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This systematic review investigates the effectiveness of calcium and phosphate ions release on the bioactivity and remineralization
potential of glass ionomer cement (GIC). Electronic databases, including PubMed-MEDLINE, Scopus, and Web of Science, were
systematically searched according to PRISMA guidelines. This review was registered in the PROSPERO database. Five eligible
studies on modifying GIC with calcium and phosphate ions were included. The risk of bias was assessed using the ROBDEMAT
tool. The incorporation of these ions into GIC enhanced its bioactivity and remineralization properties. It promoted hydroxyapatite
formation, which is crucial for remineralization, increased pH and inhibited cariogenic bacteria growth. This finding has implications
for the development of more effective dental materials. This can contribute to improved oral health outcomes and the management
of dental caries, addressing a prevalent and costly oral health issue. Nevertheless, comprehensive longitudinal investigations are
needed to evaluate the clinical efficacy of this GIC’s modification.
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INTRODUCTION

Dental decay is a prevalent disease worldwide and a major
cause of tooth loss?. With the advancement of dentistry,
minimum intervention procedures and materials have
been developed to preserve remaining dental structures
and limit pulp damage®®. Even after removing the
diseased carious layer, live bacteria can persist in the
dentin cavity for months or years, independent of the
restorative material used*®. These bacteria can cause
secondary caries, the most common reason for replacing
existing restorations”. In the United States alone, the
annual cost of replacing existing dental fillings exceeds
$5 billion, accounting for more than half of all dental
operative work®. Preventive measures, such as fluoride
(F) use, are crucial in inhibiting the occurrence of
secondary caries and avoiding tooth loss®!?, F is present
in dental products like dentifrices and may be absorbed
up to glass ionomer cement (GIC)'*'?, which is a versatile
acid-base cement widely used in restorative and luting
materials, orthodontic cement, and sealant'?.

GIC is known for its ability to remineralize hard
tooth tissues, such as dentin and enamel, due to the ion
release into the oral environment!'?. The F ion release
from GIC is considered a clinical benefit'>'9, and studies
have shown that GICs can inhibit the development of
caries-causing bacteria after partial caries removal'”?.
One potential strategy to enhance the remineralization
process of GICs is using chemical compounds that can
increase the release of specific ions'®. Additionally, GIC
is a reliable method for the clinical treatment of early-
stage proximal caries'®, substantially reducing the
decrease in pH caused by bacteria?”.

Received Jun 7, 2023: Accepted Aug 25, 2023
do0i:10.4012/dmj.2023-132 JOI JST.JSTAGE/dmj/2023-132

This systematic review investigates whether
the release of calcium (Ca) and phosphate (P) ions
significantly affect bioactivity properties to allow
for further intervention in modified GIC powder
manufacture and increase remineralization properties
under in vitro conditions. Researchers have explored
modifying dental materials with Ca and phosphate-based
chemical compounds to promote the release of Ca, P and
F ions?'%). Skrtic et al.?® found that incorporating a Ca
phosphate-based compound can potentially remineralize
carious enamel lesions. Assessing the addition of casein
phosphopeptide—amorphous calcium phosphate (CPP—
ACP) to GICs, Mazzaoui et al. and Al Zraikat et al.
found that modifying 3% or 5% of CPP-ACP leads to
significantly decreased F release, but increased Ca and
P ion release®"??,

Another study showed that modifying 1.56% (w/w)
CPP-ACP into a GIC increases mechanical properties
and releases Ca, P and F ions?®. Modifying GIC with
nanohydroxyapatite, a biologically active Ca, P mineral,
resulted in positive enhancements in mechanical
characteristics, antibacterial properties, ion release, and
reduction of microleakage and cytotoxicity?®. Replacing
CaO and CaF; in GIC with strontium substitutions (SrO
and SrF;) increased radiopacity and F ion release?.

Nonetheless, according to other definitions
that prioritize the ability of materials to promote
remineralization, GIC is not commonly considered
bioactive. These definitions that characterize a substance
as bioactive indicate that it has the ability to generate
a material layer, like apatite, which is intrinsic and
compatible with the human body?™*® . Regarding this
topic, materials are generally considered bioactive if
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they can engage with living tissues and initiate a cellular
reaction that encourages the formation of hydroxyapatite
(HA)?Y. GIC and tissue connect by establishing a
biologically active HA layer®?. The capacity of a material
to promote the formation of HA on its surface in vitro
after immersion in a simulated body fluid (SBF) solution
is often used to define its bioactivity®’**3). Hence,
bioactivity is significant for materials that are intended
to promote mineral attachment to the dentine substrate
at the material-tooth tissue interface. These bioactive
materials must convert to HA in a controlled manner and
timeframe®. Several in vitro studies have shown that
GICs exhibit bioactivity by forming HA on their surface
when immersed in physiological fluids such as SBF?2831:35-38),
However, this technique has disadvantages as it can
produce false positive and negative outcomes®*?,

In addition to in vitro tests, additional study
utilising in vivo testing is advised in order to
validate the bioactivity results from SBF studies®®*?.
Studies conducted in vitro have shown that using
GIC restorations can improve the resistance of
both enamels**? and dentin®® to demineralization,
likely due to the release of F ions that can facilitate
remineralization of tooth structure. Additionally, a
study over eight years found that carious lesion
progression in enamel adjacent to GIC restorations in
primary teeth was reduced*?. These findings prompted a
systematic literature review with the research question:
“Do the release of Ca and P ions increase the bioactivity
of modified GIC under in vitro conditions?”

MATERIALS AND METHODS

Our systematic review was focused on experimental
and quasi-experimental studies published within the
last decade, which aimed to investigate the bioactivity
of GIC and its modification with Ca and P ions. Eligible
studies were selected based on the PICOS framework,
which included studies related to GIC bioactivity, with
intervention focused on Ca and P ion release in GIC. We
identified five studies meeting the criteria of eligibility,
and the methodology is presented in a Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) flow diagram for transparency.
Data extraction was conducted from eligible full-text
manuscripts and presented in a table with relevant
information on the corresponding test and statistically
significant outcome(s).

Search strategy

This systematic review was conducted using a research
protocol that refers to PRISMA guidelines*?. A thorough
search for the literature was carried out from November
2022 to January 2023 using electronic databases,
including PubMed-MEDLINE, Scopus and Web of
Science. The following keywords were used to search
relevant articles: (“Calcium” OR “Ca”) AND (“phosphate”
OR “P” OR “P0O4”) AND “calcium phosphate” AND
“release” AND (“glass ionomer cement” OR “GIC”) AND
(“fluoride” OR “F”) AND “bioactive”.

( Identification of studies via databases and registers )
(o—
S gm:ge(:ugz :')““ - Records removed before screening.
Scopus (n = 231) Duplicate records removed (n = 3)
é Web of science (n = 202) > Records marked as ineligible by
< PubMed MEDLINE (n = 108) automation tools (n = 0) B
o Registers (n = 0) Records removed for other reasons (n = 0)
— l
—
Records screened »| Records excluded
(n=61) (n=477)
Reports sought for retrieval »| Reports not retrieved
= (n=61) (n=0)
=
: 1
(7}
Reports d for eligibilit Reports excluded:
(n=5) > 1. Studies that discuss dental disease, treatment and
bioactivity other than GIC (n = 45)
2. Other studies not related to GIC bioactivity (n = 9)
3. Other studies not related to GIC bioactivity
enhancement (n = 2)
—
—\ ‘ 4
3 Studies included in review
5 (n=5)
3 Reports of included studies
£ (n=0)

Fig. 1

PRISMA flow diagram in this study.
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Study selection

The search across multiple databases resulted in 541
articles, screened by two reviewers (TN and KZ) based on
title, abstract and full text. Disagreements were resolved
through discussion, and ultimately, five studies met the
eligibility criteria and were included in the systematic
review. The search process and article selection are
presented in a PRISMA flow diagram Fig. 1%.

Eligibility criteria

This systematic review followed the PICOS (Problem/
Population, Intervention, Comparison, Objective,
and Study design) framework to establish inclusion
criteria®. Population (P) included studies related to
GIC bioactivity, and intervention (I) comprised studies
on Ca and P ion release in GIC. As bioactive materials,

comparison (C) evaluated conventional GIC and GIC
modified with Ca and P. Outcome (O) research on GIC
bioactivity augmentation in vitro and in vivo were
the focus of this outcome.. Experimental and quasi-
experimental studies published over the last ten years
were included in the study design (S). The review is
registered at PROSPERO with registration number
CRD42023388399. Exclusion criteria comprised studies
that discussed dental disease, treatment, and bioactivity
other than GIC; studies not related to GIC bioactivity;
comparisons with other restoration materials; studies
not related to GIC bioactivity enhancement; reviews,
systematic reviews, books or book chapters; conference
papers; articles not published in English, and articles
published over ten years ago.

Table 1 Summary of studies included in this systematic review
A%{t:;:s’ Sample Release of ions Methodology Outcome
Reinforced glass 1. The resinous adhesive layer
ionomer cement 1. Atomic absorption can act as a barrier for ion release
(ChemFil Rock, 1. Calcium (Ca?")  spectrometry for calcium; and diminish the beneficial effects
Par et al. Dentsply Sirona, 2. Phosphate 2. UV—Vis spectrometry for  of remineralizing restorative
2022 Konstanz, POs) phosphate; materials;
Germany; 3. Fluoride (F) 3. Ton-selective electrode 2. Sufficient water absorption is
shade: A2, LOT: for fluoride. necessary to release ions from the
1903000819) fillers.
Glass-ionomer 1. Atomic absorption Modification of conventional GIC
Allam cement spectrometry for calcium; with Chicken Eggshell Powder:
and Abd (AquaCem, 1. Calcium (Ca?*) 2. Ion-selective electrode 1. Enhances the mechanical
El-Geleel  Dentsply, 2. Fluoride (F) for fluoride. The release properties;
2018% Konstanz, of phosphate ions has not 2. Not significant effects on fluoride
Germany) been studied. and calcium release.
Incorporation of 3% (w/w) CPP—
Glass ionomer 1. Atomic absorption ACP into GIC:
.. .. 1. Calcium (Ca?")  spectrometry for calcium; 1. Enhances calcium and phosphate
Zalizniak  cement, Fuji . .
2. Phosphate 2. UV-Vis spectrometry for ion release;
et al. VIITM (F7) and 5 ) o .
. . PO,*) phosphate; 2. Not significantly changes fluoride
201347 Fuyji VIITM EP . ~ . : i
(FTEP) 3. Fluoride (F) 3. Ion-sglectlve electrode ion relez.ise,.
for fluoride. 3. Not significant effects on surface
hardness and change in mass.
1. Inductively coupled
plasma-optical emission 1. In neutral conditions, calcium
Nicholson  Glass ionomer 1. Calcium (Ca2) spectrosc_opy for calcium; 1(.)ns‘d0 not release, however in acid,
2. Inductively coupled significant amounts are released;
et al. cement AquaCem 2. Phosphate 1 ol emissi The phosphate is rel di
202159 (Dentsply) (PO>) plasma-optical emission 2. The phosp a}te 1s released in
spectroscopy for phosphate. neutral and acid conditions, with
The release of fluoride ions  greater amounts of acid.
has not been studied.
1. Atomic absorption 1 The addltloq of blez‘ictlve glass
. . improves the bioactivity by apatite
De Conventional . - spectrometry for calcium; . .
L 1. Calcium (Ca?") . formation; however, it decreases
Caluwe aluminosilicate 2. UV—Vis spectrometry for
et al. glass (prepared by 21;glz?sphate phosphate. thzzt(;“g ngz}i3+ . .
2017%® the researcher) (PO”) The release of fluoride ions 2. mneg to the bioactive glass

has not been studied.

composition improves strength, but
bioactivity decreases.
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Data extraction

Two reviewers (TN and KZ) independently extracted
data from the eligible full-text manuscripts using the
specified data items. Any disagreements or uncertainties
were resolved through discussion until a consensus was
reached.

Data items

The data relevant to the research question was extracted
from the included studies and tabulated into the
following fields for qualitative synthesis: author (year),
sample, methodology, and outcome. The data extracted
from the included studies are presented in Table 1,
which includes the brand name, manufacturer, country
of manufacture and ex., pertinent information on the
corresponding test and variable(s) measured, and the
statistically significant outcome(s) of the experiment(s)
unless specified otherwise.

RESULTS

Study characteristics

This review comprised five non-randomized in vitro
experimental investigations. Only five of the 541 articles
retrieved in the databases matched the inclusion
requirements. All studies chosen were published within
the last ten years and were Q1 and Q2 indexed based
on rank by journal citation indicator. The studies were
released in 2013, 2017, 2018, 2021, and 2022. Table 2
presents the characteristics of the included studies.

Qualitative study and outcome measures

Two studies in this systematic review investigated Ca,
P and F release using atomic absorption spectrometry

Table 2 Characteristics of studies

(for Ca), ultraviolet—visible (UV—Vis) spectroscopy (for
P), and ion-selective electrode analysis (for F)*49. Par
et al. reported that the resinous adhesive layer could act
as a barrier for ion release, significantly reducing the
remineralization properties of restorative materials.
Sufficient water absorption is also necessary to release
ions from the fillers*®. Similarly, Wang et al. examined
the effects of coating on initial F release from resin-
modified GIC*. Furthermore, Keli¢ et al. reported that
the presence of a dental adhesive system or GIC coating
significantly reduced the recharge capacity compared to
uncoated materials®®.

In contrast to previous findings, Tay et al. proposed
that adhesives could act as permeable membranes and
aid in remineralizing tooth structure, halting the caries
process®. While the inner surface of the restoration,
adjacent to the cavity wall, may hinder ion release, the
outer surface is exposed to saliva and dynamic changes
in acidity, leading to increased porosity and potential
for 1on uptake and surface adsorption due to enhanced
roughness over time?®?.

Zalizniak et al. found that adding 3% (w/w) CPP-ACP
to GIC enhances the release of F, Ca and P ions without
significant effects on the surface hardness or changes in
mass??. The distribution of CPP-ACP nano complexes
throughout the set cement leads to sustained ion release
and protects against acid demineralization of adjacent
tooth tissue, as demonstrated in previous studies?' 247,
The highly charged/polar nature of CPP-ACP also alters
the surface properties of set GIC, inhibiting bacterial
adherence and biofilm development®. Additionally,
Shen et al. discovered that applying CPP-ACP/F paste
to GIC recharges ion release and increases surface
hardness®.

Authors, Year Country Title Journal/Index Method Citations
Effect of adhesive coating on calcium,
Par et al. . phosphate,.and fluoride release ' Sci Rep 2022: 12: In vm."o
8 Croatia from experimental and commercial experimental 1
20229 . .. . 10272. Q2
remineralizing dental restorative study
materials
Allam and Evaluatl.ng the mecha.nlcal properties, In vitro
and calcium and fluoride release of Dent J 2018; 6: .
Abd El-Geleel Egypt . . . experimental 8
6 glass-ionomer cement modified with 40. Q2
2018°9 . study
chicken eggshell powder
. Ion release and physical properties 1 In vitro
Zalizniak et al.— pygtralia  of CPP-ACP modified GIC in acid J Dent 2013:41: o perimental 28
2013D . 449-454. Q1
solutions study
Nicholson et al. Kinetics of ion release from a J Mater Sci ) In vitro
202159 UK conventional glass-ionomer cement Mater Med 2021; experimental 8
32: 30. Q2 study
Addltlon of bioactive glass to glass Dent Mater In vitro
De Caluwe . ionomer cement: Effect on the aa. -
et al. 2017?® Belgium physicochemical properties and 2017; 33: experimental 76
’ e186-e203. Q1 study

biocompatibility
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Two articles in this systematic review investigated
Ca and P ion release using different spectroscopy
techniques?®®). However, F ion release was not assessed
in either article. Nicholson et al’s study, discovered
that Ca ions do not release in neutral conditions, but
significant amounts are released in acid. In contrast, P
ions are released in neutral and acid conditions, with
more significant amounts in acid®.

The study by Allam and Abd El-Geleel found
enhanced mechanical properties of GIC modified with
chicken eggshell powder without significant effect on Ca
and F release. Ca ion release was evaluated using atomic
absorption spectrometry, and F release was evaluated
using ion-selective electrode analysis®®. Other recent
studies investigated the use of nano-sized eggshell
powder to enhance the bioactivity and Ca ion release of
a chemically-cured Ca hydroxide cement®”. The eggshell
powder was also found to reduce the surface roughness
of denture base resin and was studied as a pulp capping
material®®®”. Table 1 presents a summary of the selected
articles’ data analysis.

One research out of five included in this systematic
review article investigated bioactivity properties
with SBF incubation. De Caluwe et al. found that
incorporating bioactive glass (BAG) such as 45S5F
(based on the commercial Na* containing Bioglass®?%39)
and CF9 (sodium-free BAG®®)) into GIC improves
Ca and P ion release, but reduces strength. However,
adding Al** to the bioactive glass composition increases
strength while decreasing ion release. Despite the
reduction in strength, adding bioactive glass to GIC
enhances its remineralization properties?®596263 A
recent advancement in this area is using bioactive
glass nanoparticles to modify GIC. Incorporating these
nanoparticles increases the material’s bioactivity
and improves its mechanical properties, including
compressive, tensile, and flexural strengths®. It is
shown that SBF incubation positively affects cell
viability for the CF9-containing GICs, and the viability
of cells containing GICs with CF9 is notably improved
when exposed to SBF, mainly when the concentration
of CF9 is at 10%. Upon incubation in SBF, the surfaces
of these cements were observed to form a HA layer, as
evidenced by the combined use of Fourier-transform
infrared spectroscopy (FT-IR) and scanning electron
microscope (SEM) imaging along with energy-dispersive
X-ray spectroscopy (EDX) analysis. After being immersed
in SBF for one day, HA precipitation was observed on
hybrid GICs containing 5 wt% and 10 wt% bioglass?$6469,
After three days of immersion in SBF, the surface
became smoother, possibly due to formation of HA layer
on the surfaces®. The growth of these precipitates into
different HA morphologies over time can be partially
attributed to the gradual incorporation of carbonate ions
into the HA structure®®%?. With longer immersion times,
discrete islands of HA in three dimensions appeared on
the surface of the GICs®.

HA microcrystals adhere to the crystallites of human
tooth tissue®”. Recently published data validates HA
particles to establish bridges between enamel crystallites

through mineral-mineral interactions®%. Firstly, Enax
et al.™ proposed remineralization mechanisms with
action between HA and the tooth surface. Furthermore,
clinical studies have shown that HA has the potential to
shield teeth against dental caries, and there are several
randomized controlled trials (RCTs) research suggesting
that HA possesses anti-caries properties*»77,
Figure 2 shows how HA is formed, prevents enamel
demineralisation, and promotes remineralization™ %,

Bibliometric analyses

Articles on GIC bioactivity have been published in
dental, pharmaceutical, and chemistry journals. A
search of PubMed-MEDLINE, Scopus, and Web of
Science databases conducted in November 2022 yielded
a total of 541 articles. The ten most frequently published
journals are shown in Table 3.

The last decade has seen a surge in research
focusing on the bioactivity of GIC, likely driven by the
need to develop dental materials that offer improved
biocompatibility and tissue regeneration. This shift
from biocompatibility to bioactivity may be due to
advancements in dental materials science and a better
understanding of the importance of tissue regeneration®.
The distribution of publications concerning GIC
bioactivity by year and origin is depicted in Fig. 3.

' ici ion of the i ization process: tooth mi Is dissolve quickly when
the pH drops below 5.5. However, remineralization can occur by releasing calcium and
phosphate ions to raise the pH and restore mineral content in the teeth

" Metabolic byproduct of Oy _
S "
= microorganisms PO
= ros+ ¥
O
The presence of calcium and
o= phosphate ions raises the pH and
Ao 4 triggers the remineralization
process, ultimately reducing
bacteria's ability to colonize the
tooth surface and create an acidic
environment.
Time
The process of losing and gaining minerals in the teeth structures
GIC Hydroxyapatite
cement

..c . 10 Ca? + 6 PO4> + 2 OH- — Ca10 (PO4)6 (OH)2 /
Ceo

1

O L) S
Fig. 2 The mechanisms of the formation of HA and its
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Table 3 Distribution of articles related to GIC bioactivity by journals

Citations Source normalized Cite Journal
Source title Publications  Citations per impact per paper score impact
publications (SNIP) 2021 factor (2021)

Journal of Dentistry 23 462 20.1 1.917 6.8 4.991
Clinical Oral Investigations 16 172 10.8 1.779 5.8 3.607
Dental Materials Journal 13 122 9.4 1.209 3.5 2.418
Scientific Reports 10 127 12.7 1.389 6.9 4.997
Molecules 9 194 21.5 1.267 5.9 4.927
BMC Oral Health 8 39 4.9 1.785 3.6 3.747
Ceramics International 8 155 19.4 1.192 8.0 5.532
Dental Materials 8 383 47.8 2.219 9.2 5.687
Polymers 8 44 5.5 1.061 7.1 4.967
Nanomaterials 7 66 9.4 1.094 6.6 5.719

Origin of the articles related to GIC bioactivity during the 10 years

=

12
g 10
K
§s
3 — India
s “hing
& 6 China
— USA
4 3
— Brazil
2 — Germany
- UK
o
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Time (years)
Distribution of articles related to GIC bioactivity in the last
10 years (by years)
%

80 80 80

Publications

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Time (years)

Fig. 3 Distribution of articles related to GIC bioactivity.

Numerous studies have been conducted on the
bioactivity of GIC across different countries. Among
these countries, India (72), China (69), USA (42), Brazil
(31), Germany (31) and the UK (30) have published
a significant number of articles on the topic. These
countries boast active research communities and have
made valuable contributions to the knowledge base
surrounding GIC bioactivity and its potential use in
restorative dentistry. Through their research efforts,
these countries have enhanced our understanding of
GIC and the unique properties that make it a promising

dental material. GIC’s bioactivity and remineralization
properties have been studied extensively, and
incorporating Ca and P ions into the material has been
shown to improve its effectiveness.

The increased interest in the bioactivity of GIC
over the last decade was a significant rise in published
articles between 2012 and 2022. This trend may be due
to advancements in dental materials science, a better
understanding of the importance of promoting tissue
regeneration, and a shift towards bioactivity. However,
there was a slight decrease in the number of published
articles related to GIC bioactivity in 2020, which can
be attributed to the COVID-19 pandemic’s significant
impact on scientific research and publishing.

Risk of bias and quality assessment
The risk of bias (RoB) analysis for this systematic review
article has been performed using a RoBDEMAT tool
—developed by a broad panel of dental materials experts
to assess the quality of laboratory dental materials
studies®. This tool includes the following sources of bias:
bias in planning and allocation (proper randomization
and sample size calculation), bias in sample/specimen
preparation, bias in outcome assessment and bias
in data treatment and outcome reporting. Each
signaling question was answered as “sufficiently
reported”, “insufficiently reported”, “not reported” or
“not applicable”. Answering “sufficiently reported” will
indicate that the article under evaluation correctly
reports the item being judged, whereas “insufficiently
reported” would indicate that not enough details were
given. Finally, judging as “not reported” indicates that
no detail or explanation was given. An overall summary
RoB score was not produced as it was kept as a simple
checklist.

The risk of bias and the factors considered for the
analysis are presented in Table 4. For the five studies
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Table 4 Risk of bias analysis for the five studies included in this systematic review paper

Bias in planning and allocation

Bias in sample/specimen

Bias in outcome Bias in data treatment

. preparation assessment and outcome reporting
(Domain 1) (Domain 2) (Domain 3) (Domain 4)
3.1
Study ID » 1. 2.1, - jfi'cal Adequateand 32, " 42.
1.1. Ran dor.ni.zation Sample size  Standardization experimental standardized  Blinding Sta t{s t.ical Reporting
Control group rationale and  of samples and perm testing of the test . study
of samples . . conditions analysis
reporting materials procedures and  operator outcomes
across groups
outcomes

Paret al. Sufficiently Not Not Sufficiently Insufficiently ~ Sufficiently Not Sufficiently ~ Sufficiently
20224 reported reported reported reported reported reported reported  reported reported
Allam and . . . . . . .
Abd El-Geleel Sufficiently Not Sufficiently Sufficiently Insufficiently ~ Sufficiently Not Sufficiently  Sufficiently
9018% reported reported reported reported reported reported reported  reported reported
Zalizniak Sufficiently Not Not Sufficiently Sufficiently Sufficiently Not Sufficiently ~ Sufficiently
et al. 20137 reported reported reported reported reported reported reported  reported reported
Nicholson Insufficiently ~ Not Not Insufficiently  Insufficiently — Insufficiently — Not Insufficiently  Insufficiently
et al. 2021% reported reported reported reported reported reported reported reported reported
De Caluwe Sufficiently Not Sufficiently Sufficiently Sufficiently Sufficiently Not Sufficiently  Sufficiently
et al. 2017% reported reported reported reported reported reported reported  reported reported

included in this systematic review, a control group was
present and reported in all, while randomization of
sample size was not reported in any of them. Further,
regarding bias in planning and allocation, the sample
size rationale and reporting were not reported in three
of them?™*%5»  Blinding of1l the testing operators was
not reported in any of the studies. Doubts concerning
sufficient reporting of the study expected outcomes were
raised in all studies.

DISCUSSION

Dental materials have made significant advancements
in recent decades, yet researchers still strive to develop
techniques to prevent secondary caries progression
beneath restorations and enhance materials’ bioactivity
properties. There is a growing trend towards using
bioactive and remineralizing restorative materials to
address these issues, improving bonded restoration
longevity. Dental restorative materials with enhanced
bioactivity properties have been associated with
decreased caries due to interactions with the oral
environment and improved remineralization. This is
achieved by releasing various ions and introducing HA
deposition®.

Recent advancements in dental materials have
led to the development of restorative materials with
enhanced bioactivity properties. These materials release
various ions that interact with the oral environment
and improve the longevity of bonded restorations®. The
release of ions can eliminate microorganisms, encourage
the accumulation of apatite-like substances, and enhance
the tooth’s resistance to acid attacks. The accumulation
of apatite-like substances also reacts to changes in the
pH levels of the oral cavity by absorbing or discharging

Ca, P, and F ions, which helps maintain the tooth
structure’s integrity®. As a result, the durability of
restorations is improved, and the frequency of recurrent
decay is reduced.

Bioactive materials have the ability to react
to environmental changes, which is beneficial for
maintaining oral health®®. For example, when pH levels
decrease within the oral cavity, bioactive materials
can discharge hydroxyl ions to neutralize the acid
generated by the biofilm and increase the alkalinity
of the environment. This mechanism eradicates
bacteria and prevents the demineralization of teeth.
Moreover, alkalizing the oral environment promotes
remineralization, restoring lost minerals in teeth.

Several studies have investigated the modification
of GIC by various additives to improve their F, Ca, P,
and other ion releases?'2325:262847.4856  When placed
on wet dentin, an ion exchange occurs between the
freshly mixed GIC and the underlying dentin, releasing
aluminium, F, Ca, or strontium ions from the cement
and Ca and P ions from the dentin®-%®. This results in
forming an intermediate layer containing ions from both
substrates®®?, However, for the ion exchange process to
promote remineralization, the restoration must create a
complete seal against the external environment and have
direct contact with the partly demineralized dentin®?.
The release of ions from GICs can potentially promote
the (re-)establishment of HA and remineralization of
tooth structure, contributing to developing a healthier
tooth structure®®?.

The limitation of our study is the small number
of eligible studies that met our inclusion criteria,
which was limited to only five non-randomized in
vitro experimental studies. Additionally, most studies
investigated only one type of ion release from GIC, with
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only two studies investigating Ca, P, and F release using
different analytical techniques. Furthermore, most
studies were published in the last decade and had a
limited follow-up period. Despite the studies’ promising
results, the clinical significance of the findings is unclear,
and further research is needed to assess their efficacy
in clinical practice. Finally, the bibliometric analysis
showed a considerable increase in the number of studies
published in the last decade, likely due to advancements
in dental materials science and the importance of tissue
regeneration, with a slight decrease in 2020 due to the
COVID-19 pandemic’s impact on scientific research and
publishing.

CONCLUSIONS

The increased bioactivity of GICs due to ion release is
essential in promoting long-term oral health outcomes.
In this systematic review, all studies consistently
demonstrated that releasing Ca and P ions from GIC
significantly enhances its bioactivity. The release of these
ions can initiate the remineralization process, leading
to the restoration of lost minerals and the promotion of
a stronger and healthier tooth structure. Additionally,
the ability of GICs to release F ions can contribute to
the inhibition of bacterial growth, further promoting the
tooth’s overall health. Therefore, the release of Ca, P and
F ions by GICs is crucial in enhancing their bioactivity
and promoting overall oral health.

PERSPECTIVES AND FUTURE DIRECTIONS

In dentistry, researchers continually explore the optimal
chemical composition of dental materials to enhance
their efficacy in restoring and protecting teeth and oral
tissues. The release of F, Ca, and P ions from GIC is a
critical property that makes them useful in dentistry.
This property is affected by several factors, including the
cement’s composition, the surrounding environment’s
pH, and the presence of other ions in the mouth.

Exploring new materials and additives that enhance
the cement’s ability to remineralize tooth structure is
a promising avenue. For future studies, enhancing the
bioactivity of GIC and developing new applications
are essential. Firstly, it is crucial to develop a new
formulation of GIC that can release higher levels of Ca
and P ions. Secondly, there may be other applications
where GIC’s remineralization properties could also be
useful, such as treating dental erosion. Thirdly, using
GIC combined with other dental treatments, such as
F treatments, could enhance their remineralization
properties and lead to new treatment protocols that
are more effective at preventing tooth decay and other
dental problems.

Ongoing research and development in dentistry
are focused on the potential of GIC to release Ca and
P ions and promote remineralization. However, it is
also essential to study the long-term effects of this
modification of GIC to determine how they hold up
in the mouth and whether they continue to promote

remineralization over the long term. Understanding
the long-term effects of this modification of GIC and
its potential applications will be instrumental in
developing more effective restorative materials and
enhancing oral health.
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