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Abstract: Background: Motor and intellectual disabilities (MIDs) represent a great challenge for
maintaining general health due to physical and cognitive limitations, particularly in the maintenance
and preservation of oral health. Silver nanoparticles (AgNPs) have emerged as a promising ther-
apeutic tool for bacterial control, including oral biofilms; however, knowledge of the bactericidal
effectiveness of oral biofilms from patients with MIDs is insufficient. This study aims to determine
the antimicrobial effect of AgNPs on different oral biofilms taken from patients with and without
MIDs. Methods: Two sizes of AgNPs were prepared and characterized by dynamic light scattering
(DLS) and transmission electron microscopy (TEM). Through consecutive sampling, biofilm samples
were collected from 17 subjects with MIDs and 20 subjects without disorders. The antimicrobial
effect was determined by obtaining the minimum inhibitory concentration (MIC) of AgNPs, and the
identification and distribution of oral bacterial species were determined by polymerase chain reaction
(PCR). Finally, correlations between sociodemographic characteristics and the antimicrobial levels of
AgNPs were also explored. The values of the MIC results were analyzed with IBM-SPSS software
(version25) using non-parametric tests for independent groups and correlations, with statistical
significance being considered as p < 0.05. Results: Both sizes of AgNPs exhibited tight particle size
distributions (smaller: 10.2 ± 0.7 nm; larger: 29.3 ± 2.3 nm) with zeta potential values (−35.0 ± 3.3
and −52.6 ± 8.5 mV, respectively) confirming the stability that resulted in little to no agglomeration
of nanoparticles. Although both sizes of AgNPs had good antimicrobial activity in all oral biofilms,
the smallest particles had the best antimicrobial effects on the oral biofilm samples from patients
with and without MIDs, even better than chlorhexidine (CHX) (p < 0.05). Likewise, the patients with
disabilities showed higher levels of antimicrobial sensitivity to AgNPs compared with CHX (p < 0.05).
Although the microorganisms included in the biofilms of females had a statistically higher growth
level, the AgNP antimicrobial effect was statistically similar in both genders (p > 0.05). The most
frequent bacteria for all oral biofilms were S. mutans (100%), P. intermedia (91.6%), T. forsythia (75.0%),
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T. denticola (75.0%), P. gingivalis (66.6%), F. nucleatum (66.6%), S. sobrinus (50.0%), and A. actinomycetem-
comitans (8.3%). Conclusions: AgNPs exhibited considerable antimicrobial potential to be used as a
complementary and alternative tool in maintaining and preserving oral health in patients with MIDs.

Keywords: nanoparticles; silver; anti-bacterial agents; persons with disabilities; dental plaque; biofilms

1. Introduction

Disability is defined by the World Health Organization (WHO) as a permanent or
transitory condition that humans experience at some specific points in their lives, limiting
regular activities, such as seeing, hearing, walking, remembering or concentrating, perform-
ing self-care, and communicating with others, and affecting 16% of persons worldwide
(~1.3 billion people) [1]. This population experiences relevant health inequalities, stigmati-
zation, discrimination, poverty, and exclusion from education and employment, among
others, in comparison with people without disabilities [1,2]. Additionally, oral diseases
are still considered a severe oral health problem in the world, estimated to affect almost
350 million people (45%) [3]. Dental caries and periodontal disease represent the most
prevalent infectious and multifactorial oral diseases, with the former affecting 200 million
adults and 514 million children and the latter affecting more than 100 million adults [3].
Particularly, patients with disabilities suffer poor oral health and need additional support to
maintain adequate oral care [4], resulting, basically, in relevant oral health inequalities [5].
Authors have reported that patients with disabilities, especially intellectual disorders,
present a higher prevalence of oral diseases, especially periodontal disease and dental
caries [6]. It is worth noting that in these patients, this condition also affects their general
health, facilitating the presence of cardiovascular disease, diabetes, respiratory disease, and
strokes, to the detriment of their quality of life [7].

It is very well known that oral biofilms represent a crucial etiological factor involved in
the beginning and development of dental caries and periodontal disease, resulting in a sig-
nificant oral health challenge for dentistry [8]. At the same time, the antibiotic resistance of
important pathogenic bacteria has resulted in severe health problems worldwide [9,10]. Sev-
eral oral bacteria related to dental caries and periodontal disease have been demonstrated
to be resistant to antimicrobials considered as gold standard agents in dentistry [11,12].
The oral biofilm comprises very complex and well-organized bacteria that adhere to tooth
surfaces and dental materials, covered by an extracellular matrix that facilitates linkages
between bacteria species and solid surfaces [13]. Extracellular polysaccharides, such as
glucosyltransferase (GTF) and fructosyltransferase (FTF), are the agents responsible for
promoting bacterial adhesion to teeth, resulting in well-conformed biofilms [14,15]. Reports
have suggested that the presence and distribution of particular bacterial strains depend on
the type of biofilm. Other studies have determined the specific bacterial distribution and
the worst clinical aspects among subjects with disabilities, concluding that the microbiota
compositions of specific oral biofilms from patients with MIDs are different from those
of subjects without disabilities [16,17]. The above information probably explains why
conventional oral treatments, based on non-surgical periodontal treatment and focused
on controlling periodontitis (the most severe of the periodontal disease), have not been
able to reduce bacterial populations in subjects with Down syndrome (DS) when compared
with controls [18]. Furthermore, chlorhexidine gluconate (CHX) has been considered by
many studies as the main antimicrobial agent in dentistry and is positioned as the gold
standard solution; however, the pigmentation of dental tissues and tongue, mucosal irrita-
tion, xerostomia, numbness, and other disturbances have been associated with the presence
and chronic use of CHX [19]. Consequently, it is necessary to explore new and novel
antimicrobial approaches for controlling and preventing dental caries and periodontal
disease in patients with disabilities.
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Some antimicrobial materials have been designed for biomedical applications to con-
trol bacteria that often become resistant to conventional antimicrobials. Different types
of coatings using a combination of calcium acetate, hydroxyapatite, and zinc oxide or
even copper-based metallic glass composites have offered good or even excellent antibac-
terial activities against different types of microorganisms, including methicillin-resistant
ones [20,21]. Silver nanoparticles (AgNPs) have been extensively recommended because of
their excellent antimicrobial effects against various microbial species [22,23], including oral
bacteria [24,25]. Several works have determined that these metallic nanostructured materi-
als control and prevent biofilm formation, resulting in high antimicrobial and antibiofilm
potential for dental applications [25–28]. Also, studies have indicated that AgNPs have
antifungal properties against Candida species isolated from patients with stomatitis [27],
considering AgNPs’ capacity to reduce and control biofilm formation [27,29], principally
for Candida albicans and Candida parapsilosis [27]. Another investigation on the antimicrobial
and antibiofilm activities of AgNPs using plant extract-mediated synthesis on bacteria
related to dental caries, such as Streptococcus sanguinis (S. sanguinis), S. mutans, Lactobacillus
acidophilus (L. acidophilus), and C. albicans, showed that AgNPs exhibited antimicrobial
activity against all bacterial species and also inhibited the biofilm formation of S. mutans on
the surface of tooth enamel [25].

To the best of our knowledge, there is no scientific information that has determined the
bacterial inhibition growth by AgNPs from oral biofilms related to patients with mental and
physical incapacities. This study aimed to investigate the antimicrobial activity of AgNP
with two different particle sizes against oral biofilms taken clinically from patients with
and without MID. Additionally, we explored the associations and correlations between the
bacterial inhibition effect of AgNPs against the sociodemographic and clinical peculiarities
of each patient. This study will improve the understanding of the safe and predictive use of
AgNP for the control and prevention of oral diseases derived from bacterial accumulation
in patients with MID, as an alternative antimicrobial tool for daily oral health maintenance.

2. Materials and Methods
2.1. Synthesis and Characterization of AgNPs

Two families of AgNPs were prepared following the method previously reported [26].
For the first type, 0.01 M of silver nitrate (AgNO3, CTR Scientific, Monterrey, Mexico) was
dissolved in 100 mL of deionized water for 5 min under magnetic stirring in a 250 mL
glass container. Afterward, 10 mL of deionized water with 0.1 g of gallic acid (C7H6O5,
Sigma Aldrich, St. Louis, MI, USA), which was used as a reducing agent, was added
to the solutions, then the pH was immediately adjusted to 11 with a 1.0 M solution of
sodium hydroxide (NaOH, Jalmek Scientific, San Nicolás de los Garza, Mexico). Similar
concentrations of AgNO3 were used for the second solution, while the amount of gallic
acid was increased to 0.5 g. Finally, the pH was adjusted to 10 with ammonium hydroxide
(NH4OH, molecular weight 35.05, catalog A5325, number CAS: 1336-21-6, Jalmek Scien-
tific, San Nicolás de los Garza, Mexico). Sodium and ammonium solutions were used to
stabilize the particle size for each AgNP sample, respectively. Both samples continued to
be stirred for 10 min at room temperature. The average particle size, particle size distri-
bution, and electrical properties of AgNPs were determined by dynamic light scattering
using a nanoparticle analyzer (DLS, Nanoparticle Analyzer, Nano Partica SZ-100 series,
HORIBA Scientific Ltd., Irvine, CA, USA). The particle shape of AgNPs was analyzed using
transmission electron microscopy (TEM, Phillips CM-200, Philips Electronics NV, Eindh,
Netherlands) in a voltage accelerating of 25 kV.

2.2. Patient Recruitment

The patients were recruited from the Multidisciplinary Clinic of the Stomatology
Department of the Institute of Biomedical Sciences (ICB) at the Autonomous University
of Juarez City (UACJ), using consecutive non-probabilistic sampling, between January
and December 2019. A written and voluntarily signed informed consent was individually
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obtained from each patient or legal guardian of the patient’s previous sample collection,
following the ethical guidelines of the Helsinki Declaration (2008). This project was ap-
proved by the Bioethics Committee of the ICB-UACJ (project ID RIPI2022ICB10). This
study included 37 subjects between 10 and 27 years old who had brushed their teeth at
least three hours before taking samples. The subjects were divided into two groups as
follows: (a) patients with motor and intellectual disorders, and (b) patients without motor
and intellectual disorders (healthy group). A physician or legal guardian of each patient
confirmed the presence and the type of MID. Subjects with unclear or undefined medical
diagnosis, systemic compromise, and those who received periodontal therapy or took
antibiotics within the last three months were excluded.

2.3. Collection of Oral Biofilms

Oral biofilms were obtained using mechanical sweeps with sterilized wooden tooth-
picks in the gingival sulcus (subgingival level) and the gingival margin (supragingival
level) of interproximal sites from lower posterior teeth. Subsequently, the toothpicks were
immediately cultured in Müller–Hinton broth (MH, BD™ Difco™, Rockville, MD, USA)
and incubated for anaerobic bacteria at 37 ◦C for 24 h.

2.4. Bacterial Growth Rate and Standard Bacterial Suspension

The bacterial growth rate was determined after 24 h of initial incubation and previous
antimicrobial tests. First, 100 µL of each bacterial suspension was dispersed in a cell
containing 3 mL of phosphate buffer solution (PBS, pH 7.4). Then, the absorbance level
was analyzed by spectrometry (Eppendorf BioPhotometer Plus, Hamburg, Germany)
using a wavelength of 550 nm in triplicate. Once the initial bacterial growth rate was
determined, a standardized bacterial suspension containing 1.5 × 108 colony-forming units
per milliliter (CFU/mL) was prepared according to the McFarland scale. Finally, each
bacterial suspension was diluted until it reached a concentration of 1.5 × 106 CFU/mL,
which was used for all antimicrobial assays.

2.5. Antimicrobial Test of AgNPs on Oral Biofilms

The antibacterial assay used in this work was based on the previously reported
protocol [26]. All oral biofilm samples were cultured in MH broth for 24 h at 37 ◦C before
testing. Minimum inhibitory concentrations (MICs) were determined by incubating each
bacterial sample exposed to different antimicrobial treatments using 96-well microdilution
plates with 100 µL of MH broth in each well. Initially, 200 µL of each AgNP dispersion was
placed on the first column, and serial dilutions were made until the eleventh. Then, 100 µL
of each standardized bacterial suspension, containing approximately 1.5 × 106 CFU/mL,
was placed in all columns. Finally, the microdilution plates were stored and incubated
at 37 ◦C for 24 h. The first and twelfth columns were used as the negative (no bacterial
growth) and positive (bacterial growth) controls, respectively. The MIC values were
determined through turbidimetry using visual and stereoscopy examinations in the last
well with bacterial growth comparing the positive and negative control columns. The 2%
chlorhexidine solution (CHX, Consepsis™, Ultradent, Tokyo, Japan) was used as a gold
standard using similar parameters for the antimicrobial assay. All antimicrobial tests were
performed in triplicate. Finally, microscopic evaluation using scanning electron microscopy
(SEM, JEOL JSM-6510, JEOL Ltd., Tokyo, Japan) was used to explore the bactericidal and
antibiofilm activity of the AgNPs in a reference strain of Streptococcus mutans (S. mutans,
ATCC 25175).

2.6. Identification of Bacterial Species by Polymerase Chain Reaction (PCR)

Twelve oral biofilms from young male and female patients nearly 15 years old with
(n = 8 subjects) and without (n = 4 subjects) disabilities were randomly selected for the
identification and distribution of several microbial species related to dental caries and
periodontal disease using the polymerase chain reaction (PCR) assay. The occurrence of
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Streptococcus mutans (S. mutans), Streptococcus sobrinus (S. sobrinus), Porphyromona gingivalis
(P. gingivalis), Tannerella forsythia (T. forsythia), Treponema denticola (T. denticola), Prevotella
intermedia (P. intermedia), Fusobacterium nucleatum (F. nucleatum), and Aggregatibacter actino-
mycetemcomitans (A. actinomycetemcomitans) were determined using previously reported
methods [30,31] and specific primers [32–38]. Positive and negative controls were included
for each PCR assay. All products were processed in 2% agarose gels by electrophoresis,
stained, and analyzed with UV light (E-Gel Imager System with UV Base, Thermo Fisher
Scientific, Life Technologies, Waltham, MA, USA).

2.7. Statistical Analysis

The patients’ sociodemographic variables according to gender were expressed in
frequency and percentage. The values of age, size distribution, zeta potential, bacterial
growth rate, and MIC level were defined using descriptive statistics expressed in mean and
standard deviation. The homogeneity in the study groups was analyzed using Pearson’s
chi-square test and the student’s t-test. The Shapiro–Wilk analysis was used to define the
distribution of the variables for independent groups. The Mann–Whitney U test was used
to determine the differences between independent groups for non-parametric variables.
Additionally, Spearman’s rho test was used to analyze significant correlations between
age and the bacterial growth rate and between antimicrobial activity levels of AgNPs.
IBM-SPSS software (SPSS, version 25, Chicago, CA, USA) was used for all statistical tests
determining a statistical significance when p < 0.05.

3. Results
3.1. Characterization of AgNPs

Table 1 shows the physical characterization of the AgNPs. Two different sizes of
AgNPs were obtained, a small (10.2 ± 0.7 nm) and a larger one (29.3 ± 0.7 nm), with
a spherical shape. DLS showed single- and narrow-based peaks, suggesting a uniform
particle distribution for both families of AgNPs (Figure 1). On the other hand, the zeta
potential demonstrated negative electrical charges in both sizes of nanoparticles. The small
and larger nanoparticles proved to be more electrically stable, avoiding the risk of particle
agglomeration (−35.0 ± 3.3 and −52.6 ± 8.5 mV, respectively). These results indicate that
both AgNP samples presented adequate and well-defined sizes with electrical charges in
their surfaces preventing particle agglomeration.
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Figure 1. Characterization of AgNPs by DLS and TEM. (a,b) 10.2 nm, ×150,000; (d,e) 29.3 nm,
×150,000; (c,f) zeta potential images (10.2 and 29.3 nm, respectively).

Table 1. Characterization of AgNPs.

AgNP (nm) DLS (nm) Shape Initial Concentration (µg/mL) Zeta Potential (mV)

First preparation (small) 10.2 ± 0.7 Spherical 1070 −35.0 ± 3.3
Second preparation (large) 29.3 ± 2.3 Spherical 1070 −52.6 ± 8.5

DLS = dynamic light scattering. DLS and zeta potential results are expressed as mean, standard deviation, and
zeta deviation, respectively.
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3.2. General Characteristics of Patients

The general sociodemographic characteristics of subjects with and without MID are
described in Table 2. Thirty-seven oral biofilms were obtained from young adult subjects
(19.5 ± 4.0 years old). The more frequent disorder was DS (13 subjects) followed by ID
(2 subjects) and ID/CP (2 subjects). The age of patients with MID was statistically younger
(15.5–16.6 years old) compared with subjects with no disabilities (22.2 years old), where
women patients were older (20.9 ± 2.9 years old) than men (18.6 ± 4.5 years old). Notably,
the patients with SD were slightly older (16.6 ± 3.0 years old) compared with the ID
(16.0 ± 2.8 years old) and ID/CP (15.5 ± 7.7 years old) subjects, while the patients with no
disorder were the oldest (22.2 ± 2.4 years-old). Also, women patients presented a higher
age (17.5 ± 1.9–22.7 ± 1.7 years old) than men (10.0 ± 0.0–21.8 ± 2.8 years old) for all groups.
On the other hand, the frequency of men was commonly higher (50.0–69.2%) compared
with women patients (30.8–50.0%) for all groups; however, no statistical differences among
study groups with and without MID were identified (p > 0.05). These results suggest that
gender was uniformly distributed for all study groups, but age tended to be greater in
subjects with no disorder.

Table 2. General sociodemographic distribution of the study groups.

Variable

Motor and Intellectual Disabilities
n = 17 Subjects Control

(Healthy)
n = 20 Subjects

Total
n = 37 Subjects

p-Value
DS

n = 13 Subjects
ID

n = 2 Subjects
ID/CP

n = 2 Subjects

Mean ± SD

Age (years old) 16.6 ± 3.0 16.0 ± 2.8 15.5 ± 7.7 22.2 ± 2.4 19.5 ± 4.0
0.000 *Women 17.5 ± 1.9 18.0 ± 0.0 21.0 ± 0.0 22.7 ± 1.7 20.9 ± 2.9

Men 16.3 ± 3.4 14.0 ± 0.0 10.0 ± 0.0 21.8 ± 2.8 18.6 ± 4.5

Frequency (%)

Gender 13 (35.1) 2 (5.4) 2 (5.4) 20 (54.1) 37 (100)
0.843Women 4 (30.8) 1 (50.0) 1 (50.0) 9 (45.0) 15 (40.5)

Men 9 (69.2) 1 (50.0) 1 (50.0) 11 (55.0) 22 (59.5)

Patient age is expressed in mean and standard deviation. DS = Down syndrome; ID = intellectual disorder;
ID/CP = intellectual disorder with cerebral palsy. The student’s t-test and Pearson´s chi-square analysis were
used to determine statistical differences in age and gender between groups, respectively. The asterisk symbol (*)
indicates statistical differences between study groups (p < 0.05).

3.3. Initial Bacterial Growth

Figure 2 shows the results of the initial bacterial growth of oral biofilms associated
with the different MIDs. The initial growth of the microorganisms involved in the dif-
ferent oral biofilms of the MID presented variations in bacterial cell proliferation. Oral
biofilms taken from subjects with ID and CP showed significantly higher levels of bacte-
rial growth (0.33 ± 0.02 a.u.) followed by oral biofilms from DS (0.29 ± 0.07 a.u.) and ID
(0.27 ± 0.05 a.u.) patients. Note that biofilms from subjects with no disabilities showed
the statistically lowest bacterial growth rate (0.22 ± 0.03 a.u.) (Figure 2a,d). Regarding
gender, bacterial growth identified women as possessing the type of oral biofilms that had a
statistically higher predisposition (0.026 ± 0.04 a.u.) according to bacterial cell proliferation
compared with men (0.025 ± 0.07 a.u.) (Figure 2c). This result included oral biofilms from
women with ID, ID/CP, and healthy subjects (Figure 2b). Therefore, the bacterial growth
rate is highly related to the type of oral biofilm and gender, particularly those obtained
from patients with MID and female patients.
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Figure 2. Initial bacterial growth of oral biofilms from patients with and without disabilities.
DS = Down syndrome, ID = intellectual disorder, ID/CP = intellectual disorder with cerebral palsy.
Optical density results are measured in absorbance units (a.u.) and expressed in mean and stan-
dard deviation. Two asterisks indicate statistical differences respecting healthy and male subjects,
respectively (p < 0.01). (a) Bacterial growth rate according to the presence and type of disability.
(b,d) Bacterial growth rate according to the presence and type of disability and gender. (c) Bacterial
growth rate according to gender.

3.4. Bactericidal Activity of AgNPs in Oral Biofilms

Figure 3 shows the antimicrobial activity of AgNPs against oral biofilms associated
with and without MID. In general, both kinds of AgNPs had good bacterial inhibition
activity for all oral biofilms taken from patients with and without disorders; however, the
smaller Ag particles were significantly more effective (42.5 ± 47.3 µg/mL) than the larger
ones (84.6 ± 25.9 µg/mL), even for the CHX solution (44.5 ± 22.5 µg/mL) (Figure 3a). In
addition, the more resistant microorganisms to the action of antimicrobials were statistically
presented by oral biofilms from subjects with no disabilities (58.0 ± 68.8 µg/mL), followed
by patients with ID/CP (45.9 ± 52.5 µg/mL) and DS (44.3 ± 35.1 µg/mL), and the most sen-
sitive bacteria were observed in biofilms from ID patients (41.2 ± 25.2 µg/mL) (Figure 3b,c).
Interestingly, the bactericidal activity of both types of AgNPs acted similarly for all oral
biofilms, even for patients with no disability (healthy subjects). Therefore, the bacterial
growth inhibition of the CHX solution in patients with MID had statistically lower efficacy
(58.5–87.8 µg/mL) compared with the AgNP solutions (18.1–26.3 and 18.1–51.4 µg/mL,
respectively) (Figure 3b,d). Although the CHX solution showed better bactericidal efficacy
on oral biofilms from healthy patients (25.3 ± 9.0 µg/mL) than AgNPs (56.7 ± 59.4 and
113.6 ± 84.5 µg/mL, respectively) (Figure 3e), both families of AgNPs had higher and
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significant bacterial growth inhibition efficiency against biofilms from disabled patients
(18.1–51.4 µg/mL) compared with the CHX solution (58.5–87.8 µg/mL) (Figure 3d). This
means AgNPs have good bactericidal efficiency for all oral biofilms taken from patients
with and without MID. Moreover, better antimicrobial associations were related to the
type of antimicrobial treatment, the particle size of AgNPs, as well as the type of disability,
in which the smaller nanoparticles acted much better to inhibit the bacterial growth in
patients with disorders, while the CHX solution was the best antimicrobial treatment for
healthy patients.
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palsy. One asterisk indicates p < 0.05; two asterisks indicate p < 0.01. The independent comparisons
were made regarding healthy subjects and the CHX solution (control group), respectively. Similar
letters indicate statistical differences between antimicrobial solutions. (a) Antimicrobial activity of
AgNP and CHX solutions; (b) antimicrobial activity of AgNP and CHX solutions according to the
presence and type of disability; (c) antimicrobial sensibility of subjects with and without disability
(average of MIC from all antimicrobials); (d) antimicrobial sensibility of subjects with and without
disability according to both families of AgNP and CHX solutions; and (e) representative microdilution
plate of oral biofilm from a healthy subject (black squares indicate MIC).

Figure 4 shows the bactericidal activity of AgNPs on oral biofilms from patients with
and without MID according to gender. In general, female patients presented a tendency to
have microorganisms that are more resistant in their biofilms to the action of antimicrobial
therapies (67.1 ± 69.6 µg/mL) compared with males (53.3 ± 52.3 µg/mL), even for any type
of disability; however, no significant differences were found (Figure 4a,d). Furthermore,
the smaller AgNPs and CHX solution had statistically similar antimicrobial activity for
men (41.2–42.1 µg/mL) and women subjects (44.7–48.8 µg/mL) compared with larger
nanoparticles (72.9 and 101.8 µg/mL, respectively) (Figure 4b). Healthy patients, mainly
females, demonstrated higher resistant activity to the antimicrobials (57.2-81.1 µg/mL)
than those microorganisms involved in biofilms from patients with any type of MID
(22.6–69.2 µg/mL) (Figure 4c). In addition, specific oral biofilms had notable variations
in their resistance level to antimicrobial treatments among the genders (Figure 4c). Thus,
the male patients with DS showed the most resistant microorganism (45.8 ± 34.7 µg/mL),
followed by ID (38.6 ± 28.0 µg/mL), and, on the other hand, the most sensitive bacteria
were found in male subjects with ID with CP (22.6 ± 9.5 µg/mL). Contrastingly, the women
subjects with ID and CP had the most increased resistance levels (69.2 ± 67.7 µg/mL),
while the most sensitive biofilms were from men patients with ID (43.9 ± 23.7 µg/mL)
and DS conditions (40.7 ± 36.1 µg/mL). These results suggest that gender, predominantly
female patients, tends to have high levels of bacterial resistance; but, at the same time,
specific genders are associated with particular levels of bacterial resistance from different
oral biofilms, principally in patients with MID.

Figure 5 shows SEM micrographs of the bactericidal and antibiofilm activity of AgNPs
in a reference strain of S. mutans. Figure 5a,b present agglomerated and well-adhered
bacterial cells, conforming to a regular structure of oral biofilm with good relationships
between cell–cell and cell–surface. The thickness of biofilm was approximately observed
from 3 to 15 µm (Figure 5b). On the other hand, bacterial cells exposed to AgNPs (10.2 nm)
showed growth inhibition zones with adherence alterations in the structure of the biofilm,
limiting the adherence relationships between cell–cell and cell–surface (Figure 5c,d).

Table 3 presents Spearman’s rho correlations of OD and MIC values for AgNPs
according to age from MID and healthy patients. Some significant correlations in the initial
bacterial growth with the age of some study groups were identified. The initial bacterial
growth rate from DS and healthy subjects showed positive and significant correlations
with age (rho = 0.367, p = 0.000, and rho = 0.965, p = 0.000, respectively). On the other hand,
the nanoparticle content for both sizes of AgNPs demonstrated positive and significant
correlations for all groups with and without MID (AgNP 10.2 nm rho = 0.285, p = 0.002; and
AgNP 29.3 nm, rho = 0.443, p = 0.000). Remarkably, the smaller AgNPs had positive and
negative significant correlations for patients with ID (rho = 0.905, p = 0.013) and healthy
subjects (rho = −0.322, p = 0.012), respectively. Finally, the patients with some type of MID
tended to have more positive correlations with the concentrations of both types of AgNPs
(rho = 0.144 to 0.905) compared to healthy subjects (rho = −0.011 to −0.322). These results
indicate that the bacterial growth rate in patients with DS and healthy subjects increased
gradually with age. Furthermore, the concentration of both AgNP families in patients
with MID had gradually increasing tendencies with age, while the nanoparticle content for
healthy patients diminished when age increased.
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Figure 4. Bactericidal activity of AgNPs against oral biofilms from patients with and without
disabilities according to gender. DS = Down syndrome, ID = intellectual disorder, ID/CP = intellectual
disorder with cerebral palsy. Two asterisks indicate p < 0.01. Independent comparisons were made
regarding healthy subjects and the CHX solution (control group), respectively. Similar letters indicate
statistical differences between types of disability. (a) Antimicrobial sensibility to AgNP and CHX
solutions (average of both AgNP samples and CHX). (b) Antimicrobial sensibility according to the
type of AgNP and CHX solutions. (c,d) Antimicrobial sensibility according to the presence and type
of disability (average of both AgNP samples and CHX according to gender).

Table 3. Spearman’s rho correlation of OD and MIC values for AgNPs according to age from MID
and healthy patients.

Variable

MID
(n = 17 Subjects) Healthy

n = 20
Subjects

(rho)

p-Value
Total
n = 37

Subjects
(rho)

p-ValueDS
n = 13

Subjects
(rho)

p-Value
ID

n = 2
Subjects

(rho)
p-Value

ID/CP
n = 2

Subjects
(rho)

p-Value

Age
OD 0.367 0.000 ** 1.00 - 1.00 - 0.965 0.000 ** −0.070 0.232

AgNP 10.2 nm 0.304 0.060 0.905 0.013 ** 0.577 0.230 −0.322 0.012 * 0.285 0.002 **
AgNP 29.3 nm 0.144 0.382 0.000 1.00 0.000 1.00 −0.011 0.933 0.443 0.000 **

DS = Down syndrome; ID = intellectual disorder; ID/CP = intellectual disorder with cerebral palsy; OD = optical
density. * indicates p < 0.05; ** indicates p < 0.01. - Not applicable.
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3.5. Identification and Distribution of Bacterial Species by PCR

Table 4 shows the presence and frequency of bacterial species identified using PCR.
In general, the oral biofilms used for this molecular assay were from young subjects
(15.7 ± 0.7 years old), even for patients with (15.7± 0.7 years old) and without (15.7 ± 0.9 years
old) disabilities with homogeneous distribution according to gender for both groups (50%
for males and 50% for females). The bacterial profile indicated that S. mutans was the
most prevalent bacteria (100%) for all groups, followed by P. intermedia (91.6%), T. forsythia
(75.0%), T. denticola (75.0%), P. gingivalis (66.6%), F. nucleatum (66.6%), S. sobrinus (50.0%),
and, finally, A. actinomycetemcomitans, which was the least frequent (8.3%). Therefore, the
frequencies of S. sobrinus (62.5%), P. gingivalis (87.5%), P. intermedia (100%), and A. actino-
mycetemcomitans (12.5%) were higher in patients with disabilities compared with those with
no disabilities (25.0, 25.0, 75.0, and 0.0%, respectively), while S. mutans, T. forsythia, and
T. denticola had similar distribution between groups. Mainly, DS patients showed higher
distributions for S. sobrinus (50.0%), P. gingivalis (83.3%), T. forsythia (83.3%), T. denticola
(83.3%), P. intermedia (100%), F. nucleatum (83.3%), and A. actinomycetemcomitans (16.6%)
than patients without disabilities (0.0–75%). In addition, bacterial profiles from subjects
with disabilities had more presence of bacterial (71.8%) than patients without disabilities
(56.2%); however, the DS patients had the highest bacterial distribution (74.9%). These
results suggest that oral biofilms have specific and different bacterial profiles between
subjects with disabilities and without disabilities, predominately for DS subjects. Although
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in some particular cases, patients with ID and ID/CP conditions had higher distributions
of specific species (S. sobrinus, P. gingivalis, T. forsythia, and T. denticola) in comparison with
DS and healthy patients, the insufficient number of cases for ID and ID/CP groups limit
clinical and microbiological interpretation.

Table 4. Presence and distribution of bacterial species involved in oral biofilms detected by PCR.

Variable

MID
n = 8 Subjects (%) Control

(Healthy)
n = 4

Subjects (%)

Total
n = 12

Subjects (%)
DS

n = 6
Subjects (%)

ID
n = 1

Subject (%)

ID/CP
n = 1

Subject (%)

Total of
Disabilities

n = 8
Subjects (%)

Age (years) 15.8 ± 0.7 15.0 16.0 15.7 ± 0.7 15.7 ± 0.9 15.7 ± 0.7
Women 15.6 ± 0.5 15.0 - 15.5 ± 0.5 15.5 ± 0.7 15.5 ± 0.5
Men 16.0 ± 1.0 - 16.0 16.0 ± 0.8 16.0 ± 1.4 16.0 ± 0.8

Gender
Women 3 (50.0) 1 (100) - 4 (50.0) 2 (50.0) 6 (50.0)
Men 3 (50.0) - 1 (100) 4 (50.0) 2 (50.0) 6 (50.0)

Bacterial strains
S. mutans 6 (100) 1 (100) 1 (100) 8 (100) 4 (100) 12 (100)
S. sobrinus 3 (50.0) 1 (100) 1 (100) 5 (62.5) 1 (25.0) 6 (50.0)
P. gingivalis 5 (83.3) 1 (100) 1 (100) 7 (87.5) 1 (25.0) 8 (66.6)
T. forsythia 5 (83.3) 0 (0.0) 1 (100) 6 (75.0) 3 (75.0) 9 (75.0)
T. denticola 5 (83.3) 1 (100) 0 (0.0) 6 (75.0) 3 (75.0) 9 (75.0)
P. intermedia 6 (100) 1 (100) 1 (100) 8 (100) 3 (75.0) 11 (91.6)
F. nucleatum 5 (83.3) 0 (0.0) 0 (0.0) 5 (62.5) 3 (75.0) 8 (66.6)
A. actinomycetemcomitans 1 (16.6) 0 (0.0) 0 (0.0) 1 (12.5) 0 (0.0) 1 (8.3)

Values for age are expressed as mean and standard deviation. PCR = polymerase chain reaction; DS = Down
syndrome; ID = intellectual disorder; ID/CP = intellectual disorder with cerebral palsy. - Not applicable.

4. Discussion

This study determined that both types of AgNPs had good bacterial growth inhibition
activity against microorganisms found in oral biofilms isolated from patients with and
without MID. Likewise, the best antimicrobial action of AgNPs was highly related to
smaller nanoparticles for all bacterial samples, principally in oral biofilms from subjects
with MID. On the other hand, the most resistant bacteria to all antimicrobial solutions,
including AgNPs, were in oral biofilms from healthy patients (with no MID). In contrast,
the most sensitive bacteria were in oral biofilms from subjects with ID, DS, and ID/CP,
respectively. Although there were no significant differences in the bactericidal activity of
AgNPs according to gender, women patients presented a greater trend in antimicrobial
resistance than men for any type of condition. In addition, the bacterial growth rate showed
the significantly highest levels in oral biofilms from patients with MID, predominantly
in subjects with ID/CP, followed by DS and ID, and, finally, the lowest bacterial growth
was seen in biofilms from healthy patients. Finally, the significant correlations determined
that the bacterial growth rate and the content of AgNPs increased gradually with the age
of patients and, even, for some specific groups such as DS patients. However, negative
and significant correlations were also identified in women subjects and the healthy group
correlating similar variables. To our knowledge, this is the first study that evaluated
the antimicrobial activity of AgNPs with two particle sizes against different types of
oral biofilms taken from subjects with and without MID. These results provide a better
understanding of the bactericidal mechanisms of AgNPs exposed to microorganisms
involved in oral biofilms with more realistic microbiological conditions, in which the
bacterial growth inhibition ability of AgNPs and their physical and chemical interactions
with the clinical oral biofilms could improve and preserve the oral health of patients
with MID.
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Various studies have evaluated the antimicrobial effect of AgNPs against multiple
species and their relationship with their physicochemical properties, which can be modified
by factors such as chemical and electrical stability, particle dispersion, size, and other
physical and chemical properties [39,40]. According to this study, AgNPs were adjusted to
reach an alkaline pH with sodium (pH 11) and ammonium (pH 10) hydroxides, obtaining
narrow and well-distributed particle sizes (10.2 ± 0.7 and 29.3 ± 2.3 nm) with spherical
shape (Table 1 and Figure 1). Also, our results suggest that AgNPs had adequate electrical
charges for the smaller AgNPs (−35.0 ± 3.3 mV), while the larger ones still promoted more
stable nanoparticles (−52.6 ± 8.5 mV), limiting their agglomeration [41].

It is worth noting that the antimicrobial and antibiofilm activity of AgNPs has been
widely studied for a great variety of microorganisms, including species related to the oral
cavity [42–46]; however, few studies in the literature have determined the bactericidal level
of AgNPs against oral biofilms isolated from patients. One study evaluated the antimicro-
bial activity of two sizes of AgNPs, in which oral biofilms related to young adult patients
were investigated [47]. These authors reported that AgNPs showed good bactericidal
properties for all oral biofilms, significantly limiting the bacterial growth of oral biofilms
associated with dental caries and periodontal disease. Also, these works suggested that
the mechanism of action of AgNPs could be related to the physiochemical properties of
AgNPs and also to sociodemographic and microbiological factors such as gender, age,
habits, type and distribution of biofilms, type of bacterial cell wall, and others [47]. Sim-
ilarly, other authors have also investigated the bactericidal activity of AgNPs against a
wide sampling of oral biofilms from patients associated with dental caries and periodontal
disease [26,48]. In these studies, different and well-distributed sizes of AgNPs (5.2–5.4 and
17.5–37.4 nm) with negative zeta potential (from −32.6 to −52.6 mV) were used. These
authors concluded that both sizes of AgNPs exerted good bactericidal properties on all
types of oral biofilms and intervened in the control and progression of dental caries and
periodontal disease [26,48]. On the other hand, studies have investigated the antimicrobial
activity of AgNPs against biofilms and clinically isolated bacterial strains from biofilms
using other types of microorganisms [27,29], such as Candida albicans strains [29] and strains
isolated from denture stomatitis lesions [27]. Another research on AgNPs prepared by laser
ablation and exposed to multispecies biofilms (Staphylococcus aureus or oral mixed bacterial
flora composed of Streptococcus oralis, Actinomyces naeslundii, Veionella dispar, and Porphy-
romonas gingivalis) related to peri-implantitis of oral implants reported that AgNPs induced
a higher biofilm inhibition, acting as a promising antimicrobial alternative to control dental
implant infections [49]. Our results suggest that AgNPs present adequate bactericidal and
antibiofilm efficacy against all biofilms tested from patients with and without MID. In
contrast, nanoparticles with the smallest size exhibited the best antimicrobial effect, while
the biofilms with the most sensitive biofilms were related to patients with some type of
MID (Figure 3). Moreover, biofilms from female patients had more increased levels of
antimicrobial resistance to AgNPs than male patients. However, no statistical differences
were found, suggesting an interesting predisposition and relationship with gender, even
for the different types of biofilms (with and without disorders) (Figure 4). Additionally, the
correlation results showed that the bacterial growth rate of DS and healthy patients was
age-dependent. Regarding nanoparticle content, both AgNP samples and age had similar
and significant tendencies for patients with disabilities, while nanoparticle content and age
showed an opposite correlation for healthy patients, suggesting that the content of AgNPs
related to the age of patients depends on the type of biofilm (Table 3). These results suggest
that AgNPs’ antimicrobial and antibiofilm activity is strongly related to physical properties,
such as a small size and electrical surface charge. A possible mechanism is that chemical
affinities of AgNPs and silver ions with thiol, amino, and hydroxyl groups of bacterial cells
may bind to the cell membrane, penetrating drastically and affecting the permeability of
the cell, respiration process, activation of proteins, and leading to death [50,51]. In parallel,
AgNPs could interfere with the production of extracellular polysaccharides, such as GTF
and FTF enzymes, leading to no-adhesion activity between cell–cell and cell–surface and,
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finally, a weak structure of biofilms [45]. Nevertheless, at the same time, a mixed antimi-
crobial mechanism involving microbiological, clinical, systemic, and sociodemographic
conditions, such as biofilm, disorder, age, and gender, could play an important role in
AgNP bactericidal activity.

It is well known that antibiotic resistance is a constantly evolving global problem [10].
However, there are specific oral bacteria that have enhanced tolerance or, even, resistance
to a wide spectrum of antimicrobials used commonly in dentistry, many of which are
considered gold antimicrobial standards [11,12]. Authors have identified some age groups
in the range from 26 to 50 years old and the female gender with the highest multi-resistant
levels [12] with more periodontal problems than men [52–54]; however, exclusive oral
bacteria related to periodontal disease and dental caries also promote bacterial resistance
according to particular biofilms [55]. Our results indicated that female subjects presented
increased bacterial growth rates and needed significantly higher amounts of AgNPs, or
even the CHX solution, compared with males (p < 0.05). A tentative explanation is that
women have particular physiological and metabolic stages that alter the hormonal condi-
tions, such as puberty, menstrual periods, menopause, the use of contraceptives, or, even
pregnancy, which generate a modified immune response, promoting the occurrence of
oral diseases [54,56].

Studies have focused on understanding the bacteria distribution and clinical predis-
positions related to specific oral bacteria from patients with various types of disabilities.
Authors have concluded that DS patients have demonstrated the most critical clinical
and periodontal parameters and different microbiota compositions related to periodontal
bacteria in comparison with subjects affected by other MIDs [16,17,57]. The above suggests
that the action mechanism of AgNPs, although it remains unclear, not only depends on the
physicochemical properties of the nanoparticles and external and internal interactions with
the bacterial cells [50,58], but also on microbiological and clinical peculiarities from specific
oral biofilms that include the type and number of bacterial distribution, types of oral and
systemic diseases, immunological, metabolic, and hormonal conditions, age, gender, and,
probably, other relevant factors such as lifestyle and habits [26].

Similarly, this study recommends the use of AgNPs as a potential antimicrobial agent
to control the growth proliferation of oral biofilms related to patients with particular
MIDs, particularly in subjects with DS, ID, and ID/CP, who are highly affected by oral
pathogens etiologically involved in dental caries and periodontal disease. Although some
investigations have suggested the safe use of these metallic nanostructured materials in
biomedical applications [59,60], other studies have reported the potential toxicological
damage of AgNPs when they interact with particular organs or cells [22,61]. Of course,
many other scientific protocols for these nanomaterials should be conducted to elucidate
the toxicological mechanism, better administration routes, and more adequate doses to
create more predictable and safer therapeutics for biomedical applications. Probably, the
AgNPs incorporated into mouthwashes, toothpaste, varnishes, toothpicks, toothbrushes,
and other regular dental instruments for oral hygiene could be used as complementary
antimicrobial tools in the preservation of oral health during conventional procedures of
oral maintenance in patients with MID. One of the most important limitations of this work,
among others, was the sampling size, which was relatively narrow with only seventeen
patients with MID and twenty subjects without MID (controls). Although there is no
scientific information that includes this number of patients, it is necessary to examine other
scientific protocols using AgNPs with more extensive sampling, different oral biofilms, the
inclusion of other relevant sociodemographic, clinical, and oral conditions, more realistic
simulated conditions, or even, other nanostructured materials. This will certainly create a
better understanding of the behavior of these metallic nanoparticles as an alternative and
complementary instrument during conventional oral hygiene, leading to the safe use of
AgNPs for the control and prevention of oral biofilms in humans with special requirements.
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5. Conclusions

AgNPs exhibited adequate bacterial growth inhibition against all oral biofilms related
to patients with MID. The main associations among the antimicrobial activity of AgNPs
were indicated in the particle size and type of oral biofilm. It was determined that the
smaller size was statistically the most effective, in contrast, the oral biofilms from patients
with disabilities, particularly ID subjects, were the most sensitive biofilms to the action
of AgNPs. Notably, gender had no significant differences in the bactericidal activity of
AgNPs; however, an interesting tendency was found in female subjects as they presented
more antimicrobial resistance than males. According to correlations with age, the biofilms
from patients with disabilities need a gradual increase in the number of nanoparticles with
respect to age, while the biofilms from patients without disabilities showed an opposite
correlation behavior. Furthermore, the content of both AgNP families in patients with MID
had gradually increasing tendencies with age, while the nanoparticle content in healthy
patients diminished when age increased. In general, the clinical significance of AgNPs can
be represented by a latent and effective alternative for the control and prevention of the
most frequent oral biofilms, principally related to dental caries and periodontal disease, in
patients with MID. Consequently, new and novel scientific approaches based on AgNPs
that include other sociodemographic factors, as well as medical and oral conditions, e.g.,
age, gender, diet, race, current medications, habits, previous medical and dental procedures,
etc., should be implemented.
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