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The aim of this in vitro study was to evaluate the antibacterial and solubility properties of four luting cements in artificial 
saliva at varying pH and clarify the composition by chemical analysis. Samples of bioceramic (C1), two resin-modified 
glass ionomer (C2 and C3), and zinc phosphate (C4) cements were stored on media with Streptococcus mutans and 
artificial saliva (pH 4.6 and pH 6.5). The disc diffusion method was used to evaluate antibacterial activity. In the solubility 
test, cement discs were stored in artificial saliva (pH 4.6 and pH 6.5) and distilled water (pH 7). After 48 and 120 hours, 
the solubility of the cement specimens was determined. Chemical analysis was performed by X-ray fluorescence. The 
growth inhibition zones of S. mutans induced by C4 were the largest in any pH values tested (p < 0.05). The solubility of 
C4 was significantly higher than the solubility of other cements. C2 had the smallest inhibition zones and was least soluble 
in all media during the observation period, but without significant differences. After 48 hours, the solubility of C4 was 
significantly higher at pH 4.6 compared to control. The solubility of the cements, excluding C2, was significantly higher 
after 120 hours at pH 6.5. A significant association was found between larger amount of zinc oxide in cement composition 
and a larger zone of inhibition. Lower solubility was associated with higher amounts of aluminium and silicon oxides in 
the cement. Thus, cement containing higher amounts of zinc oxides had the highest antibacterial activity. In the solubility 
test, cements were more soluble in acidic media than in neutral media, and lower solubility was detected in cements 
containing more aluminium and silicon oxides. In clinical practice, C1 or C3 may be suggested when there is a higher risk 
of caries due to more desirable combination of antibacterial activity and lower solubility, for a lower caries risk C2 might 
be suggested. 
Keywords: bacterial sensitivity test, solubility, dental cement, Streptococcus mutans, dental caries. 

 
1. INTRODUCTION∗ 

The main purpose of luting cements is to ensure 
prosthesis retention and seal the microgap. The success and 
clinical longevity of restorations depend on the antibacterial 
activity and low solubility of the chosen cement. Secondary 
caries is one of the main factors influencing the failure of 
fixed dental restorations [1]. A microgap between the tooth 
preparation margin and fixed prosthesis creates conditions 
for plaque accumulation and colonization of Streptococcus 
mutans, which leads to secondary caries [2]. A variable pH 
of oral fluids while interacting with luting cements may lead 
to a loss of dimensional stability [3]. These changes could 
compromise the cement structure and increase the 
possibility of secondary caries formation in a tooth-
restoration interface. The demand for more biocompatible 
and bioactive properties of luting cements increases the 
need for studies of the biomechanical properties of luting 
cements. Glass ionomer cements (GICs) are widely used in 
clinical practice due to their biocompatibility [4], 
adhesiveness to natural tooth structures [5], ability to release 
fluoride, and rechargeability [6]. Fluorides effectively 
suppress oral bacteria growth by inhibiting enzymes that 
play important roles in the glycolytic cycle [7, 8]. However, 
more than 90 % of fluorides are not released due to firmly 
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embedding in the cement while setting [9, 10]. Enhancing 
the antibacterial potential of GIC with antimicrobial 
additives allows residual microorganisms underneath the 
restorative cement to be eliminated [11]. Over the years, 
GICs have evolved into resin-modified glass ionomer and 
calcium aluminate glass ionomer hybrid cements that 
provide dental clinical practice with luting cements with 
improved biophysical properties. Calcium aluminate GIC is 
considered to be a bioactive cement due to its ability to 
release calcium, phosphate, and hydroxide ions [12]. 
According to Unosson et al., the higher pH induced by 
calcium aluminate GICs could be related to its antibacterial 
properties [2]. However, how the antibacterial and solubility 
properties of luting cements are linked to their chemical 
composition is unclear. The aim of the present study was to 
determine and compare the antibacterial effect and 
solubility of different cements in artificial saliva at varying 
pH in vitro. We also aimed to analyse the chemical 
composition of the cements and evaluate the relationship 
between antibacterial properties and solubility. 

2. EXPERIMENTAL DETAILS 
The investigated luting cements (bioceramic cement 

(C1), resin-modified GIC (C2), resin-modified GIC (C3), 
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zinc phosphate cement (C4)) are shown in Table 1. A total 
of 156 samples of cement, including 36 in a control group, 
were prepared for antibacterial testing. All cements were 
mixed according to the manufacturers' instructions and 
transferred to plastic moulds 1.5 ± 0.2 mm deep and 8 ± 0.2 
mm in diameter. The moulds were pressed by a plastic plate 
and the excess cement was removed. After setting, the 
cement discs were removed from the plastic moulds and 
measured using a mechanical calliper (accuracy 0.02 mm). 
The samples were visually assessed for the presence of 
pores or excess cement. Streptococcus mutans (strain NCTC 
10449) was used to determine the growth inhibition activity 
of the investigated cements [2]. S. mutans was inoculated in 
modified Tryptone Soya broth (mTSB; Merck, Milipore, 
USA) and cultured anaerobically in a shaking water bath at 
160 rpm at 37 ℃ for 24 hours. Bacterial cells were collected 
and centrifuged at 8000 rpm for 45 seconds. After 
suspension in sterile saline, the optical density of the S. 
mutans culture was measured using a spectrophotometer. 
Salivarius mitis agar media was prepared according to the 
manufacturer’s instructions and poured into Petri dishes. 

After setting, each dish of nutritional media was 
inoculated with the chosen optical density (OD600 = 5) of 
S. mutans culture equivalent to a concentration of 5 × 109 
CFU/ml. Each Petri dish was divided into four parts, one for 
each luting cement sample. The cement discs in each plate 
were covered with artificial saliva (Glandosane, Germany). 
Half of each cement sample was covered with artificial 
saliva of pH 4.6 and the other half with the saliva of pH 6.5. 
The Petri dishes with samples were incubated under 
anaerobic conditions (7 – 15 % CO₂) in an anaerobic jar 
(Merck, Milipore, USA) at 37 ℃ for 48 hours and 
120 hours. The control group was incubated under the same 
conditions but without artificial saliva. The antibacterial 
effect of the luting cements was assessed using the disc 
diffusion method. The zone of inhibition (IZ) was measured 
with a calliper (accuracy ± 0.02 mm) after 48 hours (IZ48) 
and 120 h (IZ120). The IZ was assessed by measuring three 
lines (Fig. 1): two lines were perpendicular to each other, 
intersecting in the centre of the cement disc, and the third 
line formed a 45° angle with each perpendicular line [14]. 
These lines were used to measure the distance where no 
bacterial growth was visually observed. The lines marking 
the IZ for each sample were measured three times and the 
average calculated. 

A total of 216 cement disc samples were prepared for 
solubility testing. Standardized plastic moulds with a depth 
of 3 ± 0.2 mm and diameter of 8 ± 0.2 mm were used for the 
cement samples. The cement discs were prepared and 
adjusted in the same way as for the testing of antibacterial 
properties. The mass of each cement sample was measured 
using an electronic scale (KERN EW 220-3NM, Germany; 
accuracy ± 0.001 g). The initial mass of the investigated 
cement samples was 0.205 ± 0.005 g. The cement discs 
were visually assessed for pores and excess. Solubility 
testing was carried out as described by Chopra et al. [15]: 
27 samples of each different cement were stored for 48 h 
(SL48): 9 cement discs in artificial saliva at pH 4.6, 9 in 
artificial saliva at pH 6.5, and 9 in distilled water at pH 7. 
Another 27 samples of each different cement were stored for 
120 hours (SL120) at 37 °C: 9 cement discs in artificial 

saliva at pH 4.6, 9 in artificial saliva at pH 6.5, and 9 in 
distilled water at pH 7. After 2 and 5 days, the cement 
samples were removed from the media and dried in a 
desiccator for 1 hour. The dried samples were weighed 
using the electronic scale. The solubility of the cement was 
assessed by measuring the weight loss. The solubility was 
calculated as follows [15]: 
Weight loss = Initial weight – Final weight 

Solubility = Weight loss × 100/Initial weight 

The chemical composition of the luting cements was 
determined using a wavelength dispersive X-ray 
fluorescence (WD-XRF) spectrometer (Rigaku ZSX Primus 
IV) equipped with a Rh target, end window, and 4 kW  
X-ray tube. Cylindrical cement samples with specific binder 
37 mm in diameter and 3 mm in height were prepared using 
a hydraulic press with 200 kN capacity (Herzog TP20). The 
measurements were taken at 36.6 °C under a vacuum. The 
scan was set to identify all detectable elements > 0.0001 % 
by mass. 
Table 1. Luting cements 

 
Fig. 1. Disc diffusion test. Inhibition zones around cement samples 

Cement type, 
product, 
manufacturer  

Composition Dispensing 
method 

Bioceramic 
cement (C1) 
„Calibra Bio”, 
Denstply Sirona 

Powder: calcium aluminate 
(CaAl2O4), glass powder, 
inert strontium fluoride. 
Liquid: water, polyacrylic 
acid, tartaric acid, lithium 
chloride, nitrilotriacetic 
acide acid/trisodium salt. 

Capsule 

Resin-modified 
GIC (C2) 
„FujiPlus™”, 
GC Corporation 

Powder: fluoro-alumino-
silicate glass, Liquid: 2-
hydroxyethylmethacrylate, 
distilled water, polyacrylic 
acid, 
urethanedimethacrylate. 

Hand-mix 

Resin-modified 
GIC (C3), 
„FujiCEM™ 
Evolve”, GC 
Corporation 

Fluoro-alumino-silicate 
glass, polycarboxylic acid, 
metacrylate monomers, 
water. 

Auto-mix 
syringe 

Zinc phosphate 
cement (C4), 
„Hoffmann’s 
Cement”, 
Hoffmann 
Dental 
Manufaktur 

Powder: zinc oxide, 
magnesium oxide. Liquid: 
orthophosphoric acid, 
polyacrylic acid. 

Hand-mix 
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3. STATISTICAL ANALYSIS 
After 48 and 120 hours, data on IZs and solubility were 

evaluated using two-way analysis of variance (ANOVA) 
and a general linear model (GLM) with cement and pH as 
fixed factors and a block as a random factor. A normal 
distribution of data and homogeneity of variance were 
controlled by Shapiro-Wilk’s and Levene’s tests, 
respectively. Post-hoc comparisons of means among 
cements were tested using Tukey’s test at a significance 
level of P < 0.05. At the cement level, SL48 and SL120 were 
compared by an unpaired t-test. Relationships between IZs, 
solubility, and chemical composition were determined using 
a simple linear Spearman’s rank correlation. A multiple 
stepwise regression analysis with backward variable 
elimination was used to determine whether separate 
compounds in the chemical composition were significant 
predictors of the IZs and solubility of the luting cements. 
Before statistical analysis, all variables were log-
transformed. Statistical analyses were performed using 
STATISTICA 5.5. 

3. RESULTS 
The chemical compositions of the four tested cements 

are summarized in Table 2. X-ray phase analysis revealed 
that the concentration of ZnO was highest (86.5 %) for C4. 
For C1, C2, and C3, the concentration of SrO constituted 
75.7 %, 42.5 %, and 63.7 % of the cement mass, 
respectively. The concentrations of SiO2 (29.9 %) and Al2O3 
(13.5 %) were higher in C2 compared to C1, C3, and C4. F2 
was only found in C3. 

Table 2. Chemical composition of tested cements 

 
With regard to the IZs, GLM revealed overall 

significant differences among the tested cements (F = 21.8, 
P = 0.0001), but the pH of the artificial saliva (F = 2.1, 
P = 0.135) and the block (F = 1.9, P = 0.178) showed no 
significant influence. The interaction of cement × pH was 

not significant (GLM, F = 0.9, P = 0.525). No IZs were 
observed in the control group. The only significant 
differences among tested cements were found in IZ48 (two-
way ANOVA, F = 54.7, P = 0.0001) and IZ120 (two-way 
ANOVA, F = 57.3, P = 0.0001). At pH 4.6, IZ48 and IZ120 
were significantly larger with C4 than the other cements 
(Fig. 2). At the same pH, IZ48 and IZ120 were significantly 
larger with C3 than C2 (Fig. 2 a). At pH 6.5, IZ48 and IZ120 
had a similar pattern as at pH 4.6 (Fig. 3). 
At pH 6.5, IZ48 and IZ120 were significantly larger with C1 
than C2 (Fig. 3). 

 
Fig. 2. Inhibition zone after 48 and 120 hours in pH 4.6. Each bar 

shows the mean for 15 replicates ± standard error (SE). 
Different letters indicate significant differences among 
tested cement (P<0.05, Tukey’s (HSD) test) 

 
Fig. 3. Inhibition zone after 48 and 120 hours in pH 6.5. Each bar 

shows the mean for 15 replicates ± standard error (SE). 
Different letters indicate significant differences among 
tested cement (P<0.05, Tukey’s (HSD) test) 

With regard to the solubility of the cement, we found 
overall significant differences among the tested cements 
(GLM, F = 23.2, P = 0.0001), and the pH had a significant 
influence (GLM, F = 9.0, P = 0.0001). The interaction of 
cement × pH was significant (GLM, F = 2.2, P = 0.014). 
The block effect was not significant (GLM, F = 1.6, 
P = 0.193). Two-way ANOVA revealed significant 
differences in SL48 (F = 39.6, P = 0.0001) and SL120 
(F = 34.2, P = 0.0001) among the tested cements. We also 
found significant differences in SL48 (two-way ANOVA, 
F = 16.3, P = 0.0001) and SL120 (two-way ANOVA, 
F = 3.3, P = 0.044) between artificial saliva (pH 4.6/pH 6.5) 
and distilled water (pH 7.0, control). The interaction 
(cement × pH) was significant only for SL48 (two-way 
ANOVA, F = 3.4, P = 0.005). At pH 4.6/pH 6.5, SL48 and 
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Chemical composition, % 

Bioceramic 
cement (C1) 

RM-GIC 
(Fuji 
Plus) 
(C2) 

RM-GIC 
(Evolve) 

(C3) 

Zinc 
phosphate 

(C4) 

F2   0.597  
Na2O * * 0.0777 * 
MgO 0.153 0.502 0.0332 0.669 
Al2O3 7.50 13.5 3.35 1.19 
SiO2 4.80 29.9 6.99 0.835 
P2O5 3.27 2.57 0.744 9.12 
SO3 0.513 2.18 0.327 0.0291 
K2O 0.449 2.10 0.208 0.198 
CaO 4.08 3.45 0.357 0.915 

Fe2O3 0.323 1.22 0.131 0.0374 
CuO 0.0218    
ZnO 3.22 0.566  86.5 
SrO 75.7 42.5 63.7 0.501 
TiO2  1.43 0.306  
Cl2   0.048  

Yb2O3   23.1  
NiO    0.0128 

* Traces of Na2O (< 0.0001 % by weight) 
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SL120 were significantly higher with C4 than the other 
tested cements (Fig. 4, Fig. 5). With C4, SL48 was 
significantly higher at pH 4.6 than pH 7.0 (Fig. 4). 

At pH 7.0, SL120 was significantly higher with C4 than 
C3 (Fig. 5). With C1, SL120 was significantly higher at 
pH 6.5 than pH 7.0 (Fig. 5). At pH 6.5, SL120 was 
significantly lower for C2 and C3 than the other cements 
(Fig. 5). For C1, C3, and C4 at pH 6.5, SL120 was 
significantly higher than SL48 (Fig. 6). At pH 4.6 and 
pH 7.0, we found no significant differences between SL48 
and SL120 at cement level (unpaired t-test, P > 0.05). 

 
Fig. 4. Solubility after 48 (SL48) hours. Each bar shows the mean 

for 9 replicates ± standard error (SE). Different letters 
indicate significant differences among tested cement 
(P<0.05, Tukey’s (HSD) test) 

 
Fig. 5. Solubility after 120 (SL120) hours. Each bar shows the 

mean for 9 replicates ± standard error (SE). Different letters 
indicate significant differences among tested cement 
(P < 0.05, Tukey’s (HSD) test) 

 
Fig 6. Solubility of different cement after 48 (SL48) and 120 

(SL120) hours in pH 6.5. Each bar shows the mean for 9 
replicates ± standard error (SE). Different letters indicate 
significant differences between SL48 and SL120 at cement 
level (unpaired t-test, P < 0.05) 

Spearman’s rank correlation showed that the IZ of 

luting cement positively correlated with ZnO concentration. 
In contrast, SrO and CaO concentrations negatively 
influenced the IZ. The solubility of luting cement negatively 
correlated with Al2O3 and SiO2 concentration, but the SrO 
concentration negatively influenced only SL48 (Table 3). 
When chemical components were entered into the stepwise 
multiple regression model, ZnO concentration had a 
positive impact on the formation of an IZ (β = 0.74, 
P = 0.0001). However, Al2O3 and SiO2 concentrations 
showed significant negative interactions with SL48  
(β = -0.68, P = 0.0001) and SL120 (β = -0.73, P = 0.0001), 
respectively. 

Table 3. Spearman’s rank correlation of the chemical composition 
and antibacterial activity and solubility of luting cements 

4. DISCUSSION 
GICs and their hybrids are able to release fluoride ions 

in direct contact with saliva. This bioactive property assures 
an anticariogenic effect of the cement [16]. In the present 
study, all of the tested cements were found to have an 
antibacterial effect on S. mutans. The largest IZ was 
observed around the zinc phosphate cement, whereas 
smaller zones were observed around a resin-modified GIC 
(Evolve) and the bioceramic cement samples after 48 hours. 
A resin-modified GIC (Fuji Plus) had the smallest IZs of S. 
mutans. Similar studies have reported that both zinc 
phosphate and GICs have the highest solubility in the first 
24 – 48 hours [17]. The higher initial solubility of the 
cements may also be influenced by the different pH values 
of the human saliva or other frequently used liquids. 
Although Liu et al. suggested that the release of zinc ions is 
more intense under acidic conditions (pH 4.5 and pH 5.5) 
[18], no significant differences in the formation of IZs were 
found in the present study at pH 4.6 and pH 6.5. Varying the 
pH of the artificial saliva did not influence the antibacterial 
effect, and this finding could be attributed not only to the 
small sample size tested, but also to the ability of S. mutans 
to metabolize carbohydrates (sucrose and dextrose) into 
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Chemical 
compound 

Inhibition zone Solubility 
After 48 

hours 
(IZ48) 

After 120 
hours 

(IZ120) 

After 48 
hours 

(SL48) 

After 120 
hours 

(SL120) 
F2 -0.01 -0.03 -0.17 -0.26* 

Na2O -0.01 -0.03 -0.17 -0.26* 
MgO 0.3** 0.31** 0.43*** 0.38*** 
AI2O3 -0.72*** -0.72*** -0.63*** -0.65*** 
SiO2 -0.69*** -0.70*** -0.67*** -0.83*** 
P2O5 0.48*** 0.50*** 0.57*** 0.70*** 
SO3 -0.72*** -0.72*** -0.63*** -0.65*** 
K2O -0.72*** -0.72*** -0.63*** -0.65*** 
CaO -0.28** -0.26** -0.16 0.03 

Fe2O3 -0.72*** -0.72*** -0.63*** -0.65*** 
CuO -0.09 -0.07 -0.08 0.22* 
ZnO 0.48*** 0.50*** 0.57*** 0.70*** 
SrO -0.33*** -0.32*** -0.40*** -0.19 
TiO2 -0.57*** -0.59*** -0.55*** -0.79*** 
CI2 -0.01 -0.03 -0.17 -0.26* 

Yb2O3 -0.01 -0.03 -0.17 -0.26* 
NiO 0.66*** 0.66*** 0.69*** 0.66*** 

Significant correlations are indicated by asterisks: * P ≤ 0.05, ** 
P ≤ 0.01, *** P ≤ 0.001 
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organic acids in the growth media. The degradation of 
carbohydrates allows the bacteria to release organic acids 
into the environment, thereby lowering the pH of the 
environment to a value (pH 4 or pH 5) that is more 
favourable for the bacteria to survive and grow [13]. The 
artificial saliva used in this study had no features of buffer 
solution, and the ability of S. mutans to release organic acids 
may have led to equilibration of the different media to a 
favourable acidic pH. 

X-ray fluorescence revealed that the zinc phosphate 
cement with the highest zinc oxide concentration had the 
largest zones of inhibition. In the literature, zinc oxide has 
been extensively studied for its ability to inhibit bacterial 
growth [19]. Other studies have found that zinc ions directly 
affect the bacterial proteins involved in transmembrane 
proton translocation. Consequently, zinc ions lead to 
indirect inhibition of bacterial protease, which promotes 
bacterial adhesion to dental tissues [20, 21]. The 
antibacterial properties of zinc phosphate cement are linked 
to another important physical property, solubility. In an in 
vitro study, Chopra et al. observed that the highest solubility 
of zinc phosphate cement was associated with the formation 
of weak bonds between the zinc phosphate ions and the 
matrix [15]. Another compound that is known to have anti-
caries properties is fluoride [22]. The glass ionomers, both 
conventional and resin-modified, include fluoride as an 
inherent part of the material [23]. In our study, chemical 
analysis of the cements showed that the only resin-modified 
GIC (Evolve) contained fluorides (~ 0.6 % of the cement 
weight). No fluoride compounds were found in the other 
investigated GIC hybrids. The anticariogenic effect of 
fluorides is more widely known due to their ability to 
remineralize tooth tissues. In addition, fluorides may also 
affect the metabolic activity of S. mutans. Fluorides inhibit 
bacterial enolase, which catalyses the conversion of  
2-phosphoglycerate to phosphoenolpyruvate in the 
glycolytic metabolism of S. mutans [24, 25]. By interfering 
with bacterial metabolism, fluorides inhibit bacterial growth 
and acid release [26]. A slightly different chemical 
composition of the calcium aluminate (bioceramic) cement 
was found during the in vitro study. Of all the cements 
investigated, the highest percentages of calcium oxide 
(4.08 %) and strontium oxide (75.7 %) were detected in the 
bioceramic cement. Released calcium ions locally neutralize 
the acids produced by the bacteria, increasing pH. As a 
result, in neutral or alkaline media, the growth of S. mutans 
is impaired [27, 28]. Strontium is commonly used in GICs 
to increase their radiocontrast properties. Studies suggest 
that strontium ions could also have an inhibitory effect on S. 
mutans, but the mechanism of the antibacterial effect of 
strontium ions on cariogenic bacteria has not been 
thoroughly investigated [29]. The indirect antibacterial 
effect of strontium is attributed to its ability to increase the 
pH of the environment where strontium ions are released. It 
has been observed that, during contact between cement glass 
particles and organic acids, the strontium ions are released 
and increase the pH of the media [30]. Liu et al. observed 
that a higher amount of strontium in strontium-bioactive 
glass cement has a higher bacterial inhibitory effect [31]. In 
contrast, Li et al. reported that the addition of a certain 
amount of strontium to bioactive glass in the cement could 
significantly reduce the IZ [32]. Based on the results of these 

studies, it can be assumed that calcium and strontium ions 
in bioceramic cement influence IZ formation, though a 
sufficiently high proportion of strontium oxide in the 
cement may also reduce the antibacterial activity. 

A physiomechanical property, such as solubility, 
contributes to the ability of luting cement to release ions that 
inhibit bacterial growth. However, the excessive solubility 
of the cement may irreversibly modify its structure and, 
potentially, reduce the adhesion of the tooth to the 
prosthesis, increasing marginal permeability. The lower 
solubility of resin-modified GICs compared to conventional 
GICs has been analysed in the literature due to the formation 
of single, double, and cross bonds between the polymers and 
the resin matrix [33]. The addition of nanoparticles (silicon, 
aluminium) has been shown to contribute to a lower 
solubility of the cement. Felemban et al. reported that the 
addition of silicon particles to resin-modified GIC powder 
reduced the micro-permeability and solubility of the cement 
[34]. Lima et al. observed that aluminosilicate-based 
cements have more stable hydrolytic properties, which 
means that they are less soluble. In the same study, the 
solubility of cements containing more strontium was higher, 
possibly due to the rapid reaction of strontium with water 
[35]. In the current study, the resin-modified GIC (Fuji Plus) 
with the lowest solubility had the lowest mass percentage of 
strontium oxide compared to bioceramic and the other resin-
modified GIC (Evolve). Although zinc phosphate cement 
had the lowest amount of strontium oxide compared to the 
other cements, the higher solubility of this cement may be 
due to the zinc oxide, which composes 90 % of the powder. 
We found a difference in the solubility between bioceramic 
and resin-modified GIC (Evolve) that could be caused by 
the differential release of ions. After 120 hours, at pH 4.6 
and pH 6.5, the bioceramic cement had a higher solubility 
than the resin-modified GIC (Evolve). In a study by Santos 
et al., the release of fluoride and calcium ions from resin-
modified glass ionomer solutions at varying pH was 
measured at specific time intervals. The release of fluoride 
was highest during the first 2 days, whereas the release of 
calcium ions was more stable and higher than fluoride 
during the same period of time [36]. Various studies have 
revealed that the solubility of cements is higher in acidic 
media [37 – 39] than in neutral or alkaline media. The results 
obtained in this study showed that zinc phosphate cement 
(at pH 4.6) and bioceramic cement (Calibra Bio) (pH 6.5) 
were more soluble than at pH 7. In the present study, both 
artificial saliva pH values were acidic, resulting in greater 
solubility of the cements in the artificial saliva than in the 
neutral media (distilled water). However, a larger sample 
would be needed to confirm this conclusion. 

The results of this study provide a basis for extending 
the research using more sensitive methods. The antibacterial 
properties were assessed using the disc diffusion method, 
which is simplified and requires fewer financial resources, 
though its accuracy depends on the solubility of the cement. 
Cements that are more soluble or more penetrating into 
nutritional agar have larger IZs, but other cements, not 
penetrating or slowly penetrating, might have higher 
antibacterial effect during direct contact with 
microorganisms. Moreover, the IZs were measured visually 
(subjectively), which may have affected the results of the in 
vitro study. The lower solubility of resin-modified GIC (Fuji 
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Plus) resulted in the lower inhibitory effect of this cement, 
and this may have contributed to less accurate results 
regarding the cement’s antibacterial properties. Due to the 
limited amount of material, only a few different pH values 
were selected, which may have influenced the results. 
Artificial saliva was prepared by modifying the pH in order 
to create conditions similar to the oral cavity. The artificial 
saliva preparations contained low levels of phosphates, but 
immunoglobulins and fluorides, which are essential in 
influencing both the solubility and antibacterial properties, 
were not detected. Furthermore, chemical analysis of the 
cement before and after antibacterial and solubility testing 
could provide more accurate results for the concentrations 
of ions released from the luting cements. Further and more 
precise studies (in vitro and in vivo) avoiding our study 
limitations could help in choosing cements according to 
specific clinical indications for the fixation of permanent 
prosthetic restorations. 

5. CONCLUSIONS 
All of the investigated cements exhibited antibacterial 

activity. Zinc phosphate cement had the largest inhibition 
zones of S. mutans. Resin-modified glass ionomer (Evolve) 
and bioceramic (Calibra Bio) cements had smaller IZs of S. 
mutans. However, the pH of artificial saliva did not have a 
significant effect on the antibacterial properties of the 
cements. Zinc phosphate cement demonstrated the highest 
solubility, whereas the lowest solubility was observed with 
resin-modified GIC (Fuji Plus), though the difference was 
not significant. In acidic media, the zinc phosphate cement 
was more soluble after 48 hours and the bioceramic cement 
(Calibra Bio) after 120 hours compared to the control. The 
higher amount of zinc oxide may be related to the higher 
solubility and antibacterial effect of the cement, whereas the 
higher alumina and silica content in the cement may be 
related to the lower solubility. To the best of our knowledge, 
this study is the first to show fluoride in only one of the 
examined cements (resin-modified GIC (Evolve)), though 
the literature claims that all GICs and their modifications 
contain fluoride. As few studies have assessed bioceramic 
(Calibra Bio) and resin-modified GIC (Evolve), our 
research contributes to advancing knowledge on the 
properties of these cements. In addition, our study forms the 
basis for future in vivo research that could help clinicians 
choose the best luting cement for specific clinical 
indications in prosthesis fixation. According to our study, 
bioceramic (Calibra Bio) or resin-modified GIC (Evolve) 
may be suggested when there is a higher risk of caries due 
to in clinical practice more desirable combination of 
antibacterial activity and lower solubility compared to zinc 
phosphate cement that only showed the highest antibacterial 
activity. When there is a lower caries risk, resin-modified 
GIC (Fuji Plus) might be suggested. 
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