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ABSTRACT
Rubber-based dental impression materials are widely used in prosthodontics due to their superior accuracy and dimensional stability;
however, their susceptibility to microbial colonization poses both infection-control and material integrity concernsinitial bacterial adhesion
is governed by physicochemical factors such as surface hydrophobicity, surface free energy, roughness, and salivary pellicle formation.
Staphylococcus aureus demonstrates rapid adhesion to hydrophobic surfaces mediated by protein adhesins, whereas Pseudomonas
aeruginosa exhibits strong persistence through biofilm formation on hydrophilic substrates. Beyond adhesion, both organisms contribute
to material deterioration via the release of extracellular enzymes. Pseudomonas aeruginosa, in particular, produces elastase and other
proteolytic enzymes capable of degrading polymeric chains, leading to alterations in surface integrity, elasticity, and dimensional stability.
In contrast, Staphylococcus aureus exhibits comparatively moderate degradative potential through proteases and lipases. Conventional
disinfection methods reduce planktonic bacterial load but are less effective against enzyme-producing biofilm communities. Emerging
approaches, including antimicrobial and enzyme-resistant elastomers, offer promising strategies to mitigate both microbial contamination
and biodegradation
KEYWORDS: Dental impression materials; Staphylococcus aureus; Pseudomonas aeruginosa; Bacterial adhesion; Enzymatic
degradation; Biofilm formation

INTRODUCTION

Dental impressions play a fundamental role in prosthodontic practice by enabling the accurate reproduction of oral structures
required for the fabrication of crowns, bridges, and removable or fixed dentures. Among the available materials, elastomeric
impression materials such as addition silicone (polyvinyl siloxane), condensation silicone, and polyether are widely preferred
because of their superior dimensional stability, elasticity, tear resistance, and precision in capturing fine anatomical details.
Staphylococcus aureus is frequently encountered as a commensal organism of the skin and oral cavity but is also associated with
healthcare-related infections due to its strong ability to adhere to surfaces and form protective biofilms.22

Similarly, Pseudomonas aeruginosa is an opportunistic pathogen recognized for its intrinsic resistance to disinfectants and its
capacity to establish persistent biofilms on moist biomaterial surfaces, thereby increasing contamination risks associated with
impression materials.* Rubber-based elastomeric materials, including polyvinyl siloxane, condensation silicone, and polyether, are
considered advantageous not only for their clinical accuracy but also for certain surface characteristics that may influence microbial
adhesion, such as relative hydrophobicity and reduced micro-surface roughness, which help maintain surface integrity even after
disinfection procedures compared with more hydrophilic impression alternatives. Nevertheless, existing research predominantly
focuses on measuring contamination levels rather than exploring the underlying mechanisms of bacterial adhesion and affinity
among different elastomeric materials.® Beyond serving as passive carriers of microbial contamination, rubber-based dental
impression materials are increasingly recognized as substrates susceptible to active biodegradation by microorganisms. Following
adhesion and biofilm establishment, certain bacteria are capable of secreting extracellular enzymes that initiate polymer breakdown
through cleavage of molecular chains within elastomeric matrices. Staphylococcus aureus produces proteases and lipases that
contribute to the degradation of organic components and surface conditioning layers, whereas Pseudomonas aeruginosa exhibits a
more pronounced degradative potential through the production of elastase, a potent enzyme capable of disrupting elastomeric
structures. This enzymatic activity may lead to alterations in surface topography, reduced elasticity, and compromised dimensional
stability of impression materials.” Beyond surface adhesion, certain bacteria can actively degrade elastomeric materials through
enzymatic activity, compromising both structural integrity and clinical performance.®

REVIEW OF LITERATURE
Studies have demonstrated that modifying impression materials with antimicrobial additives can significantly reduce bacterial
colonization; for instance, Wangchuk et al. (2017)° reported that incorporation of silver nanoparticles into hydrocolloid impression
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materials resulted in nearly 95% reduction in S. aureus contamination, highlighting the potential of antimicrobial material
engineering in infection control. The persistence of microbial contamination is further attributed to biofilm formation, as both S.
aureus and P. aeruginosa exhibit complex biofilm architectures with unique rheological characteristics that enhance surface
adhesion and resistance to chemical disinfectants, as discussed by Rogers et al. (2008)° and S. & F. (2009)!. Supporting these
findings, Giammanco et al. (2009)*? observed that biofilm-forming microorganisms on elastomeric impression materials
demonstrated significant resistance to disinfection, particularly when biofilms were allowed to mature over time, thereby
emphasizing the clinical importance of immediate post-removal disinfection to prevent biofilm stabilization. Advances in microbial
detection techniques have also contributed to improved contamination monitoring, with Kim et al. (2022)*2 describing rapid
identification of S. aureus and P. aeruginosa through flow cytometry using fluorescent antibody labeling, enabling early detection
and timely infection control interventions. This bacterium is known for its strong adhesion capabilities, which facilitate biofilm
formation on biomaterial surfaces. In a study on catheter surfaces, S. aureus showed significant adhesion, which is a precursor to
biofilm development(Reid et al., 1994).This bacterium not only adheres to surfaces but also degrades rubber materials. It forms
biofilms on rubber surfaces, leading to material disintegration over time(Linos et al ).2 Pseudomonas aeruginosa Demonstrates
potent rubber-degrading properties, capable of mineralizing rubber polymers through enzymatic activity. This degradation is
evidenced by the complete disintegration of rubber substrates over prolonged periods(Linos et al ).8 While specific studies on rubber-
based dental materials are limited, the degradation of polymeric dental composites by oral biofilms is well-documented, suggesting
similar vulnerabilities in rubber-based materials The degradation of dental materials by bacterial biofilms can lead to compromised
marginal integrity and restoration failure(Zhang et al., 2017).%4

Characteristics of Rubber-Based Impression Materials

Addition silicone (PVS) is predominantly hydrophobic, producing a smooth and non-wettable surface that limits bacterial
attachment by reducing surface interactions with moisture and microorganisms; its low water sorption further enhances dimensional
stability by preventing distortion caused by environmental humidity or saliva exposure.*® The addition polymerization reaction of
PVS occurs without the formation of volatile byproducts, allowing consistent reproduction of fine details even when delays occur
before cast pouring.* In contrast, polyether impression material demonstrates hydrophilic properties, enabling excellent flow and
accurate impression making in saliva-contaminated clinical conditions; however, its enhanced wettability and low contact angle
facilitate increased microbial retention and adherence, potentially elevating contamination risk compared with hydrophobic
materials.'® Condensation silicone, while offering acceptable manipulation characteristics and initial accuracy, undergoes a setting
reaction that releases alcohol as a byproduct, resulting in material shrinkage and alterations in surface microstructure over time;
these dimensional changes may create microscopic irregularities capable of harboring bacteria and compromising both long-term
accuracy and surface smoothness.®

Three-Stage Model of Bacterial Adhesion, Biofilm Formation, and Enzymatic Degradation of Rubber-Based Dental
Impression Materials

Stage Process Key Mechanisms Bacterial Behavior Impact on Material
1. Initial Reversible Van der Waals Staphylococcus aureus shows Minimal immediate
Adhesion®’ attachment to forces, electrostatic rapid adhesion (especially to damage; establishes
surface interactions, hydrophobic surfaces); colonization
hydrophobic Pseudomonas aeruginosa adheres
bonding better to hydrophilic surfaces
2. Biofilm Irreversible Extracellular Both organisms form structured Increased resistance to
Formation®® attachment and polymeric substance | biofilms; P. aeruginosa exhibits disinfectants; persistent
microcolony (EPS) production, dense, resistant biofilm contamination
development quorum sensing architecture
3. Enzymatic Active breakdown | Secretion of P. aeruginosa releases elastase Polymer chain cleavage,
Degradation®® of material extracellular causing polymer degradation; S. surface deterioration,
enzymes (elastase, aureus produces proteases/lipases | reduced elasticity and
proteases, lipases) with moderate effect dimensional stability

Enzymatic Activity of Staphylococcus aureus

Staphylococcus aureus exhibits a well-documented ability to colonize biomaterial surfaces through rapid adhesion and biofilm
formation; however, its contribution to material degradation is comparatively moderate and primarily mediated by the secretion of
extracellular enzymes such as proteases and lipases. These enzymes facilitate the breakdown of organic components present on
material surfaces, including salivary pellicles and proteinaceous conditioning films, thereby enhancing bacterial survival and
persistence.?’ Proteases produced by S. aureus can hydrolyze peptide bonds in adsorbed proteins, indirectly altering the surface
chemistry of elastomeric materials and promoting further microbial colonization. Lipases, on the other hand, contribute to the
degradation of lipid-containing substrates and may influence surface wettability and interfacial interactions. Despite these enzymatic
capabilities, S. aureus lacks the potent elastolytic systems required for extensive degradation of synthetic rubber polymers, resulting
in relatively limited direct impact on the structural integrity of elastomeric impression materials. Nevertheless, its enzymatic activity
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plays a supportive role in conditioning the surface for sustained biofilm formation, which can indirectly contribute to long-term
material deterioration and increased susceptibility to colonization by more aggressive degradative organisms.?

Enzymatic Activity of Pseudomonas aeruginosa

Pseudomonas aeruginosa is widely recognized for its exceptional capacity to degrade biomaterials, attributed to its robust enzymatic
arsenal and highly organized biofilm architecture. A key factor in its degradative potential is the production of elastase, a potent
extracellular metalloprotease capable of cleaving elastin-like and polymeric structures within elastomeric materials.?? This enzyme,
along with other proteolytic and hydrolytic enzymes, enables P. aeruginosa to actively disrupt polymer chains, leading to
progressive weakening of material integrity. In addition to enzymatic activity, the organism forms dense, structured biofilms
regulated by quorum sensing mechanisms, which not only enhance adhesion but also create a microenvironment that facilitates
sustained enzyme activity and protects bacterial communities from external stresses, including disinfectants. The combined effect
of strong biofilm formation and continuous enzyme secretion allows P. aeruginosa to exhibit significantly higher degradation
potential compared to S. aureus. Its well-established role in polymer and biomaterial degradation, particularly in moist
environments, highlights its clinical relevance in compromising the durability and performance of rubber-based dental impression
materials.?

Impact on Material Properties

The enzymatic activity of bacterial species, particularly within established biofilms, has a measurable and clinically significant
impact on the physical and mechanical properties of rubber-based impression materials. Enzyme-mediated degradation leads to
cleavage of polymer chains and disruption of the elastomeric matrix, resulting in increased surface roughness, which in turn
promotes further microbial adhesion and biofilm accumulation. Concurrently, the breakdown of structural components reduces the
elasticity of the material, impairing its ability to recover after deformation and compromising its functional resilience during clinical
and laboratory procedures. Dimensional accuracy, a critical requirement for prosthodontic applications, is also adversely affected,
as polymer degradation and surface alterations can lead to distortion, shrinkage, or loss of fine detail reproduction. Over time, these
changes may significantly reduce the reliability of impressions, affecting the fit and precision of dental prostheses.?*%

CONCLUSION

While Staphylococcus aureus demonstrates rapid adhesion to rubber-based impression materials, Pseudomonas aeruginosa exhibits
superior enzymatic degradation potential due to its elastolytic activity. This dual mechanism of adhesion followed by biochemical
degradation highlights a critical risk not only for cross-infection but also for material deterioration, necessitating the development
of enzyme-resistant and antimicrobial impression materials.
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