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Abstract Background/purpose: Glass ionomers undergo degradation when exposed to fluo-
ride, which changes the physico-chemical characteristics of the materials. The purpose of this
study was to evaluate the surface changes of resin-modified glass ionomer (RMGI) when
immersed in a sodium fluoride (NaF) solution according to pH and time.
Materials and methods: 120 RMGI specimens were prepared, and 30 specimens were placed in
four types of storage solutions for four weeks; pH 7 artificial saliva with or without 0.2% NaF
(As7 and NaF7), pH 5 artificial saliva with or without 0.2% NaF (As5 and NaF5). Interferometry
and microscopy were performed to evaluate the surface roughness and topography, while
spectroscopy was used to analyze the chemical composition changes.
Results: Rougher topography and increased roughness was exhibited in NaF groups, owing to
the disintegration of the polysalt matrix. Reduced Sr and F was exhibited in all groups, whereas
NaF group showed a decrease in Al and inorganic components.
Conclusion: This study suggest that excessive use of fluoride therapy could lead to severe
degradation of RMGI.
ª 2020 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

First introduced in 1960s, glass ionomers (GIs) have been
widely used in dentistry as restorative materials, liners,
bases, fissure sealants, and bonding agents for orthodontic
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brackets.1 GI shows several clinical advantages over other
restorative materials, such as adhesion to tooth structure,
biocompatibility, fluoride release, anti-cariogenic proper-
ties, and low coefficients of thermal expansion.2e4 How-
ever, GI exhibits poor physical-mechanical properties
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compared with resin composites, including insufficient
strength, inadequate toughness, and low wear resis-
tance.3,5 Therefore, in order to improve the mechanical
properties of conventional GI, resin-modified glass ion-
omers (RMGIs) were developed.2

RMGI contains the same essential components as conven-
tionalglass ionomersbutalso includesamonomercomponent,
2-hydroxyethyl methacrylate (HEMA), and an associated
initiator, camphorquinone.1 Therefore, the setting of RMGI is
processed by an acidebase reaction and an additional poly-
merization reaction.6 RMGI exhibits better immediate setting
and greater strength and aesthetic enhancement compared
with conventional GI, while retaining one of the major ad-
vantages of GI, the release and uptake of fluoride and other
ions.7,8 It has been suggested that RMGI (GI) releases Al, Ca, P,
and F ions in an aqueous environment, exhibiting anti-
cariogenic properties and remineralization;9 meanwhile, the
topicalapplicationoffluoride toGIhasbeenshowntoenhance
fluoride release through the uptake of fluoride.10 However,
whether fluoride released fromGI can improve the prevention
or inhibition of secondary caries compared with non-
fluoridated materials remain controversial,11,12 and previous
studies have reported that fluoride-releasing restorative ma-
terials seem to show surface degradation when exposed to
fluoride.13e17 The topical application of acidulated phosphate
fluoride to restorative materials seems to cause surface
degradation, with increased surface roughness and a change
in its morphology.13,15 Accordingly, the application of neutral
fluoride, instead of acidic fluoride agents, has been sug-
gested;18,19 however, even a neutral 2% NaF application14,17

and immersion in neutral 0.2% NaF solution have resulted in
surface degradation of GI.20

The surface degradation of RMGI (GI) when exposed to
fluoride is a result of chemical erosion due to the disinte-
gration of the polysalt matrix between glass particles. This
was reported to occur on glass ionomer with fluoride-
containing glass, whereas those containing no fluoride
showed little or no surface disintegration.17,20 The degra-
dation and subsequent increased roughness of the RMGI (GI)
surface would cause additional plaque accumulation, wear,
discoloration of restoration, and eventually, the formation
of secondary caries, affecting its longevity.21,22 However,
studies on the physico-chemical characteristics of dental
materials are limited;23 furthermore, the changes in the
chemical composition of the surface undergoing structural
modification require consideration.20

Therefore, the purpose of this study is to evaluate the
effects of time and pH on the surface degradation of RMGI,
induced by immersion in 0.2% NaF solution, by analyzing its
surface topography, roughness, and chemical composition
changes. The null hypothesis of this study was that pH and
time would not affect surface degradation of RMGI induced
by NaF solution.

Materials and methods

Experimental design

Capsule-type RMGI (Fuji II LC capsule, GC Co., Tokyo,
Japan) was used in the present study to minimize error in
manual mixing. Four types of storage solutions were used
in the study: pH 7 artificial saliva (As7); pH 7 artificial saliva
containing 0.2% NaF (NaF7); pH 5 artificial saliva (As5); and
pH 5 artificial saliva containing 0.2% NaF (NaF5). Artificial
saliva was generated according to Macknight-Hane and
Whitford (1992) formula,24 and the amount of cellulose was
reduced to 2.00 g/L to adjust the viscosity.

To make 0.2% NaF concentration of artificial saliva,
10,000 ppm of NaF solution was diluted and mixed with the
artificial saliva. The pH of the four solutions was adjusted
to 7 and 5 with KOH and lactic acid, respectively. Then,
40ml of each solution was inserted in a 50ml conical tube.
The composition of the artificial saliva and RMGI used in this
study is shown in Table 1.

RMGI specimen preparation

First, 120 specimens of RMGI were prepared according to the
manufacturer’s instructions. A Fuji II LC capsule was mixed
for 10 s with amalgamator (D-650, TPC Advanced Technology
Inc., City of Industry, CA, USA) and inserted into a Teflon
mold (5mm diameter and 2mm depth). After the material
was filled, a mylar strip was pressed onto the surface and
light-cured with an LED light-curing unit (B&LiteS, B&L
Biotech, Ansan, Korea) with irradiance of 800mW/cm2 for
20 s on each side. The specimens were polished with sand-
paper using a polisher (J-POS2, JISICO, Seoul, Korea) with
1000 and 2000 grit sandpaper under continuous water irri-
gation. To standardize the polishing procedure, it was per-
formed by the same operator. The polished specimens were
stored in 100% humidity for 24 h for initial polymerization.

Immersion in NaF solution

The RMGI specimens were randomly divided into four
groups (As7, NaF7, As5, NaF5) and placed in a 50mL conical
tube, containing 40mL of the corresponding storage me-
dium. To imitate the dynamic conditions of mouthwash, the
specimens of each group were placed in a conical tube,
which was placed in a shaker (Trayster basic, IKA�, Stau-
fen, Germany) at 20 rpm, to allow slight mechanical con-
tact between the specimens. The storage medium was
changed every 2 day, and this procedure was repeated for
28 days. During the immersion period, the shaker contain-
ing the specimen was stored at 37� 1 �C.

3D surface topography and surface roughness

At the end of every week during the immersion period,
three specimens from each group were randomly selected
and washed with distilled water for analysis of the surface
roughness and chemical composition and observation of the
surface topography.

Three-dimensional surface morphology features and the
surface roughness of the specimens were observed with
non-contact optical profilometry, white light interferom-
etry (WLI) (NV-2400, Nanosystem, Daejeon, Korea). Three
random fields were selected for each specimen. A 20�
interferometric objective lens with 1.0� field-of-view len-
ses were used, and the scan area was measured at
320�240 mm.2 The surface roughness parameter Ra, the



Table 1 Composition of the materials used in this study.

Materials Fluoride pH Composition (g/L) Manufacturer

Artificial saliva As7 e 7 Methyl-p-hydroxybenzoate 2.00
Sodium Carboxymethyl Cellulose 2.00
KCl 0.625
MgCl2$6H2O 0.059
CaCl2$2H2O 0.166
K2HPO4 0.804
KH2PO4 0.326

e

NaF7 0.2%
NaF

7

As5 e 5
NaF5 0.2%

NaF
5

Resin modified -glass
ionomer

Fuji II LC
capsule

e e Powder: fluoroaluminosilicate glass
Liquid: HEMA, UDMA, polyacrylic acid, water,
camphorquinone

GC CO., Tokyo,
Japan

As5: pH 5 artificial saliva, As7: pH 7 artificial saliva, NaF5: pH 5 artificial saliva containing 0.2% NaF, NaF7: pH 7 artificial saliva containing
0.2% NaF.

Table 2 Statistical comparison of mean (SD) surface
roughness Ra values (mm) of RMGI specimens.

Solution baseline 1 week 2 weeks 3 weeks 4 weeks

As7 0.70
(0.28)a

0.83
(0.05)A,a

0.91
(0.07)AC,a

0.92
(0.17)AC,a

0.96
(0.16)AC,a

NaF7 0.70
(0.28)a

1.60
(0.10)B,b

1.78
(0.14)B,b

1.81
(0.19)B,b

1.77
(0.35)B,b

As5 0.70
(0.28)a

0.78
(0.22)A,a

0.74
(0.17)A,a

0.56
(0.08)A,a

0.56
(0.12)A,a

NaF5 0.70
(0.28)a

1.49
(0.13)B,b

1.50
(0.14)BC,b

1.65
(0.07)BC,b

1.59
(0.17)BC,b

Superscripts with different letters indicates statistically signif-
icant difference (P< 0.008).
A, B, C Superscripts with uppercase letters are used for com-
parison between solution in the same column.
a, b Superscripts with lowercase letters are used for comparison
between time within the same row.
As5: pH 5 artificial saliva, As7: pH 7 artificial saliva, NaF5: pH 5
artificial saliva containing 0.2% NaF, NaF7: pH 7 artificial saliva
containing 0.2% NaF.

Table 3 Statistical comparison of mean (SD) surface
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average roughness, and Rt, the maximum distance between
peaks and valleys were measured.

2D surface topography and surface components

Two-dimensional surface morphology features and the
constituent elements of the RMGI surface were observed
with scanning electron microscopy with energy dispersive
X-ray spectroscopy (SEM-EDS). The surfaces of the spec-
imen were sputter-coated with Au in an ion Coater (SPT-20,
COXEM, Daejeon, Korea) and examined using SEM (EM-
30AX, COXEM, Daejeon, Korea) equipped with EDS at an
accelerating voltage of 20 kV. On three randomly selected
spots, SEM images were taken at 2000� magnification, and
EDS was performed at 500� magnification.

Statistical analysis

Differences in the surface roughness values were analyzed
by the KruskaleWallis test and ManneWhitney test using
SPSS version 25 (IBM CO., Armonk, NY, USA), and a Bon-
ferroni correction for multiple comparisons was performed
(P< 0.008).
roughness Rt values (mm) of RMGI specimens.

Solution baseline 1 week 2 weeks 3 weeks 4 weeks

As7 5.53
(0.28)a

7.65
(2.55)A,a

8.13
(2.47)AC,a

7.96
(1.93)AC,a

8.23
(4.19)AC,a

NaF7 5.53
(0.28)a

11.60
(3.65)B,b

11.75
(3.21)B,b

11.16
(2.49)B,b

10.41
(4.32)BC,b

As5 5.53
(0.28)a

6.88
(2.18)A,a

6.95
(2.55)A,a

6.04
(1.92)A,a

6.64
(2.23)A,a

NaF5 5.53
(0.28)a

10.21
(2.85)B,b

11.09
(4.32)BC,b

10.13
(1.98)BC,b

10.14
(2.12)BC,b

Superscripts with different letters indicates statistically signif-
icant difference (P< 0.008).
A, B, C Superscripts with uppercase letters are used for com-
parison between solution in the same column.
a, b Superscripts with lowercase letters are used for comparison
between time within the same row.
As5: pH 5 artificial saliva, As7: pH 7 artificial saliva, NaF5: pH 5
artificial saliva containing 0.2% NaF, NaF7: pH 7 artificial saliva
containing 0.2% NaF.
Results

Surface roughness

Table 2 and Table 3 shows Ra and Rt values of RMGI spec-
imens immersed in different storage solutions for 4 weeks.
Surface degradation by 0.2% NaF significantly increased the
surface roughness of RMGI. The Ra and Rt values of RMGI
immersed in NaF group were higher than those for speci-
mens immersed in As group, regardless of pH. The Ra and Rt
values of As5 were significantly lower than those of NaF7
and NaF5, and that value of As7 was significantly lower than
that of NaF7 for all time periods. However, the multiple-
comparison Bonferroni test showed no significant differ-
ence between As7 and NaF5 after two weeks. After four
weeks, NaF group showed a significant increase in surface
roughness compared with the baseline (0 d), whereas As
group did not show a significant difference in either Ra or



Figure 1 Baseline 2D and 3D surface images of the RMGI specimen before immersion. (a) SEM observation (2000� magnification)
and (b) WLI observation. SEM: scanning electron microscopy, WLI: white light interferometry.
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Rt. The Ra and Rt values were observed to be highest in
NaF7, followed by NaF5, As7, and As5.
Surface superficial morphology by 2D and 3D image

The surface superficial morphology was observed by SEM
(Fig. 2) and WLI (Fig. 3), yielding 2D and 3D images,
respectively. The baseline images are shown in Fig. 1, and
Figs. 2 and 3 shows surface changes after 1 week, 2
weeks, and 4 weeks of immersion. Severe destruction of
the material surface was seen in the specimen stored in
Figure 2 SEM observation of RMGI specimen after immersion in so
Exposure to NaF produced severe destruction on the RMGI surface
group. As5: pH 5 artificial saliva, As7: pH 7 artificial saliva, NaF5:
saliva containing 0.2% NaF, SEM: scanning electron microscopy.
NaF solution. SEM analysis showed large cracked glass
particles and eroded smaller glass particles in NaF group.
The filler particles were more exposed and partially
covered by the matrix. In As group, a relatively flat sur-
face with fewer pores was observed in both SEM and WLI
images.
Surface chemical composition

EDS analysis of RMGI immersed in various solutions at
baseline, 1 week, and 4 weeks are presented in Table 4.
lution at 1 week, 2 weeks, and 4 weeks (2000� magnification).
, more glass particles exposed and irregular pores seen in NaF
pH 5 artificial saliva containing 0.2% NaF, NaF7: pH 7 artificial



Figure 3 WLI observation of RMGI specimen after immersion in solution at 1 week, 2 weeks, and 4 weeks. 3D images show surface
topography at the microscale level. Roughened surface can be seen in NaF group. As5: pH 5 artificial saliva, As7: pH 7 artificial
saliva, NaF5: pH 5 artificial saliva containing 0.2% NaF, NaF7: pH 7 artificial saliva containing 0.2% NaF, WLI: white light
interferometry.
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The main inorganic elements constituting RMGI were F, Al,
Si, and Sr. Compared to the control, F and Sr was decreased
in all groups, Al was decreased in NaF group, and Si was
similar in all groups. Some elements, besides those of the
control RMGI composition, were detected depending on the
solution. Na was seen in only NaF groups; meanwhile, Ca
was seen in only As groups, and K was found in all groups.
The ratio of organic to inorganic elements was lower in NaF
group than As group.
Discussion

In the present study, changes in the surface characteristics
of topography, roughness, and chemical composition in the
RMGI specimen undergoing prolonged surface degradation
by 0.2% NaF solution was analyzed. An RMGI specimen was
used, because as a dynamic rotating storage condition was
devised to imitate mouthwash, the resulting mechanical
wear to the surface during immersion would affect the
chemical degradation of conventional GI, owing to its lower
wear resistance.5 As the surface degradation by fluoride has
already been reported to increase the surface roughness of
RMGI (GI),13,14,17 our study attempted to visualize and
observe the 2D and 3D images of the overall topography of
the roughened surface through WLI and SEM methods. WLI
is a computerized optical interference microscopy, which is
fast, non-destructive, and accurate in analyzing three-
dimensional surface structure at the microscale level;25

meanwhile, SEM was performed to obtain qualitative in-
formation regarding the variations on the surface with 2D
imaging at the nanoscale level.8 In both WLI and SEM im-
ages, severe degradation of the surface was observed in
NaF group. Due to gradual disintegration of the polysalt
matrix in NaF group, more filler particles were exposed and
polyacid matrix was destroyed, resulting rougher topog-
raphy than As group (Figs. 2 and 3). In As group, a swollen
matrix appearance was seen and it was more profound in
As5. This is in agreement with Nicholson et al. who reported
that light-cured glass ionomers prepared with HEMA co-
polymers behave like hydrogels and absorb water,26 and
RMGI showing a smooth and intact surface with an undis-
turbed matrix when absorbing water.19

Surface roughness parameters Ra and Rt significantly
increased after surface degradation, reflecting the topo-
graphic images of the roughened surface. The Ra and Rt
values of NaF group were significantly higher than those of
the baseline and also higher than that of As group during
the immersion periods. However, there was limitation to
the increase in the roughness values, as the Ra and Rt
values did not show a significant increase from 1 week to 4
weeks. This may be due to the dynamic storage condition,
which was implemented to imitate oral mouthwash,
affecting the surface roughness of RMGI to a maximum



Table 4 Surface chemical composition (weight%) of RMGI immersed in different solutions for baseline, 1 week, and 4 weeks.

Composition C (Organic fraction) O F Na Al Si K Ca Sr Inorganic fraction Or: Non-Or

Baseline 22.21 26.68 9.64 e 9.79 11.29 e e 20.39 51.11 1 : 2.30
1 week As7 19.17 29.67 9.12 e 9.85 10.30 0.81 1.34 19.75 51.16 1 : 2.67

NaF7 24.37 28.68 8.13 0.58 8.10 10.18 0.83 e 19.13 46.95 1 : 1.93
As5 17.72 33.87 9.13 e 9.45 11.45 1.96 1.16 15.26 48.41 1 : 2.73
NaF5 24.43 28.34 8.34 0.72 8.08 10.18 0.81 e 19.10 47.23 1 : 1.93

4 weeks As7 17.24 33.29 8.76 e 9.28 9.88 1.17 2.95 17.42 49.47 1 : 2.87
NaF7 24.74 30.27 8.05 0.55 7.62 10.04 1.18 e 17.57 44.99 1 : 1.82
As5 18.81 36.68 7.85 e 9.96 11.73 1.68 0.60 12.70 44.51 1 : 2.37
NaF5 24.93 31.40 8.19 0.66 7.39 9.73 1.09 e 16.61 43.67 1 : 1.75

As5: pH 5 artificial saliva, As7: pH 7 artificial saliva, NaF5: pH 5 artificial saliva containing 0.2% NaF, NaF7: pH 7 artificial saliva containing
0.2% NaF.
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degree within a week. Surface degradation of RMGI (GI) by
fluoride has been known to increase surface roughness;13

however, according to the results of this study, after
reaching its maximum surface roughness by prolonged
degradation, disintegration occurred without a further in-
crease in the roughness value. As shown in the Ra and Rt
values, it may be assumed that the maximum increase in
the surface roughness by surface degradation is associated
with the size of the particle. The average RMGI particle size
used in this study is approximately 5.9 mm,4 and the median
Rt values of 0.2% NaF group were approximately twice the
size of the particle.

In the previous study, the surface degradation of
restorative materials by fluoride was suggested to be
greater under acidic conditions than neutral conditions.19

However, in this study, a pH difference between 5 and 7
did not affect the surface roughness of the RMGI specimen.
It is possible that the degradation of the surface by fluoride
is correlated with the acid resistance properties of the
material. A pH of 5 was not acidic enough to increase the
surface roughness of GI based materials,27,28 and this acid
resistance of the specimen likewise did not make a differ-
ence in NaF group in this study.

Surface degradation is caused by a selective attack by
alkali metal fluoride to the polysalt matrix between the
glass particles.14,17,29 In the setting reaction of RMGI (GI),
the acidebase reaction destroys the glass particles and
releases cations such as Al and Ca. These released cations
form chelates with the carboxylate groups of the polymer,
producing crosslinks in the polymer network and forming a
polysalt matrix.2 The Al-based crosslink is crucial to the
hydrolytic stability of these cements,29 and when coming
into contact with fluoride, the concentration of fluoride in
the cement gradually increases, while the fluoride ion
competes with carboxylate groups to form complexes with
the Al3þ ions. The formation of higher-order fluoride com-
plexes [Al(H2O)6-nFn]

3�n with n� 2 decreases the number of
ionic crosslinks and site-bounded aluminum, causing a
gradual disintegration of the polysalt matrix.17 It is sug-
gested that this chemical erosion occurs on fluoride-
containing glass20,29 and is affected by the composition of
the cement, concentration of the fluoride solution, time,
and frequency of immersion.10,17

The chemical composition changes in the RMGI surface due
toprolonged surface degradationwas evaluatedbyEDS. EDS is
a reproducible, reliable, and precise method for identifying
and quantifying themajor components or compounds present
inamaterial.30 In this study, results of theEDSanalysis showed
detectable changes in the surface composition in all groups.
The inorganic composition of RMGI used in this study was pri-
marily F, Al, Si, and Sr. After immersion, Na, K, and Ca were
detected, depending on the immersed solution. K in artificial
saliva was absorbed by RMGI in both NaF and As groups, but Ca
was only absorbed in As group. GI cements are able to take up
Ca ions in natural saliva and develop a harder surface.31 The
ion exchange between Sr in cement and Ca from saliva is re-
ported to occur to maintain electrolytic balance, Ca diffuse
into the hydrogel matrix and form an intermediate Ca-rich
layer that hardens the surface of GI, although the exchange
mechanism has not yet been identified.7 As Ca was detected
ononlyAs group, it is suggested thatwhenchemical erosion by
fluoride occurs on the surface of RMGI, Ca could not be
exchangedwith Sr or absorbed to the surface, assumingdue to
the disintegration of the matrix. In the oral environment, Ca
promotes the remineralization of the tooth in acidic condi-
tions,diffused fromplaqueto saliva.32Accordingtothe results
of this study, in acidic conditions, uptake of diffused Ca to the
RMGI would decrease, as surface absorption of Ca was higher
in As7 than in As5. For Sr, which is known to enhance the re-
mineralizing effects of fluoride, the level of Sr release was
reported to far exceed that of F or Al ions in GI cements,7 and
tend to be released further under acidic conditions.33 Like-
wise, Sr concentration in this study decreased in all groups,
decreasing further over time. It was observed to be affected
by pH and degradation, as it was the lowest in As5, and the
decrease inNaF5was reduced. The concentration of Al,which
forms networks in the glass and responsible for the stability of
the cement,34 was decreased under sustained degradation,
with a greater decrease after 4 weeks. Petrovic and Markovic
have reported an increase in surface F concentration after
immersion in NaF solution,33,35 but in this study, the F con-
centration in NaF group did not increase compared with the
control or As group. The F concentration in the surface was
decreased in all groups at the 4 week period. The lowest F
concentration was seen in As5, as RMGI (GI) released more
fluoride in an acidic environment,35 and the effect of pH was
not detectable in NaF group. In an environment where sus-
tained surface degradation occurs, F uptake in the surface
may not be detected. However, as F release is related to GI
degradation,36 a considerable amount of F release can be
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expected in NaF group, owing to the severe surface degrada-
tion detected by SEM and WLI. Overall, after degradation,
inorganic components of the surface was decreased and this
could suggest the weakening of the surface mechanical
properties of the RMGI (GI).5

The present study assessed the roughness, 2D and 3D
topographic images, and chemical composition of RMGI
surface after the prolonged degradation by fluoride. The
null hypothesis that pH and time would not affect surface
degradation of RMGI induced by NaF solution was rejected.
While the roughness value maintained a certain level during
the four-week degradation period, the chemical compo-
nents of the surface continued to change over time and pH
in all storage conditions. Changes in composition by NaF
degradation showed a decrease in inorganic elements that
enhance physical properties at the surface, and fluoride
concentration did not seem to increase. The use of fluoride
is recommended for caries management and prevention as
it shows remineralization effects and antimicrobial activity
against bacteria and biofilms.37 However, based on the re-
sults of the study, when RMGI or GI restoration is present in
the oral cavity, the indiscriminating use of fluoride to force
fluoride recharge of the restoration may increase the risk of
increased surface roughness and affect the surface
elemental composition, eventually deteriorating the
restoration. Even neutral NaF solution can cause surface
degradation of the RMGI, which degraded surface would
alter restoration more readily eroded under intraoral
chemical and physical conditions, and the roughened sur-
face would lead to increased bacterial accumulations.19

Therefore, a comprehensive understanding of the in-
teractions between restorative material, oral environment,
and fluoride treatment should be considered in dental
practice. Although the prolonged degradation of RMGI in
this study may not be relevant to a clinical situation, this
present study provides more information on the chemical
and topographic characteristics of the surface degradation
phenomenon on RMGI. Further studies on surface degra-
dation are needed at shorter time periods with different
types of fluoride-releasing materials and in various solu-
tions under both in vivo and in vitro conditions.

Within the limitations of in vitro study, the results of this
study suggest that the surface morphological structure and
chemical composition of RMGI can be affected by fluoride
solution. Following surface degradation, the disintegration
of the polyacid matrix on the surface was observed with
WLI and SEM, with significantly increased surface rough-
ness. It was suggested that the surface roughness value is
related to the particle size; meanwhile, the effects of time
and pH were insignificant. The chemical composition of the
surface was also changed through sustained degradation.
The changes in the elements varied individually, affected
by both pH and time. The physicochemical characteristics
of the restorative material should be considered to increase
the longevity of the material and establish a treatment plan
suitable to the patient.
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