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From environment to dental plaque:
The emerging impact of microplastics on oral cavity
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ABSTRACT

Article info: Microplastics (MPs) have emerged as pervasive environmental contaminants, raising increasing

ﬁe"e”ed:, 16 Nov 2025 concern for human exposure and health risks. These particles are now detected in multiple daily
ccepted: 23 Dec 2025 R K o . i A

sources, including drinking water, food products, indoor and outdoor air, and certain oral-care

formulations, making the oral cavity one of the earliest and most consistent points of contact.

Evidence from environmental, marine, and gastrointestinal microbiology demonstrates that MPs

Keywords: readily act as abiotic substrates capable of supporting microbial attachment, promoting biofilm
Microplastics formation, and altering microbial behavior. Recent studies suggest that similar processes may
g:zi;e:ll;zue occur within the oral environment, where MPs can integrate into dental plaque, modify its
Biofilm structural organization, and influence interactions among bacterial and fungal communities.
Polystyrene MPs may also affect microbial virulence, extracellular polymeric substance production, and

horizontal gene transfer, raising concerns regarding their potential to exacerbate cariogenic or
periodontal dysbiosis. Despite these emerging insights, current knowledge remains limited by
the lack of in vivo studies, insufficient mechanistic investigation in oral tissues, and major
analytical challenges in reliably detecting MPs within complex oral samples. These gaps hinder
the ability to assess causal pathways and clinical significance. This review synthesizes current
interdisciplinary evidence on the interaction between MPs and oral biofilms and highlights
priority areas for translational research. A deeper understanding of these interactions is essential
to clarify the role of MPs as novel environmental determinants of oral disease and to inform
future preventive and regulatory strategies.
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1. Introduction

Microplastics (MPs), typically defined as synthetic
polymer particles ranging from 1 pm to 5 mm, and
nanoplastics (NPs), measuring <I pum, have become
pervasive contaminants in natural and human-made
environments due to widespread plastic degradation and
industrial production processes [1]. Increasing concern
has emerged regarding human exposure to MPs, as
numerous studies have detected them in drinking water,
seafood, salt, packaged foods, and atmospheric fallout,
indicating that ingestion and inhalation are major
exposure pathways [2-4]. The oral cavity, as the initial
interface for food and air intake, is therefore a primary
site of MP contact, where particles may interact directly
with oral epithelial surfaces, saliva, and the resident
microbiota [5].

Dental plaque represents a complex multispecies
biofilm composed of microbial communities embedded
within an extracellular polymeric matrix, contributing to
the pathogenesis of dental caries, gingivitis, and
periodontal disease [6]. Environmental microbiology
research has demonstrated that MPs readily serve as
substrates for microbial colonization, forming biofilm-
rich “plastisphere” communities with altered metabolic
activity and enhanced pathogenicity [7,8]. However, the
implications of such interactions within the oral cavity
remain largely unexplored.

Given the increasing levels of human exposure and
the recognized role of biofilms in oral disease,
investigating the potential for MPs to influence dental
plaque structure and microbial ecology is an emerging
research priority. Understanding these interactions may
reveal new environmental determinants of oral disease
and guide future public health strategies.

2. Sources and routes of microplastic exposure

MPs are ubiquitous contaminants that enter the human
body through multiple pathways, with the oral cavity
being a major point of contact. The primary route of
exposure is ingestion, but inhalation, as well as certain
oral-care products and dental materials, also contribute
to MP exposure. As MPs accumulate in the oral cavity,
they present potential risks for interactions with the oral
tissues and microbiota, affecting oral health [9].

2.1 Ingestion

Ingestion is a major pathway of microplastic
exposure, with studies documenting MP contamination
in bottled water, tap water, sea salt, seafood, and even
tea brewed from plastic-infused tea bags [3,4,10,11].
Analytical approaches such as Fourier-transform
infrared (FTIR) spectroscopy and Raman spectroscopy
have been widely used to identify polymer composition
and particle size distribution in these food and water
sources [12,13].

These findings indicate that oral ingestion represents
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a continuous and unavoidable route of MP entry into the
oral cavity.

2.2 Inhalation

Airborne MPs, originating from synthetic textiles, tire
wear, indoor dust, and environmental fragmentation
processes, have been detected in both indoor and
outdoor air [14,15]. Inhaled particles can deposit within
the oral and nasopharyngeal regions prior to reaching
the respiratory tract, suggesting that the oral cavity is a
significant site of initial exposure [16]. The presence of
MPs in indoor aerosols highlights additional relevance
for occupational and high-exposure environments.

2.3 Oral-care products and dental materials

Polyethylene (PE) microbeads were historically
incorporated into toothpaste formulations until
regulatory restrictions led to their phase-out, though
residual reports persist in older products and regions
without bans [17]. Wear particles generated from resin-
based composites, polishing devices, and other dental
materials may also contribute polymeric microparticles
to the oral cavity, as noted in recent dental materials
research [18]. These sources underscore the potential for
both environmental and clinical contributions to
intraoral MP burden. As illustrated in Figure 1, MPs can
enter the oral cavity through ingestion, inhalation, and
exposure to oral-care products.

3. Physicochemical determinants of
microplastics-biofilm interactions

The propensity of MPs to become colonized by
microbial communities is strongly influenced by their
inherent material properties and how these properties
evolve in the environment. In natural settings, MPs
rapidly acquire an organic conditioning layer that alters
their surface chemistry, facilitating the initial
attachment of microorganisms and subsequent biofilm
development [19].

3.1 Size, surface area, and roughness

Smaller MPs and NPs possess a disproportionately
high surface area-to-volume ratio, which increases
available attachment sites and promotes bacterial
adhesion, as shown extensively in marine plastisphere
studies [7,8]. Surface roughness, intensified through
fragmentation or mechanical abrasion, further enhances
microbial colonization [20].

3.2 Surface charge and hydrophobicity

Most common polymers such as PE, polypropylene
(PP), and polystyrene (PE) exhibit hydrophobic surfaces
that favor the attachment of primary colonizer,
including oral species such as streptococci and
Actinomyces, and Fusobacterium [21].
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Figure 1. Schematic illustration showing the primary routes through which microplastics reach the oral cavity, including ingestion from contaminated
food and drinking water, inhalation of airborne particles from indoor and outdoor environments, and exposure through oral-care products and dental
materials. These pathways represent the earliest points of contact between microplastics and oral tissues, saliva, and resident microbiota.

Hydrophobic interactions, van der Waals forces, and
electrostatic properties collectively influence microbial
affinity and subsequent biofilm development [22].

3.3 Weathering and saliva-induced aging

Environmental weathering processes such as UV
exposure, thermal degradation, and oxidative reactions
alter MP surface chemistry and porosity, increasing
their reactivity and capacity to bind organic matter and
microorganisms [23]. Within the oral cavity, saliva can
modulate MP surfaces through enzymatic activity, pH
fluctuations, and protein adsorption, forming a salivary
conditioning film analogous to those observed in marine
biofilms [24]. These transformations may enhance
bacterial adhesion and influence downstream biofilm
architecture.

4. Microplastics as substrates for oral biofilm
formation

MPs have the capacity to function as supplementary
attachment surfaces for microorganisms, a behavior
well characterized in aquatic ecosystems and
increasingly relevant to the oral cavity. Once present in
the mouth, MPs can be rapidly conditioned by salivary
proteins and enzymes, creating a surface that favors the
adhesion of early colonizing bacteria. This secondary
substrate may integrate into developing plaque,
modifying its spatial arrangement and enabling the
accumulation of additional microbial layers [25].

4.1 Parallels with environmental microbiology

MPs rapidly develop microbial biofilms upon entering
water systems, forming a distinct ecological niche
known as the “plastisphere.” Aged MPs, owing to their
increased surface roughness, hydrophobicity changes,
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and biofilm coverage, serve as stable substrates for
diverse microbial communities, including potentially
pathogenic bacteria and viruses. This colonization
parallels natural environmental biofilms, exhibiting
similar succession patterns, extracellular polymeric
substance production, and horizontal gene transfer.
However, unlike natural substrates that eventually
degrade, recalcitrant MPs act as long-term vectors,
facilitating microbial survival, dispersal across water
bodies, and enhanced resistance to disinfection
processes [26]. These findings provide important
biological parallels that may extend to oral microbial
communities.

4.2 Relevance to the oral biofilm

Dental plaque is a structurally complex and dynamic
biofilm that develops through bacterial co-adhesion,
metabolic cooperation, and extracellular polymeric
substance (EPS) production [6]. The ability of MPs to
support biofilm growth in other environments suggests
a high likelihood that similar interactions could occur in
the oral cavity, given comparable microbial traits such
as hydrophobic adhesion, quorum sensing, and EPS
matrix formation [27,28].

4.3 Environmental evidence

MPs in aquatic environments facilitate biofilm
formation, which can interact with pollutants and act as
a habitat for microorganisms. Recent studies have
shown that MP biofilms play a significant role in the
spread of pathogens and antibiotic resistance genes
(ARGs) to aquatic organisms. The adsorption of
antibiotics by MPs is enhanced after biofilm formation,
and ARGs and pathogens are selectively enriched in
biofilms. These biofilms promote the transfer of ARGs
through horizontal and vertical gene transfer, leading to
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the emergence of antibiotic-resistant pathogens, posing
threats to aquatic ecosystems and human health [28].
Furthermore, MPs enhanced bacterial adhesion and may
selectively enhance the adhesion of cariogenic and
periodontal pathogens such as Streptococcus mutans
[29].

4.4 Structural modifications of dental plaque

By providing additional abiotic surfaces, MPs may act
as nucleation sites within dental plaque, altering its
architecture and stability. Their integration into plaque
could result in denser or more resilient biofilms with
increased resistance to mechanical removal or
antimicrobial agents [30,31]. These structural effects
represent a potential mechanism through which
environmental contaminants may influence oral health
and disease susceptibility [30].

5. Microplastics effects on oral tissues and
microbial ecology

MPs and nanoplastics induce multiple biological
disturbances in mammalian cells. Studies using
epithelial and fibroblast models demonstrate that PS and
PE particles generate significant reactive oxygen
species, disrupt mitochondrial membrane potential, and
impair antioxidant defenses [32-34]. These findings
parallel toxicology research in gut and airway systems,
suggesting similar vulnerabilities in oral mucosa. MP
exposure also triggers pro-inflammatory signaling.
Experimental studies show activation of NF-«B
pathways and elevated levels of IL-6, IL-1p, and TNF-
a following PS or polyamide exposure. This is
particularly relevant to gingival inflammation and

Nucleation sites for biofilm formation
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periodontal disease [35-37].

Beyond host responses, MPs influence microbial
virulence and gene expression. Environmental
microbiology studies report that MP-associated biofilms
exhibit elevated virulence markers, stress-response
genes, and antimicrobial resistance determinants [7,38].
Although direct oral evidence remains limited, these
mechanisms may contribute to dysbiosis in dental
plaque. Additionally, MPs enhance the thickness and
cohesion of the EPS matrix, increase aggregation, and
reinforce biofilm adhesion to polymeric surfaces [39].
These effects can further stabilize and intensify plaque
biofilms, increasing their resistance to shear forces and
antimicrobial challenges.

6. Microplastics as vectors for oral pathogens

MPs are recognized as carriers of microbial
communities in aquatic systems. PE, PP, and PS
particles accumulate diverse taxa including pathogens
such as Vibrio spp. and Pseudomonas spp. and facilitate
long-distance microbial transport [7,40-42]. MP-
associated biofilms frequently harbor ARGs and mobile
genetic elements (MGEs), enabling enhanced horizontal
gene transfer among microbial species [42]. Because
oral biofilms are already hotspots for genetic exchange,
MPs may amplify HGT by creating new micro-niches
within plaque. MPs may also promote cross-kingdom
interactions. Polymer surfaces enhance co-adhesion
between bacteria and fungi, such as Candida albicans
with Streptococcus species, potentially increasing
mixed-species virulence in dysbiotic oral biofilms [43].
Figure 2 illustrated how MPs may modify plaque
architecture and microbial behavior through several
interconnected mechanisms.

oyeoi0%®

Inflammation and
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Figure 2. Mechanisms by which microplastics influence oral biofilm development and oral health. Schematic illustration showing how microplastics
(MPs) enter the oral cavity and integrate into dental plaque. MPs act as additional adhesion surfaces, enhance bacterial attachment, stimulate
extracellular polymeric substance (EPS) production, inflammation, horizontal gene transfer, and promote multispecies co-aggregation, including
bacteria-fungi interactions. These processes contribute to altered plaque structure, increased microbial resilience, and potential risks for caries,

periodontal disease, and peri-implant complications.
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7. Clinical implications for oral health

Growing experimental evidence suggests that MPs
may influence key pathological processes in oral
disease. In periodontal disease, MPs may contribute to
dysbiosis and exaggerated host inflammatory responses.
They induce oxidative stress and elevate IL-6 and TNF-
o in epithelial cells, which may worsen gingival
inflammation and facilitate progression to periodontitis
[44,45].

MP-associated biofilms often carry virulence and
antimicrobial resistance genes, raising concerns for
subgingival ecosystems [38].

In peri-implant disease, polymer particles enhance
microbial adhesion to titanium and zirconia, potentially
increasing the risk of peri-implant mucositis and peri-
implantitis [46,47]. Children may face greater
susceptibility due to higher exposure per body weight
and the developmental vulnerability of oral microbiota
and dentition.

8. Methodological challenges in studying
microplastics

Studying MPs in oral samples is technically
challenging. Saliva and plaque have viscous, protein-
rich matrices that complicate particle extraction and
may cause underestimation [48]. Nanoplastics are
especially difficult to detect due to limited resolution in
standard spectroscopic methods. FTIR and Raman
spectroscopy are widely used but have reduced
discriminatory capacity for small or heavily weathered
particles [49].

Pyrolysis—-GC/MS  provides detailed chemical
composition but is destructive and lacks morphological
data [50]. A major limitation is the absence of
standardized protocols for sampling, contamination
control, and quantification in human oral studies, which
restricts cross-study comparability and slows clinical
translation.

9. Conclusion

MPs are emerging contaminants capable of
interacting with oral biofilms and affecting key
biological processes. Evidence from environmental and
in vitro studies shows that MPs can alter plaque
architecture, modify microbial composition, promote
virulence traits, and induce inflammatory responses.
Although clinical data remain limited, mechanistic
evidence provides strong biological plausibility that
MPs may contribute to caries, periodontal disease, and
peri-implant complications. Advancing analytical
methods and establishing standardized protocols will be
essential for accurately characterizing MPs in oral
samples. Integrating clinical, environmental, and
materials science research may improve preventive
strategies and inform public health policies addressing
microplastic exposure.

2025, Volume 6, Number 4

Acknowledgement

The authors confirm that generative artificial
intelligence (Al) and Al-assisted tools were used solely
to improve the clarity, grammar, and language of the
manuscript. No Al tool was used to generate, analyze,
or interpret scientific data, nor to draft the intellectual or
conceptual content of the review. All scientific
judgments, interpretations, and conclusions were made
by the authors. The authors take full responsibility for
the integrity and accuracy of the content presented in
this manuscript.

Authors’ contributions

SRH: developed the concept of the review, outlined
its objectives, and lead the project. SS: conducted the
detailed literature search, extracted relevant data, and
structured the manuscript’s thematic framework. SS,
and SRH: contributed to analyzing the data, integrated
the main insights, and prepared the first draft of the
manuscript. SRH: contributed to critical revision of the
manuscript. All authors reviewed and approved the final
version of manuscript.

Conflict of interest

No potential conflict of interest was reported by the
authors.

Ethical declarations

Not applicable.

Financial support
Self-funded.

References

1. Wolff Leal T, Tochetto G, Lima SV, de Oliveira PV, Schossler
HJ, de Oliveira CR, da Silva Junior AH. Nanoplastics and
microplastics in agricultural systems: Effects on plants and
implications  for human  consumption.  Microplastics.
2025;4(2):16. DOL: 10.3390/microplastics4020016

2. PrataJC. Airborne microplastics: Consequences to human health?
Environ Pollut. 2018;234:115-126.

DOI: 10.1016/j.envpol.2017.11.043 PMID: 29172041

3. Mason SA, Welch VG, Neratko J. Synthetic Polymer
Contamination in Bottled Water. Front Chem. 2018;6:407.

DOI: 10.3389/fchem.2018.00407 PMID: 30255015

4. Cox KD, Covernton GA, Davies HL, Dower JF, Juanes F, Dudas
SE. Human Consumption of Microplastics. Environ Sci Technol.
2019;53(12):7068-7074.

DOL: 10.1021/acs.est.9b01517 PMID: 31184127

5. Wright SL, Kelly FJ. Plastic and Human Health: A Micro Issue?
Environ Sci Technol. 2017;51(12):6634-6647.

DOI: 10.1021/acs.est.7b00423 PMID: 28531345

6. Marsh PD. Dental plaque as a biofilm and a microbial community
- implications for health and disease. BMC Oral Health. 2006;6
Suppl 1(Suppl 1):S14.

DOI: 10.1186/1472-6831-6-S1-S14 PMID: 16934115



https://doi.org/10.3390/microplastics4020016
https://doi.org/10.1016/j.envpol.2017.11.043
https://pubmed.ncbi.nlm.nih.gov/29172041/
https://doi.org/10.3389/fchem.2018.00407
https://pubmed.ncbi.nlm.nih.gov/30255015/
https://doi.org/10.1021/acs.est.9b01517
https://pubmed.ncbi.nlm.nih.gov/31184127/
https://doi.org/10.1021/acs.est.7b00423
https://pubmed.ncbi.nlm.nih.gov/28531345/
https://doi.org/10.1186/1472-6831-6-S1-S14
https://pubmed.ncbi.nlm.nih.gov/16934115/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Soleimani et al.

Zettler ER, Mincer TJ, Amaral-Zettler LA. Life in the
"plastisphere": microbial communities on plastic marine debris.
Environ Sci Technol. 2013;47(13):7137-46.

DOL: 10.1021/es401288x PMID: 23745679

Amaral-Zettler LA, Zettler ER, Mincer TJ. Ecology of the
plastisphere. Nat Rev Microbiol. 2020;18(3):139-151.

DOL: 10.1038/s41579-019-0308-0 PMID: 31937947

Di Spirito F, Folliero V, Di Palo MP, De Benedetto G, Aulisio L,
Martina S, et al. Micro- and Nanoplastics and the Oral Cavity:
Implications for Oral and Systemic Health, Dental Practice, and
the Environment-A Narrative Review. J Funct Biomater.
2025;16(9):332. DOI: 10.3390/jfb16090332 PMID: 41003403
Yang D, Shi H, Li L, Li J, Jabeen K, Kolandhasamy P.
Microplastic Pollution in Table Salts from China. Environ Sci
Technol. 2015;49(22):13622-7. DOL: 10.1021/acs.est.5b03163
PMID: 26486565

Hernandez LM, Xu EG, Larsson HCE, Tahara R, Maisuria VB,
Tufenkji N. Plastic Teabags Release Billions of Microparticles
and Nanoparticles into Tea. Environ Sci Technol.
2019;53(21):12300-12310.

DOI: 10.1021/acs.est.9b02540 PMID: 31552738

Jin N, Song Y, Ma R, LiJ, Li G, Zhang D. Characterization and
identification of microplastics using Raman spectroscopy coupled
with multivariate analysis. Anal Chim Acta. 2022;1197:339519.
DOI: 10.1016/j.aca.2022.339519 PMID: 35168726

Huang Z, Hu B, Wang H. Analytical methods for microplastics in
the environment: a review. Environ Chem Lett. 2023;21(1):383-
401. DOL: 10.1007/s10311-022-01525-7 PMID: 36196263

Dris R, Gasperi J, Saad M, Mirande C, Tassin B. Synthetic fibers
in atmospheric fallout: A source of microplastics in the
environment? Mar Pollut Bull. 2016;104(1-2):290-3.

DOI: 10.1016/j.marpolbul.2016.01.006 PMID: 26787549
Gasperi J, Wright SL, Dris R, Collard F, Mandin C, Guerrouache
M, et al. Microplastics in air: are we breathing it in? Curr Opin
Environ Sci Health. 2018;1:1-5.

DOI: 10.1016/j.coesh.2017.10.002

Gaylarde CC, Baptista Neto JA, da Fonseca EM. Indoor airborne
microplastics: human health importance and effects of air
filtration and turbulence. Microplastics. 2024;3(4):653-70.

DOI: 10.3390/microplastics3040040

Chengappa SK, Rao A, K SA, Jodalli PS, Shenoy Kudpi R.
Microplastic content of over-the-counter toothpastes - a
systematic review. F1000Res. 2023;12:390.

DOI: 10.12688/f1000research.132035.1 PMID: 37521767
Turssi CP, De Moraes Purquerio B, Serra MC. Wear of dental
resin composites: insights into underlying processes and
assessment methods--a review. J Biomed Mater Res B Appl
Biomater. 2003;65(2):280-5.

DOL: 10.1002/jbm.b.10563 PMID: 12687721

Huang Y, Hu T, Lin B, Ke Y, Li J, Ma J. Microplastics-biofilm
interactions in biofilm-based wastewater treatment processes: A
review. Environ Pollut. 2024;361:124836.

DOI: 10.1016/j.envpol.2024.124836 PMID: 39216664

Chen H, Wang X, Yin H, Sun L, Yang X, Zhong W, et al.
Microplastic Surface Biofilms: A Review of Structural Assembly,
Influencing Factors, and Ecotoxicity. Front Mar Sci.
2025;12:1701766. DOI: 10.3389/fmars.2025.1701766

Metcalf R, Oliver DM, Moresco V, Quilliam RS. Quantifying the
importance of plastic pollution for the dissemination of human
pathogens: The challenges of choosing an appropriate 'control'
material. Sci Total Environ. 2022;810:152292.

DOI: 10.1016/j.scitotenv.2021.152292 PMID: 34896491

Sharma S, Mohler J, Mahajan SD, Schwartz SA, Bruggemann L,
Aalinkeel R. Microbial Biofilm: A Review on Formation,
Infection, Antibiotic Resistance, Control Measures, and
Innovative Treatment. Microorganisms. 2023;11(6):1614.

DOI: 10.3390/microorganisms11061614 PMID: 37375116

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

2025, Volume 6, Number 4

Ibrahim N, Rahman AM, Shafiq MD, Lockman Z, Jaafar M,
Kameda Y. Microplastic Pollution: Sources, Degradation
Mechanisms, Analytical Advances, and Mitigation Strategies for
Environmental Sustainability. Rev Environ Contam Toxicol.
2025;263(1):1-42. DOI: 10.1007/s44169-025-00098-0

Enax J, Ganss B, Amaechi BT, Schulze Zur Wiesche E, Meyer F.
The composition of the dental pellicle: an updated literature
review. Front Oral Health. 2023;4:1260442.

DOLI: 10.3389/froh.2023.1260442 PMID: 37899941
Cholewinska P, Moniuszko H, Wojnarowski K, Pokomy P,
Szeligowska N, Dobicki W, et al. The Occurrence of
Microplastics and the Formation of Biofilms by Pathogenic and
Opportunistic Bacteria as Threats in Aquaculture. Int J Environ
Res Public Health. 2022;19(13):8137.

DOL: 10.3390/ijerph19138137 PMID: 35805796

Kye H,KimJ,Ju S, Lee J, Lim C, Yoon Y. Microplastics in water
systems: A review of their impacts on the environment and their
potential hazards. Heliyon. 2023;9(3):e14359.

DOL: 10.1016/j.heliyon.2023.¢14359 PMID: 36950574
Kolenbrander PE, Palmer RJ Jr, Periasamy S, Jakubovics NS.
Oral multispecies biofilm development and the key role of cell-
cell distance. Nat Rev Microbiol. 2010;8(7):471-80.

DOLI: 10.1038/nrmicro2381 PMID: 20514044

Jia J, Liu Q, Zhao E, Li X, Xiong X, Wu C. Biofilm formation on
microplastics and interactions with antibiotics, antibiotic
resistance genes and pathogens in aquatic environment. Eco
Environ Health. 2024;3(4):516-528.

DOL: 10.1016/j.eehl.2024.05.003 PMID: 39605964

Nath J, De J, Sur S, Banerjee P. Interaction of Microbes with
Microplastics and Nanoplastics in the Agroecosystems-Impact on
Antimicrobial Resistance. Pathogens. 2023;12(7):888.

DOI: 10.3390/pathogens12070888 PMID: 37513735

Simunovi¢ L, Bagié¢ I, Mestrovié S. Micro- and Nanoplastics in
Dentistry: Challenges in Obtaining High-Quality Evidence.
Materials (Basel). 2025;18(18):4269. DOI: 10.3390/mal8184269
PMID: 41010113

Wang YF, Liu YJ, Fu YM, Xu JY, Zhang TL, Cui HL, et al.
Microplastic diversity increases the abundance of antibiotic
resistance genes in soil. Nat Commun. 2024;15(1):9788.

DOL: 10.1038/s41467-024-54237-7 PMID: 39532872

Hwang J, Choi D, Han S, Choi J, Hong J. An assessment of the
toxicity of polypropylene microplastics in human derived cells.
Sci Total Environ. 2019;684:657-669.

DOL: 10.1016/j.scitotenv.2019.05.071 PMID: 31158627

Tang KHD. Combined Toxicity of Microplastics and
Antimicrobials on Animals: A Review. Antibiotics (Basel).
2025;14(9):896.

DOL: 10.3390/antibiotics14090896 PMID: 41009875

Zhao B, Liu R, Guo S, Li S, Huang Z, Wang Y, et al. Large-sized
polystyrene microplastics induce oxidative stress in AML12 cells.
Sci Rep. 2025;15(1):26616. DOI: 10.1038/s41598-025-11577-8
PMID: 40695960

Cao J, Xu R, Geng Y, Xu S, Guo M. Exposure to polystyrene
microplastics triggers lung injury via targeting toll-like receptor 2
and activation of the NF-kB signal in mice. Environ Pollut.
2023;320:121068.

DOL: 10.1016/j.envpol.2023.121068 PMID: 36641069

Malafeev K. The cytotoxicity of biodegradable microplastics and
nanoplastics:  Current  status and research  prospects.
Microplastics. 2025;4(3):58.

DOI: 10.3390/microplastics4030058

Yong CQY, Valiyaveettil S, Tang BL. Toxicity of Microplastics
and Nanoplastics in Mammalian Systems. Int J Environ Res
Public Health. 2020;17(5):1509. DOIL: 10.3390/ijerph17051509
PMID: 32111046

Khan T, Khanem A, Batool I, Ullah I, Younas F. Microplastics:
Disseminators of antibiotic resistance genes and pathogenic
bacteria. Aquat Toxicol. 2025;289:107591.

DOI: 10.1016/j.aquatox.2025.107591 PMID: 41056605



https://doi.org/10.1021/es401288x
https://pubmed.ncbi.nlm.nih.gov/23745679/
https://doi.org/10.1038/s41579-019-0308-0
https://pubmed.ncbi.nlm.nih.gov/31937947/
https://doi.org/10.3390/jfb16090332
https://pubmed.ncbi.nlm.nih.gov/41003403/
https://doi.org/10.1021/acs.est.5b03163
https://pubmed.ncbi.nlm.nih.gov/26486565/
https://doi.org/10.1021/acs.est.9b02540
https://pubmed.ncbi.nlm.nih.gov/31552738/
https://doi.org/10.1016/j.aca.2022.339519
https://pubmed.ncbi.nlm.nih.gov/35168726/
https://doi.org/10.1007/s10311-022-01525-7
https://pubmed.ncbi.nlm.nih.gov/36196263/
https://doi.org/10.1016/j.marpolbul.2016.01.006
https://pubmed.ncbi.nlm.nih.gov/26787549/
https://doi.org/10.1016/j.coesh.2017.10.002
https://doi.org/10.3390/microplastics3040040
https://doi.org/10.12688/f1000research.132035.1
https://pubmed.ncbi.nlm.nih.gov/37521767/
https://doi.org/10.1002/jbm.b.10563
https://pubmed.ncbi.nlm.nih.gov/12687721/
https://doi.org/10.1016/j.envpol.2024.124836
https://pubmed.ncbi.nlm.nih.gov/39216664/
https://doi.org/10.3389/fmars.2025.1701766
https://doi.org/10.1016/j.scitotenv.2021.152292
https://pubmed.ncbi.nlm.nih.gov/34896491/
https://doi.org/10.3390/microorganisms11061614
https://pubmed.ncbi.nlm.nih.gov/37375116/
https://doi.org/10.1007/s44169-025-00098-0
https://doi.org/10.3389/froh.2023.1260442
https://pubmed.ncbi.nlm.nih.gov/37899941/
https://doi.org/10.3390/ijerph19138137
https://pubmed.ncbi.nlm.nih.gov/35805796/
https://doi.org/10.1016/j.heliyon.2023.e14359
https://pubmed.ncbi.nlm.nih.gov/36950574/
https://doi.org/10.1038/nrmicro2381
https://pubmed.ncbi.nlm.nih.gov/20514044/
https://doi.org/10.1016/j.eehl.2024.05.003
https://pubmed.ncbi.nlm.nih.gov/39605964/
https://doi.org/10.3390/pathogens12070888
https://pubmed.ncbi.nlm.nih.gov/37513735/
https://doi.org/10.3390/ma18184269
https://pubmed.ncbi.nlm.nih.gov/41010113/
https://doi.org/10.1038/s41467-024-54237-7
https://pubmed.ncbi.nlm.nih.gov/39532872/
https://doi.org/10.1016/j.scitotenv.2019.05.071
https://pubmed.ncbi.nlm.nih.gov/31158627/
https://doi.org/10.3390/antibiotics14090896
https://pubmed.ncbi.nlm.nih.gov/41009875/
https://doi.org/10.1038/s41598-025-11577-8
https://pubmed.ncbi.nlm.nih.gov/40695960/
https://doi.org/10.1016/j.envpol.2023.121068
https://pubmed.ncbi.nlm.nih.gov/36641069/
https://doi.org/10.3390/microplastics4030058
https://doi.org/10.3390/ijerph17051509
https://pubmed.ncbi.nlm.nih.gov/32111046/
https://doi.org/10.1016/j.aquatox.2025.107591
https://pubmed.ncbi.nlm.nih.gov/41056605/

39.

40.

41.

42.

43.

44,

Soleimani et al.

Huang P, Li Z, Liu R, Bartlam M, Wang Y. Polystyrene
nanoparticles induce biofilm formation in Pseudomonas
aeruginosa. J Hazard Mater. 2024;469:133950.

DOL: 10.1016/j.jhazmat.2024.133950 PMID: 38442601

Xu X, Wang S, Gao F, Li J, Zheng L, Sun C, et al. Marine
microplastic-associated bacterial community succession in
response to geography, exposure time, and plastic type in China's
coastal seawaters. Mar Pollut Bull. 2019;145:278-286.

DOL: 10.1016/j.marpolbul.2019.05.036 PMID: 31590788
Mohammed JN, Swalaha FM. Microplastic mediated bacterial
contamination in water distribution systems as an emerging
public health threat. Discover Sustain. 2025;6(1):1225.

DOL: 10.1007/s43621-025-02137-1

Silva 1, Rodrigues ET, Tacdo M, Henriques I. Microplastics
accumulate priority antibiotic-resistant pathogens: Evidence from
the riverine plastisphere. Environ Pollut. 2023;332:121995.

DOL: 10.1016/j.envpol.2023.121995 PMID: 37302790

Matias Regis WF, Ruliglésio Rocha F, Aratjo Lima R, Panariello
B, Duarte S, da Cunha Costa A, et al. Insights Into the Role of
Streptococcus mutans and Candida albicans in Dental Biofilm
Formation and Cariogenicity: A Literature Review. Cureus.
2025;17(6):e86159.

DOI: 10.7759/cureus.86159 PMID: 40672011

Thin ZS, Chew J, Ong TYY, Raja Ali RA, Gew LT. Impact of
microplastics on the human gut microbiome: a systematic review
of microbial composition, diversity, and metabolic disruptions.
BMC Gastroenterol. 2025;25(1):583.

DOI: 10.1186/s12876-025-04140-2 PMID: 40804621

45.

46.

47.

48.

49.

50.

2025, Volume 6, Number 4

Liu S, Li H, Wang J, Wu B, Guo X. Polystyrene microplastics
aggravate inflammatory damage in mice with intestinal immune
imbalance. Sci Total Environ. 2022;833:155198.

DOI: 10.1016/j.scitotenv.2022.155198 PMID: 35427627

Madi HA, Feine EJ, Tran SD. Titanium Dental Implant Corrosion
in Peri-Implantitis and Implant Failure. Adv Exp Med Biol.
2026;1492:463-483.

DOI: 10.1007/978-3-032-03176-1_22 PMID: 41225111
Lopez-Piriz R, Sevillano D, Fernandez Dominguez M, Alou L,
Gonzéalez N, Goyos-Ball L, et al. Peri-Implant Microbial
Signature Shifts in Titanium, Zirconia and Ceria-Stabilized
Zirconia Reinforced with Alumina Sites Subjected to
Experimental Peri-Implantitis: A Preclinical Study in Dogs.
Antibiotics (Basel). 2024;13(8):690.

DOLI: 10.3390/antibiotics13080690 PMID: 39199990

Jakubovics NS, Goodman SD, Mashburn-Warren L, Stafford GP,
Cieplik F. The dental plaque biofilm matrix. Periodontol 2000.
2021;86(1):32-56. DOIL: 10.1111/prd.12361 PMID: 33690911
Zhang W, Wang Q, Chen H. Challenges in characterization of
nanoplastics in the environment. Front Environ Sci Eng.
2022;16(1):11. DOL: 10.1007/s11783-021-1445-z

Peters CA, Hendrickson E, Minor EC, Schreiner K, Halbur J,
Bratton SP. Pyr-GC/MS analysis of microplastics extracted from
the stomach content of benthivore fish from the Texas Gulf Coast.
Mar Pollut Bull. 2018;137:91-95.

DOI: 10.1016/j.marpolbul.2018.09.049 PMID: 30503493



https://doi.org/10.1016/j.jhazmat.2024.133950
https://pubmed.ncbi.nlm.nih.gov/38442601/
https://doi.org/10.1016/j.marpolbul.2019.05.036
https://pubmed.ncbi.nlm.nih.gov/31590788/
https://doi.org/10.1007/s43621-025-02137-1
https://doi.org/10.1016/j.envpol.2023.121995
https://pubmed.ncbi.nlm.nih.gov/37302790/
https://doi.org/10.7759/cureus.86159
https://pubmed.ncbi.nlm.nih.gov/40672011/
https://doi.org/10.1186/s12876-025-04140-2
https://pubmed.ncbi.nlm.nih.gov/40804621/
https://doi.org/10.1016/j.scitotenv.2022.155198
https://pubmed.ncbi.nlm.nih.gov/35427627/
https://doi.org/10.1007/978-3-032-03176-1_22
https://pubmed.ncbi.nlm.nih.gov/41225111/
https://doi.org/10.3390/antibiotics13080690
https://pubmed.ncbi.nlm.nih.gov/39199990/
https://doi.org/10.1111/prd.12361
https://pubmed.ncbi.nlm.nih.gov/33690911/
https://doi.org/10.1007/s11783-021-1445-z
https://doi.org/10.1016/j.marpolbul.2018.09.049
https://pubmed.ncbi.nlm.nih.gov/30503493/

	1. Introduction
	2. Sources and routes of microplastic exposure
	2.1 Ingestion
	2.2 Inhalation
	2.3 Oral-care products and dental materials

	3. Physicochemical determinants of microplastics-biofilm interactions
	3.1 Size, surface area, and roughness
	3.2 Surface charge and hydrophobicity
	3.3 Weathering and saliva-induced aging

	4. Microplastics as substrates for oral biofilm formation
	4.1 Parallels with environmental microbiology
	4.2 Relevance to the oral biofilm
	4.3 Environmental evidence
	4.4 Structural modifications of dental plaque

	5. Microplastics effects on oral tissues and microbial ecology
	6. Microplastics as vectors for oral pathogens
	7. Clinical implications for oral health
	8. Methodological challenges in studying microplastics
	9. Conclusion
	Acknowledgement
	Authors’ contributions
	Conflict of interest
	Ethical declarations
	Financial support
	References

