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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background and aims: This (in vitro) investigation was 

conducted to evaluate PH value and antibacterial effect 
of Alkasite restorative materials against important oral 
pathogens Streptococcus mutans and lactobacillus plantarum. 
Methods: Four groups were made of three different type 
ion releasing materials Cention N= group 1, Primer free 
Cention Forte=group 2, Primer applied Cention Forte=group 
3 and Fuji IX= group 4. A total number of 72 discs in form 
samples (2 mm height and 5mm diameter) were constructed 
in polyethylene mold divided according to the evaluating 
parameters. 32 specimens for PH measurements (n=8) and 
40 specimens were utilized for antibacterial effect (n=5) 
for each bacterial species. The antibacterial properties of 
groups were assessed by direct contact test. An adjusted 
diluted broth culture of each bacterium (Streptococcus 
mutans) and (Lactobacillus plantarum) were prepared. 
Results: At all intervals of time both Cention N and Primer free 
Cention Forte has significantly higher PH value in comparison 
with Fuji IX. Primer applied Cention Forte. There was no 
significant difference between Cention N, Primer free Cention 
and Fuji IX in terms of their effect in reducing viable colony 
count in both bacterial species.

Conclusion: Along period of (28day) Alkasite material 
groups (Cention N and Primer free Cention Forte) showed the 
ability to increase the storage solution PH value. Also, both 
groups have antibacterial effect against (Streptococcus mutans) 
and (Lactobacillus plantarum) by inhibiting their numbers. 
Applying Cention primer showed negative effect on both PH 
value and the antibacterial effect of the material.

Key words. PH value, antibacterial effect, Alkasite restorative 
materials, streptococcus mutans and lactobacillus plantarum.
Introduction.

Dental caries well known as one of the widely prevalent chronic 
oral related diseases in humans. there are several factors able 
to cause tooth caries including bacteria, host immune system 
response and also the eating habits, another etiology is related 
to microecological harmony of the highly complicated bacterial 
biofilm [1,2]. Streptococcus mutans is known as the initial 
bacteria that responsible for the onset of carious lesion, while 
Lactobacillus considered the main pathogen that responsible for 
both progression of the caries and secondary caries initiation 
[3]. These bacteria metabolize the ingested dietary sugars and 
produce acids as byproduct, leading to lower the oral cavity PH 
to a limit that is less than dental hard tissues solubility limit 
[4,5]. Different types of direct filling materials are available to 
use in the contemporary dental practice ranging from amalgam 
and through to the bulk fill composite [6].

Despite the major improvements in the esthetic and mechanical 
characteristics of composite resins through the past couple 

decades, the attempts to find new alternative able to limit the 
secondary caries development that occurs around or beneath 
the restorative materials are still ongoing, these materials are 
considered neutral not capable to initiate any physiological 
responses in the host tissues they are only fill the cavities that 
follows the loss of tooth structure and not able to prevent the 
subsequent complications like the developing of secondary 
caries as a result to the acids produced by the bacteria [7].

Restorative materials that have antibacterial properties 
considered essentially important in order to inhibit recurrent 
carious lesions, very popular example in this regard are glass 
ionomers which were recommended due to their ability to 
release fluoride and their adhesive characteristic to the dental 
hard tissue, but due to their relatively poor mechanical strength 
and their reduced resistance to wear [8]. Comprehensive 
research in the modern field of dentistry been able to create 
several advancements that led invent a new dental restorative 
material with improved esthetic, physical properties and also 
inhibitory properties for caries [1]. 

Recently, a new class of the restorative materials is alkasite 
restorative material that categorized as a subgroup of resin 
composite [9]. This material contains alkaline glass which able 
to release several different ions including (calcium, hydroxide, 
and fluoride ions) [9]. Cention N consist of (78 %) inorganic 
fillers by weight. The alkaline glass makes of (24%) from 
the final weight of the product [10]. This material consists of 
(powder and liquid) it differs from the resin composite snice 
their monomer has no (Bis-Gma, TEGDMA and HEMA) [11]. 
This material similar to glass ionomer cement as they also 
release fluoride. Cention N showed an improvement in the 
aesthetic characteristics, which showed reasonably much more 
transparency in comparison to other glass ionomers products. 
Additionally, it owns superior compressive strength as a result 
Cention N provides a combination of the best qualities of both 
GICs and amalgam [12].

A new product of the alkasite material introduced in (2021) 
by the same manufactures (Ivoclar Vivadent, Liechtenstein) 
called Cention Forte it was provided in the form of capsules. 
The manufacturers also claimed this material release (fluoride 
(F-), calcium (Ca+2), and hydroxide (OH-)) ions, Cention Forte 
comes along with a primer which designed to be only used 
with Cention Forte. The primer is both self-curing and self-
etching which offer a foundation in order to increase the bond 
between Cention Forte/tooth [13,14]. The two of the alkasite 
materials (Cention N and Cention Forte) have both self and 
light curing property. Both are considered radiopaque and basic 
filling material that used to restore the cavities in the anterior 
and posterior teeth. Wich is used as a bulk to fill several cavity 
types (class I, class II, and class V cavities) in the permanent 
and deciduous teeth.
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The growth inhibitory potential of ion-releasing materials is 
related to their ability to release different ions with fluoride ions 
considered the most recognized ions in addition, hydroxide ions 
from these restorative materials could also help in neutralizing 
the excess amount of the acids created by cariogenic microbes, 
thus preventing demineralization [15]. Both of these factors 
will work along to enhance the anticariogenic potentials of the 
bioactive Cention-N and Cention Forte. Also, hydroxide ions on the 
material surface able to control the disease of dental caries, through 
neutralization of the acids from the bacteria could aid maintaining 
the microbial harmony inside the bacterial biofilm [2,16]. 

This investigation aimed to assess antibacterial effect of two 
alkasite restorative material (Cention N), (Cention Forte) and 
(Cention Forte with their matching primer (Cention primer)) 
against two bacterial species (S. mutans) and (L. plantarum) 
separately and their ability to elevate PH of the storage solution.
Materials and Methods.

Restorative materials used in the study are listed with their 
compositions in Table (1).

Table 1. The materials used in this assessment.
Materials name Compositions

Cention N
(Ivoclar 
Vivadent, 
Schaan, 
Liechtenstein)

Powder: fillers (ytterbium trifluoride, Isofiller, 
barium aluminium silicate glass,  calcium barium 
aluminium fluorosilicate glass and calcium 
fluorosilicate (alkaline glass) filler, initiator and 
pigments.
Liquid:dimethacrylates (aliphatic aromaticUDMA, 
(UDMA)) and initiators

Cention Forte
(Ivoclar 
Vivadent, 
Schaan, 
Liechtenstein)

Powder: inert barium alumino-boro-silicate glass, 
ytterbium fluoride, calcium fluoro-alumino-silicate 
glass, and reactive SiO2-CaO-CaF2-Na2O glass 
fillers Liquid: aliphatic-aromatic UDMA, DCP, 
UDMA,  and PEG-400-DMA Initiator system 
including hydroperoxide, Ivocerin, and acyl 
phosphine oxide

Cention Primer
(Ivoclar 
Vivadent, 
Schaan, 
Liechtenstein)

Methacrylate-modified polyacrylic acid, MDP, 
HEMA, Bis-GMA D3MA, silicon, ethanol, 
dioxide, potassium hydroxide and campherquinone

Fuji IX GP
(GC 
Corporation, 
Tokyo, Japan)

Fluoroaluminosilicate glass, Polyacrylic acid and 
polybasic carboxylic acid

Grouping of specimens: A total number of 72 samples 
were fabricated by using a specially constructed standardized 
Polyurethane mold, each material type was packed to make 
samples with disc shape (2 mm height and 5 mm diameter). 
The samples then were divided according to the parameters 
of assessment into 32 specimens for PH measurement and 40 
specimens for antibacterial effect (N=20 for each bacterial spp.).
For PH measurement (n=8):

Group 1- Cention N 
Group 2- Primer free Cention Forte
Group 3- Primer applied Cention Forte
Group 4- Fuji IX (control positive)

For antibacterial effect evaluation (n=5 for each bacterial 
species)

Group 1- Cention N 
Group 2- primer free Cention Forte
Group 3- Primer applied Cention Forte
Group 4- Fuji IX (control positive)
The mold was positioned in the middle of a glass microscope 

slide and a single mylar strip was placed in between them, each 
of the restorative material was packed into the sterile mold 
with a slight overfilling the mold. Each one of the different 
material types were manipulated in regard to the manufacturers 
guidelines instructions.

For the Primer applied Cention Forte (group 3) after loading 
the material into the mold the primer was loaded into a sterile 
container then, an inter-proximal carver (composite filling 
instrument), was immersed into the primer for 1 second then 
each one side of the instrument was swept for 3 seconds on the 
container edge in order to remove the excess of the primer. Then 
the instrument with the primer was adapted on the top surface 
of the uncured material sample with a slight of pressure to 
obtain flat and smooth surface. An additional strip was applied 
for covering the samples top surfaces in order to inhibit the 
construction of oxygen inhibiting layer, on top of it a second 
glass microscope slide was applied. 500 gm weight was applied 
to compress the mold for 30 sec. in order to extrude out the 
excess material, to achieve good packing and also, suitable 
consistent sample surface. All of the fabricated specimens were 
let to set for (15) minutes at room temperature without using 
light curing device. 

Storage of the specimen for PH measurements: Each 
individual specimen of the materials groups was immersed in 
plastic container that contain five ml of deionized water D.W 
(PH 6.8). The immersed samples were then stored at 37 ºC in 
an incubator with 95% humidity. The PH measurements have 
taken place at the end of 1, 7, 21 and 28 days of the incubation 
periods. At the measurements time, each individual specimen was 
carefully taken out the container and the storage solution were 
utilized for the evaluation, then the samples were replaced into a 
new container with fresh five ml of D.W and stored to the followed 
measurement time at 37 ºC and 95 % relative humidity, the same 
procedure was done at all of the measurements time intervals. 

PH measurement: The pH values of material groups were 
measured by a glass electrode of a digital pH meter (EUTEOH 
INSTRUMENT, ECPH70042S, Singapore) that was previously 
calibrated with a serial of standard buffer solutions (10.0, 7.0, 
and 4.0 PH) respectively, the measurement was performed at a 
constant temperature of 25 ºC of each incubation times (1, 7, 21 
and 28) days. After removing the sample and thoroughly stirring 
of the solution for (5 seconds) the glass probe of the pH meter 
device was immersed in the testing solution until the reading 
appeared on the device screen became stable. The mean of pH 
value of each material group and for control positive group were 
recorded and calculated for comparison over times.

Microorganism isolation: Two cariogenic bacterial species: 
Streptococcus mutans (S. mutans) and Lactobacillus plantarum 
(L. plantarum) were obtained from laboratory of microbiology 
of Basic Dental Science at collage of dentistry/university of 
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Mosul each isolate was recultivated in brain heart infusion 
broth, incubated at 37°C for (18 hours) then cultured on their 
corresponding selective medium (Mitis salivarius agar) (MSA 
Himedia, India) and (Rogosa agar) (Rogosa SL agar, Himedia, 
India) for (S. mutans) and (L. plantarum) respectively. A pure 
single colony of each bacterial species from their selective agar 
plate was inoculated in tryptic soy broh (TSB) tube and incubated 
at 37°C for (18 hours), the incubated cultures were adjusted in 
order to obtain dilution equal to 0.5 McFarland standards scale 
(1.5 × 108 CFU /ml). The turbidity of the broths was assessed 
visually by comparing the (S. mutans) and (L. plantarum) (TSB) 
culture with tube 0.5 McFarland against striped (black, white) 
card behind them.

Specimens inoculation: To assess and compare the anti-
bacterial effect of Alkasite bioactive restoration and high 
viscosity GIC (Fuji IX GP) against two types of bacterial 
species (S. mutans) and (L. plantarum). The samples from each 
material group were positioned at the bottom of a 96 well flat 
bottom plastic micro titer plate. 10 μL of the adjusted TSB broth 
culture of each bacteria spp. (S. mutans) and (L. plantarum) 
was separately transferred by a sterile micropipette to each disc 
surface. The discs containing microtiter plates were sealed and 
incubated at 37 °C for (30 minutes) in anaerobic conditions to 
make sure a direct contact between the discs and the bacteria. 
After that, a 190 μL of sterile Tryptic Soy Broth (TSB) was 
loaded to each well. Then, the microtiter plates with the 
specimens were incubated at (37 °C) in anaerobic conditions for 
24 hours. 10 µl of TSB bacterial suspension with 190 µl sterile 
broth were added as mentioned above to five-disc free wells for 
each bacterial spp. to serve as a control negative.

Direct contact test: The ability of the bioactive Alkasite 
material and the high viscosity GIC to influence the viability 
and growth of two cariogenic bacterial spp. (S. mutans) and (L. 
plantarum) were evaluated by counting the (colony forming unit/
ml) of the planktonic bacterial phase on petri dishes containing 
selective agar base (Mitis salivarius agar for S. mutans) and 
(Rogosa agar for L. plantarum). After 24-hour incubation 
of microtiter plates 10 µl broth culture of planktonic phase 
from each bacterial spp. was retrieved by micropipette tenth 
dilution were used on the retrieved suspension by transferring 
10µl from the planktonic bacterial suspension from each disc 
containing well to test tubes contain 990 µl of sterile deionized 
water, three serial dilutions were performed, then the diluted 
solutions were used to inoculate the prepared agar plate. The 
diluted solutions separately seeded on the surface of agar plates 
and spread evenly on the agar base by cotton swabs. The same 
amount of the suspension also removed from wells that did not 
contain restorative material discs to serve as control negative, 
after 24 hours incubation at 37 °C under an anaerobic conditions 
bacterial colonies formed on each plate were counted. The plates 
with 30 to 300 typical colonies of (S mutans) and (L. plantarum) 
were counted visually. For this test (n=5) for each bacterial ssp.

Statistical analysis: Statistical analysis was applied using 
(SPSS) version.20.0. Data for PH value was analyzed with one-
way (ANOVA) followed by Duncan test for intergroup analysis. 
For antibacterial effect assessment, the data was analyzed with 
Kruskal Wallis that followed by Dunne’s pairwise comparison. 
The statistically significant was set at (p-value ≤0.05).

Results.
PH Measurement analysis: Table 2 shows the (mean and 

±SD) of PH value of the groups in various observation periods. 
Alkasite (Cention N and Primer free Cention Forte) at all 
intervals of time showed statistically significant higher PH 
value compared to positive control (Fuji IX GP). At (1,7) day 
respectively there was no significant difference between Cention 
N and Primer free Cention Forte, while at (21,28) day Primer 
free Cention Forte showed PH value that was significantly 
higher than Cention N.

Table 2. mean, ±SD and significance of the groups pH value in various 
observation periods.

Periods Material 
Groups Means ±SD F test P-value Sig.

1 day

Group 1 7.0300 0.04840

257.385 0.001

C
Group 2 6.9800 0.07801 C
Group 3 4.8000 0.35335 A
Group 4 6.2613 0.03314 B

7 day

Group 1 7.1800 0.09532

20.818 0.001

B
Group 2 7.1475 0.11744 B
Group 3 6.7325 0.33161 A
Group 4 6.5375 0.14290 A

21day

Group 1 7.3025 0.12792

59.217 0.001

B
Group 2 7.6450 0.10677 C
Group 3 7.5775 0.14685 C
Group 4 6.9300 0.08783 A

28 day

Group 1 6.9638 0.06844

36.905 0.001

B
Group 2 7.3400 0.20270 C
Group 3 7.3325 0.07265 C
Group 4 6.8125 0.10152 A

Means value have different letters (vertically) have significant 
differences at (p ≤ 0.05). Group1=Cention N, Group2=Primer free 
Cention Forte, Group3=Primer applied Cention Forte, Group4=Fuji 
IX (positive control).

Primer applied Cention Forte tend to reduce D.W (storage 
medium) at (1,7) day respectively ant it showed statistically 
significant less PH value in comparison with Fuji IX at day 
1, but there was not significant difference in day 7. While at 
(21,28) day respectively Primer applied Cention Forte showed 
elevation in PH value and it was significantly higher than Fuji 
IX (positive control).

Cention N has PH value that was significantly higher than 
Primer applied Cention Forte at (1,7) days. While, at (21,28) 
days Primer applied Cention Forte showed PH value that was 
significantly higher than Cention N.

Primer free Cention Forte have PH value that was significantly 
higher than PH value of Primer applied Cention Forte at (1,7) 
day, but there was no significant difference in PH value for both 
groups at (21, 28) day.

Direct contact test analysis: Means values of the number of 
the planktonic viable bacterial colonies of (S. mutans) and (L. 
plantarum) of the material groups, positive control (Fuji IX) 
and control negative (only the bacterial isolate) represented in 
Table (3). Figure (1) represent the numbers of (S. mutans) and 
(L. plantarum) after 24 hours incubation on agar plates of the 
material groups and control negative.
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Table 3. Mean ±SD and significance for comparison the effect of the 
material groups on inhibition the numbers of planktonic viable colonies 
of (S. mutans) and (L. plantarum) at incubation period of 24 hour.
Material 
group Mean ±SD p-value Bacterial 

spp. Sig.

Group 1 50 10

0.012** S. mutans

A
Group 2 50.333 9.018499 A
Group 3 312.33 2.516611 B
Group 4 97 4.582575 AB
Control 
negative 640 36.05551 B

Group 1 40.333 9.504384

0.012** L. plantarum

A
Group 2 40.667 9.018499 A
Group 3 160.33 0.577350 B
Group 4 89.333 3.055050 AB
Control 
negative 593.67 7.234170 B

Means value with different letters (vertically) have significant 
differences at p ≤ 0.05. Group1=Cention N, Group2=Primer free 
Cention Forte, Group3=Primer applied Cention Forte, Group4=Fuji 
IX (positive control) and control negative=disc free wells

Figure 1. Numbers of viable colonies for Cention N, Primer free 
Cention Forte, Primer applied Cention Forte, positive control (Fuji 
IX GP), and control negative. (A) S. mutans viable colonies cultured 
on Mitis Salivarius agar (B) L. plantarum viable colonies cultured on 
Rogosa agar.

Mean value comparison of effect in inhibition the numbers 
of planktonic viable bacterial colonies of (S. mutans) and (L. 
plantarum) among the groups showed highly statistically 
significant differences in the groups mean values. Post-hoc 
Dunne’s pairwise comparison test showed there was no 
statistically significant differences between Control positive 
(Fuji IX GP) group and Control negative group (p<0.05) 
in inhibition the number of viable colonies in regard to both 
bacterial ssp.

Kruskal Wallis test showed significant difference among 
means of viable cell count (p= 0.012), (p=0.012) for the tested 
materials for S. mutans & L. plantarum respectively, Dunne’s 
pairwise comparison compare between each two materials 
showed statistically significant difference at (p ≤0.05) between 
Cention N and Primer free Cention Forte that has less mean of 
viable colonies count compared to control negative, however, 
both groups showed no statistically significant differences in 
their mean value compared to the positive control (Fuji IX).
There was no statistically significant differences between Primer 
applied Cention Forte and control negative and positive control 
(Fuji IX) at (p>0.05) in inhibition the number of both bacterial 

spp. viable colonies however, No statistically significant 
differences between Cention N and Primer free Cention Forte at 
(p>0.05) in inhibition the numbers of both bacterial spp. viable 
colonies. While, both materials showed statistically significant 
difference at (p≤0.05) less numbers of both bacterial spp. viable 
colonies in comparison Primer applied Cention Forte. Figure 1 
showed the viable colony count for S. mutans and L. plantarum 
on their selective media respectively.
Discussion.

The acid produced by bacterial will cause pH fluctuation that 
control the Ca+2 and P ions loss or gain from the dental tissue. 
Whenever the pH drops below the critical pH of (6.5) for dentin 
and (5.5) for enamel, demineralization process takes place 
[17]. The result of this study revealed significant difference 
among the four material groups in their pH value, thus the first 
null hypothesis was rejected. The result showed that alkasite 
(Cention N and Primer free Cention Forte) immediately 
elevated the storage medium (D.W) PH value which grow 
gradually overtime then followed by a reduction at the end 
of the observation period (28 day), but generally the findings 
of this study proved that Alkasite material has the capacity to 
continuously increase the storage medium (D.W) pH over the 
period of 28 days. Wiriyasatiankun et al. (2022) stated that 
over the observation period of 28-day Cention N continuously 
released hydroxide ions which in turn responsible for elevating 
the storage medium PH value [15].

Cention N and Primer free Cention Forte has significantly 
higher PH value in comparison with Fuji IX at all intervals of 
time. Ion release from the restorative materials depend strongly 
on composition of the material [18]. The higher PH value 
related to the alkaline glass filler (calcium fluoro-silicate glass) 
in this material which consist of (24.6%) out of the final material 
filler content this alkaline glass responsible for different ions 
release including the hydroxide (OH-) ion [13]. While GICs do 
not release hydroxyl ions (OH) [19]. Throughout the periods 
of the observation Fuji IX (positive control) tend to reduce the 
storage medium PH. Its effect decreased over time and at (21 
and 28) day the original PH has been restored. This relies on 
fact of the presence and accessibility of unreacted carboxylic 
acid functional groups within the set cement matrix that leached 
to the surrounding solution. Also the GIC maturation process is 
slow and may continue over several weeks or even months, the 
slow maturation involving high number of unreacted carboxyl 
group to leach to deionized water at the beginning of the 
observation period days then with the maturation goes on there 
is only few numbers of the unreacted carboxylic acid functional 
groups to be diffused into the storage medium lead to decrease 
the cement effect on lowering the deionized water PH [13].

Although the difference was not statistically (significant), the 
result shows that Cention N has higher PH value compared 
to Primer free Cention Forte at the (1 and 7) days interval of 
the experiment, while at the (21 and 28) day intervals Primer 
free Cention Forte has significantly higher PH value than 
Cention N. This can be related to the formations of bubbles 
and porosities that produced at mixing time, hence Cention N 
supplied in powder and liquid (hand mix) by the manufactures. 
The presence of these microporosities in the Cention N matrix 
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will lead to more initial diffusion of the hydroxyl ions from the 
material matrix which in turn led to a higher PH value at the 
initial time of the observation period [20].

While the mixing regime in the encapsulated form of the 
alkasite material (Cention Forte) was standardized by the 
mechanical mixing. Such mixing reduces the air inclusion 
throughout mixing produce which yield in a reduction in bubbles 
entrapment or microporosities in the material matrix resulting in 
a slow diffusion of hydroxyl ions from the Primer free Cention 
Forte matrix since the initial elution depends on OH- ability to 
diffuse through the material matrix microporosities subsequently 
Primer free Cention Forte needed longer time to achieve higher 
PH compared to Cention N [21].

Primer applied Cention Forte at the initial time of the 
observation period (1 and 7 day) have lowered the (D.W) PH, 
in a matter of fact at the end of the 1day Primer applied Cention 
Forte showed significantly the lowest PH value among all 
other groups. The reduction in storage solution PH of Primer 
applied Cention Forte is related to the self-etch coat (Cention 
Primer) which contain high amount of the acidic monomers 
that contributed to a low PH value. With further time the 
result showed there was an increase in Primer applied Cention 
Forte PH value which was significantly higher in comparison 
to Cention N and Fuji IX at (21 and 28 day), that might be 
due to the hydrophilic characteristic of the primer because it 
consisted of monomers having ester bonds like (hydroxylethyl 
methacrylate) such monomers are ted highly to be hydrolyze 
with further time in the presence of water, which might be the 
reason for an increased OH- release from the material [22]. 
Primer applied Cention Forte has PH value was less compared 
to Primer free Cention Forte PH at (21 and 28) day even so, the 
difference was not significant, this could be as a result to the 
presence of the Primer which represent a barrier for the ions to 
be liberated [23].

In our study and during the measurement of the materials PH 
value were taken the temperature has been fixed at 25 C, since 
the PH value was affected by the temperature when temperature 
is higher than 25 C, lead to a reduction PH value is as a result to 
the elevated degree of ionization of the water. in contrary, when 
temperature less than 25 C (PH) reading was elevated as a result 
of the reduced degree of ionization. S. mutans is considered 
as the main ethological bacteria for tooth caries initiation, 
and specifically known to be the predominant microorganism 
in enamel caries. On the other hand, L. bacillus is responsible 
for dental caries progression and secondary caries formation 
[24,25]. These bacteria metabolize the ingested sugars and 
produce acids as byproduct, leading to lower the oral cavity PH 
to a limit that is less than dental hard tissues solubility limit. It 
was revealed that formation of a new carious lesion is related to 
the numbers of salivary S. mutans in the oral cavity and so, by 
decreasing the numbers of S. mutans will also lead to decrease 
the caries activity [4,5,26].

In the presented study we used Direct Contact Test (DCT) 
to evaluate antibacterial effect of two bioactive materials and 
convention GIC, this test utilized because it relies on a direct 
and close contact between the restorative material and the 
pathogenic microbes, and it does not dependent of the diffusion 

properties of the chosen dental restoration. And hens it will 
be more suitable for evaluate and compare the antibacterial 
properties of the dental restorations and cements. It also 
simulation to the clinical situation, where the testing materials 
will come in contact with the microbes [27,28].

The result revealed significant difference among the groups 
regarding their antibacterial effect against bacterial spp. 
therefore, the second null hypothesis was also rejected. All of 
the tested materials and control positive (Fuji IX GP) showed 
antibacterial effect against (S. mutans) and (L. plantarum) 
through inhibiting the number of the viable colonies compared 
to the viable colonies count of control negative. Cention N and 
Primer free Cention Forte showed highest antibacterial effect 
in term of reducing the number of viable (S. mutans) and (L. 
plantarum) colonies which was (statistically significant with 
control negative but not significant with control positive (Fuji 
IX)). The inhibitory properties of these materials are relying 
on their ability to release ions, including F- which has multiple 
anticariogenic influences on teeth, fluoride released from such 
materials to the dental plaque will adversely affect the growth 
of L. bacillus and S. mutans through the interference with the 
bacterial enzyme systems [29,30]. The reason for an enhanced 
antibacterial activity of the alkasite material, possibly related 
to the high amount of F- ions released due to the aggressive 
respond of the material as it placed in an acidic PH that formed 
from the bacterial lactic acid which led to a quicker wash out of 
the surface modified layer of the material, leading to baring the 
material matrix for improved F- ions liberation. Additionally, in 
acidic PH these materials showed increased alkalizing potency. 
This can be owed to the calcium and hydroxyl ions liberated 
from alkaline fillers in the Alkasite material, these ions have 
direct influence on PH levels, and so creating environments 
where any additional acidity produced from the cariogenic 
bacterial activity can be countered [4,19,27].

A study done by Kalaivanan and Jaishree (2023) compared 
the antibacterial activity of Cention N, Fuji IX and other 
restorative material against S. mutans, and their outcome was 
that alkasite material have significantly more antibacterial effect 
than the other materials in the study [29]. Fuji IX showed some 
inhibition ability to the viable colony cells of (S. mutans) and (L. 
plantarum) which was lower than the Primer free Cention Forte 
and Cention N but, higher antibacterial effect than Primer applied 
Cention Forte and control negative (not statistically significant 
with all groups). The antibacterial impact of Fuji IX is related to 
the F- release also, additionally, Fuji IX release different type of 
metal ions such as (calcium, aluminum and strontium) that have 
a buffering capacity aid in neutralizing bacterial acids [31,32]. 
Primer applied Cention Forte has the lowest inhibition in the 
number of viable bacterial colonies among other three groups. 

The limited antibacterial activity in the Primer applied Cention 
Forte group is in alignment with it diminishes ion released as a 
result of the insulated filler particles from the aqueous medium 
by the Primer layer. Several authors have confirmed that coat 
layer will form such a barrier for the ions liberation, and it could 
impact negatively on the caries preventive potentials of the ion 
releasing fillings [22,23,33]. Nevertheless, the fact it showed 
limited antibacterial effect it could be related to the fact in which 
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the Primer only covered the top surface of the specimen, but the 
other surfaces were able to liberate ions from the alkaline glass 
fillers which contributed to inhibitory impact on the numbers of 
bacterial viable colonies.

This study limitations include the using of standardized 
specimens while in clinical situations the cavity dimensions 
are varied. A deionized water was used as a storage media to 
measure the PH value, while saliva is the media in the oral 
cavity. This investigation was operated in (in-vitro) conditions 
on the other hand the oral environment is active and different 
from the in-vitro situations. More advance research needs to 
be conducted to check the ions recharge ability of Alkasite 
restorative materials and their antibacterial properties against 
mixed bacterial species.
Conclusion.

Cention N and Primer free Cention Forte showed higher PH 
value than Fuji IX GP on all intervals of time. Cention N and 
Primer free showed comparable antibacterial effects to Fuji IX 
in regard to inhibiting the numbers of viable colonies of both 
(S. mutans) and (L. plantarum). Applying Cention primer 
negatively affects OH- release and the antibacterial effect of 
Cention Forte. Further future investigations should be focused 
on controlled clinical trials with more complex designs of the 
experiment consisting of a greater number of reasons that affect 
the characteristics of dental materials in a real clinical condition 
to attain more valid conclusions.
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