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ABSTRACT

Objective. The objective of this study was to investigate the impact of storing two distinct types of glass ionomer
cement (GIC) in a static magnetic field (SMF) on their mechanical characteristics, namely compressive strength, mi-
crohardness and degree of conversion.

Methods. In the current investigation, 10 samples of each GIC type were utilized for each test. The entire tube of the
resin modified type was preserved in a (SMF) for a duration of 48 hours, whereas just the powder of the conventional
type was retained in SMF for the same time period. The SMF was calibrated to a value of 225 Gauss. Special identical
molds were prepared for each test. All the tests were performed after 24 incubation period at 37 degrees in deion-
ized water. The final data were analyzed using Wilcoxon Rank test (p <0.05).

Results. The compressive strength of the conventional type and resin modified type that used in this study were sig-
nificantly increased after exposed to the SMF from 195.33 (29.6) to 209.286 (11.78) 317.29 (55.4) to 523.38 (13.07)
MPa respectively. The degree of conversion was also improved significantly after exposed to SMF, as the conven-
tional type increased from 37.03 to 45.00, while the resin modified type from 42.2 to 59.3, the conventional type
improved significantly for microhardness test but the resin modified type improved non-significantly.

Conclusion. Storing the GIC in a 225 gauss SMF enhances the mechanical characteristics and the degree of conver-
sion of resin modified and conventional GIC.

Keywords: glass ionomer cement, static magnetic field, polymerization,

mechanical properties

INTRODUCTION

The introduction of glass ionomer cement (GIC)
to the field of dentistry was pioneered by Wilson in
the 1970s, as documented by Wilson and Kent in
1972 [1]. The conventional glass ionomer cement
(GIC) has several advantages, such as its inherent
ability to adhere to dental enamel and dentin tissue,
the controlled release of fluoride, its caries-preven-
tive properties, and its antibacterial effects achieved
by pH reduction. However, the utilization of GIC is
limited by some disadvantages pertaining to its sub-
optimal mechanical properties, such as a weak
structure, limited durability under external pres-
sures, heightened susceptibility to high humidity,
insufficient microhardness, and low resistance to

wear [2]. Orthodontic bands are hypothesized to
lead to greater levels of enamel demineralization
compared to cemented brackets, mostly because to
their posterior positioning in the oral cavity, which
poses difficulties in oral hygiene maintenance and
promotes plaque accumulation [3]. In recent years,
there has been a significant utilization of Glass Ion-
omer Cements (GICs) for band cementation due to
their anti-cariogenic properties associated with flu-
oride release and their ability to bond to metal and
enamel. Consequently, the assessment of scientific
investigations pertaining to GICs has gained in-
creased significance [4]. Currently, there exist sever-
al light-cured orthodontic band cements that offer
extended working times, resulting in improved
band adjustment and strong bonding. Certain ce-
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ments, such as resin-modified glass ionomer ce-
ments (RMGICs) and polyacid-modified composite
resin (PAMC), exhibit properties that combine as-
pects of both glass ionomer cements (GIC) and con-
ventional composite resin [5]. The dentistry and
medical sectors utilize magnets extensively owing
to their compact dimensions and ability to produce
substantial forces through static magnetic fields
(SMFs) [6]. In contrast to an electrical field, which
experiences attenuation in the presence of objects, a
magnetic field (MF) is generated by the movement
of electrons, whether induced by an electric current
or by natural magnetic forces [7]. Compression
strength testing is a pivotal assessment method em-
ployed to evaluate the robustness of GICs. Micro-
hardness testing is a crucial method employed to
assess the extent of plastic deformations that occur
in a solid material when it is exposed to external
forces. According to Bonifacio et al., it is commonly
utilized as an indication for a cement or restoration
under occlusal stress and correlates to functional
factors like resistance and wear in dentistry [8]. Pre-
vious literature reviews have revealed a dearth of
research investigating the impact of SMF on glass
ionomer cements (GICs) when employed as a ce-
ment for orthodontic banding, or as bite raising ce-
ment. The aim of this study is to assess and contrast
the mechanical characteristics, namely compressive
strength and microhardness, as well as the degree
of conversion (DC), of two distinct kinds of glass ion-
omer cements (GICs). This evaluation will be con-
ducted both prior to and during storage in a simulat-
ed oral environment.

MATERIALS AND METHODS

The research protocol (UoM.Dent/ DM.79/22) was
reviewed and approved by the research ethics com-
mittee (REC) of the College of Dentistry, University of
XXX. Two distinct forms of GICs were employed in
the present study, as illustrated in (Table 1). The
study groups were divided into four groups: the
conventional chemically cured GIC group (CC), the
magnetized chemically cured GIC group (MC), the
light-cured RMGIC group (LC), and the magnetized
light-cured RMGIC group (ML). The MF source was
delivered by using Neodymium (NdFeB) magnets
(Quingado, Quingshing Magnets Company, Shan-
dong, China), which are acknowledged to provide
the greatest magnetic energy per volume. On a Te-
slameter (GV-400T, Nihon Denji Sokki Co., Tachika-
wa, Tokyo, Japan), the MF was set at 0.225 Tesla (T).
For stability, a smaller plastic container was put
within the larger plastic container to support the
SMF produced by the magnets, which were aligned
parallel to one another on the inside of the larger
plastic container (Figure 1). To ensure the magnetic
exposure of the cements and prevent sliding of the
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TABLE 1. Types of GICs used in the study

Cement Cement
Trade Name Manufacture Cement Type Lot No.
Resilience Orthotechnology, | Light cured H022661A
USA band cement
“compomer”
TOKUYAMA | Japan Chemical 261E33
Tokuso cured luting
cement.
Outer Cover Plastic
Container
Magnet e
Inner Hole
Inner Cover Plastic T
Container _—

FIGURE 1. lllustrated Three-dimensional graph of the SMF
device used in this study

RMGIC tube or the traditional GIC powder outside
the field, the inner container's free end was closed
with an elastic stopper. Both cement kinds were
held in this setup for 48 hours at room temperature
to guarantee complete magnetic saturation [3].

PROCEDURE

1. Calculating the Degree of Conversion DC%

The specimens in each group (n=10) were sub-
jected to analysis using a Fourier-transform infra-
red (FT-IR) spectrometer. The analysis was conduct-
ed in an attenuated total reflection (ATR) mode,
specifically utilizing a diamond device of the ALPHA
model with LASER1 technology, manufactured by
Bruker in Germany. The scanning range of the spec-
trometer spanned from 4000 to 400 cm™. This analy-
sis took place at the College of Dentistry, University
of Mosul.

a) The DC (%) for the chemically cured GICs (CC,
MC) were determined using the following
equation DC = 100(C-C) / C,, where (C) and
(C) denote the integration of a reactionary
hydroxyl functional group peak above the
baseline, measured initially and at time, t, af-
ter the commencement of mixing according
to the manufacturer's recommended proce-
dure for combining the powder and liquid
components [9].

b) The DC (%) for the light cured GICs (LC, ML)
were determined using the following equa-



RomaNiaN JoURNAL oF StomaToLocy — VoLuMme 69, No. 4, 2023

tionDC = (A,/A,-A,'/A,) [ (A,/A))*100%, where
A /A, and A /A stand for the of absorption
peak of the vinyl group of material bond and
the ratio of vinyl interested before and after
polymerization. The monomers photo-cured
using a handheld dental curing light unit, and
the intensity of light irradiation was adjusted
through the distance of light to samples [10].

2. Vickers Surface Microhardness Test

Disc-shaped specimens with a diameter of 8 mm
and a thickness of 2 mm were fabricated using
Teflon molds for the surface microhardness test. In
relation to each of the four examined groups, the
number of specimens was 10. The (CC) and (MC)
groups have been prepared in accordance with the
manufacturer's instructions within a time frame of
60 seconds following the completion of mixing on a
glass slab that had been chilled. Subsequently, the
mixed cement was carefully inserted into the mold,
slightly exceeding its capacity, while simultaneously
affixing a transparent polyester strip onto the up-
permost layer of the cement. This was then succeed-
ed by the placement of a microscopic glass slide. As
a way to standardize the pressure used during the
first setting of the material and to extrude any ex-
cess material, a weight weighing 200 grams was
placed on top of the set, thereby pressing it against
the top of the matrix and ensuring its retention [11].
The identical methodology was replicated for both
the LC and ML groups, with the exception that no
mixing occurred. Instead, the cements were directly
injected into the molds. The curing process began by
employing an LED dental light cure device for a du-
ration of 20 seconds, utilizing a wavelength range of
420-480 nm and an illumination strength of 1200-
1500 mw/cm?, a curing radiometer (Woodpecker,
China) was used to calibrate the illumination for
each five specimens to insure a steady light intensi-
ty throughout the procedure. Following the extrac-
tion from the mold, the surfaces of the specimens
underwent a polishing process utilizing abrasive
papers with grit sizes of 900#, 1500#, 2000#, and
3000#. Following that, the specimens were im-
mersed in distilled water at a temperature of 37°C
for a duration of 24 hours prior to testing. Each spec-
imen was secured in a clamp, and the specimen's
testing surface was given five evenly spaced inden-
tations 1.5 mm or more away from the specimen's
edge or neighboring indentations. The surface mi-
crohardness was determined by measuring the size
of the indentation on the surface of each specimen.
The length of the indentation was afterwards meas-
ured in micrometers (um) using a microscope with a
magnification power of 600X, as described in previ-
ous studies [12,13]. According to Zhu et al., the spec-
imen underwent a consistent application of 200 N
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force for a duration of 10 seconds [14]. The formula
employed was: 1.854 x P/d?> (Mpa). Where (P) is the
load, (d) is the length of the diagonals, and (1.854) is
a constant.

3. Compressive Strength

The dimensions of the specimens were made to
measure 6mm X 4mm, in accordance with the ANSI/
ADA Specification No. 661 for dental cements. A me-
tallic matrix, measuring 6 mm in height and 4 mm
in diameter, was fabricated and characterized. The
(CC) and (MC) specimens were mixed based on the
powder/liquid ratio specified by the manufacturer.
To achieve a polished and glossy glass ionomer ce-
ment, the powder and liquid components were
carefully dispensed and manipulated on a chilled,
thick glass slab. This approach was necessary as the
mixing sheets provided by the manufacturer were
insufficient in size to accommodate the required
quantity of material for filling the matrices. The ce-
ment was inserted in a single increment and al-
lowed to fully cure. The metallic matrices were ini-
tially isolated using a thin film of Vaseline and
afterwards coated at the surface with a mylar strip.
The (LC) and (M) specimens were placed into metal-
lic matrices. Each sample was then subjected to a
light-curing process lasting 20 seconds. Following a
period of 30 minutes of undisturbed conditions, the
specimens were subsequently immersed in distilled
water for a duration of 24 hours. Subsequently, the
specimens were subjected to compressive strength
testing using a universal testing machine (SANS,
China). The testing was conducted utilizing a claw
with a diameter of 2 cm, and the crosshead speed
was set at 0.5 mm/min until the point of specimen
fracture, as described by [15].

RESULTS

The FTIR spectra for calculating the DC among
the tested groups were demonstrated in figures 2, 3,
4 and 5, in which a clear deviation in the bands un-
der the wave length 1000 which represented the fig-
ure print of the raw material. Table 2 represented
the descriptive statistics and Wilcoxon signed rank
test for the DC samples, where the conventional type
increased significantly from (37.03 to 45.00) and the
resin modified type from (42.2 to 59.3). Table 3
showed the descriptive and Wilcoxon signed rank
test for the Vicker surface microhardness, where
the conventional type increased significantly from
(37.03 to 45.00) MPa and the resin modified GIC type
also increased from (42.2 to 59.3) MPa with non-sig-
nificant effects to non-exposed cement to SMF. The
descriptive data for the compressive strength and
the results of Wilcoxon signed rank test of both GIC
used in this study were showed in table 4 where the
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TABLE 2. Representing the significant differences of the DC%
of the study groups as well as the descriptive statistics

TABLE 3. Representing the Wilcoxon Signed Ranks Test
(significant differences of the DC% of the study groups) as

- - well as the descriptive statistics
Wilcoxon Signed
GIC Study M D Ranks T
Groups S anks est | d Wilcoxon Signed
Z (2 tailed) (P) value GIC Study Mean sD Ranks T
Groups (MPa) anks est
CC Group 42.5000 0.68191 0.042 (0.05) Z (2 tailed) (P) value
MC Group 65.1000 0.50990 ’ ' CC Group 37.0350 1.12373 0.028 (0.05)
LC Group 75.5220 0.18213 0.043 (0.05) MC Group 45.0050 1.03378 ’ '
ML Group 85.2400 0.79246 ’ ' LC Group 42.2250 1.88922 0.345 (0.05)
CC: the conventional chemically cured GIC, MC: the magnetized ML Group 59.3450 0.77591

chemically cured GIC, LC: the light-cured RMGIC, ML: the

magnetized light-cured RMGIC, M: mean, SD: standard deviation,

statistically significant difference with p <0.05

CC: the conventional chemically cured GIC, MC: the magnetized
chemically cured GIC, LC: the light-cured RMGIC, ML: the

magnetized light-cured RMGIC, M: mean, SD: standard deviation,
statistically significant difference with p <0.05
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TABLE 4. Representing the Descriptive statistics and the
Wilcoxon signed ranks test values for the compressive
strength test

Wilcoxon Signed
GIGCrg:u(:y ?I,Iwe:ar; SD Ranks Test
P Z (2 tailed) (P) value
CC Group 195.3367 29.615
0.043 (0.05)
MC Group 209.2867 11.7827
LC Group 317.2900 55.41859
0.043 (0.05)
ML Group 523.3887 13.07895

CC: the conventional chemically cured GIC, MC: the magnetized
chemically cured GIC, LC: the light-cured RMGIC, ML: the
magnetized light-cured RMGIC, M: mean, SD: standard deviation,
statistically significant difference with p <0.05

conventional type increased significantly from
195.33 (29.6) to 209.286 (11.78) MPa and the resin
modified type also improved significantly from
317.29 (55.4) to 523.38 (13.07) MPa.

DISCUSSION

With the new discovery that magnetic flux af-
fects polymeric materials utilized in various sectors,
it is important to consider how the magnetic field
evolves and how different materials are affected by
it. Both light-activated and chemically-activated
GICs are currently employed for band cementation
in orthodontics, in this study the resin modified GIC
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and the conventional GIC were analyzed. Before the
polymerization process begins, a magnetic field is
applied to both the conventional GIC powder and
the resin-modified GIC tube. Both the control and
the magnetized samples of each material were eval-
uated to determine their main physical and me-
chanical qualities. The primary mechanical charac-
teristics of the dental material were utilized to
assess the impact of storing the dental cement in a
magnetic field. SMFs have been utilized to analyze
material attributes due to their ability to strengthen
the polymer without direct contact [16]. Results
showed that there were statistically significant dif-
ferences between the DC%, microhardness and
compressive strength values of the two GIC types
utilized in the study, and that the SMF significantly
affects the characteristics of the materials. This
might be explained by the fact that the monomer's
diamagnetic characteristics were modified and per-
haps even prearranged before to the polymeriza-
tion process [17]. FTIR has shown to be a reliable
analytical technique for detecting vibrations result-
ing from the stretching of C=C bonds in polymers
and monomers [18-20]. Thus, the DC of polymeriza-
tion was evaluated according to the area under the
curve of the target bands of each tested material for
light activated type as it considers as a resin-based
material. While for chemical cure type the integra-
tion of a reactionary hydroxyl functional group
peak above baseline, initially and at time, after the
mixing according to manufacture instructions be-
tween powder and liquid respectively. Due to SMF's
influence on molecular alignment, the light trans-
mittance of the light cure type may be improved,
which in turn may increase the DC of the GIC light
cured type [21,22]. However, the chemically cured
type also demonstrated an effect in terms of the
enhancement of the investigated qualities, perhaps
because the chemically cured kind arranges its mol-
ecules with SMF to guarantee optimum polymeriza-
tion. The weak magnetic anisotropy of individual
monomers is reflected in the magnetic orientation
of aliphatic and aromatic polymers. Crystal packing,
polymer chain secondary structure, and monomer
magnetic anisotropy all play a role in determining
the orientation [23]. Over time, a material subjected
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