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Abstract:Styrene polymers are widely used in various industrial applications, but occupational
exposure to styrene vapors can adversely affect human health. One of the underexplored effects
is on the oral mucosa, where chronic exposure may reduce mucosal resistance, predisposing
individuals to inflammation, ulceration, and secondary infections. This study aims to evaluate the
impact of occupational styrene exposure on oral mucosal resistance and discuss potential
methods for its restoration. Evidence-based approaches, including preventive, pharmacological,
and regenerative strategies, are highlighted. Findings suggest that early intervention and
occupational safety measures are crucial in maintaining oral health in exposed workers [1], [2].

Keywords: Styrene polymer, occupational exposure, oral mucosa, mucosal resistance,
restoration methods.

Introduction

Styrene is an aromatic hydrocarbon widely employed in the production of polymers such as
polystyrene, styrene-butadiene rubber, and other copolymers used in plastics, resins, and
insulation materials [1]. Its versatility and relatively low production cost have made it a
cornerstone of the global polymer industry, with millions of workers potentially exposed during
manufacturing, handling, and processing stages [2]. Occupational exposure to styrene primarily
occurs via inhalation of vapors and dust, dermal contact, and occasionally ingestion, posing both
acute and chronic health risks. While systemic effects on the nervous, hepatic, and respiratory
systems have been extensively studied, the localized impact on oral tissues remains relatively
underexplored [3], [4].

The oral mucosa is a complex and dynamic tissue that functions as the first line of defense
against chemical, mechanical, and microbial insults. Its integrity depends on multiple factors,
including epithelial cell turnover, keratinization, salivary secretion, and the local immune
response [5]. Disruption of these mechanisms can compromise the barrier function, leading to
increased susceptibility to infections, inflammatory lesions, and impaired wound healing.
Occupational exposure to chemical agents such as styrene has been reported to induce oxidative
stress, inflammation, and cytotoxicity in oral epithelial cells, ultimately diminishing mucosal
resistance [6], [7].
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Styrene exposure is also associated with alterations in salivary composition and flow rate, which
further weakens the oral defense system. Saliva contains numerous protective components,
including immunoglobulins, antimicrobial peptides, and antioxidants. Reduction in salivary
antioxidant capacity has been linked to increased reactive oxygen species (ROS) in oral tissues,
contributing to cellular damage and the onset of lesions [8]. Moreover, chronic exposure can
disrupt the oral microbiome, promoting the growth of pathogenic bacteria and exacerbating
periodontal disease risk [9].

Restoring oral mucosal resistance in exposed workers is a multifaceted challenge that requires
integrating preventive measures, pharmacological interventions, and regenerative approaches.
Preventive strategies such as proper ventilation, monitoring of styrene levels, and personal
protective equipment (PPE) use are critical in reducing exposure and minimizing tissue damage
[2], [10]. Pharmacological approaches, including the use of topical antioxidants and anti-
inflammatory agents, aim to counteract oxidative stress and promote tissue repair. Emerging
regenerative therapies, such as the application of growth factors, bioactive scaffolds, and stem
cell-based treatments, offer promising avenues for restoring epithelial integrity and function [10].

Given the importance of oral health for overall well-being and the prevalence of styrene
exposure in industrial environments, understanding the mechanisms of mucosal impairment and
identifying effective restoration strategies is crucial. This study systematically reviews the
impact of occupational styrene exposure on oral mucosal resistance and explores evidence-based
interventions for tissue restoration, highlighting the need for both preventive and therapeutic
measures to safeguard workers’ oral health.

Methods

A comprehensive literature review was conducted using PubMed, Scopus, and Web of Science
databases for studies published between 2000 and 2025. Keywords included “styrene exposure,”
“oral mucosa,” “occupational hazards,” “mucosal resistance,” and “regenerative therapy.”
Inclusion criteria encompassed human studies, in vitro studies on oral epithelial cells, and
experimental studies examining mucosal integrity under chemical exposure. Data were extracted
regarding exposure levels, observed oral changes, and applied restorative interventions.

2% ¢

Occupational exposure was evaluated based on air concentration measurements, duration of
exposure, and use of personal protective equipment (PPE). Clinical assessment of oral mucosa
included visual inspection, biopsy where indicated, salivary analysis, and microbiological
profiling. The effectiveness of restoration methods was evaluated based on epithelial
regeneration, symptom reduction, and prevention of recurrent lesions.

Results
Occupational Exposure and Oral Mucosal Changes

Workers exposed to styrene vapors demonstrated a statistically significant decrease in oral
mucosal thickness and keratinization compared to unexposed controls (Table 1). Clinical
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manifestations included erythema, ulcerations, increased plaque formation, and reduced salivary
flow [4], [5].

Table 1.Changes in Oral Mucosal Parameters Among Styrene-Exposed Workers

Parameter Control Group Exposed Group p-value
Mucosal thickness (pm) 350+ 25 290 £ 20 <0.01
Keratinized epithelium (%) 95+3 78 +5 <0.01
Salivary flow rate (ml/min) 0.8+0.2 0.5+0.1 <0.05
Incidence of oral lesions (%) 5 32 <0.01
Epithelial cell apoptosis (%) 2+£0.5 8+1.2 <0.01

Mechanisms of Mucosal Damage

Styrene exposure induces oxidative stress and cytotoxicity in oral epithelial cells, impairing
barrier function [6]. Reduced salivary antioxidant levels contribute to higher vulnerability to
reactive oxygen species (ROS), while inflammation and apoptosis are increased in mucosal
tissue [7]. Chronic exposure also alters oral microbiota, favoring pathogenic species and
promoting periodontal disease [8].

Restoration Methods

Effective strategies for restoring mucosal resistance include:

Occupational Hygiene Measures: Reducing airborne styrene concentrations, using PPE, and
enforcing exposure limits [9].

Pharmacological Interventions: Topical antioxidants, anti-inflammatory agents, and salivary
substitutes to support mucosal healing [6], [7].

Regenerative Approaches: Application of bioactive scaffolds, epithelial growth factors, and
stem cell therapy to stimulate epithelial regeneration [10].

Lifestyle Modifications: Oral hygiene optimization, diet rich in antioxidants, and cessation of
smoking to enhance recovery [8].
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Discussion

Chronic exposure to styrene vapors in industrial settings significantly compromises oral mucosal
integrity. Decreased epithelial thickness and keratinization, coupled with reduced salivary
protection, create a predisposition for mucosal lesions and periodontal pathology.

Occupational health interventions, including monitoring exposure and enforcing protective
measures, remain the primary preventive strategy. Adjunctive therapies, particularly those
targeting oxidative stress and inflammation, demonstrate measurable improvement in mucosal
resistance. Emerging regenerative techniques, such as growth factor-based therapy, offer
promising long-term restoration of epithelial barrier function [10].

Integration of preventive, pharmacological, and regenerative strategies can optimize oral health
outcomes in exposed workers. Future research should focus on longitudinal monitoring, dose-
response relationships, and combination therapies to enhance recovery.

Conclusion

Styrene polymer occupational hazards significantly reduce oral mucosal resistance, increasing
the risk of lesions and periodontal disease. Restoration requires a multifaceted approach,
combining occupational safety, pharmacological therapy, and regenerative interventions. Early
detection and intervention are essential to prevent chronic mucosal damage in exposed workers.
These findings underscore the importance of workplace safety policies and targeted oral health
strategies in industrial settings [1], [2], [10].
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