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Abstract

The objective of this work was to evaluate water-related mass changes in a conventional glass
ionomer luting cement following partial substitution of its powder with yttrium oxide nano-
particles (Y,03). Forty discs (10 mm diameter; 2.5 mm thickness) were prepared using 0, 1, 3,
or 5 wt% Y,03 powder substitution (n = 10 per formulation). The same specimens underwent
24-hour water immersion, 24-hour drying, and seven additional days of re-immersion. Initial,
wet, and post-drying masses defined net wet mass change and apparent mass loss as per-
centages. Overall formulation effects were evaluated by one-way ANOVA and Welch sensi-
tivity analyses reconstructed from group summaries. Net wet mass change ranged from
0.338% to 0.716% at the first assessment and from 1.036% to 1.614% at the second. Y5 had
the lowest mean apparent mass loss: 3.090 + 0.165% and 3.422 + 0.449%, compared with
5.556 + 1.023% and 6.609 + 1.122% in the control. These represented descriptive reductions
of 44.4% and 48.2%. Conventional ANOVA indicated overall formulation differences for net
wet mass change (p = 0.0057 and 0.0108) and apparent mass loss (both p < 0.001). Welch
analyses also indicated overall differences at both assessments. The 5 wt% formulation had
the lowest mean apparent mass loss while exhibiting higher mean net wet mass change than
the control. The results describe short-term gravimetric behavior and do not establish im-
proved mechanical performance or clinical durability.

Introduction

Conventional glass ionomer cements are used
in restorative dentistry and for luting indirect
restorations. Their interaction with water is an
important aspect of both setting and subse-
quent material behavior. Water is involved in
the acid—base reaction and maturation of the
cement; exposure to an aqueous environment
can also permit material loss. Foundational re-
views describe the development and chemistry
of glass polyalkenoate cement systems [1-3].
Evaluating these processes therefore requires
a distinction between water uptake, net mass
change, and changes in mass after drying [4].
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Setting is more complex than an instantaneous
transition to a stable solid. Infrared studies
have examined reaction products and the role
of tartaric acid [5,6], while magnetic resonance
investigations have addressed setting and com-
mercial glass composition [7-9]. Work on sec-
ondary setting reactions and subsequent mat-
uration provides a rationale for reporting the
specimen conditioning history  explicitly
[10,11]. These investigations also show why a
single post-setting mass cannot be assumed to
represent a fully matured, water-independent
reference state.

Modification of the powder phase provides
one approach to altering cement behavior.
Studies of nanoparticle-modified formulations
have evaluated mechanical properties, anti-
bacterial activity, microstructure, and ion re-
lease [12,13]. However, an effect on one prop-
erty does not establish improvement across all
properties relevant to a luting cement. Substi-
tution also reduces the amount of original ce-
ment powder at a fixed total powder mass, in-
troducing a compositional change that must be
considered alongside any filler effect.
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The modification literature spans changes to
the glass composition, powder geometry, and
incorporation of additional phases. Studies
have addressed strontium substitution, alumi-
nosilicate glass particle size and fluorine con-
tent, and powder spheroidization [14-16]. Re-
views of powder modifications and nanotech-
nology place these approaches within a wider
dental-materials research context [17-19]. Re-
cent reviews also distinguish chemical activa-
tion and potential bioactivity from general im-
provements in physical properties [20,21]. Ac-
cordingly, the research question should con-
cern a defined material and endpoint rather
than nanoparticle incorporation as a general
claim of benefit.

Yttrium oxide nanoparticles have been investi-
gated for biomedical applications, with their
behavior depending on characteristics such as
preparation and surface properties [22]. Their
use in a dental cement requires evaluation
within the specific cement system. Studies of
Y,0; synthesis and cytotoxicity demonstrate
the importance of particle characterization
[23]; reports of neuroprotective effects con-
cern separate experimental models and cannot
establish the safety of a modified luting ce-
ment [24]. A recent study examined surface
microhardness following Y,03 substitution at 1,
3, and 5 wt% [25]. The present investigation
addresses water-related mass changes at these
substitution levels, rather than treating Y,Os in-
corporation itself as an unprecedented modifi-
cation.

Gravimetric outcomes are particularly sensi-
tive to the definition of baseline mass and to
immersion, surface-blotting, and drying proce-
dures. The difference between wet mass after
immersion and initial mass reflects simultane-
ous uptake and loss processes. Accordingly, in-
terpreting that difference as water sorption
alone can obscure material loss during expo-
sure. A study of nano-titania-enriched GIC pro-
vides a related gravimetric approach [26], but
the endpoint definitions and exposure condi-
tions must be stated explicitly for each experi-
ment.

This in vitro study evaluated net wet mass
change and apparent mass loss in an unmodi-
fied conventional glass ionomer luting cement
and formulations prepared by partial powder
substitution with 1, 3, and 5 wt% Y,0s. Meas-
urements were made after the initial 24-hour
immersion and after seven days of re-immer-
sion to describe formulation-associated differ-
ences and changes across the two assessment
intervals.
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Material and Methods

Study design and materials

A conventional glass ionomer luting cement,
Tokuyama Tokuso lonomer GIC Luting Cement
(Tokuyama Dental Corp., Japan), was used. An-
alytical-grade Y,0s; nanoparticles were ob-
tained from US Research Nanomaterials, Inc.
(Houston, USA). The particle size range was re-
ported as 30-45 nm and purity as 99.99%.
Forty specimens were allocated to four formu-
lations, with ten specimens per formulation.
Powder modification

Y,0; replaced an equivalent mass of the origi-
nal cement powder. For each 1 g of total pow-
der, the formulations contained the following
proportions:

Formu» Original GIC Y205 (@) Yz(?; substi-
lation powder (g) tution (wt%)
Control | 1.0 0 0
Y1 0.99 0.01 1
Y3 0.97 0.03 3
Y5 0.95 0.05 5

Table 1. Powder composition at a fixed total
powder mass of 1 g.

The powders were weighed using a calibrated
analytical balance; the stated weighing accu-
racy for formulation preparation was +0.001 g.
Modified powders were dry-mixed and subse-
quently blended using an amalgamator. The
total powder mass was kept constant, and the
powder-to-liquid proportion followed the
manufacturer's instructions. No experimental
measurement of nanoparticle dispersion
within the set cement was undertaken.
Specimen fabrication

Disc-shaped specimens were prepared using a
Teflon mold with a nominal diameter of 10 mm
and thickness of 2.5 mm. Specimens in each
formulation were prepared using multiple
mixes. Cement was mixed according to the
manufacturer's instructions and placed in the
mold over a transparent matrix strip and glass
slide. A second matrix strip and slide were
placed above the mold, and light pressure was
applied to remove excess material and pro-
duce flat surfaces. Specimens were allowed to
set at room temperature for 20 minutes before
removal. Each specimen was visually examined
against the light for visible internal defects.
Water exposure and mass measurements

The gravimetric approach was adapted from
Hussein [26], with the cement formulation,
specimen thickness, exposure medium, and as-
sessment sequence specified for the present
study.
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Initial specimen mass, Wo, was measured after
setting, without a preliminary drying step, us-
ing an analytical balance with a stated reading
accuracy of 0.0001 g. Three successive read-
ings were obtained, and their mean was rec-
orded. Each specimen was placed in an individ-
ually labeled, airtight glass container contain-
ing approximately 10 mL of deionized water.
The immersion medium was renewed daily.
The same ten specimens per formulation un-
derwent both assessments. After the initial 24-
hour immersion, specimens underwent wet
weighing and drying, then were returned to
water for seven additional days before the sec-
ond assessment. Before wet weighing at each
assessment, specimens were lightly blotted
with filter paper until no surface moisture was
visible and were immediately weighed to ob-
tain W;. Specimens were then placed in an in-
cubator at 37°C for a fixed 24-hour period and
weighed to obtain W,. Drying was not contin-
ued through repeated weighing cycles to a con-
stant-mass endpoint.

Endpoint definitions

Two mass-normalized outcomes were calcu-
lated using the recorded masses:

Net wet mass change (%) = 100 x (W; - Wo) /
Wo.

Apparent mass loss (%) = 100 x (W - W3) / Wo.
Net wet mass change reflects net mass gain af-
ter concurrent uptake and loss rather than wa-
ter uptake alone. This gravimetric measure-
ment does not identify the chemical composi-
tion of material released into the immersion
medium and may be influenced by drying-asso-
ciated changes in the cement. Both outcomes
are reported as percentages, without conver-
sion to volume-normalized units.

Statistical analysis

Results are presented as mean + standard de-
viation for ten specimens per formulation at
each assessment. Descriptive relative differ-
ences in apparent mass loss between Y5 and
the control were calculated as 100 x (control
mean - Y5 mean) / control mean. These per-
centages describe differences between group
means and are not measures of clinical effi-
cacy. One-way ANOVA was reconstructed sep-
arately for each endpoint at each assessment
using the reported group means and standard
deviations and n = 10 per formulation. For four
groups, the between-group and within-group
degrees of freedom were 3 and 36, respec-
tively. Between-group sums of squares were
calculated as 2 n(m; - m)?, and within-group
sums of squares as 2(n — 1)s;2. F statistics were
obtained from the corresponding mean
squares and evaluated against the F distribu-
tion. All ten specimens contributed to each
summary, and dispersion values are standard
deviations, as confirmed by the authors. The
calculation uses rounded group summaries. A
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significance threshold of 0.05 was applied to
the four omnibus tests, with no adjustment for
multiplicity; exact p values are provided. Welch
one-way ANOVA was additionally recon-
structed from the same summaries as a sensi-
tivity analysis allowing unequal group vari-
ances. These calculations do not verify within-
group normality or independence. The Welch
analysis does not address dependence among
specimens prepared from a common mix.
Paired temporal effects and concentration-by-
assessment interactions were not estimated
from the marginal summaries. Individual post
hoc contrasts were not included in the present
analysis.

Results

Net wet mass change

All formulations had positive mean net wet
mass change at both assessment intervals (Ta-
ble 2). At 24 hours, means were 0.338% for the
control, 0.556% for Y1, 0.529% for Y3, and
0.716% for Y5. Y5 therefore had the largest
mean value, although the ordering of Y1 and Y3
did not indicate a strictly monotonic concen-
tration relationship.

At the second assessment, mean values were
higher than their corresponding 24-hour values
in every formulation. Y3 had the highest mean,
1.614%, followed by Y5 at 1.591%, Y1 at
1.222%, and the control at 1.036%. In the re-
constructed conventional ANOVA, the overall
between-formulation test for net wet mass
change gave F(3,36) = 4.926, p = 0.0057 at the
first assessment and F(3,36) =4.302, p =0.0108
at the second assessment. These omnibus tests
do not identify significant individual formula-
tion contrasts or establish a temporal effect.
Apparent mass loss

Y5 had the lowest mean apparent mass loss at
both intervals. At 24 hours, the mean was
3.090%, compared with 5.556% for the control,
5.853% for Y1, and 4.287% for Y3. At the sec-
ond assessment, the corresponding values
were 3.422%, 6.609%, 7.656%, and 6.653%.
Relative to the control, Y5 had mean apparent
mass loss that was 2.466 percentage points
lower at 24 hours and 3.187 percentage points
lower at the second assessment. The descrip-
tive relative reductions were 44.4% and 48.2%,
respectively. Y1 had higher mean values than
the control at both intervals. Y3 was lower than
the control at 24 hours but had a similar mean
at the second assessment. Apparent mass loss
was numerically higher at the second assess-
ment than at 24 hours in every formulation.
Reconstructed overall between-formulation
tests gave F(3,36) = 16.321 at the first assess-
ment and F(3,36) = 17.468 at the second as-
sessment (both p < 0.001). These results do not
establish which individual contrasts are signifi-
cant.
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Values are mean + standard deviation; n = 10
per formulation at each assessment. Both end-
points are expressed as percentages of initial
post-setting mass. No pairwise or temporal sig-
nificance symbols are assigned.

Tests compare formulations within each as-
sessment and were reconstructed from
rounded means and standard deviations. P val-
ues are unadjusted omnibus results; they do
not identify individual significant contrasts or
temporal effects. No normality or independ-
ence assessment is implied by these calcula-
tions.

Welch tests allow unequal group variances.
The calculations use the same n = 10 and SD
summaries as Table 3. They do not test within-
specimen temporal effects or account for pos-
sible dependence within preparation mixes.

Discussion

Conventional and Welch omnibus analyses in-
dicated overall formulation differences in net
wet mass change and apparent mass loss at
both assessments. Agreement between these
analyses supports the overall finding when un-
equal group variances are considered, alt-
hough neither establishes which individual for-
mulations differ or whether a concentration-
response relationship exists.

The main descriptive observation was the
lower apparent mass loss in the 5 wt% Y,0; for-
mulation at both assessment intervals. This oc-
curred alongside a higher net wet mass change
than in the control. The two outcomes should
be considered together: lower mass loss after
drying does not necessarily imply lower water
uptake, and a positive wet mass difference
does not isolate the amount of water ab-
sorbed.

Interpretation of the gravimetric endpoints
The choice of endpoint matters for the inter-
pretation of this study. W; — Wo is a net quan-
tity influenced by water entering the specimen
and material leaving it. If material loss differs
among formulations, differences in this quan-
tity cannot be attributed exclusively to water
uptake. Similarly, Wo — W, represents a mass
difference after a specified drying procedure
rather than direct chemical measurement of
dissolved constituents. Water involved in ce-
ment maturation further complicates interpre-
tation of a post-drying mass [4].

These considerations support using opera-
tional endpoint names and reporting the equa-
tions alongside the results. They also preclude
direct comparison of the percentage values
with published measurements in ug/mm?3 with-
out the necessary mass and volume infor-
mation. No conformity with an ISO acceptance
threshold is inferred from the present gravi-
metric measurements.
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Possible effects of powder substitution

The lower apparent mass loss in Y5 is compati-
ble with a change in the amount or accessibility
of material susceptible to loss during water ex-
posure. However, the experiment does not dis-
tinguish physical filling, altered reaction chem-
istry, changes in porosity, or differences in dry-
ing behavior. Substitution also decreases the
mass of original reactive cement powder while
holding the total powder-to-liquid proportion
constant. Consequently, attributing the result
solely to nanoparticle reinforcement would ex-
ceed the evidence.

The data do not describe a uniform concentra-
tion response. Y1 had higher mean apparent
mass loss than the control at both intervals,
and Y3 had a mean like the control at the sec-
ond assessment. The relatively low Y5 values
therefore warrant targeted investigation ra-
ther than a claim that every increase in Y,03
concentration improves performance. Four
tested levels are insufficient to establish an op-
timum, especially when relevant functional
and safety outcomes remain unmeasured.
Studies of nanoparticle-modified GICs provide
a broader context for evaluating formulation-
dependent behavior [12,13]. A study of nano-
titania-enriched cement also examined the in-
fluence of storage medium and time [26].
These studies support treating exposure condi-
tions as part of the experimental question;
they do not validate a specific mechanism for
the present Y,0; formulation. The recent Y,0;
microhardness study concerns a different
measured property [25]. Its findings should not
be substituted for mechanical testing of the
specimens or formulation batches assessed
here.

Comparison with other modified cement sys-
tems

Hydroxyapatite and fluoroapatite have been
incorporated into conventional GICs, with
studies examining mechanical behavior, bond-
ing, and fluoride release [27,28]. Other investi-
gations have combined hydroxyapatite with
zirconia or silica and have considered porous
spherical hydroxyapatite [29-31]. These are
relevant formulation comparisons, but their
additives, reaction chemistry, and outcomes
differ from the present Y,0; substitution. A
finding in an apatite-containing material there-
fore does not establish an equivalent mecha-
nism here.
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Nanoclay modification has been evaluated
across strength, stiffness, and setting out-
comes [32]. Bioactive-glass additions have
been studied in relation to physicochemical
properties, biocompatibility, and antimicrobial
behavior [33,34,35], while reactive glass fibers
represent another route to changing fracture
resistance [36]. Collectively, this literature sup-
ports testing multiple properties of a candidate
formulation; mass change alone cannot estab-
lish reinforcement, antibacterial action, or bio-
activity.

Evidence from resin-modified GICs requires
caution. Research has examined competition
between their setting reactions, water-related
physical changes, ion release, and biocompati-
bility [37-40]. Investigations of nanoapatite
modifications and particle-size or powder-to-
liquid changes also concern resin-modified ma-
terials [41-43]. Their polymerization compo-
nent makes direct transfer of results to the
conventional acid-base luting cement used
here inappropriate. Similarly, surface-coating
studies concern a separate intervention that
can influence measured physical properties
[44].

Recent nanoparticle studies reinforce the need
for endpoint-specific comparisons. A 2025 in-
vestigation of zirconium oxide nanoparticles
examined mechanical properties together with
water sorption and solubility [45]. A 2026 study
of green-synthesized titanium dioxide nano-
particles combined physical testing with pre-
liminary computational safety screening [46].
Neither evaluates this Y,O0s; formulation. A
study of chlorhexidine-loaded mesoporous sil-
ica illustrates a further distinct strategy involv-
ing an antimicrobial payload [47]. Such work
provides context for future testing without
demonstrating antimicrobial or safety benefits
for the present cement.

Assessment interval and experimental inter-
pretation

Both mean net wet mass change and mean ap-
parent mass loss were higher at the second as-
sessment than at 24 hours in all groups. More-
over, two intervals do not establish equilibrium
hydration, a diffusion coefficient, or a long-
term degradation rate.
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The same specimens were dried after the first
assessment and then re-immersed for seven
additional days. The second assessment there-
fore reflects a prior immersion—drying cycle
followed by re-immersion, rather than seven
days of uninterrupted immersion from base-
line. Time-associated differences cannot iso-
late exposure duration from the effects of the
intervening drying step. The initial mass was
recorded after setting, and subsequent drying
was limited to 24 hours without establishing
constant mass. Apparent mass loss may conse-
quently include changes in water content as
well as loss of cement constituents.

Exposure medium is another source of non-
equivalence. Earlier studies have examined flu-
oride release into deionized water and artificial
saliva, early aluminum release during water ex-
posure, and longer interaction with lactic acid
[48-50]. Research has also addressed saliva-as-
sociated surface hardness and the effects of pH
on mechanical properties and ion release
[51,52]. These studies justify considering aque-
ous chemistry and exposure duration during in-
terpretation, but the present experiment can-
not predict behavior in saliva or under acidic
challenges. Moreover, formulations combining
polyacid changes with apatite additives intro-
duce simultaneous chemical modifications that
must be distinguished from powder substitu-
tion alone [53].

Relevance to luting applications

For a luting cement, resistance to aqueous ma-
terial loss is a potentially relevant property, but
clinical performance also depends on setting
behavior, film thickness, retention, and me-
chanical behavior under service conditions.
None of those outcomes was measured in this
experiment. The observed lower mean appar-
ent mass loss cannot therefore establish im-
proved marginal integrity, reduced recurrent
caries, or longer restoration survival.

Likewise, a higher net wet mass change cannot
be described as beneficial dimensional com-
pensation without dimensional measure-
ments. The findings identify Y5 as a formula-
tion for further evaluation, not as a formula-
tion ready for clinical recommendation.
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Limitations and further investigation

The study examined one commercial luting ce-
ment, three substitution levels, one immersion
medium, and two short-term assessment inter-
vals. Nanoparticle distribution, phase identity
within the modified material, and interactions
with the cement matrix were not experimen-
tally characterized. Mechanical properties, di-
mensional changes, fluoride or yttrium release,
and biological responses were not measured.
These boundaries restrict both mechanistic in-
terpretation and extrapolation to other prod-
ucts or oral conditions. The analyses were re-
constructed from rounded group summaries,
and the four omnibus tests were not adjusted
for multiplicity. Welch analyses address une-
qual variances but do not establish within-
group normality or specimen independence.
Multiple mixes were used, but the number of
mixes and their specimen allocation were not
specified; possible mixing-related dependence
limits inference. No paired temporal tests or in-
dividual formulation contrasts were evaluated.
Further investigation should first establish re-
producible preparation and gravimetric proce-
dures across independently prepared batches.
Characterization of particle dispersion and set-
cement structure would help distinguish com-
peting explanations for the mass changes.
Functional testing relevant to luting applica-
tions, longer exposure periods, and appropri-
ate biological evaluation would then clarify
whether the lower apparent mass loss occurs
without unfavorable changes in other proper-
ties.

Conclusion

Under the reported experimental conditions,
the 5 wt% Y,0s-substituted glass ionomer lut-
ing cement had the lowest mean apparent
mass loss after the initial 24-hour immersion
and after seven days of re-immersion, while its
mean net wet mass change exceeded that of
the unmodified cement. The results describe
short-term gravimetric behavior and do not es-
tablish improved strength, clinical durability, or
an optimal substitution level. Conventional and
Welch analyses reconstructed from the group
summaries indicated overall formulation dif-
ferences at both assessments. Individual con-
trasts, temporal effects, and the material
mechanisms underlying these observations re-
quire further evaluation.

References

1. Smith DC. Development of glass-ionomer ce-
ment systems. Biomaterials. 1998;19(6):467-
478. https://doi.org/10.1016/s0142-
9612(97)00126-9



Dentistry 3ty

Vol 14, No 3 (2026) DOI 10.5195/d3000/2026.1639

2. Walls AWG. Glass polyalkenoate (glass-iono-
mer) cements: a review. Journal of Dentistry.
1986;14(6):231-246.
https://doi.org/10.1016/0300-5712(86)90030-
8

3. Guggenberger R, May R, Stefan KP. New
trends in glass-ionomer chemistry. Biomateri-
als. 1998;19(6):479-483.
https://doi.org/10.1016/s0142-
9612(97)00127-0

4. Sidhu SK, Nicholson JW. A Review of Glass-
lonomer Cements for Clinical Dentistry. Journal
of Functional Biomaterials. 2016;7(3):16.
https://doi.org/10.3390/jfb7030016

5. Nicholson JW, Brookman PJ, Lacy OM, Wil-
son AD. Fourier Transform Infrared Spectro-
scopic Study of the Role of Tartaric Acid in
Glass-ionomer Dental Cements. Journal of
Dental Research. 1988;67(12):1451-1454.
https://doi.org/10.1177/00220345880670120
201

6. Crisp S, Pringuer MA, Wardleworth D, Wilson
AD. Reactions in Glass lonomer Cements: 1. An
Infrared Spectroscopic Study. Journal of Dental
Research. 1974;53(6):1414-1419.
https://doi.org/10.1177/00220345740530062
001

7. Pires R, Nunes TG, Abrahams |, Hawkes GE,
Morais CM, Fernandez C. Stray-field imaging
and multinuclear magnetic resonance spec-
troscopy studies on the setting of a commercial
glass-ionomer cement. Journal of Materials
Science: Materials in Medicine.
2004;15(3):201-208.
https://doi.org/10.1023/b:jmsm.0000015479.
65516.d0

8. Zainuddin N, Karpukhina N, Hill RG, Law RV.
A long-term study on the setting reaction of
glass ionomer cements by 27Al MAS-NMR
spectroscopy. Dental Materials.
2009;25(3):290-295.
https://doi.org/10.1016/j.dental.2008.07.008
9. Stamboulis A, Law RV, Hill RG. Characterisa-
tion of commercial ionomer glasses using
magic angle nuclear magnetic resonance
(MAS-NMR). Biomaterials. 2004;25(17):3907-
3913. https://doi.org/10.1016/j.biomateri-
als.2003.10.074

10. Wasson EA, Nicholson JW. New Aspects of
the Setting of Glass-ionomer Cements. Journal
of Dental Research. 1993;72(2):481-483.
https://doi.org/10.1177/00220345930720020
201

11. Nicholson JW. Maturation processes in
glass-ionomer dental cements. Acta Biomateri-
alia Odontologica Scandinavica. 2018;4(1):63-
71.
https://doi.org/10.1080/23337931.2018.1497
492

http://dentistry3000.pitt.edu

12. Elsaka SE, Hamouda IM, Swain MV. Tita-
nium dioxide nanoparticles addition to a con-
ventional glass-ionomer restorative: influence
on physical and antibacterial properties. Jour-
nal of Dentistry. 2011;39(9):589-598.
https://doi.org/10.1016/j.jdent.2011.05.006
13. Gjorgievska E, Nicholson JW, Gabri¢ D, Gu-
cluZA, Mileti¢ I, Coleman NJ. Assessment of the
Impact of the Addition of Nanoparticles on the
Properties of Glass—lonomer Cements. Materi-
als. 2020;13(2):276.
https://doi.org/10.3390/ma13020276

14. Shahid S, Hassan U, Billington RW, Hill RG,
Anderson P. Glass ionomer cements: Effect of
strontium substitution on esthetics, radiopac-
ity and fluoride release. Dental Materials.
2014;30(3):308-313.
https://doi.org/10.1016/j.dental.2013.12.003
15. De Caluwé T, Vercruysse CWJ, Fraeyman S,
Verbeeck RMH. The influence of particle size
and fluorine content of aluminosilicate glass on
the glass ionomer cement properties. Dental
Materials. 2014;30(9):1029-1038.
https://doi.org/10.1016/j.dental.2014.06.003
16. Gu YW, Yap AUJ, Cheang P, Kumar R. Sphe-
roidization of glass powders for glass ionomer
cements. Biomaterials. 2004;25(18):4029-
4035. https://doi.org/10.1016/j.biomateri-
als.2003.10.096

17. Khurshid Z, Zafar M, Qasim S, Shahab S,
Naseem M, AbuReqaiba A. Advances in Nano-
technology for Restorative Dentistry. Materi-
als. 2015;8(2):717-731.
https://doi.org/10.3390/ma8020717

18. Moshaverinia A, Roohpour N, Chee WWL,
Schricker SR. A review of powder modifications
in conventional glass-ionomer dental cements.
Journal of Materials Chemistry.
2011;21(5):1319-1328.
https://doi.org/10.1039/c0jm02309d

19. Amin F, Rahman S, Khurshid Z, Zafar MS, Se-
fat F, Kumar N. Effect of Nanostructures on the
Properties of Glass lonomer Dental Restora-
tives/Cements: A Comprehensive Narrative Re-
view. Materials. 2021;14(21):6260.
https://doi.org/10.3390/ma14216260

20. Makanjuola J, Deb S. Chemically Activated
Glass-lonomer Cements as Bioactive Materials
in  Dentistry: A  Review. Prosthesis.
2023;5(1):327-345.
https://doi.org/10.3390/prosthesis5010024
21. Nicholson JW, Sidhu SK, Czarnecka B. Fluo-
ride exchange by glass-ionomer dental ce-
ments and its clinical effects: a review. Bio-
material Investigations in Dentistry.
2023;10(1):2244982.
https://doi.org/10.1080/26415275.2023.2244
982

Reframing Water Response in Glass lonomer Cement: Gravimetric Effects of Yttrium Oxide Nanoparticle Substitution

22. Rajakumar G, Mao L, Bao T, Wen W, Wang
S, Gomathi T, Gnanasundaram N, Rebezov M,
Shariati MA, Chung IM, Thiruvengadam M,
Zhang X. Yttrium Oxide Nanoparticle Synthesis:
An Overview of Methods of Preparation and Bi-
omedical Applications. Applied Sciences.
2021;11(5):2172.
https://doi.org/10.3390/app11052172

23. Andelman T, Gordonov S, Busto G, Moghe
PV, Riman RE. Synthesis and Cytotoxicity of
Y203 Nanoparticles of Various Morphologies.
Nanoscale Research Letters. 2010;5(2):263-
273. https://doi.org/10.1007/s11671-009-
9445-0

24. Schubert D, Dargusch R, Raitano J, Chan
SW. Cerium and yttrium oxide nanoparticles
are neuroprotective. Biochemical and Biophys-
ical Research Communications.
2006;342(1):86-91.
https://doi.org/10.1016/j.bbrc.2006.01.129
25. Jaber ZA. Reinforcement of Glass lonomer
Cement by Yttrium Oxide Nanoparticle Substi-
tution. Dentistry 3000. 2026;14(1):a001.
https://doi.org/10.5195/d3000.2026.1227

26. Hussein F. Evaluation of Water Sorption
and Solubility of Nano Titania Enriched Glass
lonomer Cement Considering the Storage Solu-
tion and Time. The Open Dentistry Journal.
2022;16(1):e187421062210070.
https://doi.org/10.2174/18742106-v16-
€221018-2022-40

27. Moshaverinia A, Ansari S, Moshaverinia M,
Roohpour N, Darr JA, Rehman |. Effects of in-
corporation of hydroxyapatite and fluoroap-
atite nanobioceramics into conventional glass
ionomer cements (GIC). Acta Biomaterialia.
2008;4(2):432-440.
https://doi.org/10.1016/j.actbio.2007.07.011
28. Lucas ME, Arita K, Nishino M. Toughness,
bonding and fluoride-release properties of hy-
droxyapatite-added glass ionomer cement. Bi-
omaterials. 2003;24(21):3787-3794.
https://doi.org/10.1016/s0142-
9612(03)00260-6

29. Chiu SY, Shinonaga Y, Abe Y, Harada K, Arita
K. Influence of Porous Spherical-Shaped Hy-
droxyapatite on Mechanical Strength and Bio-
active Function of Conventional Glass lonomer
Cement. Materials. 2017;10(1):27.
https://doi.org/10.3390/ma10010027

30. Gu YW, Yap AUJ, Cheang P, Khor KA. Effects
of incorporation of HA/ZrO2 into glass ionomer
cement (GIC). Biomaterials. 2005;26(7):713-
720. https://doi.org/10.1016/j.biomateri-
als.2004.03.019



Dentistry 3ty

Vol 14, No 3 (2026) DOI 10.5195/d3000/2026.1639

31. Ahmad Shiekh R, Ab Rahman |, Malik Ma-
sudi S, Luddin N. Modification of glass ionomer
cement by incorporating hydroxyapatite-silica
nano-powder composite: Sol—gel synthesis and
characterization.  Ceramics International.
2014;40(2):3165-3170.
https://doi.org/10.1016/j.cera-
mint.2013.09.127

32. Fareed MA, Stamboulis A. Nanoclay addi-
tion to a conventional glass ionomer cements:
Influence on physical properties. European
Journal of Dentistry. 2014;8(4):456-463.
https://doi.org/10.4103/1305-7456.143619
33. De Caluwé T, Vercruysse CWJ, Ladik I, Con-
vents R, Declercq H, Martens LC, Verbeeck
RMH. Addition of bioactive glass to glass iono-
mer cements: Effect on the physico-chemical
properties and biocompatibility. Dental Mate-
rials. 2017;33(4):e186-€203.
https://doi.org/10.1016/j.dental.2017.01.007
34. Yli-Urpo H, Narhi T, Soderling E. Antimicro-
bial effects of glass ionomer cements contain-
ing bioactive glass (S53P4) on oral micro-organ-
isms in vitro. Acta Odontologica Scandinavica.
2003;61(4):241-246.
https://doi.org/10.1080/00016350310004719
35. Yli-Urpo H, Lassila LVJ, Narhi T, Vallittu PK.
Compressive strength and surface characteri-
zation of glass ionomer cements modified by
particles of bioactive glass. Dental Materials.
2005;21(3):201-209.
https://doi.org/10.1016/j.dental.2004.03.006
36. Lohbauer U, Frankenberger R, Clare A,
Petschelt A, Greil P. Toughening of dental glass
ionomer cements with reactive glass fibres. Bi-
omaterials. 2004;25(22):5217-5225.
https://doi.org/10.1016/j.biomateri-
als.2003.12.027

37. Berzins DW, Abey S, Costache MC, Wilkie
CA, Roberts HW. Resin-modified Glass-iono-
mer Setting Reaction Competition. Journal of
Dental Research. 2010;89(1):82-86.
https://doi.org/10.1177/0022034509355919
38. Czarnecka B, Nicholson JW. lon release by
resin-modified glass-ionomer cements into wa-
ter and lactic acid solutions. Journal of Dentis-
try. 2006;34(8):539-543.
https://doi.org/10.1016/j.jdent.2005.08.007

http://dentistry3000.pitt.edu

39. Nicholson JW, Czarnecka B. The biocompat-
ibility of resin-modified glass-ionomer cements
for dentistry. Dental Materials.
2008;24(12):1702-1708.
https://doi.org/10.1016/j.dental.2008.04.005
40. Cattani-Lorente MA, Dupuis V, Payan J,
Moya F, Meyer JM. Effect of water on the phys-
ical properties of resin-modified glass ionomer
cements. Dental Materials. 1999;15(1):71-78.
https://doi.org/10.1016/s0109-
5641(99)00016-0

41. Mitsuhashi A, Hanaoka K, Teranaka T. Frac-
ture toughness of resin-modified glass ionomer
restorative materials: effect of powder/liquid
ratio and powder particle size reduction on
fracture  toughness. Dental Materials.
2003;19(8):747-757.
https://doi.org/10.1016/s0109-
5641(03)00022-8

42.LlinJ, ZhuJ, Gu X, Wen W, Li Q, Fischer-Bran-
dies H, Wang H, Mehl C. Effects of incorpora-
tion of nano-fluorapatite or nano-fluorohy-
droxyapatite on a resin-modified glass ionomer
cement. Acta Biomaterialia. 2011;7(3):1346-
1353.
https://doi.org/10.1016/j.actbio.2010.10.029
43, Lee JJ, Lee YK, Choi BJ, Lee JH, Choi HJ, Son
HK, Hwang JW, Kim SO. Physical Properties of
Resin-Reinforced Glass lonomer Cement Mod-
ified with Micro and Nano-Hydroxyapatite.
Journal of Nanoscience and Nanotechnology.
2010;10(8):5270-5276.
https://doi.org/10.1166/jnn.2010.2422

44, Jafarpour D, Mese A, Ferooz M, Bagheri R.
The effects of nanofilled resin-based coatings
on the physical properties of glass ionomer ce-
ment restorative materials. Journal of Dentis-
try. 2019;89:103177.
https://doi.org/10.1016/j.jdent.2019.07.015
45. Amin F, Moin SF, Kumar N, Asghar MA,
Mahmood SJ, Palma PJ. The Impact of Zirco-
nium Oxide Nanoparticles on the Mechanical
and Physical Properties of Glass lonomer Den-
tal Materials. International Journal of Molecu-
lar Sciences. 2025;26(11):5382.
https://doi.org/10.3390/ijms26115382

Reframing Water Response in Glass lonomer Cement: Gravimetric Effects of Yttrium Oxide Nanoparticle Substitution

46. Abozaid D, Ayad A, Ibrahim Y, Azab A, El-Aal
MA, El-Safty S. Green-Synthesized titanium di-
oxide Nanoparticle-Modified glass ionomer
cement: in vitro and in Silico assessment of Me-
chanical, Physical, and safety properties per-
formance. Scientific Reports. 2026;16(1):5890.
https://doi.org/10.1038/s41598-026-37048-2
47.Yan H, Yang H, Li K, Yu J, Huang C. Effects of
Chlorhexidine-Encapsulated Mesoporous Silica
Nanoparticles on the Anti-Biofilm and Mechan-
ical Properties of Glass lonomer Cement. Mol-
ecules. 2017;22(7):1225.
https://doi.org/10.3390/molecules22071225
48. Nicholson JW, Czarnecka B, Limanowska-
Shaw H. The long-term interaction of dental ce-
ments with lactic acid solutions. Journal of Ma-
terials Science: Materials in  Medicine.
1999;10(8):449-452.
https://doi.org/10.1023/a:1008991422909
49. El Mallakh BF, Sarkar NK. Fluoride release
from glass-ionomer cements in de-ionized wa-
ter and artificial saliva. Dental Materials.
1990;6(2):118-122.
https://doi.org/10.1016/s0109-
5641(05)80041-7

50. Andersson OH, Dahl JE. Aluminium release
from glass ionomer cements during early water
exposure in vitro. Biomaterials.
1994;15(11):882-888.
https://doi.org/10.1016/0142-9612(94)90111-
2

51. Okada K, Tosaki S, Hirota K, Hume WR. Sur-
face hardness change of restorative filling ma-
terials stored in saliva. Dental Materials.
2001;17(1):34-39.
https://doi.org/10.1016/s0109-
5641(00)00053-1

52. Moreau JL, Xu HHK. Fluoride releasing re-
storative materials: Effects of pH on mechani-
cal properties and ion release. Dental Materi-
als. 2010;26(11):e227-e235.
https://doi.org/10.1016/j.dental.2010.07.004
53. Moshaverinia A, Ansari S, Movasaghi Z, Bil-
lington RW, Darr JA, Rehman IU. Modification
of conventional glass-ionomer cements with N-
vinylpyrrolidone containing polyacids, nano-
hydroxy and fluoroapatite to improve mechan-
ical properties. Dental Materials.
2008;24(10):1381-1390.
https://doi.org/10.1016/j.dental.2008.03.008



Dentistry 38y

Vol 14, No 3 (2026) DOI 10.5195/d3000/2026.1639

Table 2. Net wet mass change and apparent mass loss after water exposure.

Table 3.

Table 4.

Reframing Water Response in Glass lonomer Cement: Gravimetric Effects of Yttrium Oxide Nanoparticle Substitution

Formulation Net wet mass change at | Net wet mass change af- | Apparent mass loss at 24 | Apparent mass loss after
24 h (%) ter 7 d re-immersion (%) | h (%) 7 d re-immersion (%)

Control 0.338 £0.162 1.036+0.176 5.556 + 1.023 6.609 +1.122
Y1l 0.556 £ 0.356 1.222 +0.518 5.853 £ 0.666 7.656 + 2.469
Y3 0.529+0.2 1.614 + 0.406 4.287 £ 1.557 6.653 +0.443
Y5 0.716 £ 0.045 1.591+0.534 3.090 £ 0.165 3.422 +0.449
Conventional one-way ANOVA reconstructed from group summaries with n = 10 per formulation.

Endpoint Assessment F(3,36) Unadjusted p

Net wet mass - . .

Initial 24-hour immersion 4.926 0.005725
change
Net wet mass . .
Seven-day re-immersion 4.302 0.010804

change

Apparent mass loss | Initial 24-hour immersion 16.321 7.32x 107

Apparent mass loss | Seven-day re-immersion 17.468 3.63x1077

Welch sensitivity analysis reconstructed from group summaries.

Endpoint Assessment F gfumerator Denominator df Unadjusted p
Net wet mass change | Initial 24-hour immersion 17.83 3 16.239 2.18e-05

Net wet mass change | Seven-day re-immersion 7.464 3 17.773 0.00194
Apparent mass loss Initial 24-hour immersion 66.334 3 15.888 3.32e-09
Apparent mass loss Seven-day re-immersion 90.206 3 18.578 2.93e-11




