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Abstract: The present in vitro study aims to evaluate pre- and probiotic liquids' effect on surface
roughness values of restorative materials after one month of immersion. 360 disc-shaped samples (5mm
x 2mm) were prepared from two types of glass-ionomer cements (GIC), a resin-modified GIC, a
compomer, three bulk-fill composites, and one microhybrid composite. After the surfaces were
polished, samples were divided into three groups (n = 15) and immersed for 10 minutes daily for one
month in either a probiotic sachet, kefir (prebiotic), or artificial saliva. After that, the surface roughness
values were measured by a profilometer. Scanning electron microscopy (SEM) evaluations of one
sample from tested materials were also added. Statistical data were analyzed using one-way ANOVA
and Bonferroni–Dunn tests. One of the GIC materials had significantly rougher surfaces in the probiotic
sachet, followed by the compomer (p < 0.05). The compomer showed the roughest surfaces after
immersion in kefir, followed by the microhybrid composite (Z250). Probiotic sachets formed rougher
surfaces than kefir among samples. SEM images revealed the inorganic filler structures and microcracks
on the surfaces. A high-viscosity glass-ionomer cement, Equia Fil Forte, and other composite-based
materials tested in the present study can be used in pediatric patients who use pre- and probiotic
supplements.
Keywords: restorative materials; surface roughness; probiotics; kefir; scanning electron microscopy.
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1. Introduction
Improvements in the formula of the matrices and new filler structures influenced by
nanotechnology have led to superior physical, mechanical, and esthetic properties of resinbased restorative materials [1]. Modifications of inorganic fillers of resin composites ensure
better wear resistance, polishability, and lower surface roughness. Optimum surface
smoothness is an important factor in maintaining surface quality. Moreover, a rougher surface
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may cause staining, discoloration, bacterial accumulation, secondary caries, and gingival
inflammation [2,3]. To prevent these complications, materials should be finished and polished
using ideal equipment and cautiously polymerized [4,5]. Furthermore, roughness values above
0.3 µm are detectable by patients' tongues and cause discomfort, especially for pedodontic
patients [6].
Not only are resin-based materials used in pedodontic patients, but also GICs are
frequently used. Conventional GICs are proven to be viable restoration choices for primary
molars, and resin-modified glass ionomers (RMGIC) are preferred since they are easy to handle
and ideal for marginal adaptation [7]. Some studies determined that innovations of high-viscous
glass-ionomer cements (HV-GICs) have the advantage of conventional GICs and enhanced
mechanical and wear properties [8,9]. Although GIC showed promising clinical results as a
permanent filling [10] and is essential as an added protection against caries in children, the
release of fluoride ions from these materials cause further deterioration of the surface, resulting
in high-surface roughness values and an accumulation of plaque [11].
Low and high viscosity bulk-fill composites have recently been developed for layering
materials in a single application [12]. These materials have better marginal adaptation, lower
technical sensitivity, and less bubble formation. Additionally, this timesaving application is a
good option for pedodontic patients. Regarding surface roughness properties, there are
conflicting results among studies that compare bulk-fill to conventional resin composites [1315]. However, studies investigating the effect of pre- and probiotic liquids on these restorative
materials' surface properties are rare.
Probiotics are available for sale as dietary supplements composed of beneficial bacteria
and yeast, which play a vital role in strengthening the immune system. Similarly, prebiotics
improves health by stimulating the amount and activity of probiotics [16]. Supplements are
important not only for general health but also for some of their essential oral health effects.
Dairy probiotics were proven useful for reducing Streptococcus mutans (S. mutans) and
increasing pH balance in saliva [17]. Moreover, pre- and probiotics contain many
micronutrients, such as Ca+2 and Mg+2, that may provide the ionic balance of oral biofilm [18].
These supplements for children are usually contained in packets for children and consumed for
months to provide a strong immune system. Because these products have low pH values and
are being used regularly for a period, they may affect restorations. To our knowledge, studies
to examine surface properties of these pre- and probiotics have not been conducted. Therefore,
the present study evaluates the effects of pre- and probiotics consumed by children on various
restorative materials' surface roughness values. Artificial saliva was included as the negative
control, and the samples' surface topographies contributed to the study to support the
profilometric findings. In contrast, SEM images were added to analyze the differences among
surface features of the tested materials. The null hypotheses were: (1) there would be no
significant difference between tested restorative materials, and (2) there would be no significant
difference among the effect of tested liquids.
2. Materials and Methods
2.1. Preparation of the specimens.

A conventional GIC, an HV-GIC, an RMGIC, a compomer, three bulk-fill composites,
and a microhybrid resin‐based composite were tested in the present in vitro study.
Compositions and types of the related materials are presented in Table 1. A total of 360 samples
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were fabricated using a cylindrical metallic mold (5 mm in diameter and 2 mm thick). Each
material was inserted into the mold and confined between two opposing transparent matrix
strips. A glass microscope slide (1 mm in thickness) was then placed over the mold, and
constant pressure was applied to extrude the excess material. All the restorative materials were
polymerized according to the manufacturers’ recommended polymerization duration with a
LED light-curing unit (Valo LED Curing Light; Ultradent Products Inc., UT, USA) operating
in standard mode. The light-curing unit's tip was placed perpendicular to the specimen’s surface
at a distance of 1 mm, and the power of the curing unit was measured with a radiometer before
the beginning of each polymerization. Afterward, specimens were removed from the mold and
kept in distilled water at 37°C on a stove for 24 hours for post-polymerization. Then, Sof-Lex
discs (3M ESPE, St Paul, MN, USA) were used to finish and polish all specimens. To reduce
variability, the same investigator performed finishing and polishing procedures, and the discs
were renewed after their 3rd use. Then specimens were kept in distilled water at 37°C until the
experimental period.
Table 1. Brand, type, and composition of the tested materials used in the study.
Name

Brand

Ketac Molar
EasyMix
(KM)

3M
Espe

Equia Forte
Fil (EFF)

GC

1805
16A

Geristore
(GS)

DenM
at

1907
9000
02

Dyract XP
(DXP)

Dents
ply
Sirona
Shofu

0604

BeautifulBulk (BB)
Venus Bulk
Fill (VB)
SonicFill
(SF)
Filtek Z250
(Z250)

Kulzer
Kerr
3M
Espe

Lot
No.
6383
514

0517
27
K01
0206
6599
433
N97
0668

Type

Composition

Convention
al Glass
Ionomer
Cement
(GIC)
High
viscosity
glass
ionomer
(HV-GIC)
Resin
modified
glass
ionomer
Compomer

Powder: Aluminium–calcium–lanthanum fluorosilicate glass
Liquid: polycarboxylic acid

Bulk-fill
composite
Bulk-fill
composite
Bulk-fill
composite
Convention
al resin
composite

Powder: Fluoroaluminasilicate glass, polyacrylic acid, iron oxide
Liquid: Polybasic carboxylic acid, water

Aromatic dimethacrylate, HEMA, Barium-fluorosilicate glass,
silica, initiators, stabilizers (3.5 µm) (50% wt.)

TCB resin, UDMA, Strontium‐fluoro‐silicate glass, strontium
fluoride, photoinitiator, stabilizers (0.8 µm, 47% wt, 50% vol.
fillers)
Fluoro-alumino-silicate glass, BisGMA, UDMA, TEGDMA,
BisMPEPP, Reaction initiator, others (75% wt.)
UDMA, EBPDMA, barium glass, ytterbium trifluoride, silicon
dioxide (65% wt, 38% vol.)
TMSPMA, EBPADMA, TEGDMA, oxide, SiO2 (83.5% wt.)
Bis-GMA, Bis-EMA, UDMA, TEGDMA, zirconia, silica (0.01 3.5 μm), (78 wt%, 60 vol%)

2.2. Experimental period.

Specimens from each group (n = 15) were stored for 10 min/day for one month in a cup
of one of the following groups: Probiotic sachet, kefir, and artificial saliva as control.
Manufacturers and the content of the beverages are given in Table 2. A probiotic sachet was
mixed with 200 ml. of water to obtain a solution, and the pH value of each beverage was
determined using a pH meter (Orion 420, Beverly, MA, USA). All of the beverages were used
at room temperature and were renewed during every period. The specimens were kept
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immersed in distilled water at 37±1°C between cycles. Specimens were re-placed in cups in
each cycle so that the experimental surfaces were completely in contact with the beverages.
Table 2. Brand, pH, and composition of the groups.
Groups
Probiotic
sachet

Name
Nutrigen
Inulin

Kefir
(prebiotic)
Artificial
saliva
(Control)

Pinar Cilekli
Kefir

Brand
Nutrigen,
Istanbul,
Turkey
Pinar Inc.,
Izmir, Turkey
-

Ph
3.0

Composition
Inulin, polydextrose, vitamins, folic acid, Se, Cr, Mg, I.

4.4

Cow milk, yeast, kefir, milk fat, lactoprotein

7.0

Calcium hydroxide, 0.9 mM of phosphorus and potassium (0.1225 g
potassium phosphate monobasic/L of deionized water), 20 mM TRIS
buffer*

*reference from Ozera et al.[19]

2.3. Surface roughness measurements.

The roughness values for each specimen were measured with three consecutive
readings in the middle region of the specimens, and mean Ra values were calculated. Before
the measurement, each specimen's top surface was blotted dry using tissue paper and a surface
profilometer's contact guide (Taylor Hobson Surtronic+, Taylor Hobson Ltd, Leicester, UK)
the center of the specimen surface. The profilometer, calibrated against a standard after each
measurement, was set to a cutoff value of 0.25 mm, a transverse length of 1.25 mm, and a
stylus speed of 0.1 mm/s. Measurements were taken directly after polishing the specimens
(baseline) and one month.
2.4. Surface topography examination.

A specimen from each material's control group was examined under a triboindentor (Ti
950, Hysitron, MN, USA) to compare the surface characteristics. A diamond Berkovich tip was
used to scan an area of 40×40 μm from the middle of the specimens with an imaging force
maintained at 0.5 μN. Maximum height levels of the surfaces were evaluated.
To compare tested materials' surface characteristics, a novel specimen with 5 mm in
diameter and 2 mm thick had prepared for SEM examination from each material group.
Specimens were fabricated by utilizing a cylindrical metallic mold, and after 24 hours, finishing
and polishing procedures were applied with Sof-Lex discs. Then, all of the specimens were
kept in artificial saliva for 48 hours. For SEM evaluation, specimens were sputter-coated with
gold (Polaron SC7620, Quorum Technologies, UK) and were examined under an SEM (JEOL
5500 LV, JEOL, Japan) at 10 kV accelerating voltage. Photographs of the representative areas
of the polished surfaces were taken under ×1000 magnification. All of the images were taken
by the same operator.
2.5. Statistical analysis.

The statistical analysis was done using SPSS 24.0 (SPSS, Chicago, IL, USA) at a
significance level of 0.05. The results were primarily analyzed using the Kolmogorov-Smirnov
test to determine the existence of a normal distribution. Since the data were normally
distributed, differences observed within each material were analyzed by Student’s t-test.
Further statistical analyses for cross-comparing the test materials were performed by one-way
ANOVA and Bonferroni/Dunn test.
https://biointerfaceresearch.com/
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3. Results and Discussion
According to our results, a significant difference was not observed in the specimens of
EFF and GS; however, other tested restorative materials showed significant differences after
one month of immersion (p < 0.05). Mean surface roughness values and standard deviations of
tested materials are shown in Table 3. In the KM, SF, and Z250 specimens, all tested liquids
showed significantly higher roughness values except for the KM specimens immersed in kefir.
Specimens of VB, BB, and DXP had significantly rougher surfaces after one month of
immersion in probiotics. Similarly, specimens of DXP showed significantly higher roughness
values in kefir after one month (p < 0.05). There were no other significant changes among
groups after immersion in the specified duration of time.
Table 3. Mean and standard deviations of Ra values (µm) of all tested materials immersed in probiotic
beverages*.
Restorative materials
Ketac Molar EasyMix
(KM)
Equia Forte Fil (EFF)
Geristore (GS)

Probiotic
Baseline
1 month
0.97 ± 0.26Aa 1.12 ± 0.32Ce

Kefir
Baseline
1 month
0.91 ± 0.22Aa 0.56 ± 0.21De

0.50 ± 0.15Ab
0.81 ± 0.26Ac

0.41 ± 0.12Ac
0.44 ± 0.06Bc

0.38 ± 0.19CDf 0.28 ± 0.07Ba
0.44 ± 0.10Cfe 0.55 ± 0.23Bb

0.36 ± 0.07Abc
0.41 ± 0.11Ac

0.75 ± 0.10Cd
0.39 ± 0.16Cf

0.28 ± 0.05De
0.86 ± 0.44Dc

0.40 ± 0.05De
0.41 ±
0.06BCe
Ad
Cg
Ab
Cf
Ba
Venus Bulk Fill (VB)
0.27 ± 0.05
0.35 ± 0.11
0.24 ± 0.08
0.33 ± 0.12
0.35 ± 0.05
0.37 ± 0.14Ce
SonicFill (SF)
0.36 ± 0.12Ad 0.65 ± 0.19Bf 0.35 ± 0.06Abc 0.54 ±
0.38 ± 0.11Aa 0.48 ±
0.09BCfe
0.10Cde
Filtek Z250 (Z250)
0.28 ± 0.10Ad 0.57 ±
0.25 ± 0.09Ab 0.61 ± 0.17Bde 0.32 ± 0.15Aa 0.54 ±
0.19Bfg
0.07Bde
* According to Bonferroni/Dunn tests, different uppercase letters show significant difference among base and 1-month
scores of beverages in lines, and different lowercase letters show significant difference among the base and 1-month scores
of materials in columns (p<0.05).
Dyract XP (DXP)
Beautifil-Bulk (BB)

0.34 ± 0.08Ad
0.42 ± 0.11Ad

0.50 ± 0.20Cg
0.72 ±
0.29CDf
0.87 ± 0.16Bf
0.50 ± 0.12Bg

Artificial saliva
Baseline
1 month
0.55 ± 0.10Bb 0.70 ± 0.23Dd

0.42 ± 0.15Aab
0.39 ± 0.07Aa

Statistical significance was found among tested liquids and the control group (p < 0.05).
When comparing the effect of pre- and probiotic liquids (excluding the specimens of GS),
smoother surfaces were observed in the control group (p < 0.05). There was no significant
difference between the tested liquids and the control groups of VB and Z250 (p > 0.05). In the
BB, DXP, and KM groups, kefir specimens showed significantly lower surface roughness
values than probiotics. Furthermore, except for the GS and VB groups, the probiotic had the
highest surface roughness values.
According to Bonferroni–Dunn tests, there is a significant difference between all
groups (p < 0.000). After one month of immersion, VB showed the smoothest surfaces in preand probiotic liquids. Specimens of EFF had the lowest roughness score in the control group.
DXP showed superior results when immersed in artificial saliva; however, poor results were
observed when it was immersed in pre- and probiotics. Significantly, the KM specimens had
the roughest surfaces after immersion in probiotics (p < 0.05). Geristore showed the roughest
surfaces with significant differences in artificial saliva, followed by KM and Z250,
respectively.
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3.1. Nanoindentation and SEM images.

The topographic images of each material taken from the triboIndentor are presented in
Figure 1.

Figure 1. 3D topographic images of tested restorative materials. Representative images are shown for groups (a)
KM; (b) EFF; (c) GS; (d) DXP; (e) BB; (f) VB; (g) SF; (h) Z250.
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Figure 2. Scanning electron micrographs of the surfaces of the tested restorative materials at ×1000
magnification. Images represent (a) KM; (b) EFF; (c) GS; (d) DXP; (e) BB; (f) VB; (g) SF; (h) Z250.

Evaluation of the images' features shows that the DXP group had the most surface
elevations, showing the maximum height (8.41 µm) among all groups (Figure 1d). In addition,
extensive irregularities were also seen in the Z250 group, which had the maximum height of
https://biointerfaceresearch.com/
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8.24 µm, followed by the GS group (8.08 µm). Bulk-fill groups showed similar surface
properties, but these restorative materials had rougher surfaces compared to the KM and EFF
groups. Among bulk-fill composites, the BB group showed a shorter elevation (7.49 µm) than
the surfaces of the VB and SF groups (8.07 µm). According to nanoindentation images, KM
(7.11 µm) and EFF (7.44 µm) had lower irregularity levels. SEM images of the tested
materials’ surfaces are shown in Figure 2.
Voids from finishing and polishing procedures are highly obvious in the KM and SF
groups (Figures 2a and 2g). There are partial loss and holes throughout the surface of the EFF
group (Figure 2b). Particles of irregular shapes and sizes are prominent in both the GS and BB
groups also (Figures 2c and 2e). A homogenous surface structure and small fillers are
monitored in the VB group (Figure 2f). Microcracks and protruding particles are seen on the
surface of the Z250 group (Figure 2h).
3.2. Discussion.

A healthy lifestyle has emerged as a global trend. Understanding the importance of
beneficial gut bacteria has led people to use extra supplements comprised of dairy products.
These bacteria also play a role in the oral cavity to reduce cariogenic bacteria's effects on teeth
and restorative materials over time. The present study demonstrates that using pro- and
prebiotics for one month had significantly altered many of the tested restorative materials'
surfaces. Only EFF and GS specimens had no significant difference over time. Thus, the effect
of tested liquids could vary among restorative materials.
Studies evaluating exogenous effects on materials have used different methodologies,
especially among immersion times. Many of the studies have used uninterrupted immersion in
liquids. Besides, the present study was designed to limit the duration of liquids in the oral cavity
to 10 minutes, similar to the recent methodology of Gupta et al. [20]. Hence, this time duration
is presumed to reflect the effects of tested liquids representing realistic conditions of restorative
materials in the oral cavity. The surface roughness of dental restoratives was assessed using
both qualitative and quantitative methods, including either 2D (mechanical) or 3D analysis
(optical). The Contact profilometer was the most common mechanical method utilized because
of its easy handling and repeated analyses [3]. The scanning electron microscope (SEM) is a
3D method that is frequently used in in vitro studies [21-23], but it does not allow specimens
to be measured again; therefore, it is a nonrepetitive method. Thus, this current study used SEM
images taken from new specimens and prepared specifically for this method. In contrast, atomic
force microscopy (AFM), or nanoindentation devices, visualize the surface topography of
restorative materials at a high resolution and do not harm the specimens' surface [24-27]. Based
on gaining more valid predictions of surface roughness of various restorative materials, the
present methodology was designed based on the average profilometer results and supported by
the 3D images gained by nanoindentation. The maximum height of the surface elevations in
3D images was also evaluated; however, the nanoindentation and profilometer results did not
fully support each other. The conflicting results of the two methods on some of the tested
materials could be attributed to the limited section area of the nanoimages.
Various types of restorative materials (conventional glass ionomers, resin modifies
glass ionomers, compomers, bulk-fills, and conventional composites) that could be used in
pedodontic patients were included in the current study. Surface roughness values of materials
were significantly different after immersion in tested liquids; thus, the first hypothesis was that
there would be no significant difference between tested restorative materials—is rejected. The
https://biointerfaceresearch.com/
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GS and KM groups showed significantly lower results among other groups. The KM, as a
conventional glass ionomer, may have higher roughness scores than other resin-based materials
because of their higher polishability capacity [28]. GS had higher roughness scores when
immersed in artificial saliva after showing the same roughness values in tested pre- and
probiotics (control). Additionally, nanoimages of the GS specimen, which was also taken from
control group, showed irregular elevations indicating rougher surface texture (see Figure 1c).
This could be attributed by its hydrophilic nature as a self-adhesive material. With the presence
of acidic monomer in their structure, self-adhesives need water for ionization to bond with
dental tissues [29]. Resin-based matrices of these materials are generally composed of
hydrophilic monomers, such as HEMA in GS. Thus, absorption of water in the structure could
result in higher surface roughness values in the study.
Restorations with higher surface roughness values are more prone to bacterial adhesion,
deterioration, and discoloration, so that these hazardous situations may lower the longevity of
the restorations [30]. Glass ionomers have been widely used, especially in pediatric dentistry,
due to some advantages such as releasing fluoride, chemical bonding to dental hard tissues and
easy-handling. Surface analysis of KM and an improved glass ionomer EFF were performed,
and similar to the study by Milicevic et al. [31], the KM showed significantly higher roughness
values. This could be caused by the low resistance of KM to acidic media. Both pre- and
probiotic liquids have lower pH levels, which may have affected the conventional GIC. In
lower pH levels, glass fillers of GIC materials became more sensitive and tended to break off,
resulting in the decomposition of the matrices [32] and deterioration of polyacrylate salts [33].
Weak acid resistance could be responsible for the rougher surface levels of KM and the high
viscosity EFF both at baseline and after one month. The EFF showed significantly lower
roughness than KM, and after one month of immersion, there were no significant differences
between the roughness values of EFF and bulk-fill composites (VB, BB, and SF) in kefir and
artificial saliva groups. Likewise, in bulk-fill groups, EFF showed significantly similar
roughness scores with Z250 after immersion in probiotic and artificial saliva groups. The
smaller and more reactive silicate glass [34] of EFF could be responsible for the specimens'
composite-like roughness values. DXP is a compomer that is easily termed as a combination
of the properties of glass ionomer and composites [35]. DXP, like glass GICs, contains
fluorosilicate glass with strontium fillers settled in a resin-based matrix. Similar to the studies
of Karda et al. [36] and Topaloglu-Ak et al. [37], DXP performed better than the GIC-based
material but worse than composite materials regarding profilometric roughness scores. These
scores could be related to DXP's average particle sizes (0.8 µm), which are as small as
composite materials. The dense structure of small particles is easily seen in the SEM image
(Figure 2d).
The surface roughness of resin composites is affected by the type, shape, size, and
distribution of the materials' inorganic fillers [30]. Depending on the experimental design's
immersion period, the solubility and water-resistance of the resin-based matrices should impact
tested materials. Regarding filler sizes, smaller fillers form smaller gaps, or voids, after
finishing and polishing procedures [15,38]. Furthermore, small fillers with higher loading
minimalize the spacing, which provides resistance to the resin matrix [30]. Therefore, the SF
group, which has the smallest particle size with the highest loading, was expected to show the
smoothest surfaces; however, it had numerically higher roughness scores among other bulk-fill
composites. These low results of the current study are in accordance with the research by
Karadas and Demirbuga [14] that found SF to be the second-roughest composite among the
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nano-fill and three bulk-fill composites. SF is a bulk-fill composite activated with a sonic
system to fill cavities. The loosened bonding could explain these substandard results between
the fillers and the material's resin matrix, releasing the rigid barium fillers after finishing and
polishing procedures. Like the current study, there were obvious defects on SFs surfaces in a
study supported by SEM [14].
In literature, there are conflicting results among the surface roughness scores of bulkfill and microhybrid composites. While Magdy et al. [15] had determined similar surface
roughness values among bulk-fill and nanohybrid composites, some studies showed higher
roughness scores in bulk-fill composites than nano- and microhybrid composites [13,14]. One
reason could be that filler sizes do not vary widely in bulk-fill and conventional composites.
For example, in the current study, the VB and Z250 composites had similar filler sizes but
could not be compared because of BBs fillers' limited data. The current study found that Z250
had a numerically higher value than VB and BB in all groups. Moreover, after immersion in
kefir, significantly rougher surfaces than VB and BB were shown again. Contrary to the study
by Ruivo et al. [3], which had declared that resin-based materials with spherical or rhomboid
filler structure (such as silica and zirconia) were able to have smoother surfaces, Z250 showed
inferior surface characteristics with the related filler structure. The high filler loading of Z250
(78%) or the effects of tested pro- and prebiotics' acidic nature may be responsible for these
scores. Although the statistics do not show a significant difference among surface roughness
values, when comparing VB and BB, VB showed smoother surfaces, which could be attributed
to its higher polishability. In SEM images, a uniform particle distribution of the VB group
appeared to have a homogenous surface (Figure 2f). Furthermore, the BB, a giomer containing
silicate glass as its main component, is more sensitive against acidic pH levels than Ba or Zr
fillers.
In evaluating the tested solutions, the current study declares that, except for VB and
Z250, each material's one-month roughness scores were significantly different in tested
materials. The KM, DXP, and BB groups had the roughest surfaces when immersed in the
probiotic solution. Although the probiotic solution caused the roughest surfaces in the EFF and
SF groups, the different scores in specimens immersed in kefir were not significant. Moreover,
specimens of GS had the roughest surfaces in artificial saliva, of which the scores were
significantly higher than the ones in kefir. Thus, the second hypothesis of the present study—
that there would be no significant difference among the effect of tested liquids—is partially
rejected. According to the present results, probiotic packets and kefir have acidic pH levels (3
and 4.4, respectively). It has been proven that restorative materials can degrade over time and
show surface roughness, a reduction in wear, resistance, and microhardness under regular
acidic conditions. In resin-based materials, mechanical and physical properties may be affected
by accelerating biodegradation after collapsing the polymer matrix [39]. This may lead to
residual monomers' release, the removal of fillers, the formation of holes and voids among the
surface, an increase in surface roughness and topography, an increased risk of secondary caries,
and pulpitis and debonding of the restorative material [30,39,40]. Among the tested liquids, it
is plausible that probiotic packets with the lowest pH levels affected the surfaces more than the
tested prebiotic, kefir.
In contrast, water absorption of the restorative materials directly influences the
longevity of the restorations. Water is an integral part of GIC and GIC-based restorative
materials because it is essential for both setting and proceeding the chain reaction in these
materials [41]. However, gaining too much water results in expanding the material and
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decreasing its physical properties [42]. After the one-month immersion in artificial saliva, KM
had the highest surface roughness among all materials; however, EFF as an RMGIC showed
no difference in the current study. This could be attributed to the RMGIC's structural
differences in polymerization processes. The light-curing and strong structure of EFF may
result in lower water uptake and higher surface smoothness. Composite restorations may also
be affected by aqueous environments about their resin content. The chemistry and structure of
polymer matrices are the most important aspects in determining the sorption and solubility of
dental composites [43]. The most widely used monomers of dental resins are bisphenol A
glycol dimethacrylate (BISGMA), urethane dimethacrylate (UDMA), triethylene glycol
dimethacrylate (TEGDMA), and bisphenol A ethoxylateddimethacrylate (BISEMA).
TEGDMA and BISGMA are acknowledged as hydrophilic, and UDMA and BISEMA are
relatively hydrophobic. BISEMA has fewer carbon-carbon double bonds that lead to a softer,
less cross-linked organic matrix than UDMA [30]. More hydrophilic monomers absorb more
water; thus, resin-based matrices begin to soften and result in the displacement of filler
particles, increased surface roughness, and reduced surface microhardness [42]. Furthermore,
due to hydrolysis of the silane interface and the loss of chemical bonds between filler particles,
the material's degradation ultimately occurs [44]. In the present study design, specimens were
immersed in liquids for 10 minutes for 30 days; consequently, the resin-based matrices should
be affected by water uptake from tested liquids and artificial saliva. It is plausible that the GS
had the highest roughness scores in artificial saliva because of its HEMA content. Among the
Z250 and bulk-fill composite materials, there were no significant differences after the onemonth immersion in artificial saliva, but Z250 had the highest numerical roughness score. This
result is according to studies by Gonulol et al. [45] and Haugen et al. [46] in which
conventional composites were determined not to have superior results over bulk-fill composites
with regard to surface roughness. The substandard results of the Z250 specimens may be
attributed to its unsilanated fillers that weaken the filler-matrix interface [45]. The outcome is
that fillers may pull out of the resin matrix after the water uptake.
As the present study is an in vitro research, there were limitations, which were
delineated. Firstly, while consuming pre- and probiotic liquids, the saliva's flow and buffering
capacity are affected. However, artificial saliva was used only as a control group; therefore,
liquids' acidity on the restorative material surfaces may be lower than the in vitro results.
Secondly, the biofilm formed on the restorative materials may protect the restorations from the
acidic and hygroscopic effect of liquids; thus, the current in vitro study could not benefit from
the main elements of the oral cavity. Thirdly, because this study investigated several restorative
materials, nanoimages were taken only from the control group. The surface changes regarding
the effects of liquids should be evaluated with images in further studies. Lastly, the results refer
to a one-month consumption of the liquids, which were also used as supplements, so long-term
results (such as three to six months) could also be investigated.
4. Conclusions
Within this study's limitations, a conventional glass-ionomer cement, Ketac Molar, and
a self-adhesive resin-modified glass ionomer, Geristore, were explored as being more
susceptible to acidic pre- and probiotics. A high viscosity glass ionomer, Equia Fil Forte, and
other composite-based materials were tested in the present study and can be used in pediatric
patients consuming pre- and probiotic supplements. Thus, the present study reveals suitable
material options for patients using the related supplements. Moreover, patients should
https://biointerfaceresearch.com/
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periodically visit the pediatric dentist to monitor their existing restorations because of these
liquids' acidic nature. Long-term clinical investigation of these materials with different preand probiotic supplements is needed to support the current study's findings.
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