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The aim of this article is to provide a brief insight regarding the recent studies and 
their recommendations related to the modifications to glass ionomer cement (GIC) 
powder in order to improve their properties. An electronic search of publications was 
made from the year 2000 to 2018. The databases included in the current study were 
EBSCOhost, PubMed, and ScienceDirect. The inclusion criteria for the current study 
include publication with abstract or full-text articles, original research, reviews or sys-
tematic reviews, in vitro, and in vivo studies that were written in English language. 
Among these only articles published in peer-reviewed journals were included. Articles 
published in other languages, with no available abstract and related to other nonden-
tistry fields, were excluded. A detailed review of the recent materials used as a filler 
phase in GIC powder has revealed that not all modifications produce beneficial results. 
Recent work has demonstrated that modification of GIC powder with nano-parti-
cles has many beneficial effects on the properties of the material. This is due to the 
increase in surface area and surface energy, along with better particle distribution 
of the nano-particle. Therefore, more focus should be given on nano-particle having 
greater chemical affinity for GIC matrix as well as the tooth structure that will enhance 
the physicochemical properties of GIC.
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Introduction
Glass ionomer cements (GICs) were developed in the 1960s 
by Alan Wilson and his team of co-workers as a replacement 
to dental silicate cements.1 GIC has two main ingredients in 
its composition that are essential to maintain its desirable 
properties that include polymeric water-soluble acid and 
ion-leachable glass powder. GIC has been a popular restor-
ative material due to its aesthetic properties, self-adhesive 
capability, antibacterial properties, and good biocompati-
bility.2,3 However, low mechanical properties and sensitivity 
to moisture have been a major hurdle for the widespread 
clinical applicability of this restorative material.4

A wide range of commercial hand-mixed and encapsulat-
ed GICs compositions are available to be used by the general 
dental practitioner in a clinical setting. These modifications 
have been carried out mostly in GIC powder to improve the 
mechanical properties of the restorative material. These mod-
ifications include incorporation of additives (metal, glass, 
and various nonreactive particles) as fillers in GIC matrix.5,6 
These initial modifications increased the mechanical prop-
erties without having a negative impact on fluoride release 
capability of the material. However, these modifications did 
not have any chemical affiliation with the GIC matrix.7

In recent times, the GIC powder composition has under-
gone substantial modifications in its chemical makeup 
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resulting in better handling characteristics and mechanical 
properties. These modifications in the chemical makeup of 
GIC powder are based on the hypothesis that greater poly-
salt bridges can be formed in the GIC matrix as a result of 
increasing the chemical affinity between the filler particles 
and GIC matrix. This will in turn enhance the mechanical 
properties of the material and make them a suitable posteri-
or dental restorative material.8 Based on literature and inten-
sive research work on GIC, the future holds promising pros-
pects for clinical applicability of GIC in restorative dentistry.

Aim and Objective
Hence, the objective of this article was to provide an insight 
regarding the recent studies and recommendations related to 
the modifications to GIC powder in order to improve their 
properties.

Review Method
An electronic search of publications was made from the 
year 2000 to 2018. The electronic databases were accessed 
through an online portal. These databases included 
EBSCOhost, PubMed, and ScienceDirect. The inclusion crite-
ria for the current study included publication with abstract 
or full-text articles, original research, reviews or systemat-
ic reviews, in vitro, and in vivo studies that were written in 
English language. Among these only articles published in 
peer-reviewed journals were included. Articles published in 
other languages, with no available abstract and related to oth-
er non-dentistry fields, were excluded. The keywords for the 
current study included the combination of following words: 
(1) GIC, (2) powder modification, (3) mechanical properties, 
(4) nano-ceramics, and (5) nano-fillers.

Glass Ionomer Cement Powder Modifications 
and Filler Incorporations
Metallic Powders
To improvise on the earlier work, nano-silver (nano-Ag) par-
ticles were synthesized and added to conventional GIC (cGIC) 
by Paiva et al. Nano-Ag particles were developed using a 
unique polyacid formulations by a one-step photo-reduction 
in nano-Ag and added to a commercialized GIC powder with 
the intent of imparting antibacterial activity and enhancing 
mechanical properties. The resulting formulations contained 
nano-sized (~6 nm) silver particle that were well dispersed 
in GIC matrix. MTT assay and Ag+ diffusion tests on nutri-
tive agar plates were used to assess the antibacterial property 
of the modified cement. Paiva et al reported that the higher 
concentration of nano-Ag particles (0.50% wt) improved han-
dling characteristics of the modified cement and increased 
the compressive strength (CS) by 32% of nano-Ag-added GIC 
along with significant inhibition of microbial growth.9

The influence of incorporation of titanium oxide (TiO2) 
nano-powder having a mean particle size of 21 nm to GIC was 
investigated. Following 24-hour water storage, a significant 
improvement in mean compressive fracture strength (CFS) 

value was reported with the addition of TiO2 nano-powder 
to GIC.5 More recently, TiO2 powder reinforcement strategy 
for GICs was tested with addition of 3 and 5 wt % TiO2 into 
cGIC. Significant increase in flexural strength (FS) and CS 
compared to the cGIC was observed. However, there was no 
significant difference in shear bond strength (MPa) to natural 
tooth structure (enamel and dentin) between TiO2-added GIC 
and cGIC.10

Bioactive Glass
Nowadays, many researchers focus on the bioactivation of 
GICs with the goal of enhancing their mechanical properties 
as well as improving their biological properties.11 GIC can 
bind chemically with the natural occurring apatite of enamel, 
dentin, and bone through the interaction of the aqueous poly-
acid. Hence, GIC can be considered bioactive material. Bioac-
tive glass (BAG) was developed by Larry L Hench in 1969.12,13 
The BAG formed a stable bond or interface with biological tis-
sues through the formation of an apatite layer. The first com-
mercially available BAG had a composition of 46.1 mol % sili-
con dioxide (SiO2), 24.4 mol % sodium oxide (Na2O), 2.6 mol % 
phosphorus pentoxide (P2O5), and 26.9 mol % calcium oxide 
(CaO). This material was labeled as 45S5 or Bioglass.12 Based 
on the composition of BAG added to GIC, the modified GICs 
have been shown to exhibit antimicrobial properties.14

A study was conducted to determine the effect of addi-
tion of BAG as fillers on CS, Young’s modulus of elasticity, 
Vickers hardness, and fluoride ion release of modified GIC.11 
Experimental BAG-added GIC samples were made by mixing 
10 and 30 wt % of BAG particles with cGIC and resin-modi-
fied GIC (RMGIC) powders. It was reported that the CS of the 
modified material samples decreased with the increase in 
BAG filler particle content. The CS of BAG-added RMGIC was 
reported to increase during the immersion phase; however, it 
remained at a lower level than that of the cGIC. The BAG-add-
ed GIC materials had on average 55% higher surface micro-
hardness than the BAG-added RMGIC. The amount of fluo-
ride (F) ion release was significantly higher on all BAG-added 
RMGIC, being highest with BAG-added RMGIC with 30 wt % 
of BAG filler particles after 180 days of immersion.

In another study, two different types of BAG (45S5F and 
CF9) were incorporated to GIC in order to evaluate the phys-
ical and chemical properties along with biocompatibility 
of the BAG-added GIC combinations.15 In this formulation 
Al3+ was added as a modification to BAG particles as well as 
different sizes of BAG particles were used for modifications. 
The BAG-added GIC formulation was synthesized by the 
melt method. The material synthesized was then evaluated 
for setting time, CS, bioactivity and biocompatibility. It was 
concluded that addition of BAG particles improves the bioac-
tivity of the cGIC, which was evident by the formation of an 
apatite layer. BAG (CF9)-added GIC displayed greater amount 
of apatite layer formation than BAG (45S5)-added GIC. Great-
er amount of BAG particles leads to increased bioactivity but 
decreases the CS of the modified material. The addition of Al3+ 
to the BAG composition improved the mechanical property of 
the material. However, it had a negative effect on the bioac-
tivity of the material. BAGs with smaller particle sizes had no 
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significant effect on bioactivity of the material but decreased 
the overall strength of the material. BAG (CF9)-added GIC for-
mulation containing 10 mol % Al3+ gives the most promising 
result when added in ≤ 20 wt % to a cGIC.16

Glass Fiber
Several studies have been conducted to evaluate the effect 
of addition of glass fiber on the mechanical properties of 
GICs specifically fracture toughness and strength.17-19 The 
addition of short glass fibers (CaO–P2O5–SiO2–Al2O3) of vary-
ing lengths to a commercial hand-mixed GIC was reported 
by Kobayashi et al.17 The study reported that the addition of 
short glass fiber concentrations resulted in an increase in 
the mean diametral tensile strength (DTS) value. Similary, 
SiO2–Al2O3–CaO–NaF–AlF3–Na3AlF6 glass fibers addition to a 
variety of experimental GIC glass powders were also report-
ed.20 The authors reported a significant improvement in the 
four-point flexural strength values for the glass fiber-added 
GIC. In another study, Lohbauer et al assessed the effect of 
addition of 20 vol % short fibers (430 mm) on the total energy 
release and fracture toughness of GIC for dental applications. 
There was a significant increase in fracture toughness by 
140% and the total energy release rate was increased by 440% 
as compared to the cGIC.19

In a more recent study, Garoushi et al explored the effect 
of addition of hollow and solid discontinuous glass fiber 
fillers with varying loading fractions on fracture toughness, 
flexural strength, and CS of cGIC and RMGICs.21 Garoushi et al 
reported an increase in fracture toughness (280 and 200%) 
and flexural strength (170 and 140%) of hollow discontinu-
ous glass fiber (10 wt %)-added cGIC and RMGICs, respective-
ly, as compared to unreinforced cGIC and RMGIC.21 However, 
there was no significant difference in CS between reinforced 
materials and control groups. As a concluding remark, short 
reactive fiber utilized by Lohbauer et al as filler agent for GIC 
has yielded the most favorable mechanical properties among 
various glass fiber compositions.19

Hydroxyapatite (Ca10 (PO4)6 (OH)2)
Though GICs have acceptable biocompatibility, many efforts 
have been made to increase the bioactivity of GIC by incor-
porating biologically active glasses. Hydroxyapatite (HA) has 
remarkable biological properties; it has a similar composition 
and crystal structure to the natural apatite found in human 
dental hard tissues as well as the human skeletal system.22 
Many studies have tried to evaluate the effect of the addition 
of HA powders on the properties of GIC.8,23-26 The influence of 
addition of HA crystals to Fuji IX GIC powder was investigat-
ed by Yap et al.26 The modified GIC samples following water 
storage for 24 hours and 1 week reported no difference in 
mean CFS or DTS values for the 4% vol HA-added GIC when 
compared with the values cGIC.26 Further addition of the 
HA powder (12 and 28 vol %) resulted in a marked decline 
in mean CFS and DTS values following 24 hours and 1 week 
water storage.26

It has been reported that nano-HA crystals favor rem-
ineralization of enamel.27,28 Nano-HA has also been linked 

to the enhanced mechanical properties exhibited by 
nano-HA-added GIC. It was suggested that this increase in 
mechanical properties of nano-HA-added GIC was due to 
the ionic interaction between the polyacrylic acid and the 
apatite crystals.8

In a more recent study, nano-HA and nano-fluoroapatite 
(nano-FA) particles were synthesized using an sol-gel tech-
nique and these synthesized nanoparticles were incorporated 
into a commercialized GIC powder (Fuji II GC).8 The proper-
ties of modified GIC were assessed for compressive, diame-
tral tensile, and biaxial flexural strengths. It was reported 
that the nano-HA and nano-FA-added cements exhibited 
increased CS (177–179 MPa), higher DTS (19–20 MPa), and 
higher biaxial flexural strength (26–28 MPa) as compared 
to cGIC. Moshaverinia et al concluded that GICs containing 
nano-bioceramics are promising dental restorative materials 
with improved mechanical properties as well as increased 
bond strength to the dentin.8 Additionally, it was suggested 
that by decreasing the particle size of HA from micrometer to 
nanometer scale, it increases their surface area remarkably. 
This could lead to the infiltration of the nano-crystals into 
dentine as well as enamel that may enhance bonding of GIC 
to tooth at the tooth–ionomer interface.29

Silica
Several scholars have tried to incorporate silica (SiO2) in GIC 
matrix, aiming to improve their properties.30-34 Shiekh et al 
synthesized a nano-hydroxyapatite-silica (nano-HA-SiO2) 
powder using one pot, sol-gel technique.32 The authors eval-
uated the Vickers microhardness of nano-HA-SiO2-GIC hav-
ing different formulations by wt % of SiO2 (11, 21, and 35%). 
The samples were labeled as HA-11SiO2, HA-21SiO2, and 
HA-35SiO2 based on their silica content. It was reported that 
5 wt % HA-35SiO2, when added to GIC, demonstrated the 
highest Vickers microhardness as compared to the remaining 
two formulations, over all giving an ~73% increase as com-
pared to cGIC.35 Moheet et al in continuation of this work 
demonstrated that addition of HA-35SiO2 to GIC enhanced 
the compressive, flexural, and shear bond strength of the 
material.36

In another study silica, fillers were added to RMGIC 
to assess for mechanochemical properties. Sodium-sil-
icate-based formulation was used to synthesize silica 
through sol-gel method. The silica particles were added by 
wt % to RMGIC powder and hand mixed as manufacturers 
recommendation. The authors concluded that addition of 
silica particles to RMGICs increased the mechanical prop-
erties and water sorption rates but decreased microleak-
age and water solubility.34

In a more recent study, a novel chlorhexidine-encapsulat-
ed mesoporous silica nano-particles (CHX@pMSN) was add-
ed to GIC. The authors reported that addition of 1 wt % CHX@
pMSN to GIC effectively inhibited the growth of streptococ-
cus mutans without affecting the mechanical properties of 
the material. It was suggested by the authors that addition 
of 1 wt % CHX@pMSN into GIC can be used as a new strategy 
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to prevent secondary caries, hence prolonging the life of the 
dental restorative material.33

Hydroxyapatite (Ca10 (PO4)6 (OH)2 and Zirconia (ZrO2)
Zirconium and its subclasses, because of their good dimen-
sional stability and high strength (on the same order as stain-
less-steel alloys), have been excessively used for fortifying 
and strengthening the brittle HA bioglasses in biomedical 
practices.37,38 In one of the researches, hydroxyapatite–zirco-
nia (HA-Zr) powder was substituted at 4, 12, 28, and 40 vol % 
with the GIC powder constituent in Fuji IX GP capsules and 
was assessed for mechanical properties.25 The CFS and DTS of 
the 4 and 12 vol % HA-Zr-added GIC reported no increase in 
the mean strength values when compared with the cGIC.25 A 
decline in the mean CFS and DTS values was reported when 
the HA-Zr powder was added at higher (28 and 40 vol %) 
concentrations.25

In another research, a nano-composite of HA, 
alumina/zirconia (HANBG), was synthesized using one-pot 
synthesis technique. This nano-composite was tested and 
compared with the cGIC for bioactivity, antibacterial, and 
mechanical properties. It was reported that the HANBG com-
posite demonstrated an increase in hardness (1.13 GPa) and 
Young’s modulus (22.89 GPa) and an in vitro bioactivity was 
established with an increase in HA layer deposition.39

In a recent work on incorporation of nano-zirconia-sili-
ca-hydroxyapatite (nano-Zr-Si-HA) to GIC powder was done 
by Ab Rahman et al.40 Nano-Zr-Si-HA powder was synthe-
sized by one-pot sol-gel technique. The nano-Zr-Si-HA pow-
der was substituted at 1 to 20 wt % with GIC powder under 
controlled manual grinding mechanism.40 The nano-Zr-Si-HA 
powder was characterized, and Vickers hardness of the nano-
Zr-Si-HA-added GIC was evaluated. Vickers hardness in gen-
eral  was increased at lesser wt % (1–5%) and decreased as the 
concentration of the nano-Zr-Si-HA  powder was increased 
in GIC powder. Highest Vickers hardness (~79.38 HV) was 
reported for 5 wt % nano-Zr-Si-HA-added GIC.40

Zinc
In recent times, application of GIC in orthopaedics has been 
restricted. This is due to the presence of aluminum in the 
glass composition of all commercially available GIC. It has 
been reported that aluminum inhibits a stable bond forma-
tion between GIC and bone resulting in defective bone min-
eralization. Since aluminum plays a pivotal role in the setting 
reaction of GIC, using an aluminum free glass powder will 
hinder cement formation. As an alternative to aluminum, 
zinc oxide (ZnO) has been used in the glass formulations. ZnO 
has a dual effect; it acts as a network modifying oxide as well 
as forms an intermediate oxide similar to alumina.41

In a previous study, two different glasses with varying Ca2+ 
concentration based on Zn-silicate system were added to GIC. 
These modified GICs were tested for mechanical property 
and biocompatibility with the aim of synthesizing a cement 
for orthopaedic applications.42 The results for mechanical 
test were comparable to cGIC, but the modified GIC had poor 
handling characteristics. For glass formulation with lower 

calcium ion (Ca2+) concentration, Ca2+ helped in replacing the 
SiO2 tetrahedra in the glass structure with ZnO4 tetrahedra. 
Remaining Zn ions modified the polymeric network, making 
it more susceptible to attack as a result increasing the bioac-
tivity of the modified GIC.42

To improve the handling characteristics of zinc oxide 
(ZnO)-added GIC, Dickey et al produced a novel zinc-based 
GIC formulation with the addition of germanium dioxide 
(GeO2), zirconium dioxide (ZrO2), and sodium oxide (Na2O). 
The modified GIC was evaluated for the handling character-
istics and mechanical properties.43 It was reported that the 
modified GIC exhibited better handling properties without 
affecting the mechanical properties of the modified GIC. The 
author suggested that this improvement in handling proper-
ties was as a result of replacement of Si by germanium (Ge) as 
a network former. The authors describe this phenomenon as 
germanium (Ge) glass network, holding one negative charge 
bonds with calcium (Ca2+), sodium (Na+), and zinc (Zn2+) ions 
through one covalent bond, resulting in postponing their 
involvement in the setting reaction. Hence, improving the 
handling characteristics of the modified GIC.43,44

Niobium Pentoxide
Niobium pentoxide (Nb2O5) is a metal oxide having a mono-
clinic structure. Addition of Nb2O5 to metals alloys has result-
ed in improving the mechanical properties of the alloys and 
exhibited fair biocompatibility and bioactivity.45 Bertolini 
et al prepared a glass powder based on the 4.5SiO2–3Al2O3–
Nb2O5–2CaO composition aiming to use this composition as 
GIC polymeric network formers. It was reported that increas-
ing the Nb2O5 content of the GIC had a prolonging effect on 
the setting time of GIC. However, this addition had a negative 
impact on the mechanical properties of the modified GIC.46

In another study, the effect of addition of Nb2O5 on the 
physical and chemical properties of a newly synthesized GIC 
formulation. Nb2O5 particles having high purity were add-
ed at different wt % (5–10%) to cGIC powder. Being a metal 
oxide, addition of Nb2O5 improved the radio-opacity of the 
modified GIC and did not affect the physical and chemical 
properties of the material. The authors concluded that these 
results are positive and further investigations are required 
to analyze the biomimetic remineralization potential of this 
material.47

Ytterbium Fluoride and Barium Sulfate
In 2006, Prentice et al studied the effect of adding ytterbium 
fluoride (YbF3) and barium sulfate (BaSO4) particles to cGIC 
on the working time, setting time, surface hardness and CS 
of a cGIC.48 YbF3 and BaSO4 nano-particles were added sep-
arately into the cGIC powder at different wt % (1–25%). This 
resulted in a reduction in working and initial setting times. 
Surface hardness was increased with addition of 1 to 2 wt 
% of either YbF3 and BaSO4 and decreased surface hardness 
was observed at higher wt % of either YbF3 and BaSO4. CS was 
decreased with the addition of either YbF3 or BaSO4 and con-
tinued to decrease at higher concentration of filler particles. 
This effect was more noticeable for BaSO4 addition, where 
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even 1 wt % addition in the GIC powder resulted in a drop of 
more than 10% in strength, from 160 to 142 MPa. Meanwhile 
higher concentration of YbF3 nano-particles decreased the 
strength of the modified GIC. These modified GICs containing 
25 wt % of YbF3 were still strong enough to pass the ISO stan-
dard for dental restorative materials. The authors suggested 
that these nano-particles modified the setting characteris-
tics, strength, and surface hardness of GIC. Hence, they may 
be useful for refining the handling characteristics of GICs in 
clinical applications.48

Casein Phosphopeptide—Amorphous Calcium 
Phosphate
Casein phosphopeptide–amorphous calcium phosphate 
(CPP–ACP) nano-complexes have been shown to prevent 
demineralization and promote remineralization of enam-
el.49-51 Oshiro et al used CPP–ACP paste on bovine teeth to 
demonstrate its remineralizing potential. Bovine teeth spec-
imens’ blocks were made and placed in lactic acid (demin-
eralizing solution) that were then stored in artificial saliva. 
Remaining bovine tooth specimens were stored in CPP–ACP 
paste solution first and then placed in demineralizing solu-
tion followed by storage in artificial saliva. Scanning elec-
tron microscopy (SEM) was utilized to observe morpholog-
ical features. The authors reported that the specimens that 
were treated with CPP–ACP first showed little morphological 
changes when exposed to acidic medium as compared to the 
remaining specimens. Hence, it was suggested by the authors 
that CPP–ACP has the ability to prevent demineralization.50 
Following that effect of different acidic and neutral medium 
on the surface hardness, mass and ion release property of 
CPP–ACP-added GIC were assessed. It was reported that the 
incorporation of 3 wt % CPP–ACP into GIC not only enhanced 
calcium and phosphate ion release, but it also had no adverse 
effect on the fluoride ion release. No change in surface hard-
ness and mass change was also reported. The authors rec-
ommended that CPP–ACP-added GIC has the potential to 
inhibit demineralization of teeth associated with caries and 
erosion.52

Forsterite
In recent time, biomaterial research has shifted its focus from 
HA to other bioactive materials. Forsterite (Mg2SiO4) glass is 
an important material based on magnesia–silica system. As 
compared to HA, it has demonstrated substantial enhance-
ment in the fracture toughness of the material as well as 
in vitro osteoblastic adhesion.53 In 2014, a study was con-
ducted to investigate the effect of forsterite nano-particles 
on the mechanical properties (compressive, flexural, and 
DTS) of GIC. The forsterite nano-particles were synthesized 
using a sol–gel technique and were added to cGIC powder at 
1 to 4 wt %. It was reported that the addition of 1 wt % for-
sterite to cGIC leads to an increase in compressive, flexural, 
and DTS of the modified material.54 However, the fluoride ion 
release property of the modified material was slightly less 
than the cGIC.55 Hence, it was suggested that forsterite-added 
GIC may be used as a dental restorative material and bone 
cement.

Strontium
According to ISO standard, GIC should be an opaque material. 
To fulfil this requirement, researchers have tried to modify 
the glass component of GIC by replacing Ca with strontium 
(Sr). The exact science behind the effect of this replacement 
on the setting process of GIC is not fully understood and nei-
ther investigated. In a recent investigation, a novel Al free 
Sr—SiO2 glasses were prepared by substituting magnesium 
(Mg) partially (x) with SrO based on SiO2-P2O5-CaO-ZnO-MgO 
(1-X)-SrOX-CaF2. The mechanical properties of this modified 
GICs with SrO substitution at X = 0.25 were significantly 
increased. The mechanical properties gradually decreased 
with further increase in the strontium.56 In recent times, 
many dental biomaterials are being experimented with the 
addition of Sr to reduce the microbial contamination. Brau-
er et al added Sr to a bone cement based on BAG. In vitro 
results showed that the bactericidal action of the cement was 
enhanced through substituting Sr in BAG containing bone 
cement.57

Montmorillonite Clay
Montmorillonite clay (MMT) is a trilayered smectite clay 
consisting of stacked platelets constructed of an alumina 
layer sandwiched between two silica layers. The nano-clay 
when treated with an organic surfactants (intercalants), 
such as 12-amino-dodecanoicacid, resulted in producing 
organically modified clay known as 12-amino-dodecano-
icacid treated montmorillonite (ADA-MMT) clay.58 In one 
of the successful attempts to add nano-clay as an additive 
to GIC, Dowling et al in their study successfully combined 
two types of nano-clay, an inorganic calcium montmoril-
lonite (Ca-MMT) and an organic ADA-MMT clay to cGIC at 
0.5 to 2.5 wt %. It was reported that the CS of the cement 
increased with the addition of ADA-MMT. In contrast, addi-
tion of Ca-MMT resulted in the reduction in CS of the mod-
ified material as compared to cGIC. Dowling et al suggested 
that increased interlayer space between the nano-clay may 
provide an opening for the polyacid chains in the GIC matrix 
to interact with the MMT galleries. Thus, it enhanced the CS 
of the modified GIC.59

Recently, Fareed and Stamboulis reported slight improve-
ment in mechanical property when nano-clay was added as 
reinforcement by 2 wt %.60 It was reported that dispersion 
nano-clay with less than 2 wt % (1–2.0 wt %) when added 
to cGIC may successfully produce a mechanical strong mate-
rial.60 More recently, Fareed and Stamboulis reported that 
cements (Hifi GIC) containing nano-clay (4 wt %) generally 
presented with increased total wear rate when compared to 
cGIC. The hardness value reported was between 62 and 89 
HV. However, there was no significant difference in hardness 
between the modified GIC and cGIC.61

Cellulose Microfibers/Cellulose Nano-Crystals
In order to improve the mechanical properties of cGIC, Silva 
et al evaluated the effect of addition of cellulose microfibers 
(CmF) and cellulose nano-crystals (CnCs) to GICs. Cellulose 
microfibers and CnCs were added to the GIC powder at dif-
ferent wt %, while it was being manipulated. The modified 
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GIC specimens were then submitted for mechanical testing. 
Silva et al concluded that the addition of only small concen-
trations of CnC to GIC led to significant improvements in 
all the mechanical properties: CS, DTS, and elastic modulus 
increased by 110, 53, and 161%, respectively. Therefore, CnC 
may represent as a new potential permanent filler particle 
for dental restorative materials.62

Cellulose Nano-Crystals and Titanium Oxide
In a recent study, CnCs were used in combination with tita-
nium oxide (TiO2) nano-particles as an additive to GIC. CnCs 
were prepared using sisal CnC whicker in a dispersion liq-
uid, while nano-TiO2 were prepared by a sol–gel technique. It 
was reported that the physical properties of the modified GIC 
reinforced with 2 wt % TiO2 nano-particles and 1 wt % of CnC 
showed significant improvement; similarly CS was increased 
by 18.9% and the shear bond strength increased to 151% when 
tested on enamel of extracted teeth. Therefore, it was con-
cluded that the combination of CnC and titanium nano-par-
ticles modified GIC represents a promising restorative dental 
material for surface applications.63

Fluorinated Graphene
Sun et al have recently attempted an addition of fluorinated 
graphene (FG) to cGIC in order to enhance mechanical prop-
erties and antibacterial properties of GICs, with the expecta-
tions of not weakening their F ion releasing property. White 
colored FG was synthesized using graphene oxide through a 
hydrothermal reaction. Four different wt % FG (0.5–4 wt %) 
were added to cGIC powder and submitted for testing. It was 
concluded that the addition of FG to cGIC enhanced their 
mechanical and tribological properties. Antibacterial effica-
cy of the modified GIC was also increased. In addition, the 
incorporation of FG to GIC had no negative affect on the col-
or, solubility, and F ion release property of the material. This 
finding seems to open a new direction for application of FG 
in restorative dentistry.64

Conclusion
A detailed review of the recent materials used as a filler 
phase in GIC powder has revealed that addition of lower per-
centage of filler content has demonstrated better mechani-
cal properties and not all modifications produce beneficial 
results. None of the additions had any beneficial effect on 
the moisture sensitivity of GIC. Addition of barium result-
ed in poor handling characteristics, while forsterite effected 
the fluoride release of the GIC. A lot of work has been done 
on bioactive glasses and nano-particles. The BAG tends to 
increase the poly-salt bridges in the GIC matrix and forms a 
stable bond or interface with biological tissues through the 
formation of an apatite layer, resulting in better mechanical 
properties. Recent work has demonstrated that by adding 
nano-particle such as nano-TiO2, nano-HA, nano-SiO2, and 
nano-ZrO2 particles in GIC increase the mechanical proper-
ties significantly. This is due to the increase in surface area 
and surface energy, along with better particle distribution. 
Therefore, more work should be focused on nano-particles 

as they have greater chemical affinity for GIC matrix as well 
as the tooth structure; thus, it would enhance the physico-
chemical properties of GIC.

Clinical Significance
The incorporation of various nano-particles into GIC 
improved the physical–mechanical and antimicrobial 
properties of the said material. As such, these modifica-
tions could be used as additional fillers in GIC. Thus, these 
modifications could enhance the dental application of GIC 
as a restorative material.
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