the final evaluated
restorations is even more restricted. The clinical evaluation pattern (FDI criteria and modified USPHS
criteria) is admissible. The moderate to high risk of bias, the dropouts and the short — term follow up
duration are limitations that need to be taken into account before drawing vague conclusions [125].
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4. Conclusions and Future Perspectives

Highly filled flowable resin composites are a new addition in the field of Adhesive Dentistry
and should be further investigated so that their full potential could be unfolded. Since scarce evidence
could be provided by the four available randomized controlled clinical trials, an emphasis on the
establishment of well designed clinical trials should be given. The survival and success rates of
several types of cavities restored with highly filled flowable composites remain vast and uncharted.
It is common ground that the combination of highly filled flowable resin composites with the
injectable moulding technique leads to predictable, highly esthetic clinical outcomes in terms of
reproducing the anatomical contour. Highly filled flowable composite resins present a generally
satisfactory material properties pattern — good optical properties, competent surface roughness and
gloss — but their inferior microhardness values and wear resistance compared to conventional
nanohybrid and nanofilled composites recommend their further amendment. Dental materials
should perform the best possible way in the complex and not constant oral environment, where
masticatory forces, occlusal and dietary habits, temperature fluctuations, biofilm formation, enzyme
collection and salivary flow are constantly present. The interaction of these factors with dental
materials may change their existing favorable laboratory physical, mechanical and optical behavior.
It would have been interesting to start assessing the behavior of highly filled flowable resin based
materials in oral conditions by conducting in situ studies, which may reveal potential interconnection
between optical parameters, mechanical properties, surface characteristics, saliva and the oral
microbiome.
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