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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: Resin composites and dental adhesives 

are widely used to restore carious teeth. A relatively new 
category of the dental adhesives, the universal adhesives 
(UAs) is considered user friendly because of its simplicity 
to use and compatibility with any adhesive strategy. 
However, the adhesive interface created by these adhesives 
is highly susceptible to cracking after polymerization 
which in turn facilitates the initiation of secondary caries. 
Objectives: The present study was set to evaluate the 
antimicrobial action of All Bond Universal Adhesive after 
modifying it with chitosan capped cerium nanoparticles 
(C-CeNPs) against S. muatns and L. acidophilus.

Materials and Methods: A colloidal suspension of C-CeNPs 
was synthesized, characterized, and incorporated into the 
universal adhesive. Two groups of adhesives were used: G I 
without C-CeNPs and G II with 3% by weight of C-CeNPs. 
The antimicrobial action of G I and G II was evaluated by agar 
diffusion test (ADT) and direct contact test (DCT) at 1, 7, and 
14-day time intervals.

Results: For ADT, G II resulted in larger inhibition zones 
against both microbial strains than G I. The inhibition zones for 
G I and G II where larger against S. mutans than L. acidophilus. 
For the DCT, less colony forming units (CFU) of both microbial 
strains were formed in regard to G II than G I. The number of 
CFU of both microbial strains increased in line with the time 
intervals.

Conclusions: Incorporating C-CeNPs into the universal 
adhesive increased its antimicrobial action against S. muatns 
and L. acidophilus microbial strains.

Key words. Universal adhesives, antimicrobial action, 
chitosan, cerium, nanoparticles.
Introduction.

Nowadays, resin composites and dental adhesive systems 
are most commonly used to restore decayed teeth as primary 
direct restorative materials [1]. Currently the so-called universal 
adhesives (UAs) could represent a potential new trend for 
dentists as they provide a more straightforward approach to 
the traditional concept of adhesive technology by reducing 
procedure’s sensitivity, increasing efficiency, and saving time 
for clinical application [2,3]. UAs are also called multimode 
adhesives since they can be used with any adhesive strategy and 
hence, they are considered as user friendly [4]. However, nano-
leakage in the adhesive interface of UAs was detected since 
these adhesives contain hydrophobic and hydrophilic species 
in the same bottle [5]. Upon polymerization, UAs will shrink 
giving rise to micro cracks in the adhesive interface [6,7]. These 
micro cracks can be easily invaded by cariogenic bacteria like S. 

mutans and L. acidophilus which eventually leads to secondary 
dental caries [8,9]. 

Different antimicrobial agents have been added to UAs 
adhesives to impart them antimicrobial action with different 
outcomes observed [10]. A recent study has found that doping an 
orthodontic adhesive with cerium oxide nanoparticles enhanced 
its antimicrobial action against S. mutans [11]. However, 
keeping nanoparticles well- dispersed into a suspension is a 
major issue since nanoparticles tend to agglomerate into clusters 
of several microns [12]. The agglomeration of nanoparticles 
can be minimized if suitable capping agents are used [13]. 
Various capping agents, such as surfactants, tiny ligands, 
polymers, dendrimers, cyclodextrins, and polysaccharides, have 
been utilized in the synthesis of nanoparticles [14]. Chitosan 
is a co-polymer comprising d-glucosamine and N-acetyl-d-
glucosamine produced via alkaline deacetylation of chitin 
naturally occurring in the crustaceans or hydrolysis of chitin 
by the enzymatic action of deacetylase [15]. Chitosan has been 
used as a capping agent to stabilize the colloidal dispersion, 
and to control the morphology and optical properties of metal 
nanoparticles including gold [16], silver [17], and copper 
[18]. Regarding biological applications, chitosan has excellent 
properties like biocompatibility, biodegradability, non-toxicity, 
and antimicrobial activity [19]. Different modalities have been 
tried to overcome this issue and provide antimicrobial activities, 
including resin and seashell [20,21]

To the extent of our knowledge, incorporating chitosan-
capped cerium oxide nanoparticles (C-CeNPs) in a universal 
adhesive, has not been investigated in any study yet. The aim 
of this study was to evaluate the antimicrobial action of a 
universal adhesive modified by incorporating chitosan capped 
cerium oxide nanoparticles.  The null hypothesis was that 
incorporating C-CeNPs would not significantly improve the 
antimicrobial action of the modified adhesive against S. mutans 
and L. acidophilus bacterial strains when compared with the 
non- modified adhesive.
Materials and Methods.
Synthesis and characterization of chitosan capped cerium 
oxide nanoparticles colloidal suspension (C-CeNPs):

The synthesis of C-CeNPs was based upon the procedure 
implemented by Siqi Zhao M.Sc. thesis [22]. The materials 
used to prepare C-CeNPs were purchased from Sigma Aldrich. 
After it’s synthesis, the colloidal suspension was characterized 
by Fourier Transform Infrared Spectroscopy, Transmission 
Electron Microscopy, field emission scanning electron 
microscopy and energy dispersive X-ray spectroscopy with 
elemental mapping.
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Incorporation of the Capped Nanoparticles into the 
Universal Adhesives: After characterizing and examining 
the nanoparticles size distribution, 0, and 3% by weight of 
the prepared colloidal suspension were incorporated into a 
universal adhesive. The adhesive agent selected to be used 
in this study is a commercially available universal adhesive, 
which is the All-Bond Universal adhesive (Bisco, USA).

After incorporation of the capped nanoparticles, the adhesive 
bottle was shaken with the aid of mechanical mixing device 
(VELP Advanced Vortex Mixer; Biobase Biomettch CO. Ltd, 
China) for 2 minutes in a spiral agitation motion at 2000 rpm 
speed to allow even blending and dispersion of the capped 
nanoparticles into the universal adhesive [23]. 

The bacterial strains used in the study were Streptococcus 
mutans (S. mutans) and Lactobacillus acidophilus (L. 
acidophilus). The bacterial strains were isolated and identified 
by specialist microbiologists at Laboratory of Microbiology, 
Department of Dental Basic Sciences, College of Dentistry, 
University of Mosul, Mosul, Iraq.
The adhesive groups were:

Group I (G I): All Bond Universal adhesive without C-CeNPs
Group II (G II): All Bond Universal adhesive modified with 

3% wt C-CeNPs
Two tests were performed to evaluate the antimicrobial action 

of the adhesive groups: the agar diffusion test (ADT) and the 
direct contact test (DCT). 

Agar Diffusion Test: Forty Mueller Hinton agar plates 
were prepared for this test, twenty plates per each group. A 
micropipette (10-100 µl Accumax PRO; ACCUMAX Lab 
Devices PVT. Ltd, India) was used to pick up 100µL of each 
pure microbial strain and spread by the aid of sterile swabs 
over the entire surface of the plates. Ten plates were used for 
testing the antimicrobial action against S. mutans and another 
ten plates were used for testing the antimicrobial action against 
L. acidophilus. In each plate, two wells of 6 mm diameter were 
punched by a sterile cork borer. A micropipette was used to fill 
the wells with 20 µL of adhesive group. For each plate, one 
well was filled with G I adhesive while the other well was filled 
with G II adhesive. A gentle steam of air was applied to the 
adhesives in the wells for 15 seconds. Then after, the adhesives 
were light cured with (MaxCure 9 LED curing device, Guilin 
Refine Instrument. Ltd, China) for 20 seconds. After 24 hours of 
incubation, the plates were removed out from the incubator and 
examined for the inhibition zones which were measured around 
each well in mm using a digital caliper.

Direct Contact Test: This test was performed to evaluate 
the antimicrobial action of adhesive groups against microbial 
strains after 1, 7, and 14 days. One 96-well cell plate was used 
to evaluate the antimicrobial action of adhesive groups against 
S. mutans and another one was used for L. acidophilus. From 
each plate, 48 wells were filled with brain heart infusion (BHI) 
while the other 48 wells were allocated for the adhesive groups 
(24 well for each group and 8 well for each time interval). A 
third 96-well cell plate was used where 16 wells were filled 
with Control positive groups (microbial suspension without 
adhesive) (8 wells for each group) and another 8 wells were 
filled with Control negative group (adhesive without microbial 

suspension). The plates were incubated at 37° for the determined 
durations. After incubation, 10 μL from the broth in each well 
was pulled and transferred to 1 ml of sterile BHI broth. The 
suspension was agitated for one minute, then subjected to 10-
fold serial dilutions from 10¹ to 108. Finally, 0.1 ml of each 
diluted suspension was dispensed into selective agar plates 
for each isolate and streaked with an L-shaped glass rod. The 
culture plates were then incubated at 37 °C for 24 hrs. After 
incubation, the plates were photographed, and the colonies were 
counted. The colony forming units (CFU/mL) were calculated 
using the following formula:

CFU/ml = (no. of colonies x dilution factor) / volume of 
culture plate

The data were converted to logarithmic transformation (log10).
Statistical Analysis: The statistical analysis was performed 

using SPSS 25. Data were analyzed by analysis of variance 
ANOVA) and Duncan’s multiple range test.
Results.

Regarding ADT, the inhibition zones created by G I and G II 
adhesive groups are shown in (Figure 1). The results of ADT 
including the descriptive statistics are shown in (Table 1) and 
(Figure 2). G II has resulted in greater inhibition zone values 
against both microbial strains when compared to G I.

Figure 1. Inhibition zones created by G I and G II adhesive groups 
against S. mutans and L. acidophilus.

Figure 2. Graph showing the mean inhibition zone values (± SD) in 
mm of adhesive groups against S. mutans and L. acidophilus bacterial 
strains.
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The greatest inhibition zone value was for G II against S. 
mutans while the smallest inhibition zone value was for G I 
against L. acidophilus. G I and II resulted in greater inhibition 
zones against S. mutans in comparison to the inhibition zones 
against L. acidophilus.

The results of ANOVA test are shown in (Tables 2 and 3). 
Table 2 revealed that there were significant differences between 
adhesive groups regarding their antimicrobial action against 
the same microbial strain. In addition, the antimicrobial action 
of adhesive groups against S. mutans were significantly higher 
than their action against L. acidophilus. Table 3 revealed that 
the inhibition zone values were significantly affected by the 
adhesive group, the type of bacterial strain, and the combined 
effect of the adhesive group and type of bacterial strain.

Regarding the DCT, the microbial growth of S. mutans and L. 
acidophilus bacterial strains after exposure to adhesive groups 
at different time intervals along with control positive group are 
shown in (Figure 3). The descriptive statistics are shown in 
(Table 4 & Figure 4). The mean CFU values of both bacterial 
strains for both groups increased with increasing time intervals. 
However, G II resulted in mean values much lower than G I. 
The highest value was for G I against S. mutans at 14 days’ time 

interval while the least value was for G II against S. mutans at 
1-day time interval.

Duncan’s multiple range test (table 5) shows that G II resulted 
in a significantly lower CFU mean values of both microbial 
strains than those of G I at all-time intervals. In addition, S. 
mutans CFU mean values of G II, at all-time intervals, were 
statistically lower than those of L. acidophilus. Furthermore, 
the CFU mean values of each microbial strain for G II were 
statistically different from each other in respect to time intervals 
while in G I the difference exists only in respect to the 1-day 
time interval. ANOVA three-way statistical analysis (table 6) 
shows the significant interaction between adhesive group and 
bacterial strain, between adhesive group and time interval, 
between bacterial strain and time interval, and among adhesive 
group, bacterial strain, and time interval at level of significance 
≤ 0.01.
Discussion.

Secondary caries at the margins of direct composite resin 
restorations is one of the most common causes of their 
replacement [24], where bacterial invasion is aggravated by 
marginal seal breakdown due to the degradation of the adhesive 

Adhesive groups Bacterial strain Number of 
samples Minimum Maximum Mean Std. 

Deviation

G I S. mutans 10 6.5 9.7 8 0.92
L. acidophilus 10 4.8 7 6 0.75

G S. mutans 10 16.3 19.1 17.6 1.1
L. acidophilus 10 12.9 14.9 14 0.75
Valid N (listwise) 10

Table 1. Descriptive statistical results of ADT for adhesive groups against S. mutans and L. acidophilus bacterial strains.

G I G II Mean

S. mutans
Mean 8.046 c 17.6 a 12.823 a
Number of samples 10 10 20
Std. Deviation 0.92293 1.09828 4.99956

L. acidophilus
Mean 6.0310 d 14.0040 b 10.0175 b
Number of samples 10 10 20
Std. Deviation 0.7463 0.75248 4.15459

Total
Mean 7.0385 b 15.8020 a
Number of samples 20 20
Std. Deviation 1.31749 2.05974

Different lower-case letters indicate significant differences between treatments at level of significance ≤ 0.01.

Table 2. ANOVA test results of ADT for adhesive groups against S. mutans and L. acidophilus bacterial strains.

Source Type III sum of 
squares Df Mean square F-value Sig.

Corrected model 852.947 3 284.316 357.493 0.000
Intercept 5216.884 1 5216.884 6.560E3 0.000
Adhesive group 767.989 1 767.989 965.654 0.000
Bacterial strain 78.708 1 78.708 98.966 0.000
Adhesive group *  
Bacterial strain 6.249 1 6.249 7.857 0.008

Error 28.631 36 0.795
Total 6098.462 40
Corrected Total 881.577 39

Table 3. ANOVA test showing the effect of adhesive group, microbial strain type, and the combined effect of adhesive group and microbial strain 
type on the inhibition zone values of ADT.



62

Figure 3. Microbial growth of S. mutans and L. acidophilus bacterial strains after exposure to adhesive groups at different time intervals along 
with control positive group.

Figure 4. Graph showing the mean values of log (CFU/ml) S. mutans and L. acidophilus in regard to adhesive groups after different time intervals.

Descriptive Statistics

Group Bacterial strain Time interval Number of 
samples Minimum Maximum Mean Std. Deviation

G I

S. mutans
1 Day 10 6,7 8.9 7.79 0.86081
7 Days 10 18.7 22.8 20.59 1.36337
14 Days 10 18.7 25.2 22.1 2.14372

L. acidophilus
1 Day 10 19.1 21.5 20.34 0.924
7 Days 10 19.1 23.7 20.96 1.62221
14 Days 10 19.1 24.1 21.22 1.86476

G II

S. mutans
1 Day 10 2.5 3.8 3.21 0.43321
7 Days 10 4.4 5.9 5.07 0.46679
14 days 10 6.1 8.6 7.44 0.96632

L. acidophilus
1 Day 10 4.9 6.4 5.58 0.50947
7 Days 10 6.6 8.4 7.53 0.57745
14 Days 10 8.9 10.7 9.98 0.52873

Table 4. Descriptive statistical results of DCT of adhesive groups against S. mutans and L. acidophilus bacterial strains at different time intervals.



63

interface [25], and universal adhesives aren’t an exception of 
this dilemma. The antimicrobial action of universal adhesives 
has been evaluated in several studies [10]. The agar diffusion 
test is a widely used method to detect the antibacterial action of 
an agent by its diffusion through the agar plate and subsequent 
inhibition of bacterial growth being studied [26].  

In this study, both adhesive groups, G I and G II, have shown 
an antimicrobial action against S. mutans and L. acidophilus. G 
I, although not modified, showed a slight antimicrobial action 
against S. mutans which may be attributed to the chemical 
composition of the adhesive since it contains Hydroxyl 
Ethyl Methacrylate (HEMA), a hydrophilic primer, and 10- 
Methacryloyloxydecyl Dihydrogen Phosphate (10-MDP), 
an etchant and adhesion promoting agent [27]. The acidic 
characteristics of these constituents might result in an inhibited 
growth of S. mutans [28]. However, their effects were weaker 
against L. acidophilus since these bacteria are well- known of 
their acid tolerance [29]. 

The antimicrobial action of G II, in addition to its composition, 
seems to be fortified by incorporating C-CeNPs which is 
composed from cerium oxide capped by chitosan nanoparticles. 
Cerium oxide nanoparticles can exert their antimicrobial action 
by two ways. First; through the redox behavior where cerium 
oxide nanoparticles switch between two oxidation states: Ce(III) 
and Ce(IV). This redox behavior allows cerium to generate 
reactive oxygen species (ROS), which can damage bacterial cell 
membranes and disrupt metabolic processes. The conversion 

from Ce(IV) to Ce(III) is particularly important, as it enhances 
the oxidative stress on bacteria, leading to cell death [30]. 
Second, through the electrostatic interactions demonstrated by 
the adsorption of positively charged cerium oxide nanoparticles 
to the bacterial cell wall and hence impairing cellular 
respiration, DNA replication, and cell division [31]. In addition 
to cerium oxide nanoparticles, chitosan has also exerted its own 
antimicrobial action which can be explained into two ways. First, 
being positively charged, chitosan can electrostatically interact 
with the negatively charged bacterial cell membranes. This 
interaction disrupts the integrity of the cell membrane, leading 
to increased permeability and ultimately cell lysis [32]. Second, 
since chitosan used in this study to synthesize C-CeNPs was 
of low molecular weight this has enhanced its penetration into 
bacteria, ensured effective disruption of their cell membranes 
and thereby increased the antimicrobial action [33].

The DCT was also used in this study to detect the antimicrobial 
action of adhesive groups against bacterial strains for the 
following reasons. First, it allows for direct exposure of 
bacterial cells to the dental adhesive. Thus, bacteria will be in 
close contact with the adhesive material, facilitating a more 
accurate assessment of its antimicrobial action [34]. Second, 
it provides quantitative data on bacterial growth inhibition. 
By measuring the change in bacterial viability before and after 
contact with the adhesive, precise information can be obtained 
about the adhesive's effectiveness over time [35]. According 
to the results of this study, G I has exerted an antimicrobial 

      
G I G II
S. mutans L. acidophilus S. mutans L. acidophilus

1 day
Mean 7.7900 d 20.3400 b 3.2100 f 5.5800 e
Number of samples 10 10 10 10
Std. Deviation 0.86081 0.92400 0.43321 0.50947

7 days
Mean 20.5900 b 20.9600 b 5.0700 e 7.5300 d
Number of samples 10 10 10 10
Std. Deviation 1.36337 1.62221 0.46679 0.57745

14 days
Mean 22.1000 a 21.2200 ab 7.4400 d 9.9800 c
Number of samples 10 10 10 10
Std. Deviation 2.14372 1.86476 0.96632 0.52873

Different lower-case letters indicate significant differences between treatments at level of significance ≤ 0.01

Table 5. Duncan’s multiple range test of DCT of adhesive groups against S. mutans and L. acidophilus bacterial strains at different time intervals.

Source Type III Sum of 
Squares df Mean Square F- value Sig.

Corrected Model 6346.451 11 576.950 422.935 0.0001
Intercept 19205.230 1 19205.230 1.408E4 0.0001
Adhesive group 4586.797 1 4586.797 3.362E3 0.0001
Bacterial strain 313.957 1 313.957 230.147 0.0001
Time interval 756.411 2 378.206 277.245 0.0001
Adhesive group * Bacterial strain 18.174 1 18.174 13.323 0.0001
Adhesive group * Time interval 120.574 2 60.287 44.193 0.0001
Bacterial strain * Time interval 269.471 2 134.735 98.768 0.0001
Adhesive group *Bacterial strain * 
Time interval 281.068 2 140.534 103.019 0.0001

Error 147.329 108 1.364
Total 25699.010 120
Corrected Total 6493.780 119

Table 6. Three-way ANOVA test of DCT of adhesive groups against S. mutans and L. acidophilus bacterial strains at different time intervals.
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action only against S. mutans in 1-Day interval which nearly 
which was nearly vanished at the other two-time intervals. 
This could be attributed to the diminished effect of HEMA and 
10-MDP constituents with time due to their degradation and 
hydrolysis when the adhesive was mixed with the microbial 
suspensions and BHI during the DCT procedure [36]. However, 
G II continued to retard the growth of microbial strain, at all-
time intervals because of the incorporation of C-CeNPs with 
antimicrobial action of cerium dioxide and chitosan previously 
mentioned [37-39].
Conclusion.

Within the limitations of this study, the antimicrobial action of 
All Bond Universal against S. mutans and L. acidophilus can be 
enhanced by the incorporation of C-CeNPs. 
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