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Abstract

Dental resin composites (DRCs) are widely used restorative materials because of their aes-
thetics, ease of handling, and compatibility with minimally invasive approaches. Research
continues to improve their formulations and properties. This scoping review aimed to
summarize and analyze evidence on novel DRCs and their potential development, and to
discuss current trends, technologies, and research areas that may shape their evolution. A
systematic search of PubMed and Scopus was conducted for studies published or available
online from 2010 to 2024. Fifty-nine studies were included in the qualitative synthesis. The
included studies described innovations designed to address clinical needs through bioac-
tive materials, antibacterial agents, sustainable fillers, modified monomer systems, and
other functional strategies. Future research should optimize additive concentrations, evalu-
ate long-term clinical performance, and address cost-effectiveness, aesthetic limitations,
standardization, and translational feasibility.
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novel dental materials; restorative dentistry
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tiator. DRCs are available in different types, mainly packable and flowable [2], and are
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selected according to material characteristics and clinical function; the different types of
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. flowable composites, in particular, have been described using classifications that reflect
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conditions of the Creative Commons  their material features and range of clinical uses [2,3]. Clinical applications of DRCs include
Attribution (CC BY) license. direct restoration of anterior and posterior teeth, pit and fissure sealants, inlays, onlays,
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veneers, post-core restorations in endodontically treated teeth, repair of chipped porcelain
restorations, and cementation of orthodontic brackets, Maryland bridges, and ceramic
crowns [3]. The introduction of resin composites into dentistry dates to the late 1950s and
early 1960s [4]. In 1962, bisphenol A-glycidyl methacrylate (Bis-GMA) was developed
by Bowen to improve the physical properties of acrylic resins, and composite materials
were subsequently produced by incorporating inorganic fillers [4,5]. Since then, DRC
formulations and performance have continued to evolve.

DRCs have become widely used alternatives to amalgam restorations because of
increasing patient demand for aesthetics, concerns regarding mercury in dental amal-
gam, ease of manipulation, and compatibility with minimally invasive, tooth-conserving
treatment [5]. Contemporary DRCs have improved substantially in formulation and per-
formance, with advances in durability, handling, polymerization shrinkage, physical and
mechanical properties, marginal adaptation, and aesthetics. Nevertheless, composite place-
ment remains technique-sensitive, and polymerization shrinkage can still contribute to
clinical challenges. Factors associated with restoration failure include poor oral hygiene,
inappropriate cavity design, material-related limitations, and manipulation errors. There-
fore, research continues to focus on improving DRC performance and longevity [6]. At the
same time, interest in sustainable, low-cost, and biocompatible materials has encouraged
the exploration of natural biowastes as potential eco-friendly sources for composite fillers.

Novel dental restorative materials are continually being proposed. For this review,
novelty was defined as a specified innovation in the composition, structure, source of con-
stituents, or functional mechanism of a DRC. This encompassed experimental formulations,
purposeful modifications of commercial composites, and commercial technologies evalu-
ated for an identifiable material innovation. Novelty described the material feature under
investigation and did not imply superior performance or clinical effectiveness. Examples
include DRCs derived from rice-husk biowaste [7]. More recent work published after the re-
view’s 2010-2024 eligibility window has also evaluated water sorption and solubility in an
experimental green-based flowable resin composite, illustrating continued development in
sustainability-oriented composite research [8]. Other examples include antimicrobial DRCs
containing nano-cerium oxide fillers [9] and low-shrinkage-stress composites containing
the antibacterial dimethylaminododecyl methacrylate monomer [10]. A scoping review
was therefore considered appropriate to map these diverse developments and identify
major research directions.

A scoping review was selected because the evidence base is broad, heterogeneous, and
predominantly laboratory-based. The available studies use different formulations, bacterial
models, aging protocols, mechanical tests, and outcome measures, making quantitative
meta-analysis inappropriate. Unlike a systematic review focused on a narrowly defined
intervention and outcome, a scoping review can map a broad range of experimental DRC
technologies, describe where the field is concentrated, identify methodological gaps, and
clarify which strategies may warrant subsequent systematic reviews or clinical studies.

Accordingly, this review aimed to summarize and analyze the available evidence on
novel DRCs and their potential development, and to discuss current trends, technologies,
challenges, and research areas that may shape the future evolution of these materials.

2. Materials and Methods

This review was conducted in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) [11] and
was guided by Arksey and O’Malley’s methodological framework for scoping studies [12].
The five-stage approach used in this review is outlined below.
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2.1. Research Questions
The following research questions guided this scoping review:

1.  What advancements and current knowledge exist regarding novel dental compos-
ite resins?
2. What challenges have been identified in research on novel dental composite resins?

2.2. Search Strategy and Information Sources

Search terms were developed from the relevant literature. A systematic search of
PubMed and Scopus was conducted to identify studies for inclusion in this review.

PubMed was selected for its comprehensive biomedical and dental coverage, whereas
Scopus was selected as a multidisciplinary database that indexes materials science, engi-
neering, and dental journals. Together, these databases were used to capture both dental-
and materials-focused experimental research. The omission of Web of Science, Embase,
and other databases is acknowledged as a limitation because relevant studies from adjacent
materials science or engineering sources may have been missed. The final searches were
conducted on 11 October 2024 in PubMed and 10 July 2024 in Scopus, with eligibility
restricted to studies published or available online between 2010 and 2024.

Supplementary records were identified through reference-list screening and expert
recommendation. Screening the reference list of the systematic review by Lin et al. [7]
identified twelve potentially relevant records, while three additional records were recom-
mended by a research supervisor with expertise in the subject area. The systematic review
was used only to identify original research and was not itself included in the qualitative
synthesis. All supplementary records were checked for duplicates and assessed against
the same eligibility criteria as records retrieved from PubMed and Scopus, with eligibility
determined from the original articles.

The search string used for the PubMed database was:

“(novel OR new OR experimental OR original OR innovative OR state-of-the-art OR
pioneer) AND ((dental composite) OR (tooth composite) OR (dental resin composite) OR
(tooth resin composite) OR (dental flowable composite) OR (tooth flowable composite))
AND ((in vitro study) OR (in vitro experiments) OR (laboratory-based investigations) OR
(pilot study) OR (preliminary study)).”

The search string used for the Scopus database was:

“ALL (“novel” OR “new” OR “experimental” OR “original” OR “innovative” OR
“state-of-the-art” OR “pioneer”) AND ALL (“dental composite” OR “tooth composite” OR
“dental resin composite” OR “tooth resin composite” OR “dental flowable composite” OR
“tooth flowable composite”) AND ALL (“in vitro study” OR “in vitro experiments” OR
“laboratory-based investigations” OR “pilot study” OR “preliminary study”).”

Eligible reports evaluated novel, new, and/or experimental dental composite resins
in in vitro or laboratory-based studies. For articles reporting both laboratory and human
intraoral investigations, only the laboratory component was eligible, provided that its
methods and results were separately reported and met all other inclusion criteria. Findings
from in situ or other human intraoral experiments were excluded from data charting and
synthesis. Exclusion criteria comprised randomized and non-randomized controlled clini-
cal trials, prospective and retrospective cohort studies, animal studies, expert opinions, case
series, case reports, systematic reviews, and narrative/literature reviews. Methodological
or protocol publications that did not directly evaluate an eligible novel DRC formulation
were also excluded, as were reports not published in English and rice-husk composite
studies unrelated to dental applications.
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2.3. Study Selection

Studies published or available online between 2010 and 2024 were screened according
to the predefined inclusion and exclusion criteria. Study selection followed the PRISMA-
ScR reporting framework. After seven duplicates were removed, 1015 records were retained
for title and abstract screening. Screening was conducted independently by two reviewers
[LKP, MAR], and they independently assigned each study to a primary novelty category.
Differences were resolved through discussion and agreement with a third reviewer [TYN].

2.4. Data Charting and Qualitative Appraisal

Study characteristics, including authors, year of publication, type of composite resin,
type of novelty, formulation and key tests, and main outcomes, were charted from each
included article for qualitative synthesis. A formal risk-of-bias assessment was not un-
dertaken; instead, a structured qualitative appraisal was used to support interpretation
of the predominantly preclinical evidence. The appraisal considered the use of appro-
priate controls, sample size or replication, clinically relevant aging or storage protocols,
recognized mechanical or biological testing standards, relevance of antibacterial /biofilm
models, cytotoxicity or biocompatibility testing, and whether improvements in biological
performance were accompanied by compromises in mechanical or aesthetic properties.
Appraisal findings were summarized by novelty category in Supplementary Table S1, with
supporting study references and their implications for interpreting the evidence.

2.5. Synthesis and Reporting

The main categories of DRC novelty were identified after completion of the scoping
review, and the findings were collated, summarized, and reported by category in the
Results and Discussion sections.

Each study was assigned to one primary category according to its stated principal
objective and the material innovation central to that objective. For multifunctional formula-
tions, the intended role of the modified constituent and the experimental comparisons were
considered together to determine the primary category. Assignment was not based on the
largest or most statistically significant improvement. Studies centered on rice husk-derived
constituents were grouped according to their material source, while additional functions
were described within the study summaries. Other innovations were reported under their
respective themes within the “other novel DRCs” group.

2.6. Use of Generative Artificial Intelligence

Al was used during manuscript preparation for language editing. The authors re-
viewed the scientific content and take responsibility for the final manuscript.

3. Results

The search identified 89 records from Scopus and 918 from PubMed, giving
1007 database records. An additional 15 records were identified through supplementary
sources: twelve through reference-list screening of the systematic review by Lin et al. [7]
and three through recommendation by a research supervisor, resulting in 1022 records
before duplicate removal. Seven duplicates were removed, leaving 1015 records for screening.
Title screening excluded 671 records, leaving 344 for abstract screening; a further 180 records
were excluded at the abstract stage, leaving 164 full-text reports for eligibility assessment.
After 105 full-text reports were excluded, including one methods/protocol chapter that did
not directly evaluate an eligible novel DRC formulation, 59 studies were included in the
qualitative synthesis (Figure 1). The characteristics of the included studies are summarized
in Tables 1-5, and Figure 2 summarizes the number of studies by novelty type.
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Table 1. Summary of studies investigating material strategies intended to confer antibacterial functionality.

Author Year Composite/Strategy Formulation and Basis of Novelty Main Assessments Key Finding
Experimental composition: Morphologyv: mechanical properties: All ZnO levels were antibacterial and non-cytotoxic;
Zhou et al. [13] 2024 Rod-like ZnO-modified DRC Bis-GMA /TEGDMA + 2.5-7.5 wt% proosys PTOPETUES, 5 wt% gave the best strength and ~40% biofilm
. S. mutans; HGF-1 cytotoxicity IR
rod-like ZnO inhibition.
Experimental multifunctional Flexural properties; saliva biofilm; Ellz/l{gl;lzl\fcrigc_l; icedel;:()iﬁé? /(I: iellc()e i)s;el-\ltﬁgp
Zhou et al. [14] 2020 DMAHDM/NACP bioactive DRC  formulation: Bis-GMA /TEGDMA + 3% Ca/P release; enamel o 88 g
o . e combination restored enamel hardness close to that
DMAHDM and/or 30% NACP remineralization
of sound enamel.
?ﬁzﬁ}ﬁgi?ecéheilr\llieCili;S;I{:LCg;/alently S. mutans biofilm: 30-da Sustained antibacterial activity and reduced
Zhang et al. [15] 2021 PAC-modified adhesive cotb <P I . s oAy adhesion; PV-PAC retained antibiofilm activity
ciprofloxacin-based polymer-antibiotic salivary-enzyme aging p -
conjugates after aging.
Experimental monomer modification: ;r::lEgsl;%;n:;eja_fgzizi\z?tcifgsﬂ Early attachment fell to 58.6% of control at 8 h and
Henrich et al. [16] 2016 Antibacterial monomer DRC 4% chlorinated antibacterial methacrylate composite discs: TagMan aPCR after 92.6% at 24 h, with reduced A. viscosus and S. mitis
incorporated into resin composite 8 ang 24h 7 1aq 1 colonization.
gf/(z)?lfcl)i\(j +C—01mSm gici;l&?ﬁzﬁiléfjd%tss Antibacterial activity; apatite 5and 15 wt% Ag-BG inhibited S. mutans and E. coli
Chatzistavrou et al. [17] 2015 Ag-BG bioactive DRC Lo " 0 P . Y ap hydroxyapatite formed by day 3 without
bioactive glass for combined formation; pH; bond strength bond-strength loss
functional effects 8 ’
Experimental cement composition: Setting: compressive streneth: ion More Ca(OH), increased pH, Ca release and
Zamanian et al. [18] 2010 Ca(OH)2/nHA mouldable DRC Ca(OH), /nHA powder (19-56 wt% & pre rength, antibacterial activity; compressive strength was
R L release; pH; antibacterial activity
Ca(OH);,) + salicylate liquid 8-16 MPa.
} - Monomer precursor innovation: Conversion; shrinkage; viscosity; Conversion was 53-79% and shrinkage 1.24-2.99%;
Chroszez et al. [19] 2021 QAUDMA-containing DRC QAUDMASs with C8-C18 alkyl chains thermal and optical properties optical properties matched natural enamel.
Experimental matrix/additive
combination: UDMA /TEG-DVBE + Mechanical/flow properties; Mechanical properties remained acceptable;
Albeshir et al. [20] 2022 Dual-function flowable DRC 5% DMAHDM + 20% NACP + 30% glass roughness: bio filn?inﬁibitiorll DMAHDM reduced biofilm bacteria by 3-6 logs and
for antibacterial and ion-releasing & ! lowered metabolic activity.
functions
Functional filler innovation: <1 wt% Mechanical properties: Ag* rel . Improved hardness without mechanical loss and
Cao et al. [21] 2017 AgBr/BHPVP nanocomposite core-shell AgBr/cationic polymer in CCnAnICa’ properties; g release; rovided long-term antibacterial activity with good
& p & poly p & y g
. S. mutans; cytotoxicity . A o
dental resin biocompatibility below 1 wt%.
In vitro direct-contact test against . . .
Functional filler innovation: Infinix E. faecalis and pooled whole-saliva kI:L (Zi iitgclef(l;vim’g};;ft i)’ﬁl teacgtl 13\]?‘;15:1}11eva—derlved
Dekel-Steinkeller et al. [22] 2022 QAS:i bulk-fill flowable DRC flowable composite + quaternary bacteria after seven days of PBS &

ammonium silica filler

aging; optical-density growth
monitoring

QASi-containing composite under the
test conditions.
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Table 1. Cont.

Author Year Composite/Strategy Formulation and Basis of Novelty Main Assessments Key Finding
: . Experimental monomer modification: Compressive strength; S. mutans Maintained compressive strength and reduced

Wengetal. [23] 2012 Furanone-containing DRC DRC + 5-30% furanone derivative viability S. mutans viability by 16-68%.

Experimental antibacterial monomer: Antibacterial activity: cvtotoxicity: Antibacterial activity persisted after water/saliva
Huang et al. [24] 2018 UDMQA-12-modified DRC Bis-GMA /TEGDMA + 9 wt% floxural properties tyi cy yi exposure; mechanical properties met ISO

UDMOQA-12 + 70 wt% glass prop requirements with low cytotoxicity.

Modified adhesive resin: Cip-HEMA PAC Antibiotic release: S. mutans: Maintained conversion and released antibiotic over
Zhang et al. [25] 2019 Ciprofloxacin-PAC DRC in adhesive resin (1.84 wt% effective L ! 25 days (5.12%); bacterial morphology was

P S . morphology; conversion

antibiotic) for antibiotic delivery damaged.

Experimental functional combination:
Yang et al. [26] 2014 MAE-DB/Portland cement DRC Light-cured composite + Portland cement  S. mutans antibacterial activity Strong antibacterial activity against S. mutans.

+ 5 wt% MAE-DB

Footnote: Classification in this category reflects the intended antibacterial role of the material innovation and does not necessarily indicate that antibacterial
activity was experimentally demonstrated. The assessments and findings reported in each row should be interpreted according to the tests performed; material
characterization alone does not establish antibacterial efficacy.

Table 2. Summary of studies testing the remineralizing novel DRCs.

Author Year Composite/Strategy Formulation and Basis of Novelty Main Assessments Key Finding
Polylysine,/calcium-phosphate Experimental functional combination: Conversion: mechanical propertics: Conversion remained 68-72%; additives
Lone et al. [27] 2024 Yy phosp UDMA /PPGDMA + silica + MCPM + (3-TCP . T prop ” reduced mechanical properties, while 10 wt%
DRC N . apatite formation . .
+ 0-10 wt% polylysine polylysine produced the densest apatite layer.
Experimental mineral-releasing filler: . . .
Alania et al. [28] 2019  DCPD-containing DRC Bis-GMA/TEGDMA + 0, 10, or 20 vol% I’f;g’ig% trf“;"erse Zgﬁ?eé“g’s’;g‘r’lejeer;ﬁmel mineral recovery and
DCPD within 60 vol% filler graphy pH-
Experimental mineral-releasing formulation: Flexural properties; Ca/P release: Acidic conditions increased Ca/P release;
Weir et al. [29] 2017 NACP/TTCP nanocomposite EBPADMA /PMGDM + 40% NACP, with or ral properties; . ’ dentin remineralization reached 48.2% after
. dentin remineralization
without 20% TTCP 8 weeks.
Experimental bioactive fillers: BG 4555 or Marginal integrity after BG-containing DRC used with adhesive showed
Mohn et al. [30] 2024 Bioactive-glass DRC fluoride-containing BG incorporated 10,000 thermocycles and better aged marginal integrity than the
into DRC saliva aging commercial reference.
. Experimental recharge function: . . . .
Xie et al. [31] 2017 Rechargeable NACP orthodontic PMGDM /EBPADMA + 40% NACP for Ca/P Bond strength; Ca/P release; Bond strength matched commercial cement; one
cement recharge/re-release recharge sustained Ca/P release for 14 days.
recharge and re-release
Experimental bioactive filler: 50 wt% BG 45S5 Dentin remineralization: collagen Both promoted remineralization and pH > 9;
Tezvergil-Mutluay et al. [32] 2017 Bioactive-glass DRC or fluoride-containing BAG-F for / & BAG-F reduced collagen degradation and

dentin-interface mineralization

degradation; mechanical properties

increased dentin modulus by 13%.
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Table 2. Cont.

Author Year Composite/Strategy Formulation and Basis of Novelty Main Assessments Key Finding
. . . . . 5-10 wt% nHA improved remineralization;
.. Experimental mineral-releasing formulation: Bond strength; ARI; microhardness; o i
Rahmanpanah et al. [33] 2023 nHA-containing DRC Bis-GMA /TEGDMA + 2, 5, or 10 wt% nHA remineralization 10 wt% reduged bond strength, although all
groups remained acceptable.
Weir et al. [34] 2012 NACP nanocomposite Experimental remineralizing filler: 30-day pH cycling; enamel Enhanced enamel mineral recovery versus

NACP-containing DRC for Ca/P delivery

microradiography

fluoride-releasing and untreated controls.

Table 3. Summary of studies testing the bonding performance of novel DRCs.

Author Year Composite/Strategy Formulation and Basis of Novelty Main Assessments Key Finding
. . ) . . . EF had more enamel-margin defects; PLP had more

Park et al. [35] 2015 Self-adhering flowable DRC Exp er1mental self-adhering technology: EF vs.  SS-OCT interfacial defects; 100-day dentin-margin defects; water storage increased enamel

PLP + Filtek Supreme XT Flowable water storage .

defects in both.

Experimental C1 resin/Ad 1 adhesive system: Interface quality was lower, leakage was similar to that
Alb et al. [36] 2010 Experimental DRC (C1) Class II/V restorations with C1 + total-etch SEM interface; dye penetration of commercial systems, and gingival margins leaked

adhesive more than enamel margins.

fe?l)lir(ljgeri::'l 32;1122?525; Cliilsioellf:ia C11.1}i1§1rmg Microleakage; SEM; shear bond Conventional adhesive systems had higher bond
Brueckner et al. [37] 2017 Self-adhering flowable DRCs 10logles: ! > =14 8¢ T strength; self-adhering materials showed variable

Dentin, experimental self-adhering strength; thermocycling ; .

. . ¢ marginal sealing.

composite vs. conventional adhesive

Eligf; ﬁljg;gizlewiftfcze:g nestructure: FBO Interfacial shear strength; flexural PBO-ZnO NWs-POSS gave the highest interfacial shear
Hu et al. [38] 2022 PBO fiber-reinforced DRC . . . ength; strength (29.31 MPa) and flexural strength (925 MPa),

nanoparticles/nanowires and POSS to properties; cytotoxicity . L

. . . with acceptable cytotoxicity.

improve resin coupling

) Experimental root-filling composition: . . . nHA promoted a bioactive layer and significantly
Khan et al. [39] 2012 n.HA P olyurethane Polyurethane composite + covalently bonded Cherru.cal structure; apatite improved dentin bond strength versus the
bioactive DRC . . L . . formation; dentin push-out bond .
nHA for bioactive interfacial bonding commercial control.
. o . . . . Nanoparticles slightly improved bonding; 1% TiO,
. ) Nanoparticle-modified Modified commercial composite: Vertise . . .
Nikpour et al. [40] 2021 self-adhesive DRC Flow + TiOy, SiOy, or TiO, /SiO; (0.5-1%) Shear bond strength; ARI produced the h1ghest shear bond strength with
acceptable bonding.

Experimental self-adhesive resin cement: 12-month aging: crack Auto- and dual-cured SARC increased crack

Sterzenbach et al. [41] 2015 Self-adhesive resin cement core Dual-curing SARC under different curing 1 aging; . propagation and crown failure; open-matrix SARC
. propagation/crown survival : )

protocols vs. chemical-cure control improved survival.

Commercial self-adhesive technology: Vertise . . - . . .
Goracci et al. [42] 2013 Self-adhesive flowable DRC Flow with/without phosphoric acid vs. Shear bond. strength; ART; Imhal'bond.m & was acceptable but dechneq after aging;

. . thermocycling adhesive failure increased after thermocycling.

conventional orthodontic systems

Commercial functional technologies: Vertise Conversion; hardness; flexural Performance depended on filler and curing; Vertise Flow
Czasch et al. [43] 2013 Self-adhesive flowable DRC Flow vs. low-shrinkage and conventional OTVETSIon; Nardness; tiexura eriormance dependec o c€rand curing, VErtse rio

flowable composites

properties; curing depth

was reliable with 40 s curing and <2 mm increments.
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Table 4. Summary of studies testing the rice husk-derived novel DRCs.

Author Year Composite/Strategy Formulation and Basis of Novelty Main Assessments Key Finding
Experimental filler-source substitution:
Noushad et al. [44] 2013 Rice-husk nanosilica DRC Rice-husk-derived nanosilica Flexural strength and modulus gl; Xcl;lll;zl strength was 82 MPa and modulus
incorporated into DRC ’ ’
Experimental filler-source formulation: Hardness was comparable to commercial
Yusoff et al. [45] 2018 Flowable rice-husk nanohybrid DRC 50 wt% rice-husk silica with different Hardness; morphology flowables; more TEGDMA improved
Bis-GMA /TEGDMA ratios hardness.
Experimental filler-source formulation: Flexural properties: conversion: Mechanical properties were comparable to
Yusoff et al. [46] 2019 Flowable rice-husk nanohybrid DRC ~ EF50B, EF60B and EF70B in sor tion})solllgl bili . filler dis trﬂ;ution commercial controls with uniform filler
Bis-GMA /TEGDMA resin P ty dispersion.
Filler-process innovation: Rice-husk silica ~ Flexural/compressive properties; The 50/50 formulation performed best:
Noushad et al. [47] 2016 Rice-husk nanohybrid DRC erp . . ) p prop ’ 107 MPa flexural strength, 191 MPa
at filler /matrix ratios of 40/60 or 50/50 hardness; roughness .
compressive strength and 39 HV1 hardness.
Experimental hybrid filler: Rice-husk Hardness; compressive strength; Zirconia improved hardness and
Ismail et al. [48] 2020 Zirconia-reinforced rice-husk DRC pern y o) i 58, comp st compressive strength; conversion fell
nanosilica + 3 or 5 wt% zirconia conversion; microstructure . R o
slightly but remained >60%.
Raja et al. [49] 2019 Rice-husk nanocomposite E)fperlmental 'ﬁller—sourcg .substltutlor}: Color stability after coffee/tea Color stability remained acceptable after
Rice-husk-derived nanosilica composite exposure beverage exposure.
. . — . Experimental hybrid filler: Rice-husk Fracture strength; SEM filler Zirconia increased fracture resistance;
Lin etal. [50] 2020 Zirconia-reinforced rice-husk DRC nanosilica + 3 or 5 wt% zirconia distribution 5 wt% was comparable to Filtek Z250.
. Tl Tk o . . Zirconia reduced shrinkage while
Lin et al. [51] 2020 Zirconia-reinforced rice-husk DRC Exper%mental hybrid f‘ue.r : nge-husk Polymepzatlon shrinkage; degree of maintaining clinically acceptable
nanosilica + 3 or 5 wt% zirconia conversion .
conversion.
Experimental filler-source substitution: 3 wi% nanosilica eave the highest wear
Bhat et al. [52] 2017 Rice-husk nanosilica DRC Bis-GMA /TEGDMA resin + 0-3 wt% Simulated dental wear e 8 &
. . resistance and reduced surface damage.
silane-treated 20 nm nanosilica
Experimental filler-source formulation: Sorption /solubility; conversion: Water sorption was higher than in the
Al-Rawas et al. [53] 2021 Flowable rice-husk DRC EFC50B and EFC40B vs. commercial p v ’ control; optimal curing was 40 s for EFC40B
hardness; morphology
control and 80 s for EFC50B.
Experimental radiopaque filler/matrix More UDMA improved strength and cure
2025 (online combination: Rice-husk silica + zirconia Flow; radiopacity; cure; roughness; depth and reduced shrinkage/roughness;

Azlisham et al. [54]

first: 2024)

Zirconia/rice-husk nanohybrid DRC

with UDMA /Bis-GMA ratios from 20:80
t0 90:10

shrinkage; compression

performance was comparable to
commercial controls.

Azlisham et al. [55]

2023

UDMA-based rice-husk
flowable DRC

Experimental matrix substitution:
Rice-husk nanohybrid silica with
UDMA /Bis-GMA ratios of 40:60-60:40

Conversion; cure depth; hardness;
roughness

UDMA-based formulations showed higher
conversion (60-65%), greater cure depth
and hardness; roughness was comparable.
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Table 5. Summary of studies reporting other novel DRCs.

Author Year Focus Composite/Strategy Formulation and Basis of Novelty Main Assessments Key Finding
Modified composite filler structure: H: hvdrox tite: conversion: I\r(?o; a;d ?)ébélc;BGhraé);diy ralst?td pH
Odermatt et al. [56] 2020 Bioactivity Bioactive-glass DRC Flowable composite + 15 wt% micro-, P, hydroxyapatite; conversion; — anc promoted dense ycaroxyapatie;
: hardness nano-BG maintained conversion and
nano- or hybrid BG h
ardness.
Experimental surface o). .
Travan et al. [57] 2010 Bioactivit Polysaccharide-modified functionalization: Coating; mechanics; durability; ?rtz‘;gagst: dfilelllN 13(_)111?(3/1(‘)2’15()(;2_;2“1“
’ Y thermoset Bis-GMA /TEGDMA + chitlac or osteoblast-like cells S P
. . bioactivity.
RGD-chitlac coating
Experimental bioactive interface: Clotting; platelet adhesion; Ellsgztlc\:;\gliiisbciﬁ?pOlsal’::lgtnairt(i)\‘/]aetcilon
Abdulmajeed et al. [58] 2014 Bioactivity Bioactive-glass composite 50% Bis-GMA /TEGDMA polymer + ; & prate’ ) ! . P Y, phat
o fibroblast proliferation and fibroblast proliferation versus the
50% BG vs. polymer and BG controls
polymer control.
Experimental hybrid filler: Filler morpholoey: roushness: Clearfil Majesty ES-2 and PS2 showed
Pastrav et al. [59] 2024 Mechanical Nanohybrid DRC Experimental PS2 vs. Clearfil Majesty Phology; roug ! higher compressive strength and wear
. compression; color .
ES-2 and Harmonize resistance.
Experimental reinforcement C o . .
. - . e Mechanical interlocking achieved
Thorat et al. [60] 2014 Mechanical Coupling-agent-free DRC archlt;e cture: BIS_GMA/TEGDMA * Mechanical stability; aging; ~5 GPa storage modulus, improved
50 wt% nanoporous alumina; Ag release aging stability and sustained Ae release
Ag-loaded fillers for release g Y & '
. . . Qs g . Improved flexural strength/modulus
Wang et al. [61] 2015 Mechanical Bimodal silica DRC Experlme.ntal ﬁll?r. architecture: Silica  Flexural properties; s.hr.lnkage, and reduced shrinkage with good
nanoparticles + silica nanoclusters morphology; cytotoxicity bi s
iocompatibility.
Commercial alternative o .
polymerization: silorane-based Filtek Microleakage after Occlusal leakage was similar; silorane
Sivakumar et al. [62] 2016 Low shrinkage Silorane-based DRC X composite showed lower gingival
P90 LS vs. methacrylate 3000 thermocycles leakage than methacrvlate eroups
nanohybrid /microhybrid composites 8 ylate groups.
Experimental matrix formulation: Optimized zirconia increased
. . . . . Polybenzoxazine + 60 wt% Shrinkage; hardness; modulus; hardness/modulus and reduced
Lotfi etal. [63] 2018 Low shrinkage Polybenzoxazine/zirconia DRC micro-ZrO; + 10 wt% nano-ZrO, morphology; cytotoxicity shrinkage; excess zirconia caused
(optimal) agglomeration and poorer mechanics.
Experimental filler-loading series . . . - .
Jasse et al. [64] 2013 Aesthetics Aluminum-barium silicate DRC  using 40-75% polygonal Gloss b efore/after simulated Higher filler loading 'mp roved base.lme
. - i . brushing gloss and gloss retention after abrasion.
aluminum-barium silicate filler
Commercial optimal-system Color stability after water Amaris showed the least color change
Braun et al. [65] 2013 Aesthetics Aesthetic DRC innovation: Amaris vs. Arabesk 4 and better masking of dark

and Synergy

storage/thermocycling

backgrounds.
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Table 5. Cont.

Author Year Focus Composite/Strategy Formulation and Basis of Novelty Main Assessments Key Finding
Modified infiltration formulation:
MFIR (55% infiltrant + Enamel penetration: cavit MFIR maintained enamel penetration
Askar et al. [66] 2018 Resin infiltration Micro-filled infiltrant 45% prepolymerized filler) vs. filline b P CLSM ! Y and improved cavity filling to ~100% in
infiltrant and infiltrant + flowable &by micro-/cavitated lesions.
composite
Experimental infiltrant formulations: Lesion progression over Infiltrants with penetration
Paris et al. [67] 2010 Resin infiltration Experimental infiltrants PC63, PC185, PC204, PC391 vs. 400 da I; g coefficient > 200 cm/s (PC204, PC391)
flowable and untreated controls y inhibited lesion progression.
Experimental hybrid formulations: Experimental composites showed good
. s . . . PM, P14M and P2S with Sorption/solubility; oral MSC . s o
Roman et al. [68] 2016 Biocompatibility Experimental bioactive DRCs Bis.GMA /UDMA /TEGDMA and cytotoxicity physical stab1l.1ty an'd no cytotoxicity or
hybrid fillers cytoskeletal disruption.
Experimental bioactive filler Cytotoxicity; morphology; cell All groups supported MSC proliferation;
Chadda et al. [69] 2016 Biocompatibility HA-filled acrylate DRCs composition: Bis-GMA/TEGDMA + Y h y: phology; i 5 HII)% Supp d cell P di ’
30/50 wt% HA or silica/HA fillers attachment silica/ improved cell spreading.
Experimental initiator-system Degree of conversion: DMPOH and EDAB gave similar
Oliveira et al. [70] 2014 Biocompatibility DMPOH-containing DRC substitution: Bis-GMA /TEGDMA + tg toxicit . conversion; both reduced cell viability
0.2 wt% DMPOH or EDAB cytotoxietty after 24 h exposure.
Experimental self-healing architecture: Morphology/chemistry; Silanization preserved flexural strength
Rozza et al. [71] 2024 Self-healing Silanized microcapsule DRC 0-10 wt% MPS-silanized PUF flexural properties; and improved healing to 49-77% vs.

microcapsules containing
TEGDMA + DHEPT

fracture/self-healing

38-69% without silane; modulus and
toughness were unchanged.
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Identification

ReCOI'dS |dent|f|ed through database Records ldennfled from other
searching methods (n = 15)
Scopus (n=89) Ref ; : ik
PubMed (n=918) eference-list screening (n=12)
Expert recommendation (n = 3)

Y Y

Total records
(n=1022)

Screening

Y

Records after duplicates removed

Duplicates removed
(n=1015) (n=7)

Y

Excluded after title screening (n=671)
Records after title screening Not addressing novel/new/experimental
(n=344) —>  dental composite resins (n=618)
~ Animal study (n=9)

Case series (n=1)

Case report (n=2)
Systematic review (n=28)
Literature review (n=13)

Y

Records after abstract screening

Excluded after abstract screening
(n=164) (n=180)

v

Eligibility

Included

Full-text reports assessed for eligibility | | Animal studies (n=10)

Excluded after full-text screening (n=105)

(n=164) Reviews (n=29)
Non-dental applications (n=62)

Methods/protocol chapter (n=1)
) 4 Filler-only studies (n=3)

Studies included in qualitative synthesis

(n=59)

Figure 1. PRISMA-ScR flow diagram of study selection. The diagram summarizes identification,
screening, eligibility assessment and inclusion of the 59 studies in the qualitative synthesis.

3.1. Summary of Included Studies

The 59 included studies were categorized according to their primary type of novelty.
Tables 1-5 summarize the study characteristics and key findings. The charted assessments
showed recurring category-specific test domains. Antibacterial studies assessed bacterial
adhesion, viability, or growth, often alongside material properties. Remineralizing studies
assessed mineral recovery or deposition, ion release, and related tooth or material outcomes.
Bonding-related studies used bond-strength, leakage, or interfacial assessments, with some
also evaluating conversion and mechanical properties. Rice husk-derived composite studies
emphasized filler characterization and physical or mechanical properties. The remaining
category used application-specific outcomes, including color, gloss, cytotoxicity, infiltration,
and self-healing. These domains overlap and represent a descriptive summary of the
charted assessments, not an exhaustive frequency ranking of individual tests.
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Antibacterial properties
Rice-husk dental composites
Remineralization potential
Bonding performance

Mechanical properties

Biocompatibility and cytotoxicity

Bioactivity

Low shrinkage
Aesthetic
Resin infiltration

Self-healing ability

F T T T T T T T 1

0 2 4 6 8 10 12 14 16
Number of studies

Figure 2. Distribution of the 59 included studies by primary novelty category. Each study was
counted once according to its primary assigned category, although individual formulations could
have multiple functions. Counts describe the evidence captured by this review and do not indicate
the relative importance, effectiveness, or clinical maturity of each research direction.

3.2. Descriptive Methodological Appraisal

The category-level appraisal is summarized in Supplementary Table S1. Methodolog-
ical strengths included matched controls, aging protocols, and combined functional and
mechanical assessment in selected studies. Limitations included heterogeneous models and
test conditions, unclear independent replication in some reports, and limited concurrent
durability and biological evaluation. These differences restrict direct comparison across
studies and categories.

4. Discussion
4.1. Patterns Across Material Innovations

The included studies investigated several complementary approaches to DRC de-
velopment: antibacterial and remineralizing functions, improved bonding and physical
performance, alternative filler sources, and other targeted material modifications. Table 6
summarizes and compares the major innovation categories, their key benefits and limita-
tions, and priority evidence gaps. These categories overlap because a single formulation
may address several objectives. Category frequencies describe the distribution of the re-
trieved studies according to their primary assigned innovation; they do not establish the
relative importance, effectiveness, or clinical readiness of each approach.

Across the retrieved studies, a common design direction was to add biological or
reparative functions to conventional restorative performance. Combining antibacterial
monomers with ion-releasing fillers illustrates the development of multifunctional formula-
tions intended to address both biofilm activity and mineral loss [14,20]. Other approaches
target different restorative needs: self-adhering systems seek to simplify placement of
DRCs [35,37,42,43], self-healing systems aim to repair material damage [71], and resin
infiltrants address penetration and filling of carious lesions [66,67]. Rice husk-derived
fillers extend innovation to constituent sourcing, although their environmental advantages
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require separate verification [44-55]. These approaches suggest complementary priorities
for restorative dentistry, including controlling disease-associated processes, preserving
interfaces, maintaining material integrity and improving resource use. They describe de-
sign directions within the retrieved evidence, rather than demonstrated temporal trends or

established clinical benefits.

Table 6. Comparative summary of major innovation strategies.

Strategy Representative Examples  Key Benefit Main Limitation Priority Evidence Gap
High loading may affect Lone-term multispeci
N DMAHDM, UDMQA-12,  Lower biofilm viability; ~  conversion, aesthetics or OnGterm M Spacies
Antibacterial R . . . biofilms, saliva/pellicle
. QAUDMAS, QASi, ZnO, some effects persisted strength; ion/antibiotic Ll X
monomers/particles models and clinical caries

Ag-BG, AgBr, PACs

after short aging

systems require safety
monitoring

outcomes

Remineralizing/bioactive
fillers

NACP, DCPD, TTCP, HA,
bioactive glass,
fluoride-BG

Ca/P release, apatite
formation and lesion
remineralization

Excessive ion-releasing
filler may increase
sorption/leaching or
reduce strength

Standard
recharge/re-release
protocols and long-term
marginal-sealing studies

Low-shrinkage/self-
healing systems

Silorane, polybenzoxazine,
silanized PUF
microcapsules

Lower shrinkage stress,
better marginal behavior
or partial crack recovery

Capsules can weaken
flexural strength; repair
durability needs fatigue
validation

Standardized cyclic
loading,
thermomechanical aging
and self-healing methods

Bonding/self-adhesive
systems

Self-adhering flowables,
nHA-PU, PBO-ZnO-POSS,
nanoparticle modification

Simpler handling and
selected improvements in
bonding/interface
performance

Dentin bonding remains
variable;
hydrophilic/acidic phases
may degrade

Standardized substrate
handling, recognized
bond tests and clinically
relevant aging

Sustainable rice-husk
DRCs

Rice-husk nanosilica,
silanized fillers,
zirconia-reinforced
hybrids

Potential sustainable filler
with acceptable
physical/mechanical
properties in selected
formulations

Processing and quality
control may offset
raw-material cost and
sustainability advantages

Life-cycle analysis,
production cost and
batch-to-batch
reproducibility

4.2. Trade-Offs Between Functionality and Material Performance

A recurring issue was whether an additional function could be achieved without com-
promising the properties required for a durable restoration. Increasing functional additive
content may enhance antibacterial activity or mineral formation, but the resulting perfor-
mance depends on concentration, resin composition, and filler—-matrix compatibility. Selected
remineralizing formulations showed improvements in mineral-related outcomes alongside
reductions in mechanical properties [27-29,31]. Conversely, some antibacterial formula-
tions retained the measured mechanical properties under the conditions tested [20,21,24].
These findings support formulation-specific optimization rather than assuming that higher
additive concentrations provide greater overall benefit.

A targeted re-examination identified at least seven studies reporting a functional benefit
alongside improved mechanical performance or no statistically significant reduction in the
measured mechanical or bonding properties for selected formulations [13,14,17,20,21,31,71].
These included antibacterial formulations [13,14,17,20,21], a rechargeable ion-releasing
cement [31] and a self-healing composite containing silanized microcapsules [71]. This is
a verified minimum of formulation-specific examples, not an exhaustive count of studies
without trade-offs. It does not establish absence of aesthetic, biological, or long-term
durability compromises, and other formulations within the same studies could perform
less favorably. In particular, a non-significant difference does not demonstrate equivalence.
An overall proportion of “compromise-free” studies therefore cannot be established from
these heterogeneous and incompletely assessed outcomes.

Related trade-offs occur in other categories. Self-healing systems must balance healing
capacity against the effect of microcapsules on the original material strength [71]. Resin
infiltrants must combine sufficient penetration with the properties needed to fill surface
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defects [66,67]. For alternative filler sources, satisfactory performance depends on process-
ing, dispersion and interfacial compatibility, as well as the source of the filler itself [44-55].
Future comparisons should therefore assess functional benefits and potential mechanical,
optical or bonding compromises within the same formulation and after aging. The accept-
able balance will also depend on the intended use: a load-bearing restoration, an infiltrant,
and a bonding material have different functional requirements. An improvement in one
measured property should therefore be interpreted against application-specific demands
rather than treated as evidence of overall superiority.

Self-adhering composites aim to simplify placement by reducing separate bonding
steps, but fewer steps do not by themselves establish lower technique sensitivity or durable
adhesion. The bonding and marginal-integrity studies showed formulation- and substrate-
dependent performance [35-43]. Durable dentin bonding remains a particular challenge;
future evaluations should control tooth-substrate preparation and moisture conditions and
assess bond retention and failure modes after aging.

4.3. Common Evidence Gaps and Testing Needs

Differences in formulations, controls, specimen preparation, curing conditions and out-
come measurements limited direct comparison across the studies, including within the same
novelty category. Antibacterial models included single-species S. mutans biofilms, a six-species
adhesion model and saliva-derived communities, with outcomes such as colony counts, quan-
titative PCR and growth monitoring [13-16,22]. Remineralization assessments included
apatite deposition, microradiographic mineral recovery and microhardness, which measure
different aspects of material or tooth response [27-29,33,34]. Bonding-related assessments
included shear bond strength, dye leakage and optical imaging of interfaces; protocols ranged
from immediate testing to thermocycling or prolonged storage [35,37,40-42]. Thus, a shared
test-domain label does not imply methodological equivalence. This heterogeneity was de-
scribed qualitatively; no statistical heterogeneity estimate or pooled effect size was calculated.

The principal methodological need is more comparable testing that also reflects the in-
tended clinical application. Studies should clearly report specimen numbers, independent
experimental replicates, curing conditions, and appropriate controls. Functional outcomes
should be evaluated alongside mechanical and interfacial performance, using applicable
testing standards and clearly justified adaptations. Antibacterial assessments would benefit
from consistent reporting of biofilm composition, contact conditions, aging, and the distinc-
tion between bacterial adhesion, viability, and growth inhibition. Stronger evidence for a
promising formulation would combine a functional benefit over an appropriate comparator
with retained mechanical and interfacial performance after aging. Where a study assesses
only one of these domains, its findings support further investigation rather than an over-
all judgment of material suitability. In this review, “promising” denotes a candidate for
further investigation under the reported experimental conditions, rather than a validated
clinical recommendation.

The standards-reporting audit identified explicit references to named standards in 25
of the 59 studies (42.4%) [13,18-21,23,24,27,33,37,41,43,44,47,51,53-55,57,58,61,63,68,69,71].
No explicit reference was identified for the assessed endpoints in the remaining 34 studies.
ISO 4049 was cited in 11 studies [13,21,24,43,44,47,53-55,61,68], across different editions
and endpoints. ISO 10993-5 was referenced in three studies: two linked it to their cell-
extract methods [24,63], whereas one discussed it when interpreting cytotoxicity [69].
Adhesion-related standards included ISO 29022 [27] and ISO/TS 11405 [33,37,41]. These
figures quantify reporting, not the proportion fully compliant with a standard. Modified
procedures and differences in standard editions prevent an inference of uniform testing,
and absence of an explicit citation does not establish that a standard was not followed.
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Where applicable, mechanical and physical testing should follow ISO 4049:2019 for
polymer-based restorative materials [72], and in vitro cytotoxicity testing should follow
ISO 10993-5:2009 [73]. Adhesion testing can use ISO 29022:2013 for notched-edge shear
bond strength [74] or ISO/TS 4640:2023 for tensile bond strength to tooth structure [75],
according to the research question. These methods should be complemented by application-
specific aging protocols; conformity with a laboratory standard alone does not establish
clinical effectiveness.

Longer-term assessment is particularly important for functions that depend on sus-
tained activity. Ion release, antibacterial effects, and self-healing should be examined
together with property retention after relevant chemical, thermal and mechanical chal-
lenges. Similarly, short-term cell viability findings provide limited evidence of biological
safety and should be interpreted in relation to the tested cells, concentrations and exposure
periods. For emerging functions, comparable protocols should specify ion recharge and
re-release cycles, crack generation and healing conditions, and retention of function during
repeated challenges. Aesthetic outcomes should also be evaluated after staining, brushing
and wear, alongside surface roughness and gloss retention.

4.4. Barriers to Clinical Translation

The laboratory evidence identifies candidate materials and mechanisms for further de-
velopment, but does not establish improvements in clinical restoration longevity, secondary
caries prevention or patient satisfaction. Translation requires evidence that functional
benefits persist under oral conditions while handling, curing, bonding, wear resistance,
and aesthetics remain suitable for the intended application. Potential reductions in repeat
treatment, patient burden and costs remain hypotheses that require direct clinical and
economic evaluation.

Manufacturing reproducibility and feasibility also require attention. For rice husk-
derived fillers, an agricultural waste source does not by itself demonstrate lower environ-
mental impact or production cost. Extraction, purification, surface treatment and quality
control must be considered alongside composite performance. Comparative environmen-
tal and economic assessments are therefore needed before sustainability advantages can
be established.

Similar challenges have been highlighted for zeolite-based dental materials, including
the need for long-term biocompatibility testing, clinical validation and compliance with
regulatory requirements. Zeolites are being explored as multifunctional fillers with the
potential to combine ion release, antibacterial activity and mechanical reinforcement [76].

Progress towards clinical use should combine reproducible formulation and laboratory
validation with subsequent clinical evaluation. The priority is to demonstrate a durable
overall benefit under relevant conditions, rather than an improvement in an isolated
laboratory endpoint.

4.5. Study Limitations

The literature search was restricted to PubMed and Scopus. Although these databases
provide complementary biomedical and multidisciplinary coverage, relevant studies in-
dexed exclusively in other databases may have been missed. In addition, requiring both
novelty-related and laboratory-design descriptors may have excluded eligible experimental
studies that did not use these terms in their searchable bibliographic records. Search sensi-
tivity was not formally validated, and the extent of potential omissions remains unknown.
These limitations may have affected both the breadth of the evidence map and the distribu-
tion of studies across novelty categories. Accordingly, category frequencies describe the
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studies retrieved and included in this review and should not be interpreted as measures of
the relative importance or prevalence of research directions across the entire field.

Additional limitations of the evidence base include small or unreported sample sizes,
inconsistent use of commercial and experimental controls, limited thermocycling or water-
storage protocols, short-term antibacterial testing, single-species bacterial models that do
not fully simulate oral biofilms, variable cytotoxicity assays, and inconsistent reporting of
filler dispersion and degree of conversion. These differences limit direct comparison of
effect sizes across novelty categories. The findings should therefore be interpreted as a map
of promising research directions rather than definitive evidence of clinical superiority.

The descriptive appraisal cannot establish the risk of bias in individual studies or
provide a definitive ranking of material strategies. Small or unreported sample sizes,
limited aging and restricted biological models reduce confidence that observed benefits are
reproducible or transferable to clinical use. Accordingly, the findings should guide further
testing rather than selection of materials for clinical practice.

5. Conclusions

The studies retrieved for this scoping review, published or available online from 2010
to 2024, investigated antibacterial and remineralizing functions, rice husk-derived fillers,
bonding-related strategies and other material innovations. These approaches may address
important causes of restoration failure, including secondary caries, marginal degradation,
polymerization shrinkage, poor dentin bonding, and material wear. However, most ev-
idence remains laboratory-based. Before novel formulations can be recommended for
routine clinical use, future research should demonstrate durable mechanical properties,
reliable dentin bonding, stable aesthetics, acceptable radiopacity and polishability, bio-
compatibility, clinically meaningful antibacterial or remineralizing effects, and economic
and environmental feasibility. Standardized testing followed by well-designed long-term
clinical studies will be essential for translating promising experimental formulations into
restorative materials with demonstrated patient benefit and restoration longevity.
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mdpi.com/article/10.3390/polym18202516/s1, Table S1: Category level methodological appraisal.
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Abbreviations

The following abbreviations are used in this manuscript:

Ag
Ag*
Ag-BG
AgBr
ARI
BAG-F
BG

BHPVP

Bis-GMA
Ca/P

Cip
Cip-HEMA
CLSM
DCPD
DHEPT
DMAHDM
DMPOH
DRC/DRCs
EBPADMA
EDAB

HA

HEMA
HGF-1

1SO
ISO/TS
MAE-DB
MCPM
MFIR

MPS
MSC/MSCs
NACP
nHA
PAC/PACs
PBO
PMGDM
POSS
PPGDMA

PRISMA-ScR

PUF
PV-PAC

QAUDMA /QAUDMAs

QASI
qPCR
RGD
rRNA
SARC
SEM
SiO,

Silver

Silver ion

Silver-doped bioactive glass

Silver bromide

Adhesive Remnant Index

Fluoride-containing bioactive glass

Bioactive glass

Brominated and 2-methacryloyloxyethyl functionalized
polyvinylpyrrolidone

Bisphenol A-glycidyl methacrylate
Calcium/phosphate

Ciprofloxacin

Ciprofloxacin—2-hydroxyethyl methacrylate conjugate
Confocal laser scanning microscopy

Dicalcium phosphate dihydrate
N,N-Dihydroxyethyl-p-toluidine
Dimethylaminohexadecyl methacrylate
4-(N,N-Dimethylamino)phenethyl alcohol

Dental resin composite/dental resin composites
Ethoxylated bisphenol A dimethacrylate

Ethyl 4-(dimethylamino)benzoate

Hydroxyapatite

2-Hydroxyethyl methacrylate

Human gingival fibroblast-1

International Organization for Standardization
International Organization for Standardization/Technical Specification
2-Methacryloxylethyl dodecyl methyl ammonium bromide
Monocalcium phosphate monohydrate

Micro-filled infiltrant resin

v-Methacryloxypropyl trimethoxysilane

Mesenchymal stem cell/mesenchymal stem cells
Nanoparticles of amorphous calcium phosphate
Nano-hydroxyapatite

Polymer-antibiotic conjugate/polymer-antibiotic conjugates
Poly(p-phenylene-2,6-benzobisoxazole)

Pyromellitic glycerol dimethacrylate

Polyhedral oligomeric silsesquioxane

Polypropylene glycol dimethacrylate

Preferred Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews
Poly(urea-formaldehyde)

Penicillin V-based polymer-antibiotic conjugate
Quaternary ammonium urethane dimethacrylate/quaternary
ammonium urethane dimethacrylates

Quaternary ammonium silica

Quantitative polymerase chain reaction
Arginine—glycine—-aspartic acid peptide sequence
Ribosomal ribonucleic acid

Self-adhesive resin cement

Scanning electron microscopy

Silicon dioxide
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SS-OCT Swept-source optical coherence tomography
TEG-DVBE Triethylene glycol divinylbenzyl ether
TEGDMA Triethylene glycol dimethacrylate
TiO, Titanium dioxide
TTCP Tetracalcium phosphate
UDMA Urethane dimethacrylate
UDMOQA-12 Urethane dimethacryllate quaternary ammonium compound with
a 12-carbon alkyl chain
ZnO Zinc oxide
V4(0)) Zirconium dioxide
B-TCP Beta-tricalcium phosphate
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