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Abstract

Background: The present study aimed to evaluate the antibacterial agents of composite resin materials, their efficacy in caries
prevention, and their impact on the mechanical properties (flexural strength) of composite resin restorative materials.

Methods: In this systematic review and meta-analysis, all published articles on the effects of antibacterial properties of composite
resin materials in the prevention of dental caries (between 2005 to 2020) were evaluated using valid databases, including
PubMed, Google Scholar, Web of Science, ISI, Scopus, Cochrane, ProQuest, and Embase, found by searching the keywords
“anti-bacterial agents,” “composite resins,” “dental restoration,” and “dental caries” according to the MeSH system. The context
of the studies was extracted and subjected to modified CONSORT. The required data were extracted and analyzed with the
Comprehensive Meta-Analysis software.

Results: According to the results of the random effect model, the heterogeneity of biofilm colony forming unit (CFU) average was
-1.90 (Cl: -1.68 to -2.13). The mean value of the control group was higher than the intervention. The heterogeneity of flexural
strength (FS) average was -11.92 (Cl: -8.30 to -15.55). The mean value of the control group was higher than the intervention
group. The heterogeneity of thiazolyl blue tetrazolium bromide (MTT) absorbance average was -0.90 (Cl: -0.65 to -1.14). The
mean value of the control group was higher than the intervention group.

Conclusion: The results of the present study showed that the antibacterial agents had a significant effect on the caries prevention
properties of the composite resin materials; however, due to the bias related to different control groups, laboratory conditions,

and mismatch between in vitro and in vivo conditions, more studies are needed in this regard.
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Introduction

Dental caries is a multifactorial disease that leads to
local loss of minerals from the tooth surface due to
the fermentation of food sugars by bacteria active in
the biofilm (dental plaque); this process may result in
cavity formation." Although numerous bacterial species
in dental plaque have been discovered to be related to
dental caries, there is evidence showing Streptococcus
mutans, Streptococcus sobrinus, and Lactobacillus are the

major anaerobic pathogens of dental plaque.’* Composite
resin is more frequently used compared to other
operative materials in the field of operative and aesthetic
dentistry due to its esthetic properties.* These composite
restorations can be prone to failure due to numerous
reasons, including secondary caries and bulk fracture of
the material (accounting for more than 90% of failures).’
Composite resin materials are subject to more bacterial
and plaque accumulation on their surface in comparison
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to other materials,"'° which can lead to secondary

caries'® Micro gaps (microleakage) between the
prepared cavity and the filling material can be considered
a reason for secondary caries™ It is reported that
replacement of old fillings accounts for about two-thirds
of the services offered in operative dentistry; such a high
rate of failure suggests that operative approaches are not
optimum and there is potential for improvement in this
area.”” Moreover, in the structure-preservation approach,
which is regarded as a conservative strategy for caries
removal, it is expected that more bacteria remain in the
affected dentine.'®” The presence of antibacterial agents
supplied specifically in the filling materials can affect
the initiation and progression of the secondary carious
activity close to the filling material. clinical application of
these modified materials can benefit the patient directly
and the health system indirectly as it can reduce the need
for replacement of the material due to secondary caries.'®
However, some drawbacks are reported regarding color
change, reduced mechanical properties, and gradual
reduction in antibacterial properties,” and there is still
no composite material available presenting suitable
antibacterial characteristics.”” Since adding antibacterial
agents can negatively affect the mechanical properties
of the material and increase the costs for the patients,
evaluating whether these materials are clinically and
economically beneficial to the patients is of great
importance.'” The caries prevention properties of such
agents lead to a reduction in the chance of secondary
caries and a subsequent need for replacement of the
filling and reduce costs for the patients; thus, in the
present study we evaluated the relationship between
antibacterial features and resulting changes in the
mechanical properties (flexural strength) of composite
restorations containing antibacterial agents to identify
materials with antibacterial properties without loss of
mechanical strength.

Methods
In this systematic review and meta-analysis, an electronic
search was done on valid databases based on Medical
Subject Headings (MeSH) and PICO using “AND” and
“OR” operators about the caries prevention effect of
composites containing antibacterial agents.

Since the evaluated articles were in vitro, PICO
consisted of:

P: In vitro studies that used simulated body fluid (SBF)
for calculating bacterial growth inhibition.

I: Application of composite restorative materials with
different weight percentages of antibacterial agents

C: Comparison of materials free of antibacterial
agents with composite materials with different weight
percentages of antibacterial agents

O: Correlation between application of such materials
and caries prevention effects and flexural strength of the

material (biofilm formation/MTT absorption/biofilm
lactic acid production/ flexural strength).

Search strategy

All articles published between 2005 and 2020 on the

effect of antibacterial properties of composite resin

filling materials on caries prevention were extracted from

PubMed, Scopus, ProQuest, Google Scholar, Web of

Science, ISI, and Cochrane databases and were evaluated.
The search protocol in PubMed and Embase was as

follows:

PubMed:

Search “Anti-Bacterial Agents”[MeSH]
Search “Anti-Bacterial Compounds”
Search “Antibiotics”[MeSH]

Search “Dental Caries “[MeSH]

Search “Dental Decay”

Search “prevention”[MeSH]

Search “Composite Resins”[MeSH]
Search “ Dental Fillings”

Search “Dental Restoration”[MeSH]

. Search (Anti-Bacterial Agents OR Anti-Bacterial
Compounds OR Bacteriocides OR Antibiotics)
AND (Dental Caries OR Dental Decay OR Dental
White Spot) AND (prevention OR control) AND
(Composite Resins) AND (Dental Restoration OR
Dental Fillings)

11. Search ((((((“Anti-Bacterial Agents “[MeSH])
OR “ Anti-Bacterial Compounds “) OR
Antibiotics “ [Mesh]) OR “ Bacteriocides
“[MeSH]) “ OR”Bacteriocidal Agents”[MeSH]) OR
“Antimycobacterial Agents “[MeSH])

12. Search ((((((“Anti-Bacterial Agents “[MeSH]) OR
“ Anti-Bacterial Compounds “) OR” Antibiotics
“ [MeSH]) OR “ Bacteriocides “[MeSH]) “ OR
“Bacteriocidal ~ Agents’[MeSH]) OR “ Anti
mycobacterial Agents “[MeSH]) AND (Dental Caries
OR Dental Decay OR Dental White Spot ) AND
(Composite Resins) AND (prevention OR control)
AND (Dental Restoration OR Dental Fillings)

Embase:

#1. “Anti-Bacterial

#2. “Agents “

#3.  “Anti-Bacterial Agents OR Anti-Bacterial

Compounds OR Antibiotics OR Bacteriocides”

#4. “Dental Caries OR Dental Decay OR Dental White

Spot”

#5. “Prevention OR control”

#6. “Composite Resins”

#7. “Dental Restoration OR Dental Fillings”

#8.#1 OR #2

#9.#1 OR #2 OR #3

#10#1 OR#2 OR #3 AND #4 AND #5 AND #6 AND #7

A simple search in references of the published articles
and available dissertations was also done.
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Study selection and data extraction

Two authors independently searched the above-
mentioned keywords in titles and abstracts of articles
from the databases; in case of any disagreement, the
third author was consulted to arrive at a consensus. The
PRISMA guideline was considered as the reference for
inclusion criteria of the study in the present systematic
review and meta-analysis, including a combination
of different aspects of a research question and also
characteristics of different types of studies that evaluated
this question. Population, intervention, and comparisons
that were considered in the research question were
applied directly to the inclusion criteria. Moreover,
specific aspects of the study design and study behavior
in the extracted articles were also considered. In the first
step of the study selection, the titles of the articles were
evaluated. After applying inclusion and exclusion criteria
and evaluation based on the related checklist, 21 articles
were considered citable.

Inclusion criteria

In vitro articles evaluating the effect of antibacterial
properties of different dental composite materials in tooth
caries prevention were included in the present study.

Exclusion criteria

1. Studies related to our systematic review were
evaluated regarding their quality, and if they did
not meet the minimum score of 10 in the Modified
CONSORT checKklist, they were excluded from this
study.?

2. Articles reporting our intended indices (observation
and area by area evaluation of slides using a
microscope) as qualitative data, which makes meta-
analysis impossible, were excluded from this study.

3. Studies lacking a proper control group for evaluating
the effect of the combination of nanoparticles on the
antibacterial capacity of the composite resin were
also excluded from our study.

Also, in the case of similar articles, more recent articles
with a more comprehensive method, a higher number of
samples, and longer follow-up periods were included in
this systematic review.

Quality assessment of included studies
The extracted articles were first selected based on the
title and abstract; then, full texts were carefully evaluated
by the three principal researchers individually using the
modified CONSORT checklists of items for reporting
in vitro studies of dental material. Characteristics and
results of the articles included in the present study are
summarized and presented in Figure 1.

It is worth noting that the above-mentioned checklist
consists of 14 items for evaluating different parts of the
articles and assessing the overall quality with yes/no

questions; the Quality assessment was reported as good/
poor, and poor studies were excluded from the study.
Each item of the checklist is a predetermined question.
The question “Is the case correctly reported?” is answered
based on the contents of the article being evaluated. The
answer can be “Yes, it is reported correctly” and “No, it
is not reported correctly.” All included studies (based
on the consultation and overall consensus between the
three principal researchers) whose data was used for the
analysis, were evaluated based on the checklist and the
outcome is available for review.

Statistical analysis
Comprehensive Meta-Analysis software was used for
statistical analysis of extracted data. As the outcome
of different studies is not equal in value, binominal
distribution was used for the calculation of the variance
of each article, and it was then statistically weighted
proportionately to its inverse variance. Evaluation of the
heterogeneity was done using the Q test and I-squared
index, and since the I-squared index was statistically
significant, studies were not homogenous, and the
random effect model was used for meta-analysis.
Publication bias was assessed using conical diagrams
and Egger’s and Begg’s tests. In conical diagrams, the
proportionate risk is presented as doubled inversed
squared standard deviation. In case of publication bias,
a conical diagram will present asymmetry in the wider
part. Finally, the mean difference was calculated and is
presented in the forest plot.

Results and Discussion

The aim of the present study was to evaluate the efficacy
of antibacterial agents in composite resin filling materials
in caries prevention. For this purpose, the colony
forming units (CFUs) of the dental plaque accumulated
on composite resins with various concentrations of
antibacterial agents (case groups) were calculated and
compared with composite resins without antibacterial
agents (control groups). For evaluating the efficacy of the
antibacterial agents on biofilm bacteria, determining the
number of living bacteria in the biofilm or the relative
reduction of living bacteria is necessary. Different
methods are available for quantification of the number of
surviving bacteria. However, these indices are generally
suitable for the evaluation of planktonic samples. The
classic method of determining the number of surviving
bacteria is CFU. Another index for the evaluation of
bacteria on the restored surfaces is measuring their
activity and biofilm lactic acid production. This factor
can be used for studying both the quantity of the bacteria
and quantitative changes of bacteria on the composite
surface containing antibacterial agents. MTT is another
method that is widely used for the evaluation of cell
survival. This method is a colorimetric technique that
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Figure 1. PRISMA diagram of included studies

is based on mitochondrial respiration and, therefore, is
used for indirect evaluation of cellular energy capacity.
Thus, this index also helps calculation, assessment, and
observation of bacterial quantitative changes on the
surface of antibacterial composite resin restorations.
Adding antibacterial agents to the composite resin
filling materials can affect their mechanical properties;
therefore, the flexural strength (FS) of antibacterial
composite resins compared to materials without
antibacterial agents is another factor that was studied
in this systematic review. FS is defined as the ability of
the material to resist bending deflection when energy is
applied to the structure. To sum up, the indices that were
evaluated in the present study were biofilm formation,
lactic acid production, MTT absorption, flexural strength.

Lactic acid production

Based on the results of the homogeneity test for the
LACTIC variable, Cochran’s Q was 11773/19 with
the degree of freedom (df) of 36 which was considered

significant (P value=0.0001). On the other hand,
I-squared index results were reported as 99.7%. Overall,
the results of these two indices showed that the difference
of the mean amounts of LACTIC among 37 dental
composite samples in the 21 studies was not homogenous;
in other words, the outcomes of different studies varied
significantly. Thus, the random effect model was used
for evaluating the difference of the mean amounts of
LACTIC.

Figure 2 shows the forest-plot of the accumulation of the
difference of the mean amounts of LACTIC. Based on the
random effect model, this variable was reported as -9.78;
also, the confidence interval (CI) was calculated as -11.90
and -7.67. As difference of the mean amounts of LACTIC
was calculated by subtracting the case group results from
the control group results, it can be inferred lactic acid
production in dental plaque on antibacterial composite
resins and the tooth surface decreased, and bacterial count
and dental biofilm also decreased in comparison with
composite resins without antibacterial agents.
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Study %
ID SMD (95% Cl) Weight
Hong Chen(2020) - a -0-: -7.58 (-11.50, -3.67) 0.95
Hong Chen(2020) - b ——p -14.21 (-21.28,-7.14)  0.29
Yousif A. Al Dulaijan (2018)- a 0.42 (-1.20, 2.05) 5.53
Yousif A. Al Dulaijan (2018)- b — -11.44 (-19.53,-3.35)  0.22
Lei Cheng (2011) - a -> -3.28 (-4.84, -1.72) 6.01
Lei Cheng (2011) - b L 4 -4.71 (-6.70, -2.71) 3.66
Lei Cheng (2011) - ¢ - -7.47 (-10.41, -4.54) 1.70
Lei Cheng (2012) - a ° -0.56 (-1.56, 0.44) 14.60
Lei Cheng (2012) - b * -2.16 (-3.42, -0.89) 9.16
Lei Cheng (2012) - ¢ --- -6.79 (-9.49, -4.09) 2.01
Lei Cheng (2012) - d - -7.54 (-10.50, -4.58) 1.67
Lei Cheng (2012) - e - -9.04 (-12.53, -5.55) 1.20
Lei Cheng (2012-2) - a - -13.79 (-18.99,-8.59)  0.54
Lei Cheng (2012-2) - b - -5.81 (-8.18, -3.45) 2.62
Lei Cheng (2012-2) - ¢ - -5.00 (-7.10, -2.90) 3.33
Lei Cheng (2012-2) -d —_—— X -52.97 (-72.62, -33.33) 0.04
Lei Cheng (2012-2) - e - -13.25(-18.26,-8.25)  0.58
Lei Cheng (2012-2) - f —_— -47.27 (-64.81, -29.73)  0.05
Lei Cheng (2012-3) - a . -2.39 (-3.71, -1.07) 8.41
Lei Cheng (2012-3) - b == -6.88 (-9.61, -4.15) 1.96
Lei Cheng (2012-3) - ¢ - -11.88 (-16.39,-7.37)  0.72
Lei Cheng (2012-3) -d — | -17.50 (-24.05, -10.94) 0.34
Junling Wu Han Zhou (2015) - a 0= -4.63 (-7.22, -2.05) 2.19
Junling Wu Han Zhou (2015) - b | -6.08 (-9.31, -2.85) 1.41
Junling Wu Han Zhou (2015) - ¢ - -6.77 (-10.31, -3.23) 1.17
Junling Wu (2015) - a —0—: -8.52 (-12.87, -4.17) 0.77
Junling Wu (2015) - b - -8.50 (-12.85, -4.16) 0.77
Junling Wu (2015) - ¢ - -8.60 (-12.99, -4.21) 0.76
Junling Wu (2015) - d —0—: -8.50 (-12.85, -4.16) 0.77
Ning Zhang (2015) - a - -9.09 (-13.23, -4.95) 0.85
Ning Zhang (2015) - b * -1.79 (-3.16, -0.41) 7.73
Ning Zhang (2015) - ¢ —— -10.16 (-14.76, -5.57)  0.69
Chenchen Zhou (2013) - a 0.07 (-0.98, 1.11) 13.33
Chenchen Zhou (2013) - b < -6.00 (-8.62, -3.38) 2.13
Chenchen Zhou (2013) - ¢ —O-i -9.71 (-13.73, -5.69) 0.90
Chenchen Zhou (2013) - d - -12.07 (-17.01,-7.13)  0.60
Chenchen Zhou (2013) - e — -17.13 (-24.07,-10.20) 0.30
Junling Wu Han Zhou (2015) - d ! (Excluded) 0.00
Overall (I-squared = 90.1%, p = 0.000) ‘ -3.40 (-3.79, -3.02) 100.00
:
I I
-72.6 72.6
STarga™

Figure 2. The forest plot of the accumulation of the difference of the mean amounts of LACTIC

Based on the Egger’s test of the publication bias results
of the LACTIC variable (P value=0.734), it can be
concluded that there was no publication bias.

Based on the outcomes of the homogeneity test for the
biofilm variable, Cochran’s Q test was 480.12 with a df
of 59, which is considered significant (P value=0.0001).
On the other hand, I-squared index results were 99.7%.
Overall, the results of these two indices showed that
the difference of the mean amounts of biofilm among
59 dental composite samples in the 21 studies was not
homogenous; in other words, it can be concluded that the
outcomes of different studies varied significantly. Thus,
the random effect model was applicable for evaluation of
difference of the mean amounts of the biofilm variable.

Figure 3 shows the forest plot of the accumulation of
the difference of the mean amounts of biofilm. Based on
the random effect model, this variable was reported as
-1.90; also, the CI was calculated as -2.13 and -1.68. As
difference of the mean amounts of biofilm was calculated
by subtracting the case group results from the control
group results, it can be inferred that CFU in dental plaque
on antibacterial composite resins and the tooth surface

decreased in comparison with composite resins without
antibacterial agents.

Based on the Egger’s test of the results of the biofilm
variable publication bias test (P value=0.0001), it can be
concluded that there was publication bias.

Based on the results of the homogeneity test for the
FS variable, Cochran’s Q test was 551.68 with a df of 57,
which is considered significant (P value=0.0001). On
the other hand, I-squared index results were reported as
89.8%. Overall, the results of these two indices showed
that the difference of the mean amounts of FS among
57 dental composite samples in 21 studies was not
homogenous; in other words, it can be concluded that the
outcomes of different studies varied significantly. Thus,
the random effect model was applicable for evaluation of
the difference of the mean amounts of the FS variable.

Figure 4 shows the accumulation of the difference of
the mean amounts of FS. Based on the random effect
model, this variable was reported as -11.92; also, the CI
was calculated as -15.55 and -8.30. As the difference of
the mean amounts of FS was calculated by subtracting
the case group results from the control group results, it

J Oral Health Oral Epidemiol. Volume 11, Number 4, 2022

| 183



Nilchian et al

Study %
D SMD (95% Cl) Weight
Xanthippi Chatzistavrou (2015) - a -> 0.22 (-1.39, 1.83) 1.96
Xanthippi Chatzistavrou (2015 ) - b - -1.91(-3.98,0.17) 1.18
Soohyeon Kim (2013) -a —— -36.72 (-54.76, -18.69) 0.02
Soohyeon Kim (2013) -b ——— I -39.24 (-58.50, -19.97) 0.01
Soohyeon Kim (2013) -c —— . -39.27 (-58.55, -19.99) 0.01
Berdan Aydin Seving (2010) - a < 0.44 (-0.82, 1.69) 321
Berdan Aydin Seving (2010) - b - -2.77 (-4.61, -0.93) 1.50
Berdan Aydin Seving (2010) - - -2.98 (-4.90, -1.07) 1.38
J.F. Zhang (2014) * -36.49 (-61.82, -11.15) 0.01
EMRE KURKET (2016) - a * 057 (1.72,0.59) 378
EMRE KURKET (2016) - b L 2 -2.55 (-4.13, -0.96) 201
EMRE KURKET (2016) - ¢ - -4.43 (-6.67, 2.18) 1.01
Xanthippi Chatzistavrou (2014) —_— -10.95 (-18.70, -3.19) 0.08
Lei Cheng1 (2015) - a =, 6.92 (-9.67, -4.18) 067
Lei Cheng1 (2015) - b e ol -7.05 (-9.83, -4.26) 065
Lei Cheng1 (2015) - ¢ - -7.05 (-9.84, -4.26) 065
Hong Chen(2020) - a - -2.02 (-3.61,0.43) 202
Hong Chen(2020) - b - -2.02 (-3.61,-0.43) 202
Yousif A. Al Dulaijan (2018)- a L g -0.22 (+1.83,1.38) 1.96
Yousif A. Al Dulaijan (2018)-b - -2.35 (-4.63,0.07) 097
Lei Cheng (2011) - a *> 255 (-3.91,-1.19) 274
Lei Cheng (2011) - b --- -5.53 (-7.81, -3.26) 098
Lei Cheng (2011) - ¢ —— -8.54 (-11.86, -5.23) 0.46
Lei Cheng (2012) - a * 0.00 (-0.98, 0.98) 528
Lei Cheng (2012) - b * -1.05 (-2.10,0.01) 457
Lei Cheng (2012) -¢ £ 3 -2.05 (-3.29, -0.81) 3.30
Lei Cheng (2012) - d —— -8.54 (-11.86, -5.23) 0.46
Lei Cheng (2012) - —— ] -10.63 (-14.69, -6.57) 0.31
Lei Cheng (2012) f —— | -15.49 (-21.31, -9.67) 0.15
Lei Cheng (2012-2) -a —_—— -14.05 (-19.35, -8.76) 018
Lei Cheng (2012-2) - b —— -15.52 (-21.36, -9.69) 0.15
Lei Cheng (2012-2) - ¢ —— -15.54 (-21.38, -9.70) 0.15
Lei Cheng (2012-2) - d * 0.00 (-0.98, 0.98) 5.28
Lei Cheng (2012-3) -a *> 262 (-4.00, -1.24) 266
Lei Cheng (2012-3) - b - -4.12 (-5.98, -2.30) 154
Lei Cheng (2012-3) ¢ - -4.56 (-6.51, -2.61) 1.33
Mary Anne S. Melo (2013) - a * -0.75 (-1.66, 0.16) 6.13
Mary Anne S. Melo (2013) - b *> -3.18 (4.54,-1.82) 274
Mary Anne S. Melo (2013) -c — -11.93 (15.92, -7.93) 032
Junling Wu Han Zhou (2015) - h - -2.38 (-4.08, -0.68) 1.75
Junling Wu Han Zhou (2015) - i - -3.29 (-5.32, -1.26) 1.23
Junling Wu Han Zhou (2015) - | - -3.25 (-5.27,-1.23) 1.24
Junling Wu Han Zhou (2015) - k - -3.30 (-5.34, -1.26) 122
Junling Wu (2015) - a —_—— 1145 (17.20, -5.71) 0.15
Junling Wu (2015) -b —_— | -11.45 (17.20, -5.71) 0.15
Junling Wu (2015) - ¢ —— | -11.45 (-17.20, -5.71) 0.15
Junling Wu (2015) -d ——— -11.45 (-17.20, -5.71) 0.15
Ning Zhang (2015) - a - -3.26 (-5.09, -1.44) 153
Ning Zhang (2015) - d -2.87 (-4.56, -1.18) 1.77
Ning Zhang (2015) - & -3.30 (-5.13, -1.46) 1.51
Ning Zhang (2015-2) - a L 2 -0.98 (-2 3.46
Ning Zhang (2015-2) - b - 3.73 (5. 1.28
Ning Zhang (2015-2) -¢ - -6.53 (-9.¢ 0.54
Ning Zhang (2015-2) -d —— -8.46 (-12.33, -4.58) 0.34
Chenchen Zhou (2013) - a > 0.18 (-0.87, 1.23) 4.60
Chenchen Zhou (2013) - b > 1.20 (0.05, 2.35) 3.82
Chenchen Zhou (2013) -c > 0.77 (-1.86, 0.32) 425
Chenchen Zhou (2013) - d * 1.4 (-2.63,-0.24) 355
Chenchen Zhou (2013) - & <> -1.51 (-2.72, -0.30) 3.46
Nurit Beytha( 2006) (Excluded) 0.00
Overall (I-squared = 87.9%, p = 0.000) | -1.90 (-2.13, -1.68) 100.00
I | I
61.8 [ 61.8
STgara™

Figure 3. The forest plot of the accumulation of the difference of the mean amounts of biofilm

can be inferred that the FS (MPa) of restorative materials
decreased in comparison with composite resins without
antibacterial agents.

Based on the Egger’s test of the results of the publication
bias test of the FS variable, it can be concluded that there
was no publication bias.

MTT absorbance

Based on the outcomes of the homogeneity test for the
MTT variable, Cochran’s Q test was 27228 with a df of
38, which is considered significant (P value=0.0001). On
the other hand, I-squared index results were reported as
99.9%. Overall, the results of these two indices showed
that difference of the mean amounts of MTT among
39 dental composite samples in the 21 studies was not
homogenous; in other words, it can be concluded that the

outcomes of different studies varied significantly. Thus,
the random effect model was applicable for evaluation of
the difference of the mean amounts of the MTT variable.
Figure 5 shows the accumulation of the difference
of the mean amounts of MTT. Based on the random
effect model, the MTT difference of the mean amounts
of MTT was calculated by subtracting the case group
results from the control group results, it can be inferred
that bacterial count on the surface of the tooth and
antibacterial composite resins decreased in comparison
with composite resins without antibacterial agents.
Based on the P value=0.017 of the Egger’s test of the
results of the publication bias test for the MTT variable, it
can be concluded that there was publication bias.
Adding antibacterial agents to restorative materials
to improve their durability and efficacy is a new field
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Study %

D SMD (95% Cl) Weight
Soohyeon Kim (2013) - a —— -0.98 (-2.31, 0.35) 1.59
Soohyeon Kim (2013) - b —— -0.95 (227, 0.37) 1.60
Soohyeon Kim (2013) - ¢ —— -0.71(-2.00, 0.58) 1.69
Soohyeon Kim (2013) - d ——t—| -1.63 (3.1, -0.16) 1.29
J.F. Zhang (2014) - a —_—— 0.48 (212, 1.15) 1.05
J.F. Zhang (2014) - b — -0.88 (-2.60, 0.83) 096
J.F. Zhang (2014) - ¢ —t -1.63 (-3.59, 0.33) 0.73
EMRE KURKET (2016) - a — -1.06 (-2.28, 0.16) 1.87
EMRE KURKET (2016) - b —T -1.83 (3.2, -0.44) 146
EMRE KURKET (2016) - ¢ —— -2.33 (-3.86, -0.81) 1.21
Yousif A. Al Dulaijan (2018)- a —_— 0.21(-1.40, 1.81) 1.09
Yousif A. Al Dulaijan (2018)- b ——— 0.00 (-1.60, 1.60) 1.09
Lei Cheng (2011) - a —— | -2.60 (-3.98, -1.23) 1.48
Lei Cheng (2011) - b —— | -6.86 (-9.58, -4.13) 038
Lei Cheng (2011) - ¢ —— [ -7.98 (-11.10, -4.87) 0.29
Lei Cheng (2012) - a L 0.10 (-0.88, 1.08) 292
Lei Cheng (2012) - b | —— 0.64 (-0.37, 1.65) 276
Lei Cheng (2012) - ¢ —_—— -0.53 (153, 0.47) 2581
Lei Cheng (2012) - d —— 158 (0.44,2.72) 215
Lei Cheng (2012) - —— -0.18 (-1.16, 0.80) 291
Lei Cheng (2012-2) - a T —— 1.81(0.62, 2.99) 1.99
Lei Cheng (2012-2) - b ———— | I -4.22 (-6.06, -2.37) 0.82
Lei Cheng (2012-2) - ¢ l—— 0.30 (069, 1.29) 288
Lei Cheng (2012-2) - d —_—— -1.35 (-2.45, -0.25) 232
Lei Cheng (2012-2) - & —— 0.57 (0.4, 1.57) 279
Lei Cheng (2012-2) - f —— -0.84 (187, 0.18) 265
Lei Cheng (2012-3) - a — -1.09 (-2.15, -0.03) 250
Lei Cheng (2012-3) - b —— -0.85 (-1.88, 0.18) 265
Lei Cheng (2012-3) - ¢ — -1.25 (2.3, -0.16) 239
Lei Cheng (2012-3) - d —_—— -1.41 (-2.52, -0.30) 227
Robert Stencel (2018) - a —] -1.00 (221, 0.21) 1.90
Robert Stencel (2018) - b —— -1.26 (-2.52, -0.00) 177
Robert Stencel (2018) - ¢ —— -0.86 (-2.06, 0.33) 1.97
Robert Stencel (2018) - d . d -1.62 (-2.96, -0.29) 157
Robert Stencel (2018) - e ——] -1.33 (-2.60, -0.05) 1.73
Robert Stencel (2018) - f — -1.68 (3.17,-0.19) 127
Junling Wu (2015) - a —— 0.31(-0.94, 1.56) 1.80
Junling Wu (2015) - b —— 0.42 (168, 0.83) 177
Junling Wu (2015) - ¢ —— -0.31 (-1.56, 0.94) 1.80
Junling Wu (2015) - d ——— -2.02 (-3.61,-0.43) 1.1
Ning Zhang (2015) - a ——t -0.71 (-1.88, 0.47) 2.04
Ning Zhang (2015) - b —t -1.12(-2.35,0.12) 1.84
Ning Zhang (2015) - ¢ + -1.58 (-2.90, -0.25) 159
Ning Zhang (2015) - d —— 177 (-3.14, -0.40) 1.49
Ning Zhang (2015) - e —— -2.15 (-3.62, -0.68) 1.29
Ning Zhang (2015) - f —_— -3.35 (5.21, -1.50) 0.82
Ning Zhang (2015) - g —— ' -4.94 (-7.38, -2.50) 0.47
Ning Zhang (2015-2) - a —— -0.52 (-1.68, 0.63) 2.10
Ning Zhang (2015-2) - b —— -0.89 (-2.09, 0.30) 1.96
Ning Zhang (2015-2) - ¢ ——— 151 (-2.82, -0.20) 1.63
Ning Zhang (2015-2) - d —_— 2.93 (-4.64,-1.22) 0.96
Ning Zhang (2015-2) - e —_— -4.25 (-6.43, 2.07) 059
Chenchen Zhou (2013) - a :—0— 0.32(-0.74,1.37) 252
Chenchen Zhou (2013) - b —— 0.80 (-0.30, 1.89) 234
Chenchen Zhou (2013) - ¢ —— -0.15 (119, 0.90) 255
Chenchen Zhou (2013) - d —_—— -0.73 (182, 0.36) 237
Chenchen Zhou (2013) - e —— -1.08 (221, 0.05) 218
Overall (I-squared = 72.0%, p = 0.000) ¢ -0.80 (-0.97, -0.63) 100.00
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Figure 4. The forest plot of the accumulation of the difference of the mean amounts of FS

that has gained attention in recent years. There is
a wide range of in vitro studies evaluating various
antibacterial agents with different concentrations (weight
percentage), optimum amount, and their combination
with a restorative material to achieve a composite resin
material that can resist bacterial-induced caries.” In the
present systematic review, 21 articles were included and
evaluated, all of which were in vitro studies (Table 1).

In vitro studies are subject to bias due to the necessity
for standardization, and in vivo studies lead to more
valid outcomes®; however, in most cases, ethical
considerations may be a limiting factor for the latter kind.
In vitro studies cannot completely simulate the oral and
dental environment, which results in systematic errors;
thus, the outcome cannot be generalized to the clinical
application.” Another source of bias in in vitro studies is
various control groups in different studies which leads to

reduced precision in comparing studies with each other.
Nevertheless, such bias can be controlled to a point as each
case group (antibacterial composites) is compared to its
specific control group (composites without antibacterial
agents).

Adding antibacterial agents to dental composites
follows the purpose of forming a reinforced material
to Dbetter resist bacterial invasion and subsequent
secondary caries.”! Among the detected bacterial species
in dental plaque, Streptococcus mutans and Lactobacillus
acidophilus play a major role in tooth decay; therefore,
these two species are used for antibacterial tests*;
however, other species, including Staphylococcus
aureus,**** Pseudomonas aeruginosa,” Porphyromonas
gingivalis,”*¢ and Actinomyces viscosus,”® have also been
evaluated in studies.

Many of the included studies in the present systematic
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ID

Berdan Aydin Seving (2010) - a -
Berdan Aydin Seving (2010) - b -
Berdan Aydin Seving (2010) - ¢
Yousif A. Al Dulaijan (2018)- a
Yousif A. Al Dulaijan (2018)- b
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Lei Cheng (2011) -
Lei Cheng (2011) -
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Lei Cheng (2012
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Junling Wu Han Zhou (2015) - a
Junling Wu Han Zhou (2015) - b
Junling Wu Han Zhou (2015) - ¢
Junling Wu Han Zhou (2015) - d
Junling Wu (2015) - a
Junling Wu (2015) - b
Junling Wu (2015) - ¢
Junling Wu (2015) - d
Ning Zhang (2015) - a !

2012-3) - a
2012-3) -b
C
d

t

%
SMD (95% Cl) Weight
-9.67 (-14.57, -4.77) 0.61
-13.12 (-19.67, -6.57) 0.34

-4.97 (-7.70, -2.24) 1.95
0.63 (-1.03, 2.29) 528
-10.75 (-18.37,-3.13)  0.25
-3.09 (-4.60, -1.58) 6.40
-7.07 (-9.86, -4.27) 1.86
-14.14 (-19.46,-8.81)  0.51
-2.21 (-3.49, -0.93) 8.92
-2.10 (-3.36, -0.85) 9.27
-6.67 (-9.32, -4.01) 2.06

-12.00 (-16.55, -7.45) 0.70
-15.50 (-21.32, -9.68) 0.43

-6.99 (-9.76, -4.22) 1.90
-35.00 (-48.00, -22.00)  0.09
-1.39 (-2.49, -0.28) 11.88

-70.00 (-95.95, -44.05) 0.02
-18.97 (-26.07,-11.88)  0.29
-39.39 (-54.02, -24.77)  0.07

-1.50 (-2.63, -0.37) 11.46
-2.98 (-4.46, -1.50) 6.67
-4.81 (-6.84, -2.78) 3.52
-6.79 (-9.49, -4.09) 2.00

-10.84 (-16.29,-5.38)  0.49

-11.72 (-17.60, -5.85)  0.42

-12.29 (-18.44,-6.14)  0.38

-13.70 (-20.53,-6.87)  0.31

-11.74 (-17.63,-5.86)  0.42

-11.74 (-17.63, -5.86)  0.42

-11.74 (-17.63, -5.86)  0.42
)

-11.74 (-17.63, -5.86 0.42
-9.26 (-13.48, -5.05) 0.82

Ning Zhang (2015) - b <> -4.00 (-6.09, -1.91) 3.34
Ning Zhang (2015) - ¢ - -10.27 (-14.91, -5.63) 0.67
Chenchen Zhou (2013) - a L 4 -0.30 (-1.35, 0.75) 13.07
Chenchen Zhou (2013) - b - -10.98 (-15.49, -6.46) 0.71
Chenchen Zhou (2013) - ¢ - -12.31 (-17.35, -7.28) 0.57
Chenchen Zhou (2013) - d - -12.50 (-17.61, -7.39) 0.56
Chenchen Zhou (2013) - e - -13.02 (-18.33, -7.70) 0.52
Overall (I-squared = 90.4%, p = 0.000) ' -3.37 (-3.75, -2.99) 100.00
I
I | I
-95.9 0 95.9
STAdra™

Figure 5. The forest plot of the accumulation of the difference of the mean amounts of MTT

review concluded that comparing modified composite
resins with antibacterial agents with nonmodified
composite resins (control group) in laboratory conditions
showed antibacterial properties, which implies that such
agents improve antibacterial properties of restorative
material.””

In the reviewed studies, CFU was the most commonly
used index for bacterial count. In the present study, this
index was used for 59 samples in the 21 articles. The most
common method was the quantitative evaluation of the
bacterial count after restoring a tooth with antibacterial
composite resins.

Laboratory conditions were different in different
studies. For instance, in the 21 studies, sterilization of the
composite samples before application of the materials
was considered, but in other studies it was not.'***® The

method of sterilization was different among the studies.
In most of the cases, sterilization was done using ethylene
oxide,19#2283136384952 Other sterilization methods were
autoclave,”” gamma radiation,** light and ultraviolet
radiation,’” and incubation in 70% ethanol.”®

Polishing the prepared composite restorations with
antibacterial agents before exposing them to the bacterial
environment was only done in 4 studies out of 21; two of
them used silicon carbide paper for polishing purposes.””**
The other two studies used other polishing methods; in
Aydin Seving and Hanley’s and Das Neves and colleagues’
studies, polishing was done using Soft-Lex disks.”* It is
worth noting that polishing the samples before analysis
could result in difference between the studies.

Also, the incubation time of the samples after culturing
was different, and the outcomes of the biofilm evaluation
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tests were related to this parameter. Incubation time
varied between 1 minute and 30 days™ in different
studies.

Due to the different control groups and antibacterial
agents, homogeneity test results were reported as
heterogeneous; in other words, it can be said that the
difference among outcomes of different studies was
highly significant which is mostly related to the various
antibacterial agents, control groups, and laboratory
conditions.

Publication bias test results for biofilm formation and
MTT absorbance were positive, which can be related
to different control groups and laboratory conditions;
however, these outcomes showed no publication bias
for FS and MTT absorbance. One probable reason may
be the smaller numerical value of these two parameters,
which offsets the effect of various control groups.

Since the outcomes of the present review are based on
in vitro studies, it is worth noting that these antibacterial
agents added to the composite resins may not play
a major role in caries prevention in clinical settings.
Other protective factors including mechanical plaque
control, diet, or pH of the oral environment affect caries
progression.® Moreover, as acid production is considered
the major factor for dental caries and is affected by
phenotypic and genotypic factors in the oral environment,
microflora of the oral cavity are of significant importance
in this regard.””

The technique of dental composite reinforcement
with antibacterial agents is one of the recent advances in
dentistry. Although first reports were published between
2006 and 2008,%® the majority of the studies have been
conducted in the last 6 years and most of them confirm
the caries prevention properties of such materials,
reporting improvement in antibacterial characteristics of
composite resins using these added compounds. While
the outcomes of these studies have been promising,
heterogeneity and publication bias from the four models
of meta-analysis in the present systematic review as well
as the high risk of bias in most of the analyzed studies
suggests the need for more studies to make more precise
and valid conclusions.

Conclusion

Qualitative analysis of the included studies shows that
although numerous studies are evaluating the caries
prevention properties of antibacterial composite resins,
the concentration of the applied antibacterial agents,
the laboratory conditions, incubation time, and the
preservation and manipulation of the samples are
differentamong various studies. Despite the heterogeneity
and biases of the results in the present meta-analysis,
it can still be inferred that adding antibacterial agents
to the dental composite resin filling materials leads to
improvement in antibacterial properties, and regarding

the insignificant effects on their mechanical properties,
a brighter future can be expected for the use of these new
materials in restoration. Still, more studies are needed in
this regard.
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