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Influence of the
Incorporation of
Antimicrobials on the
Impact Strength of Acrylic
Resins: A Scoping Review

ABSTRACT

Introduction: The incorporation of antimicrobials into acrylic resins promotes the re-
duction of pathogenic microorganisms and positive impact on the health of users of
prosthetic devices. This incorporation may cause changes in the physicochemical and
mechanical properties, such as impact strength. Objective: The objective was to answer
the question “Does the incorporation of antimicrobials alter the impact strength of acrylic
resins?” Methods: The Preferred Reporting Items for Systematic Reviews and Extension
of Meta-Analyses for Scoping Reviews (PRISMA-ScR) Checklist guidelines were used.
SCOPUS, PubMed, EMBASE, and Science Direct databases were used with the custom
search strategy. Studies were selected in two steps. Risk of bias analysis was performed
with the quasi-experimental studies tool by the Joanna Briggs Institute (JBI). Results:
As a result, 826 articles were found in the databases, and after removing duplicates
and applying the proposed eligibility criteria, 11 studies were selected for the qualitative
analysis. After applying the JBI tool, a low risk of bias was deferred to all studies. Due to
the heterogeneity of the studies, it was not possible to provide a meta-analysis. Conclu-
sion: The incorporation of antimicrobial agents into acrylic resins can, depending on the
antimicrobial and the incorporation technique, affect impact strength.

INTRODUCTION

Acrylic resin is a non-resorbable polymer that results from the reaction
between the compounds polymethylmethacrylate (polymer) and methyl
methacrylate (monomer) through the linking of monomers in a polymeric
macromolecule'. Its versatility enables its application in prosthetic de-
vices because, despite limitations including a low thermal expansion coef-
ficient and low flexural and impact strength, it is simple to manipulate,
simple to finish and polish, has good aesthetics, and can be repaired'”.

The main causes of fractures are: accidental falls on hard surfaces, usu-
ally related to the motor difficulties of elderly users during handling, and
fatigue fracture, which consists of deformation by excessive and repeti-
tive masticatory forces, which promote wear'>78° In addition, occlusal
mismatch, cracks, pores, presence of residual monomer, and lack of ad-
equate mucosal support are characteristics that increase susceptibility to
fracture™®”89 Maxillary prostheses typically fracture by a combination of
fatigue and impact forces, while mandibular prostheses are more associ-
ated with fractures from impact forces'2.
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Impact strength measures the contact force necessary to
cause a fracture in a prosthesis>'°. To evaluate it, energy is ap-
plied by a moving pendulum that hits the static material™2.
The energy absorbed in the fracture, considering the dimen-
sions of the evaluated specimen, corresponds to its impact
strength''3. Mechanical impact tests that use pendulums are
Izod and Charpy and are performed with bar-shaped speci-
mens, which may or may not contain stress-concentrating
notches. In the Izod impact tests, the specimens, in the verti-
cal position, are attached by their lower end to the base of
the equipment and mechanical stress occurs at the upper end
(similar to tests on a cantilever beam). In the Charpy impact
test the specimens, in the horizontal position, are supported
by their ends, and the mechanical stress is applied at the cent-
er (similar to the three-point bending test)'"'>. Because they
feature a simplified geometry of the specimens, the Izod and
Charpy tests are suitable for classifying the impact load re-
sponse of a material'. Although there is consistency between
their results, the differences between the two techniques pre-
vent their results from being converted into each other.

When an impact stress is applied, failure occurs in the form
of microcracks, which then spread rapidly and eventually lead
to macroscopic failure''. However, impact strength can be
influenced by the geometry and thickness of the sample, the
inhomogeneous distribution and particle size of the acrylic
resin, as larger particles settle when mixed with the mono-
mer, which reduces impact strength®.

The incorporation of nylon fibers, polyamide fibers, and
glass fibers acts as a reinforcement structure in the chemical
composition of the resin and is an alternative to improve the
properties because they fill the empty spaces in the polymer
matrix and facilitate the stress distribution pattern Titanium
(TiO2), silver nanoparticles (AgNPs) and zirconia particles have
been incorporated as they have high surface area and bet-
ter distribution, in addition to their morphology, loading, and
particle type that may favor improvement”'. The systematic
review performed by Gad et al, reports that the modifications
in the chemical composition of the acrylic resins improve the
mechanical properties, but that there is still no material that
contains all the ideal characteristics for clinical application™.

Allied to the condition of a modification of the acrylic resin,
one should consider the surface characteristics such as rough-
ness, and porosity that may favor the growth and accumulation
of microorganisms such as Candida albicans''®'8, Infections,
prosthetic stomatitis, and systemic diseases such as aspiration
pneumonia, infective endocarditis, and pulmonary candidi-
asis may be related to prosthetic biofilm'”'¢. Associated with
the difficulty of complete disinfection and rapid microbial re-
colonization, promoting antimicrobial action is an alternative
for health promotion™2°. In view of this, silver nanoparticles,
chitosan, quaternary ammonia, antimicrobial copolymers, and
acrylic monomers have been incorporated into the formulation
of acrylic resins to promote antimicrobial activity>'"8.

The incorporation of antimicrobials into the polymer matrix
is performed by different methods, such as manual inclusion,
extrusion, vacuum spatulation, and polymer film technique?'.
When added in higher concentrations, the distribution of the
antimicrobial particles is impaired and promotes the forma-
tion of agglomerates, which, in addition to acting as stress
concentrators, reduce the antimicrobial action and mechani-
cal properties as flexural and impact strength?2, explained
by the insufficient penetration of polymer chains into the
spaces between the nanoparticles of the antimicrobial mate-
rial that causes the poor formation of the interphase zone?.

In the studies by Takamiya et al, Castro et al, Santos et al,
Cierecha et al, modification of acrylic resins with antimicrobials
showed a reduction of the microorganisms Candida albicans,
Staphylococcus aureus, Escherichia coli, Streptococcus mutans
and Pseudomonas aeruginosa'®'’?#?5, Furthermore, the incor-
poration of 0.5% silver nanoparticles and nanostructured silver
vanadate decorated with silver nanoparticles did not promote
changes in the flexural strength'” and improved the hardness
and compressive strength of the modified acrylic resins®.

The development of acrylic resins with antimicrobial activ-
ity and improved mechanical properties is an interesting pro-
posal in relation to health promotion and longevity of dental
treatment, besides being a timely research topic, since more
and more manufacturers are dedicating themselves to the
incorporation of antimicrobial products in dental polymer-
based restorations, but such modifications should maintain
the mechanical properties already defined as the gold stand-
ard for the use in prosthetic devices. Thus, this study aims
to analyze the literature and answer the question “Does the
incorporation of antimicrobials alter the impact strength of
acrylic resins?”

METHODS

This scoping review was registered in the OpenScience
Framework (osf.io/pu34c) and prepared according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR) Check-
list in order to answer the question, “Does the incorporation
of antimicrobials alter the impact strength of acrylic resins?”

The Population, Intervention, Comparison, Outcome, and
Study Design (PICOS) framework is illustrated in Table 1.

Table 1. PICOS model used in the study.

P Acrylic resins

I Antimicrobial agent
C control group

(0] Impact Strength

S In vitro studies
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Appropriate keywords were selected with the terms of the
Medical Subject Heading combined with the use of boolean
operators (AND, OR). The SCOPUS, PubMed/Medline, EMBASE,
and Science Direct databases were searched with the following
keywords: (“acrylic resin”) AND (Antimicrobial OR antibifilm OR
bactericide) AND (“impact strength” OR “impact resistance”).

For each database, a customized search strategy was per-
formed, as can be seen in Table 2. All searches were conduct-
ed in November 2022. In addition to the electronic search, a
manual search was performed, and the reference lists of the
selected articles were displayed.

A two-stage selection of articles was conducted. The initial
search was performed by one author (I.F). The articles found
in the databases were evaluated by reading the titles and ab-
stracts and discarding the studies that did not fit the inclusion
and exclusion criteria. In phase two, the selected studies were
fully evaluated. Disagreements regarding inclusion and data
extraction were resolved by a discussion with a second and
third reviewers (J.A.M.A and A.C.R). The data extracted from
the included papers were tabulated in Microsoft Excel (Micro-
soft® Excel® para Microsoft 365 MSO- Versdo 2410 - 64 bits).

Inclusion criteria were: 1) in vitro studies; 2) evaluation of
denture base resins incorporated with antimicrobial agents;
3) acrylic resins with prosthetic purposes; 4) evaluation of im-
pact strength by the methods Charpy, 1zod, or the Dynstat Test
specified by the German Standard DIN 53435; 5) no time or
language restrictions for study selection.

Exclusion criteria were: 1) articles that did not incorporate
antimicrobial agents in the formulation of denture base res-
ins; 2) acrylic resins for orthodontic purposes; 3) PMMA surgi-
cal types of cement; 4) no evaluation of impact strength; 5)
review articles, book chapters, conference abstracts, short
communications, letters to the editor, and patent literature.

Table 2. Search strategies applied in each database

(Embase, Pubmed, Scopus, Science Direct).

Database Search
EMBASE (‘acrylic resin’/exp OR ‘acrylic resin” OR pmma)
November AND (‘antimicrobial’/exp OR antimicrobial
OR ‘anti biofilm’) AND (‘impact strength’/exp
11th, 2022 OR ‘impact strength’ OR ‘impact resistance’)
PubMed (“acrylic resin” OR PMMA) AND
November (Antimicrobial OR “anti biofilm"”) AND
11th, 2022 (“impact strength” OR “impact resistance”)
Scopus ((“acrylic resin” OR pmma) AND
November (antimicrobial OR “anti biofilm") AND
11th, 2022 (“impact strength” OR “impact resistance”))
Science Direct (‘acrylic resin” OR PMMA) AND
November (Antimicrobial OR ‘anti biofilm’) AND
(‘impact strength’ OR ‘impact resistance’)
11th, 2022 filter applied: research articles.

EJPRD

ejprd.org - Published by Dennis Barber Journals.

The quasi-experimental studies tool (non-randomized ex-
perimental studies) of the Joanna Briggs Institute (JBI) was
adapted to assess the risk of bias. For the classification of
the methodological quality of the studies, each question was
scored with “yes”, “no” and “ unclear”. So when all questions
were answered with “yes” the study was considered with high
quality (low risk of bias), studies that had from six to seven
“yes” were moderate quality (medium risk of bias), and when
five or less “yes” low quality (high risk of bias). The analysis
was performed by using a software program (RevMan 5.3; The
Nordic Cochrane Center).

RESULTS

Eight hundred and twenty-six articles were found in the da-
tabases, of these 49 were duplicates and were excluded. For
reading in full, 10 articles were selected and of these nine
compose this systematic scoping review. One study was not
available for full-text access and for this reason, was not in-
cluded. An additional manual search was performed and two
studies were selected to compose this review, totaling 11 stud-
ies included. Figure 1 shows the selection process in detail.

The studies incorporated in this scoping review showed a
low risk of bias for the questions adapted from the JBI quasi-
experimental studies tool. Only the studies by Menezes et al
and Jani et al presented “unclear risk” for the question “Was
appropriate statistical analysis used?”, because the studies do
not address in detail how the statistical analysis of the data
expressed in the results of their respective studies was per-
formed. Figures 2 and 3 show in detail the qualitative analysis
of the risk of bias.

The characteristics of the studies are detailed in Table 3.

Total papers found using

electronic databases = Studies identified by

826 databases:
I PubMed (MedLine)=6
Scopus=9
) Science Direct= 797
Records after duplicate EMBASE = 14

removed=777

Potencial assessed for
eligibility by full text
examination = 10

|
‘ - Complete article not found

Full articles excluded with
reasens (n= 1)

Articles selected for Recordsscreenedon ancther

Qualitative analyses = 9 source’s search =2

Total of articles selected for
Qualitative analyses = 11

Figure 1: Flow diagram of literature search and selection
criteria.
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The studies that comprise this review performed the incor-
poration of antimicrobial agents to the composition of acrylic
resins (polymethylmethacrylate - PMMA) heat-polymer-
ized®2631:3334 se|f-cured?*, microwave-polymerized3*3'. Most
studies performed the incorporation of materials contain-
ing the silver ion, such as silver ion nanoparticle (AgNPs)?835;
AgV0,%; silver-zinc zeolite®'; NAg®; and silver sodium hydro-
gen zirconium phosphate (S - P)**. The nanomaterial nano
Selenium (Se) was incorporated?. The study by Hamid et al
incorporated a natural antimicrobial agent Azadirachta indi-
ca (AI)®, and Puri et al, incorporated ethylene glycol meth-

@)
R

@]
3

25% 50% 75%

| . Low risk of bias D Unclear risk of bias - High risk of bias

g
R
5]
2
K

Figure 2: Qualitative analysis with adapted the quasi- acrylate phosphate (EGMP)® (Table 4).

experimental studies appraisal tool by the Joanna Briggs

Institute. D1-Is it clear in the study what is the ‘cause’ and The acrylic resins modified with the antimicrobials were
what is the ‘effect’ (i.e. there is no confusion about which compared to a control group, that is a group without the

variable comes first)?; D2- Were the specimens included in
any comparisons similar?; D3- Were the specimens included
in any comparisons receiving similar treatment/care, other
than the exposure or intervention of interest?; D4- Was there

modification. For the evaluation of the impact strength three
methods were used, the Charpy?#9303334 the 1z0d®262831.35,
and the Dynstat Test specified by the German Standard DIN

a control group?; D5- Was follow up complete and if not, 53435%2, demonstrated in Figure 4. Specimens were prepared
were differences between groups in terms of their follow up according to 1SO179-1:2010%734, ISO 180:2001%73", ISO 1567:
adequately described and analyzed?; D6- Were the outcomes 1999293033 DIN 53435%2, and ASTM D2562628,

of participants included in any comparisons measured in the

same way?; D7- Was appropriate statistical analysis used? The studies of Castro et al.%, Jani et al.”, Sun et al*?, and

Chladek et al.>* performed the impact strength test with speci-
mens without notching, while Menezes et al.?5, Hamid et al.
[?°], and Puri et al. [?], performed notching on their specimens,
the one by Hamid et al in V-shape®. Casemiro et al.*', Oyar et
al.®, Koroglu et al*°, and Jia et al.* did not mention notching
in their studies. (Table 5)

D1 D3 D4

O
(5]

D6

Casemiro et al., 2008

Castro et al, 2016 The results were varied regarding the mechanical perfor-

mance of the acrylic resins modified with antimicrobials. Most
studies showed no statistically significant differences between
the control groups and the groups with the incorporation of
antimicrobials®262°303234 In contrast, the results of Castro et
al.?8, Jani et al.?’, and Casemiro et al.?' showed a reduction in
the impact strength of modified acrylic resins compared to
the control group. (Table 6)

DISCUSSION

The correlation between changes in the mechanical proper-
ties of denture base resins to provide durability and function-
al effectiveness of prosthetic devices, in contrast to the need
for materials with antimicrobial properties that can promote
health and prevent diseases in the elderly, motivates studies
such as this one, which aims to analyze the current state of

Chadek et al., 2019

Hamid et al., 2021

Jani et al., 2021

Jiaetal, 2012

Koroglu et al., 2016

Menezes et al., 2021

Quyar et al,, 2018

Puri et al., 2008

Sun et al.,, 2017

0606066666 6o
® 0006 e e 6 eee5-
00000000606 060
000000060600
®0 6666666 6o
000000060 oo
000~ 00 ~>0e e e:rx

Figure 3: Qualitative analysis of each study according to

adaptation of the Joanna Briggs Institute’s quasi-experimental the art regarding the correlation of research that presents
studies evaluation tool. D1-Is it clear in the study what is antimicrobial activity with mechanical behavior, by evaluating
the ‘cause’ and what is the ‘effect’ (i.e. there is no confusion impact resistance.

about which variable comes first)?; D2- Were the specimens

included in any comparisons similar?; D3- Were the specimens Antimicrobial agents have emerged as an alternative to
included in any comparisons receiving similar treatment/care, reduce the public health problem of bacterial resistance to
other than the exposure or intervention of interest?; D4- Was conventional antibiotics, because they are capable of acting

there a control group?; D5- Was follow up complete and if not, through different mechanisms of action, such as inducing
were differences between groups in terms of their follow up

adequately described and analyzed?; D6- Were the outcomes the production of reactive oxygen species (ROS), damaging

of participants included in any comparisons measured in the the cell membrane, blocking bacterial DNA replication?*3%*".
same way?; D7- Was appropriate statistical analysis used?.
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Table 3. Data extraction of the articles selected to compose this review.

Author Objective Antlmlcroblal Agent Assays Results and Main conclusions
year and incorporation
Incorporation of 5%, 7.5% and 10% zeolite into the QC20
Silver-zinc zeolites resin decreased impact strength (p < 0.05). There was
To evaluate the incorporated with Impact no statistical difference (p > 0.05) between the control
. impact strength and ~ 2.5%; 5.0%, 7.5% and  strength Izod ~ and the 2.5% group. A significant decrease in impact
Casemiro | antimicrobial activity 10.0% polymer of n=10 strength was observed for Lucitone 550 resin in all groups
etal., of acrylic resins two heat-polymerized with silver-zinc zeolite incorporation. No significant
20083 incorporated with resins (QC20 and 5_-5J load and  gjfferences were found between the 5% and 7.5% groups
different percentages  Lucitone 550) and a  did notreport  and between the 5% and 10% groups (p > 0.05). The
of silver-zinc zeolites. microwave-polymerized ~ notching. Onda-Cryl resin showed reduced impact strength with
resin (Onda-Cryl). zeolite incorporation at 5% (p < 0.05). The control and
2.5% groups showed no statistical differences (p > 0.05).
The groups with 5% (70.60 J/m) and 10% (51.10 J/m)
To evaluate the Nanostructured silver showed significant reduction in impact strength
antibacterial activity vanadate decorated Impﬁclt g compared to control (157.70 J/m) for self-cured resin
and impact strength with silver nanoparticles Strength 1zod — and 50 (67.90 J/m), 10% (53.50 J/m) and control (174.70
Castro et ft P r & (b-AgV0,) incorporated n=10 J/m) of the heat-polymerized resin. When comparing
al., 20162 Oingg)?pa.frig[é%r\?v?éﬂs at 5% and 10% to the 2J load the resins, there was a significant difference (p= 0.020)
different polymer of self-cured without with higher values for the control group and 10% of
percentages ) . g - : % for the self-cured
of b-AgVO., and heat_polymerlzed notch. thg heat pqumerlzed resin and 5% or the se
3 acrylic resins. resin. Thus, it is concluded that the addition of b-AgVO,
to acrylic resins reduced the impact strength.
To evaluate the  Silver sodium hydrogen ~ Impact The incorporation of S-P decreased the resin impact
impact strength zirconium phosphate strength strength values. The mean values after 2 days in distilled
of acrylicresins (S - P) incorporated into Charpy water were 18.4 kJ/mm? for control and 5.6 kJ/mm? for
Chladek modified with polymer and monomer, n=25 composite for group 8 polymer and 18.6 monomer,
etal, Silver and Sodium  respectively, 0.25 and Did not which corresponds to 70% reduction. Storage in distilled
2019% Phosphate, Hydrogen 0.7, 0.5and 1.3; 1 inform the  Wwater caused a reduction in the mean impact strength
and Zirconium and 2.6; 2 and 5.1; 4 load or the  Values (p<0.05). Thus, it is concluded that the modified
(S - P) to promote and 9.9; 8 and 18.6; presence acrylic resin showed a reduction in impact strength
antimicrobial activity.  in heat-cured resin. of notch. was observed after two days stored in distilled water.
It was observed that as the concentration of IA
Impact incorporated into the acrylic resin increased, the
To investigate the  Azadirachta indica (AI) strength decline in impact strength increased, however, this
influence of AI incorporated at 0.5, Charpy reduction was not statistically significant. Among the
Hamid et polymer on the 1,1.5, 2 and 2.5 wt% n=10 IA groups, the highest impact strength value was in
al.,, 2021% | impact strength of into the polymer of 5 5)9ad and the 0.5%AI group (12.39 = 1.71), while the lowest
heat-polymerized the heat-polymerized 5 V-shaped value was in the 2.5%AI group (11.74 + 1.56). Thus, it
acrylic resins. acrylic resin. notch of 1.2 is concluded that IA polymer incorporated into heat-
mm depth. polymerized acrylic resin polymer as an antifungal
agent did not significantly alter the impact strength.
Tﬁ:}?é?;’ggr::ﬁ)tnhe sItrrneFr)1ac'cth A statistical difference was observed between the groups
of different Nano-selenium (Se) g with higher impact strength for the control group with
Jani et concentrations of incorporated at 5%, Charpy 83.0667 kJ/mZ, 5% Se group with 68.2000 kJ/m?, 19%
L. 202177 Se particles into 10% and 15% to the n=10 Se group with 66.6000 kJ/m? and 15% Se group with
2k P . monomer of the heat- 62.3333 kJ/m?. Thus, it can be concluded that the addition
the mechanical lymerized resi 2] load fs ticles contributed to a d in th
properties of polymerized resin. without of Se nanoparticles contributed to a decrease in the
) . mechanical quality of the heat-cured acrylic resin.
acrylic resins. notch.
The incorporation of 1% AgNPs presented the highest
To investigate Impact impact strength with values of 6.41+0.40 kJ/m?. It
Silver nanoparticles  StrengthIzod  was observed that as the concentration increased, its
the effect of - B . ; )
JiaC-Let | incorporating silver (AgNPs) incorporated n.—10 Did not impact strength decreased, and presented statistical
L 20125 nanoparticles into at 0.5%, 1%, 1.5%, 2%, inform the difference compared to the control (6.32+0.96 kJ/
al., P: . 2.5% and 3% into self-  load or the m?) for the 2.5% (5.43+0.57 kJ/m?) and the 3%
acrylic resin on : . 5 .
impact resistance. curing resin polymer. presence (5.21t0.72 kJ/m?) groups. Thus, it can be concluded
of notch. that adding larger amounts of AgNPs (2.5% and 3%)
to self-cured acrylic resin reduced impact strength.

Table 3 Continued overleaf......
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Table 3. Data extraction of the articles selected to compose this review continued....

Impact The addition of AgNPs had no effect on the impact
. . strength strength of both resins (p>0.05), obtaining for the heat-
St nanoparU;Ies. h @rer polymerized resin the values control group 12.32 kJ/
To evaluate the  (A8NPs) corporated wit i m2, 0.3% group 10.78 ki/m?, 0.8% group 11.64 kj/m?
Koroglu 0 evalu 0.3,0.8, and 1.6 wt% n-=7 , 0-3% group 19. 0.6 group 11.
impact strength of "~ ) - and 1.6% 11.14 kJ/m2. For the microwave-polymerized
etal., . h into the monomer of ; . .
- two acrylic resins microwave-nolvmerized Did not resin, the values were obtained for the control
2016 containing AgNPs . and heat- F(’)l )r/nerized inform the group 10.93 kJ/m?, 0.3% 10.80 kJ/m?, 0.8% 10.35 kJ/
B e load or the  m2 and 1.6% with 10.37 kl/m2. Thus, it is concluded
y ’ presence that the addition of AgNPs had no effects in terms
of notch. of impact strength in the acrylic resins evaluated.
The control group showed impact strength of 134.1
. /m and the AgVO, group was statistically similar to
To evaluate a new  Silver vanadate (AgVO.) Impact J 3
Menezes |incorporation process incorporated at 55%3 strength Izod  the control group with 137.3 J/m, but the AgVO, group
: ; . ’ _ silanized with y-methacryloxypropyltrimethoxysila
etal., of AgVO, into acrylic into the polymer of n=6 MPS) showed higher i h with 146.4
i dits influence the heat-polymerized ne ( ) showed higher impact strengt Wlt. S
2021* resinand| b IP ym 1.0Jloadand  jym. Thus, the results suggest that the application
on impact strengt acrylicresin. with notch. of the silane MPS in AgVO,, can produce an acrylic
resin with superior mechanical properties.
Impact
Silver nanoparticles strength There were no statistical differences between the groups
To evaluate the (AgNPs 40nm, 50nm Charpy with incorporation of different sizes of AgNPs particles
Oyar et impact strength e 60nm) incorporated to the acrylic resin, however, a small improvement
| 20182 of acrylic resins at 0.05% and 02% Did not in impact strength was observed for the group with
a incorporated in each nm into the inform the 0.05% AgNPs 60 nm. Thus, it is concluded that the
with AgNPs. monomer of heat- load or the addition of silver nanoparticles showed no effects on
polymerized acrylic. presence the impact strength of the acrylic resin evaluated.
of notch.
To determine the Ethylene glycol Impact No statistical differences were found among the groups
effect of replacing  phosphate methacrylate Strength Izod evaluated, with the impact strength of the control
Puri et the phosphate group  (EGMP) incorporated n=16 group being 4.56 kJ/m?, the 10% group 4.59 kJ/m?,
L. 2008¢ by the incorporation  at 10%, 15% and 20% 2J load and the 15% group 4.52 kJ/m?, and the 20% group 4.28 kJ/
al. of EGMP on the to the monomer of a notch m?Z. Thus, it can be concluded that incorporation of
impact strength the heat-polymerized depth of 1.2 phosphate into acrylic resin by monomer substitution
of acrylic resins. acrylic resin. +0.1 mm. does not negatively affect its impact strength.
Impact
To evaluate Nano Prata (NAg) strength There was no statistical difference between the
the method of incorporated 1:3 (%/_V) groups incorporated with NAg for control group
. corp i n=12 impact strength values was 6.33+0.28 kJ/m?, polymer-
Sun et preparation of resin polymer and 3:6:2 .
. - . id incorporated NAg group 6.35+0.68 kJ/m? and monomer-
al., 201732 | PMMA incorporated (v:v:w) resin monomer. lf)l no:] incorporated NAg group 6.47+0.36 k/mz. Thus, we
. . g t 47+0. . b
W'th b el e i was not mformgd [ntorm the can conclude that NAg incorporation exhibited impact
impact strength. which type of resin. load or the X P .
strength in accordance with clinical requirements.
presence
of notch.

EGMP= Methacrylate ethylene glycol phosphate; EGDMA= ethylene glycol dimethacrylate; AgVO_= Silver vanadate; AgVO,-M= VSilver
vanadate modified with y-methacryloxypropyltrimethoxysilane; MPS= y-methacryloxypropyltrimethoxysilane; b-AgVO.= Nanostructured

silver vanadate decorated with silver nanoparticles; Al= Azadirachta indica; Se= Nano-selenium; AgNPs = Silver nanoparticles; NAg = nano
silver; MMA = methylmethacrylate; S - P = Silver sodium hydrogen zirconium phosphate.

Nanoparticles are the most commonly used antimicrobials,
including silver, zinc oxide, titanium dioxide and copper nano-
composites®-3, Antimicrobial proteins, such as peptides and
enzymes derived from the host's defense mechanism, can be
used**3%, as well as chlorhexidine, chitosan, copolymers and
acrylic monomers are used in dentistry, as they have the abil-
ity to reduce microbial adhesion and biofilm formation®2°. It
is worth noting that antimicrobials can also be classified as

non-leachable, those that become part of the polymeric chain,
and leachable or nanoparticulate, however, the studies that
make up this systematic scoping review did not perform fur-
ther analyses that allowed us to perform such a classification.

The correlation between the promotion of antimicrobial ac-
tivity and changes in the mechanical behavior of acrylic resins
must be evaluated in order to identify the clinical predictabil-
ity of the modified material. Knowledge of the mechanism of
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Table 4. Types of resin, antimicrobial agents and concentrations used.

Acrylic resin Antimicrobial agent Concentration

Heat-polymerized AgNps, Silver ion compounds 0.3, 0.8, 1.6 wt%; 0.05%, 0.2%; 0.5% - 3%

Self-cured B-AgVO,, AgVO, 5%, 10%; 0.5%

Microwave-polymerized Silver-Zinc Zeolite 2.5% - 10%
Silver sodium hydrogen zirconium phosphate (S-P),

Nano Selenium, Azadirachta indica (AI), EGMP.

0.25 - 18.6; 5%, 10%, 15%; 0.5%

Polymer & Monomer - 2.5%: 10%, 15%, 20%

EGMP= Methacrylate ethylene glycol phosphate; AgVO,= Silver vanadate; b-AgVO,= Nanostructured silver vanadate decorated with silver

nanoparticles; AI= Azadirachta indica; Se= Nano-selenium; AgNPs = Silver nanoparticles; NAg = nano silver; MMA = methylmethacrylate;
S - P = Silver sodium hydrogen zirconium phosphate.

Charpy impact test
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. .l \\ A //
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¢
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Figure 4: Illustration of Izod and Charpy impact strength tests, showing specimen positioning and equipment design.

Table 5. Methods Used for Impact Resistance Testing.

Study Method Standard ISO/DIN/ASTM Notch
Jani et al Charpy ISO179-1:2010 Without notch
Menezes et al Izod ASTM D256 With notch
Sun et al Dynstat DIN 53435 Without notch
Puri et al Izod ISO 180:2001 With notch
Casemiro et al Izod ISO 1567:1999 Not mentioned

Table 6. Impact Resistance Results with Different Agents.

Study Antimicrobial agent Concentration In:zja/:‘:;zs:‘ij::)ce Results

Puri et al EGMP 10%, 15%, 20% 4.56 - 4.28 kJ/m? No significant difference
Menezes et al AgVO, 0.5% 134.1-146.4)/m Observed increase (not significant)
Jiaetal AgNPs 2.5%, 3% 6.32 - 5.21 kJ/m? Significant reduction
Hamid et al Azadirachta indica (Al) 0.5% - 2.5%); Reduction (p = 0.175) Not a significant reduction

EGMP= Methacrylate ethylene glycol phosphate; AgVO = Silver vanadate; b-AgVO,= Nanostructured silver vanadate decorated with silver

nanoparticles; AI= Azadirachta indica; Se= Nano-selenium; AgNPs = Silver nanoparticles; NAg = nano silver; MMA = methylmethacrylate;
S - P = Silver sodium hydrogen zirconium phosphate.
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action of each antimicrobial agent, as well as their concen-
trations, can enable strategies to reduce the quantities incor-
porated, since fewer alterations to the polymeric matrix are
observed with small concentrations, with consequent mainte-
nance of the material’s resistance.

In dentistry, silver nanoparticles and titanium dioxide are
the materials most commonly used as antimicrobial agents®.
The studies included in this scoping review, in agreement with
Steve An's review, mainly presented the use of silver nanopar-
ticles, such as AgNPs®, b-Agv0,%, AgVO,%, silver-zinc zeolite®',
nanosilver (NAg)*2. The mechanism of action of AgNPs is based
on their adhesion to the microbial cell wall and cytoplasmic
membrane, which allows the absorption of silver ions and the
inactivation of respiratory enzymes, which leads to the pro-
duction of ROS, which act to rupture the cell membrane and
modify deoxyribonucleic acid (DNA); with consequent micro-
bial death. It is recommended that, when in small quantities,
they are not cytotoxic and do not cause immune responses®.

The trace element Selenium (Se) is responsible for main-
taining normal biological functions and preventing oxidative
damage to cells*4'. As an antimicrobial agent, it acts to in-
hibit bacterial proliferation and biofilm formation by altering
osmotic balance, which promotes the breakdown of bacterial
cell membrane integrity. In addition, it can act in the promo-
tion of cell contraction and the formation of ROS in bacte-
ria*>-42, In its nanoparticulate form, Se has low toxicity, greater
bioavailability, wide distribution potential, greater surface
area and controlled release activity, which enhances its action
and antimicrobial efficacy®. Jani et al. found that the lowest
percentage of 5% Se showed no antimicrobial efficacy and
that higher concentrations of 10% and 15% were effective? .

The natural antimicrobial Azadirachta indica (AI) is derived
from a medicinal tree from the Indian subcontinent and is
popularly known for its applications in products used in tra-
ditional medicine®#3. Its alkaloid and flavonoid components
are responsible for the ability to prevent microbial infections.
Moreover, it is suggested that its mechanism of action is
linked to azadirachtin, the bioactive metabolite that presents
the inhibitory activity of enzymes involved in DNA replication,
which infer in its indication as an antimicrobial agent®.

The antimicrobial action of ethylene glycol methacrylate
phosphate (EGMP) is due to the alteration of electrostatic
charges promoted by the incorporation of phosphate into its
composition®. This change transforms the acrylic resin surface
into hydrophilic, that is, less susceptible to microorganism ad-
hesion because hydrophilic surfaces affect cell interactions,
bacterial adhesion, and biofilm formation®*.

The studies that compose this scoping review®?¢-* evaluated
the influence of incorporating antimicrobials on the impact
resistance of acrylic resins. Specimen thickness and geometry,
stress concentrations, manufacturing variables, resin type,
and chemical composition are some characteristics that can
alter impact strength because they are characteristics directly

responsible for the arrangement and bond strength between
the polymer chains, which can lead to changes in the mechan-
ical behavior>34547_Thus, in this review, it was not possible to
perform the correlation of the results of the different studies,
because they presented incomparable parameters to enable
the formation of consolidated conclusions'446,

Another factor that is directly linked to impact strength is
notching, characterized as a preparation that concentrates
stress, overcomes surface defects in the specimen, and directs
the fracture in a specific direction'. Notches can be prepared
during or after specimen preparation'' and depending on
the time, some problems can occur, such as causing a change
in the radius of the notch and causing residual stresses and
hidden cracks, respectively, and for this reason, making speci-
mens for this assay is a challenge™.

Watannabe et al.”® developed a technique to perform im-
pact strength testing with small specimens prepared by CAD/
CAM blocks and report the difficulty in obtaining standardized
samples that allowed faithful representation of the strength
by this new method. They concluded that specimens 12 mm
in diameter by 1.5 mm thick can be used for impact strength
evaluation'.

ISO 179-1:2010 and ASTM D256 report that Charpy and Izod
impact strength tests can be performed with or without the
presence of the notch, but the results obtained are different
and thus difficult to be compared*#°. Some studies that make
up this scoping review used samples without notch?.283234
and others with notch®%¢2%, which corroborates the difficulty
of comparing the results of the selected studies. The notch
test offers a conservative assessment that is close to the real
failure conditions, since materials suffer initial failures due to
imperfections. The non-notched test is used when the general
capacity of the material to absorb impact energy without fail-
ing is to be assessed. For the selected studies, we can con-
sider that prosthesis bases have openings made for the cor-
rect positioning of brakes and muscle inserts, which can act as
notches. Therefore, the results of specimens with notches are
more representative of real conditions.

The influence of antimicrobial incorporation on the impact
strength property was evaluated according to three method-
ologies: Charpy?’2>303334 [z0d%?6283135 and the methodology
described in DIN 53435%. Improved impact strength results
after antimicrobial incorporation were found in the study by
Menezes et al.*® This enhancement can be attributed to the
silane MPS layer that was applied to the polymer matrix to
enhance AgVO, contact and dispersion®*. The silanization
process, which involves hydrolyzing MPS, promotes the for-
mation of silanol groups, in turn, form covalent bonds with
the hydroxyl present on the surface of AgVO,. According to
FTIR results, this process allows for the modification of the
material's surface charge, hydrophobicity, and stability, which
enabled better homogenization of the antimicrobial to the
polymer matrix2%,
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The systematic review published by Somani et al.® reports
that the incorporation of reinforcing fibers, such as glass,
metals, and carbon, act as loading components to assist in
dissipating forces, however, for the incorporation to result in
improved mechanical behavior, such as impact strength, the
fibers must be stiff and exhibit adequate adhesion to the poly-
mer, which can be achieved by silanizing the particle®.

It was expected that an acrylic resin close to the ideal would
be found, one that presented better mechanical performance
to impact resistance and the presence of antimicrobial activity.
However, some challenges were encountered by researchers
that made it impossible to develop this, such as the studies by
Castro et al., Jani et al., Casemiro et al., and Jia et al. which re-
ported reduced impact strength?’-23'3_Van Der Waals interac-
tions and the weak interfacial adherence of antimicrobials with
the organic matrix may be responsible for the formation of
agglomerates, which, besides causing surface defects such as
micro-cracks and pores, may also act as stress concentrators,
weakening the system and providing the greater possibility of
fracture?’-831, It was observed in the study conducted by Jia et
al that the higher the concentration of the incorporated antimi-
crobial agent, the more difficult it is to homogenize and form
agglomerates?’?%3', and therefore they present a significant re-
duction in the impact strength of the modified acrylic resin.
Strategies to improve the dispersion of the material in the poly-
mer matrix are desirable in order to reduce the formation of
agglomerates that directly interfere with the concentration of
tensions and alter the impact resistance of the resins.

Although it was challenging to compare the studies in this
systematic review due to heterogeneity, it was possible to ob-
serve that the incorporation of antimicrobial agents promotes
changes in the impact strength of 7-10 denture base resins.

CONCLUSIONS

In view of the findings of this scoping review, it was conclud-
ed that the incorporation of antimicrobial agents to acrylic
resins for denture bases can, depending on the antimicro-
bial and the incorporation technique, influence their impact
strength negatively by forming agglomerates and positively
with slight improvements or no changes in the mechanical
impact strength performance of acrylic resins. This review en-
courages studies to be carried out evaluating different meth-
ods of incorporating antimicrobial nanomaterials into acrylic
resins, since the method of incorporation can influence the
final structure of the polymeric matrix and alter mechanical
resistance results such as impact resistance.
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