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Abstract  
 

Background: Sterilization is a fundamental component of infection control in dental practice, ensuring the safety of both patients 

and healthcare professionals. However, conventional sterilization procedures are often associated with considerable energy 

consumption, water usage, and the generation of biomedical and plastic waste. In recent years, increasing attention has been 

directed toward environmentally sustainable healthcare practices, leading to the adoption of eco-friendly sterilization approaches 

in dental offices across the United States. Objective: This review aims to highlight current trends in eco-friendly sterilization 

practices in U.S. dental offices and discuss their potential benefits, challenges, and future implications for sustainable dental care. 

Discussion: Recent developments in sustainable sterilization include the use of energy-efficient autoclaves, reusable sterilization 

containers, environmentally safer disinfectants, digital sterilization monitoring systems, and resource-conserving strategies. These 

innovations seek to reduce the environmental footprint of dental practices while maintaining high standards of infection 

prevention and regulatory compliance. In addition to environmental benefits, eco-friendly sterilization measures may contribute 

to long-term cost savings, improved workplace safety, and enhanced patient perception of dental services. Nevertheless, 

widespread implementation remains influenced by several factors, including financial investment, limited awareness, staff 

training requirements, and concerns regarding the effectiveness and standardization of certain sustainable alternatives. 

Conclusion: Eco-friendly sterilization practices represent an important advancement toward sustainable dentistry. Continued 

technological innovation, professional education, and institutional support are essential to encourage broader adoption of 

environmentally responsible sterilization methods while preserving the effectiveness of infection control protocols in modern 

dental offices. 

Keywords: Eco-friendly sterilization; sustainable dental practice; infection control; dental office sustainability; environmental 

dentistry; autoclave efficiency. 

Copyright © 2026 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 
author and source are credited. 

https://saudijournals.com/sjbr


 
 

Swati Batheja et al, Saudi J Biomed Res, Jul, 2026; 11(7): 199-209 

© 2026 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                           200 
 

 

INTRODUCTION 
Sterilization is a procedure that destroys any 

living organism, pathogenic and non-pathogenic, in a 

vegetative form or spore present on the surface of the 

material to be sterilised [1]. Sterilization must be 

performed with a repeatable, standardisable, verifiable, 

and documentable method [2]. The autoclave is the 

instrument responsible for the Sterilization of dental 

instruments [3]. However, conventional sterilization 

procedures are often associated with significant energy 

consumption, water usage, and generation of biomedical 

and plastic waste. In recent years, increasing attention 

has been directed toward environmentally sustainable 

practices within dental healthcare settings. Dental offices 

across the United States are gradually adopting eco-

friendly sterilization approaches aimed at reducing 

environmental impact while maintaining effective 

infection control standards. These evolving practices 

represent an important step toward integrating 

sustainability into routine dental care.  

 

The foundation of patient safety in 

contemporary dentistry is Sterilization, which guarantees 

that reusable equipments are devoid of live bacteria prior 

to further clinical use. In addition to the sterilising 

equipment's performance, proper instrument cleaning, 

packaging, loading methods, cycle selection, regular 

biological monitoring, and thorough documentation all 

contribute to sterilization's efficacy. Evidence-based 

guidelines that highlight consistent Sterilization 

procedures as a crucial part of quality assurance in dental 

practice have been established by regulatory bodies and 

professional associations. Following these guidelines 

helps provide high-quality dental healthcare, boosts 

professional accountability, and fosters patient 

confidence. 

 

Infection prevention and control remain key 

components of optimal dental care. Dental operations 

commonly entail intimate contact with saliva, blood, 

respiratory secretions, and contaminated tools, giving 

potential for the transfer of pathogens between patients 

and healthcare professionals if suitable Sterilization 

processes are not followed. A variety of microorganisms, 

including as bacteria, viruses, fungi, and opportunistic 

pathogens, are present in the oral cavity and can spread 

through contaminated objects or surfaces [4]. 

Consequently, thorough adherence to Sterilization and 

disinfection procedures is vital for minimising the risk of 

cross-infection and ensuring a safe clinical environment. 

In addition to protecting patients, effective infection 

control prevents occupational exposure to infectious 

agents for dentists, dental assistants, hygienists, and 

other dental team members. 

 

The need for healthcare systems to reduce their 

environmental impact has been further highlighted by 

growing awareness of climate change. Although 

healthcare is dedicated to promoting human health, it 

also consumes large natural resources and emits 

greenhouse gas emissions through energy consumption, 

transportation, procurement, waste generation, and 

clinical operations. Since dentistry is a part of this larger 

healthcare system, it is also accountable for 

implementing sustainable environmental practices. 

Reducing wasteful resource use while upholding strict 

infection control guidelines is consistent with 

international initiatives to slow down climate change and 

safeguard public health [5].  

 

In the United States, multiple governmental 

agencies, professional organizations, and sustainability 

initiatives have increasingly promoted environmentally 

responsible healthcare practices. National infection 

control recommendations continue to prioritize patient 

safety while encouraging efficient resource utilization 

and responsible waste management. In parallel, broader 

healthcare sustainability programs advocate reductions 

in energy consumption, greenhouse gas emissions, and 

unnecessary material waste across healthcare facilities. 

Within dentistry, these initiatives have stimulated 

growing interest in energy-efficient sterilization 

technologies, environmentally preferable purchasing, 

digital workflow integration, and life-cycle approaches 

to equipment selection. Collectively, these developments 

reflect a shift toward more sustainable dental practice in 

which environmental responsibility is integrated with 

effective infection prevention, regulatory compliance, 

and high-quality patient care. 

 

OBJECTIVE 
This comprehensive review aims to critically 

examine the current landscape of eco-friendly 

sterilization practices adopted in U.S. dental offices, with 

particular emphasis on emerging technologies, 

sustainable sterilization strategies, and evolving 

regulatory recommendations. It evaluates how well 

environmentally friendly Sterilization techniques—such 

as energy-efficient equipment, low-temperature 

Sterilization technologies, resource conservation 

strategies, and waste reduction programs—maintain high 

standards of infection prevention and patient safety while 

synthesising the available data. The review also 

addresses the economic, clinical, and environmental 

ramifications of adopting these sustainable techniques, 

emphasising the potential and difficulties faced by dental 

practitioners when incorporating them into standard 

clinical procedures. This review aims to give clinicians 

and dental practitioners a thorough understanding of how 

eco-friendly Sterilization can contribute to safer, more 

sustainable, and environmentally responsible dental care 

by identifying current knowledge gaps and investigating 

future innovations like smart Sterilization systems, 

digital monitoring, and environmentally sustainable 

healthcare initiatives in the United States. 
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DISCUSSION  
Conventional Sterilization Practices in Dental Offices  

Sterilization remains an indispensable 

component of infection prevention and control in dental 

practice, ensuring the safe reuse of instruments while 

minimizing the risk of cross-contamination. Dental 

instruments are traditionally classified into critical, semi-

critical, and non-critical categories according to their 

intended clinical use and the associated risk of disease 

transmission. Critical instruments, including surgical 

forceps, elevators, scalpels, and periodontal surgical 

instruments, penetrate soft tissue or bone and therefore 

require complete sterilization before each use. Semi-

critical instruments, such as dental mirrors, reusable 

impression trays, and handpieces, come into contact with 

mucous membranes and should also undergo sterilization 

whenever their material compatibility permits [9]. In 

contrast, non-critical instruments and environmental 

surfaces generally contact only intact skin and are 

managed through intermediate- or low-level disinfection 

rather than sterilization. This risk-based classification 

enables dental professionals to apply appropriate 

infection control measures while ensuring patient safety 

and regulatory compliance. Among conventional 

sterilization methods, steam autoclaving remains the 

gold standard because of its proven efficacy, reliability, 

and cost-effectiveness.  

 

Alternative conventional methods continue to 

play important roles in specific clinical situations. Dry 

heat sterilization utilizes hot air at high temperatures to 

eliminate microorganisms through oxidative cellular 

damage and protein denaturation. Although this 

technique minimizes corrosion and is suitable for carbon 

steel instruments, it requires considerably longer 

exposure times and higher operating temperatures than 

steam sterilization. Chemical vapor sterilization 

combines alcohols, formaldehyde, ketones, and water 

under pressure to achieve sterilization while reducing 

instrument corrosion; however, concerns regarding 

chemical exposure and ventilation requirements have 

limited its routine use [13]. Ethylene oxide gas 

sterilization is reserved primarily for heat- and moisture-

sensitive medical devices because of its excellent 

material compatibility and penetration capabilities. 

Despite these advantages, prolonged processing and 

aeration times, high operational costs, and recognized 

toxic and carcinogenic risks have substantially restricted 

its application in contemporary dental practice. 

Similarly, high-level chemical disinfectants, including 

glutaraldehyde and other aldehyde-based formulations, 

remain useful for selected heat-sensitive instruments that 

cannot tolerate conventional sterilization, although they 

do not consistently achieve sterilization under routine 

clinical conditions and require careful handling because 

of their potential occupational hazards. 

 

Although these conventional approaches have 

substantially improved infection control, they are 

increasingly recognized as environmentally resource-

intensive.  

 

Environmental Implications 

Conventional sterilization methods may also 

generate environmental pollutants. Certain chemical 

sterilants and disinfectants release volatile compounds 

that require careful storage, handling, and disposal to 

minimize occupational exposure and environmental 

contamination [14]. Residual emissions from chemicals 

such as formaldehyde, glutaraldehyde, and ethylene 

oxide have raised concerns regarding air quality, 

toxicity, and ecological impact. In addition, repeated 

sterilization cycles may accelerate instrument wear, 

corrosion, and material fatigue, increasing the frequency 

of instrument replacement and indirectly contributing to 

resource consumption and waste generation. Long 

processing times associated with some sterilization 

methods may further reduce operational efficiency, 

prompting multiple sterilization cycles and additional 

energy expenditure. 

 

Carbon Footprint 

The environmental impact of sterilization 

extends beyond the sterilization process itself. Dental 

clinics contribute to healthcare-associated carbon 

emissions through electricity consumption, procurement 

of sterilization equipment, transportation of 

consumables, and waste management activities. Modern 

sterilization equipment has become increasingly energy-

efficient; however, cumulative energy requirements 

across thousands of dental practices remain substantial 

[15]. Consequently, reducing electricity consumption 

through optimized sterilization schedules, improved 

equipment efficiency, and preventive maintenance 

represents an important opportunity for lowering the 

carbon footprint of dental healthcare. 

 

Water Consumption 

Water conservation has likewise become an 

essential sustainability objective. Conventional 

autoclaves may consume significant volumes of distilled 

or purified water, particularly older models with less 

efficient steam generation and cooling mechanisms [16]. 

Adoption of water-efficient sterilizers, routine 

equipment maintenance, and optimized sterilization 

workflows can substantially reduce unnecessary water 

consumption while maintaining sterilization 

effectiveness. 

 

Biomedical Waste 

Biomedical waste generated during sterilization 

procedures represents another major environmental 

challenge. Single-use instrument packaging, sterilization 

pouches, biological indicators, disposable barriers, 

personal protective equipment, and contaminated 

consumables collectively generate large quantities of 

waste requiring specialized treatment and disposal 

[17,24]. While disposable products have enhanced 

infection control and reduced cross-contamination risks, 
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their widespread use has increased dependence on 

plastics and packaging materials, much of which cannot 

be readily recycled because of contamination. Strategies 

emphasizing reusable products where appropriate, 

improved waste segregation, and environmentally 

preferable packaging may help reduce the overall waste 

burden without compromising patient safety. 

 

Chemical Pollution 

Chemical pollution associated with sterilization 

further highlights the need for environmentally 

responsible infection control practices. Improper 

disposal of aldehyde-based disinfectants and sterilizing 

agents may contaminate wastewater systems and 

adversely affect aquatic ecosystems [18,25]. Similarly, 

emissions associated with ethylene oxide sterilization 

have prompted increasing regulatory scrutiny because of 

their potential human health and environmental risks. 

These concerns have accelerated interest in less 

hazardous sterilization technologies that provide 

equivalent antimicrobial efficacy while minimizing 

chemical emissions. 

 

Life Cycle Assessment (LCA) 

A comprehensive understanding of the 

environmental sustainability of sterilization also requires 

a life cycle assessment (LCA) perspective. Rather than 

focusing solely on the sterilization cycle, LCA evaluates 

environmental impacts across the entire lifespan of 

sterilization equipment and consumables, including raw 

material extraction, manufacturing, transportation, 

routine clinical use, maintenance, and end-of-life 

disposal [20,26]. Such analyses frequently demonstrate 

that resource consumption extends well beyond daily 

operation, underscoring the importance of selecting 

durable equipment, optimizing maintenance schedules, 

reducing unnecessary consumable use, and adopting 

procurement strategies that consider long-term 

environmental performance. Integrating life cycle 

thinking into infection control planning therefore 

provides a valuable framework for balancing patient 

safety with environmental stewardship and supports the 

transition toward more sustainable dental practice.  

 

Environmental Impact of Sterilization in Dental 

Clinics and Emerging Eco-Friendly Solutions 

The environmental implications of sterilization 

practices have become an increasingly important 

consideration in modern dentistry, as healthcare systems 

seek to balance effective infection control with 

responsible resource utilization [21]. Although 

conventional sterilization methods have significantly 

improved patient safety, they are associated with 

considerable energy consumption, water use, chemical 

emissions, and waste generation. Consequently, there is 

growing recognition that sustainable sterilization 

strategies should complement, rather than replace, 

established infection prevention protocols. 

 

Energy-Efficient Steam Sterilizers 

A substantial proportion of the environmental 

burden associated with sterilization arises from its 

carbon footprint. Steam sterilizers, instrument washers, 

ultrasonic cleaners, drying units, and supporting 

infrastructure require continuous electrical power 

throughout daily clinical operations. Repeated 

sterilization cycles, particularly in high-volume dental 

practices, contribute to increased electricity demand and 

indirectly increase greenhouse gas emissions when 

electricity is generated from fossil fuel-based energy 

sources. Although advances in equipment efficiency 

have reduced energy requirements, further reductions 

can be achieved through optimized sterilization 

scheduling, preventive maintenance, and adoption of 

energy-efficient technologies. 

 

Recent technological advancements have 

accelerated the development of eco-friendly sterilization 

systems designed to reduce resource consumption while 

maintaining high sterilization standards [22]. Modern 

steam sterilizers now incorporate energy-saving 

operating modes, improved insulation, automatic 

standby functions, optimized steam generation, and heat 

recovery systems that recycle thermal energy to improve 

operational efficiency. Integration of smart sensors 

further enhances performance by continuously 

monitoring temperature, pressure, and cycle parameters, 

minimizing failed sterilization cycles and unnecessary 

energy expenditure. 

 

Low-Temperature Hydrogen Peroxide Plasma 

Sterilization 

Low-temperature hydrogen peroxide plasma 

sterilization has emerged as one of the most promising 

environmentally preferable alternatives for heat-

sensitive instruments. This technology utilizes vaporized 

hydrogen peroxide that is subsequently converted into a 

plasma state, generating highly reactive free radicals 

capable of destroying microorganisms, including 

bacterial spores. Its principal advantages include rapid 

cycle completion, minimal toxic residues, compatibility 

with numerous medical devices, and decomposition into 

water vapor and oxygen, thereby reducing environmental 

contamination. Nevertheless, high equipment costs, 

limited compatibility with cellulose-containing 

materials, and smaller chamber capacities remain 

important limitations [19]. Despite these constraints, 

hydrogen peroxide plasma sterilization has gained 

increasing acceptance for sterilizing delicate dental and 

surgical instruments. Figure 1 depicts the principle and 

sequential process of low-temperature hydrogen 

peroxide plasma sterilization [23].  
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Figure 1: Low-Temperature Hydrogen Peroxide Plasma Sterilization 

 

Ozone Sterilization 

Several additional technologies continue to 

expand the portfolio of environmentally sustainable 

sterilization options. Ozone sterilization employs strong 

oxidative activity to inactivate microorganisms while 

leaving minimal chemical residues, although material 

compatibility and process validation remain ongoing 

challenges. Vaporized hydrogen peroxide systems 

provide effective low-temperature sterilization with 

lower environmental impact than ethylene oxide and 

have become increasingly utilized for instrument 

reprocessing and environmental decontamination. 

Ultraviolet-C irradiation and pulsed xenon ultraviolet 

technologies have demonstrated value for rapid surface 

and room disinfection, serving as useful adjuncts to 

conventional cleaning procedures within dental 

environments [26]. Emerging technologies such as cold 

plasma sterilization, supercritical carbon dioxide 

sterilization, and microwave-assisted sterilization have 

shown encouraging antimicrobial performance in 

experimental investigations; however, additional clinical 

validation, standardized protocols, and cost-

effectiveness analyses are required before widespread 

adoption. Figure 2 illustrates a representative ozone 

sterilizer employed in sterilization procedures. 

 

 
Figure 2: Ozone Steriliser 

 

Ultraviolet-C (UV-C) 

Ultraviolet-C (UV-C) sterilization utilizes 

short-wavelength ultraviolet light (200–280 nm), 

typically around 254 nm, to inactivate microorganisms 

by inducing DNA and RNA damage that inhibits 

replication and cellular function. In dentistry, UV-C is 

primarily used for rapid surface decontamination of 

operatories, dental chairs, countertops, and frequently 

touched surfaces, as well as adjunctive room disinfection 

following routine cleaning [27]. Although UV-C 
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demonstrates broad-spectrum antimicrobial activity 

against bacteria, viruses, and fungi, its effectiveness is 

limited to direct line-of-sight exposure and may be 

reduced by surface irregularities or organic debris. 

Current evidence suggests that UV-C is a valuable 

supplementary infection control measure rather than a 

replacement for conventional sterilization of dental 

instruments. 

 

Pulsed Xenon UV 

Pulsed xenon ultraviolet (PX-UV) technology 

produces high-intensity, broad-spectrum UV light in 

short pulses, enabling rapid microbial inactivation 

without the use of chemical disinfectants. Compared 

with conventional UV-C systems, PX-UV offers shorter 

treatment times and has demonstrated effectiveness 

against a wide range of healthcare-associated pathogens 

[28]. Recent studies have reported reductions in 

environmental microbial contamination following its use 

in healthcare settings, and its application in dentistry is 

gaining interest as an adjunct for operatory and 

environmental disinfection. However, further clinical 

studies are needed to establish standardized protocols 

and evaluate its long-term effectiveness in routine dental 

practice. 

 

Cold Plasma Sterilization 

Cold plasma sterilization is an emerging low-

temperature technology that generates reactive oxygen 

and nitrogen species capable of disrupting microbial cell 

membranes, proteins, and nucleic acids without causing 

thermal damage to heat-sensitive materials [29]. Owing 

to its potent antimicrobial activity and minimal chemical 

residue, cold plasma has shown promise for sterilizing 

dental instruments, implant surfaces, endodontic files, 

and prosthetic materials. Although laboratory 

investigations have demonstrated encouraging 

antimicrobial efficacy, clinical evidence remains limited, 

and further research is required to validate its safety, 

effectiveness, and cost-efficiency before widespread 

implementation in dental clinics. 

 

Supercritical Carbon Dioxide Sterilization 

Supercritical carbon dioxide (scCO₂) 
sterilization is a novel technology that utilizes carbon 

dioxide under supercritical conditions to penetrate 

complex instrument surfaces and achieve microbial 

inactivation, often in combination with small quantities 

of sterilizing additives. This technique operates at 

relatively low temperatures, making it suitable for heat- 

and moisture-sensitive medical devices [30]. Preliminary 

studies have reported effective antimicrobial activity 

with reduced environmental impact compared with 

conventional chemical sterilization methods. Although 

research in dentistry remains limited, supercritical CO₂ 
sterilization has considerable future potential as a 

sustainable alternative, provided further clinical 

validation and technological refinement are achieved. 

 

 

Microwave Sterilization 

Microwave sterilization employs 

electromagnetic radiation to generate heat within 

materials, resulting in microbial destruction through 

thermal and non-thermal mechanisms. In dentistry, it has 

been investigated primarily for the disinfection and 

sterilization of dental prostheses, acrylic appliances, 

impression materials, and selected laboratory items. 

Microwave sterilization offers advantages including 

relatively short processing times, ease of operation, and 

reduced chemical usage [31]. However, its application is 

restricted by material compatibility, uneven heat 

distribution, and the potential for distortion or damage to 

certain dental materials. Consequently, it is currently 

regarded as a complementary sterilization method rather 

than a replacement for conventional steam sterilization. 

 

Nanotechnology-Based Sterilization 

Nanotechnology represents another promising 

frontier in sustainable infection control. Antimicrobial 

coatings incorporating silver and copper nanoparticles, 

photocatalytic materials, and nano-engineered surface 

modifications may inhibit microbial colonization on 

clinical surfaces and reusable instruments, potentially 

reducing reliance on repeated chemical disinfection [31]. 

Concurrently, artificial intelligence and digital 

technologies are transforming sterilization management 

through automated cycle optimization, predictive 

equipment maintenance, real-time process monitoring, 

barcode-based instrument tracking, Internet of Things 

(IoT)-enabled sterilizers, and cloud-based 

documentation systems. These innovations improve 

quality assurance, reduce operational errors, optimize 

resource utilization, and strengthen regulatory 

compliance. 

 

Beyond technological innovation, sustainable 

sterilization requires organizational commitment and 

evidence-based management strategies. Green 

procurement policies encourage the selection of energy-

efficient equipment, environmentally preferable 

consumables, durable reusable products, and eco-

certified devices. Water conservation initiatives, 

including high-efficiency autoclaves, leak detection 

systems, and water monitoring technologies, further 

reduce resource consumption. Energy management 

strategies involving renewable electricity sources, solar-

powered facilities, and energy-efficient equipment 

contribute to lowering greenhouse gas emissions. 

Sustainable packaging, including reusable sterilization 

containers, biodegradable materials, and recyclable 

packaging, can substantially decrease plastic waste. 

Effective waste segregation, instrument reprocessing 

where appropriate, recycling programs, and reduction of 

unnecessary single-use products further support 

environmentally responsible practice [29]. Finally, 

digitalization through paperless documentation, 

electronic sterilization records, barcode tracking 

systems, and cloud-based monitoring platforms 

enhances operational efficiency while reducing material 
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consumption. Collectively, these technological and 

organizational approaches demonstrate that 

environmental sustainability and effective infection 

prevention are complementary objectives, enabling U.S. 

dental practices to reduce their ecological footprint 

without compromising patient safety or regulatory 

compliance. Figure 3 illustrates the mechanism of 

nanotechnology-based sterilization, highlighting the 

antimicrobial actions of silver and copper nanoparticles, 

photocatalytic materials, and nano-coatings. It 

demonstrates how these nanomaterials disrupt microbial 

cell membranes and DNA, providing broad-spectrum 

antimicrobial activity while enhancing the efficiency and 

sustainability of sterilization. 

 

 
Figure 3: Nanotechnology-Based Sterilization 

 

Benefits of Eco-Friendly Sterilization Practices 

Eco-friendly sterilization practices provide 

numerous benefits for modern dental offices while 

supporting both environmental and public health goals. 

By reducing the consumption of disposable materials and 

promoting the use of reusable sterilization containers and 

wraps, dental practices can significantly decrease the 

volume of clinical waste generated during routine 

procedures. The adoption of energy-efficient autoclaves 

and resource-conserving technologies also helps lower 

electricity and water consumption, contributing to 

reduced operational expenses over time [6]. In addition 

to environmental and economic advantages, sustainable 

sterilization methods can enhance workplace safety by 

minimizing reliance on harsh chemical disinfectants that 

may pose health risks to dental personnel through 

repeated exposure. Furthermore, integrating 

environmentally responsible practices into daily clinical 

operations demonstrates a commitment to sustainability 

and social responsibility, which can strengthen patient 

trust and satisfaction. As public awareness of 

environmental issues continues to grow, eco-friendly 

sterilization initiatives may serve as an important 

component of modern dental practice, aligning effective 

infection control with long-term ecological stewardship 

[7].  

Regulatory Guidelines and Standards in the United 

States  

The successful implementation of 

environmentally sustainable sterilization practices in 

dental clinics depends not only on technological 

innovation but also on adherence to comprehensive 

regulatory standards that ensure patient safety, infection 

prevention, and environmental responsibility. In the 

United States, multiple federal agencies and professional 

organizations collectively establish evidence-based 

 recommendations governing sterilization 

procedures, occupational safety, environmental 

protection, and medical device performance [24]. These 

regulatory frameworks provide the foundation upon 

which sustainable sterilization strategies can be 

integrated into routine clinical practice without 

compromising the effectiveness of infection control. 

 

CDC Recommendations 

The Centres for Disease Control and Prevention 

(CDC) remains the principal authority for infection 

prevention in dental healthcare settings. Its 

recommendations emphasize the classification of dental 

instruments according to infection risk, appropriate 

sterilization and disinfection protocols, instrument 

cleaning prior to sterilization, biological and chemical 
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monitoring of sterilization cycles, documentation of 

sterilization procedures, and routine maintenance of 

sterilization equipment [32]. Continuous monitoring 

using biological indicators, mechanical parameters, and 

chemical indicators is strongly encouraged to verify 

sterilization effectiveness and identify equipment 

malfunction before patient safety is compromised. The 

CDC also advocates staff education, adherence to 

standard precautions, and implementation of quality 

assurance programs that promote consistency and 

accountability in infection prevention practices. 

 

ADA Guidelines 

The American Dental Association (ADA) 

complements the recommendations by promoting 

evidence-based best practices that integrate clinical 

excellence with environmental stewardship. Although 

patient safety remains the primary objective, the ADA 

increasingly recognizes the importance of sustainable 

dental practice through efficient resource utilization, 

responsible procurement, waste reduction, and adoption 

of environmentally preferable technologies. Educational 

initiatives encourage dental professionals to optimize 

sterilization workflows, minimize unnecessary material 

consumption, improve energy efficiency, and 

incorporate digital technologies that enhance both 

operational performance and environmental 

sustainability. The American Dental Association (ADA) 

encourages dental practices to adopt environmentally 

responsible approaches while maintaining strict infection 

control standards. Its recommendations support the use 

of energy-efficient sterilization equipment, proper 

maintenance of sterilizers, responsible waste 

segregation, digital record-keeping, and prudent use of 

water and consumables to minimize environmental 

impact [32]. The ADA also promotes sustainable 

procurement and adherence to evidence-based best 

practices that improve operational efficiency without 

compromising patient safety or regulatory compliance.  

 

OSHA Regulations 

Occupational safety during sterilization 

procedures is regulated by the Occupational Safety and 

Health Administration (OSHA), which establishes 

standards designed to protect healthcare personnel from 

biological, chemical, and physical hazards encountered 

during instrument reprocessing [33]. OSHA regulations 

emphasize appropriate use of personal protective 

equipment, engineering controls, hazard communication, 

chemical handling procedures, employee training, and 

exposure prevention. Particular attention is directed 

toward minimizing occupational exposure to potentially 

hazardous sterilizing agents such as formaldehyde, 

glutaraldehyde, and ethylene oxide through adequate 

ventilation, safe storage practices, and exposure 

monitoring. Compliance with these regulations 

contributes not only to worker safety but also to 

improved environmental management within dental 

facilities. 

 

EPA Regulations 

Environmental stewardship is further supported 

through regulations established by the Environmental 

Protection Agency (EPA). The EPA oversees the safe 

management and disposal of hazardous chemicals, 

biomedical waste, and wastewater generated during 

healthcare activities. Recommendations regarding 

chemical disposal, waste segregation, pollution 

prevention, and environmentally responsible 

procurement encourage healthcare facilities to minimize 

contamination of air, soil, and water resources [34]. 

These regulatory measures have stimulated increasing 

interest in biodegradable disinfectants, reduced chemical 

usage, and environmentally sustainable waste 

management practices within dental clinics. 

 

FDA Regulations 

The Food and Drug Administration (FDA) 

plays a critical role in ensuring the safety and 

effectiveness of sterilization devices used in clinical 

practice. Sterilizers, sterilization accessories, biological 

indicators, and associated monitoring systems undergo 

rigorous evaluation before receiving regulatory 

clearance. Validation of sterilization equipment includes 

assessment of microbial efficacy, material compatibility, 

cycle reproducibility, and device performance under 

standardized conditions [28]. Continuous post-market 

surveillance further ensures that approved technologies 

maintain acceptable safety and performance throughout 

their operational lifespan. These regulatory processes 

provide clinicians with confidence that newly introduced 

sterilization technologies meet established clinical and 

safety requirements. 

 

ANSI/AAMI Standards 

Complementing these regulatory agencies, 

standards developed by the Association for the 

Advancement of Medical Instrumentation (AAMI) and 

the American National Standards Institute (ANSI) 

establish detailed technical guidance for sterilization 

quality assurance. These standards address equipment 

qualification, process validation, routine monitoring, 

maintenance protocols, documentation, and performance 

verification [16]. Adoption of ANSI/AAMI standards 

promotes consistency among healthcare institutions and 

supports continuous quality improvement by ensuring 

that sterilization systems function within validated 

operating parameters throughout their service life. 

 

Emerging Innovations in Sustainable Dental 

Sterilization 

Automation 

Beyond regulatory compliance, technological 

innovation is rapidly transforming sterilization practices 

through increasing automation and digital integration. 

Automated sterilization systems reduce human 

intervention during instrument processing, thereby 

decreasing the likelihood of procedural errors while 

improving workflow efficiency. Automated loading 

systems, programmable sterilization cycles, and 
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integrated quality control mechanisms enable 

standardized instrument reprocessing with greater 

reproducibility than conventional manual procedures 

[15]. As these technologies continue to mature, 

automation is expected to improve productivity while 

simultaneously reducing unnecessary resource 

consumption. 

 

Robotics 

Automated robotic systems capable of 

transporting contaminated instruments, loading 

sterilizers, and organizing sterile supplies have 

demonstrated potential to improve workplace efficiency 

while minimizing occupational exposure to 

contaminated materials [31]. Although their application 

in dental practice remains limited compared with large 

hospital sterilization departments, continued 

technological development and decreasing 

implementation costs may facilitate broader adoption 

within high-volume dental clinics. 

 

Internet of Things (IoT) 

The integration of the Internet of Things (IoT) 

has introduced new opportunities for intelligent 

sterilization management. IoT-enabled sterilizers 

equipped with interconnected sensors continuously 

monitor temperature, pressure, humidity, cycle duration, 

and equipment performance, transmitting data to 

centralized monitoring platforms in real time [19]. 

Remote monitoring enables early identification of 

equipment malfunction, facilitates preventive 

maintenance, reduces unexpected equipment downtime, 

and improves documentation accuracy. Cloud-based 

reporting systems further simplify regulatory compliance 

by maintaining secure digital records of sterilization 

cycles that can be readily accessed during audits and 

quality assurance evaluations. 

 

Digital Twins 

Digital twin technology represents another 

emerging innovation with considerable future potential. 

By creating virtual replicas of sterilization equipment 

and workflows, digital twins enable simulation of 

operating conditions, prediction of equipment 

performance, optimization of sterilization cycles, and 

identification of maintenance requirements before 

equipment failure occurs [24]. Predictive modelling may 

reduce unnecessary energy consumption, improve 

equipment longevity, and enhance overall sterilization 

efficiency while minimizing operational interruptions. 

 

Green Chemistry 

Advances in green chemistry are 

simultaneously encouraging the development of safer 

disinfectants and sterilization agents with reduced 

environmental toxicity. Research efforts increasingly 

focus on biodegradable chemical formulations, reduced 

volatile organic compound emissions, lower toxicity 

profiles, and environmentally compatible antimicrobial 

agents capable of providing effective infection control 

without generating persistent environmental pollutants 

[26]. Such innovations align closely with broader 

sustainability objectives by reducing chemical hazards 

for both healthcare personnel and surrounding 

ecosystems. 

 

Circular Economy 

Finally, the principles of the circular economy 

provide a strategic framework for improving the 

sustainability of dental sterilization. Rather than relying 

exclusively on linear models of consumption and 

disposal, circular approaches emphasize resource 

efficiency through durable equipment selection, 

responsible procurement, maintenance programs that 

extend equipment lifespan, recycling of compatible 

materials, and safe reprocessing of reusable instruments 

where clinically appropriate. By minimizing 

unnecessary waste generation and maximizing resource 

utilization, circular economy strategies have the potential 

to reduce both environmental impact and long-term 

operational costs [32]. When integrated with evidence-

based infection control, regulatory compliance, and 

technological innovation, these approaches support the 

transition toward resilient, environmentally responsible, 

and patient-centered dental care. Collectively, regulatory 

oversight and emerging technological advances are 

reshaping sterilization practices in U.S. dental offices, 

demonstrating that environmental sustainability and 

high-quality infection prevention can be achieved as 

complementary goals within contemporary dental 

healthcare. 

 

Reusable and Sustainable Sterilization Materials 

Packaging helps preserve the sterility of 

sterilized instruments in storage before use by preventing 

microbial contamination from the external environment 

after the sterilization process. A number of studies on 

infection control cover various aspects including 

personal hygiene and personal protective equipment such 

as wearing gloves, disinfection and sterilization methods, 

sterilization monitoring, as well as knowledge of 

infection control [4,5,6,7,8]. The most commonly used 

packaging material for steam sterilization is paper/plastic 

sterilization pouch due to its convenience of use, content 

visibility, and efficacy [9]. Recently, there has been 

growing interest in the use of reusable sterilization 

containers and environmentally sustainable packaging 

alternatives to reduce clinical waste generation. Such 

approaches may contribute to improved resource 

conservation while maintaining the integrity and safety 

of sterilized dental instruments. 

 

Future Perspectives 

The future of dental sterilization is likely to be 

shaped by innovations that enhance infection control 

while minimizing environmental impact. As 

sustainability becomes an increasingly important priority 

in healthcare, dental offices are expected to adopt 

advanced technologies that reduce energy consumption, 

conserve resources, and decrease waste generation [10]. 
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Modern sterilization equipment with improved energy 

efficiency, automated cycle optimization, and real-time 

monitoring capabilities may help practices maintain high 

sterilization standards while lowering their 

environmental footprint. The development and wider 

availability of biodegradable packaging materials and 

reusable sterilization systems could further reduce the 

dependence on single-use products commonly utilized in 

dental settings [11].  

 

In addition to technological advancements, 

education and professional awareness will play a crucial 

role in promoting sustainable sterilization practices. 

Incorporating green dentistry principles into dental 

curricula, continuing education programs, and 

professional training workshops may encourage 

practitioners to adopt environmentally responsible 

approaches in their daily operations. Regulatory agencies 

and professional organizations can also contribute by 

developing guidelines that support sustainable infection 

control measures without compromising patient safety 

[12]. Sustainable dental clinics are expected to adopt 

carbon-neutral sterilization, renewable-energy-powered 

systems, green manufacturing, biodegradable 

sterilization materials, and precision sterilization 

approaches that optimize resource utilization while 

maintaining effective infection control. The 

incorporation of artificial intelligence (AI), the Internet 

of Things (IoT), and smart dental office technologies will 

enable automated cycle optimization, predictive 

maintenance, real-time monitoring, and improved 

quality assurance. Furthermore, embracing circular 

healthcare economy principles, including responsible 

procurement, instrument reprocessing where 

appropriate, and recycling, will help reduce waste and 

conserve resources. However, well-designed multicentre 

clinical trials, life cycle assessments, and cost-

effectiveness studies are essential to validate these 

emerging technologies and support their widespread 

implementation in sustainable dental practice. 

Furthermore, ongoing research is needed to evaluate the 

effectiveness, cost-efficiency, and long-term 

environmental benefits of emerging sterilization 

technologies. Through continued innovation, 

collaboration, and policy support, eco-friendly 

sterilization practices have the potential to become an 

integral component of modern dental care, helping to 

achieve both public health and environmental 

sustainability objectives.  

 

CONCLUSION  
Eco-friendly sterilization practices are 

becoming increasingly important in contemporary dental 

offices as the demand for environmentally sustainable 

healthcare continues to grow. While maintaining 

effective infection prevention and patient safety remains 

the foremost priority, integrating sustainable sterilization 

technologies and resource-efficient practices offers an 

opportunity to reduce the environmental footprint of 

dental care without compromising clinical outcomes 

[15]. Advances in energy-efficient sterilization systems, 

environmentally safer disinfectants, digital monitoring, 

and waste reduction strategies have demonstrated 

considerable potential to enhance both operational 

efficiency and environmental stewardship. Although 

challenges related to cost, infrastructure, and regulatory 

compliance remain, continued technological innovation, 

adherence to evidence-based guidelines, and 

collaboration among clinicians, researchers, 

manufacturers, and policymakers will be essential to 

facilitate wider adoption. Ultimately, embracing eco-

friendly sterilization practices represents a significant 

step toward achieving resilient, sustainable, and high-

quality dental healthcare in the United States, benefiting 

patients, dental professionals, and the environment alike. 

 

REFERENCES  
1. N. Sheth, Y. Rathod, P. Shenoi, D. Shori, R. Khode, 

and A. Khadse, “Evaluation of new technique of 

sterilization using biological indicator,” Journal of 

Conservative Dentistry, vol. 20, no. 5, pp. 346–350, 

2017.  

2. Laneve E, Raddato B, Dioguardi M, Di Gioia G, 

Troiano G, Lo Muzio L. Sterilization in dentistry: a 

review of the literature. International journal of 

dentistry. 2019;2019(1):6507286. 

3. C. M. Healy, H. P. O. Kearns, W. A. Coulter, M. 

Stevenson, and F. J. T. Burke, “Autoclave use in 

dental practice in the Republic of Ireland,” 

International Dental Journal, vol. 54, no. 4, pp. 182–

186, 2011.  

4. Smith A.J., Hurrell D., Bagg J., McHugh S., 

Mathewson H., Henry M. A method for surveying 

instrument decontamination procedures in general 

dental practice. Br. Dent. J. 2007;202(8): E20. 

5. Smith A., Creanor S., Hurrell D., Bagg J., McCowan 

M. Management of infection control in dental 

practice. J. Hosp. Infect. 2009;71(4):353–358. 

6. Haridi H.K., Al-Ammar A.S., Al-Mansour M.I. 

Compliance with infection control standard 

precautions guidelines: a survey among dental 

healthcare workers in Hail Region, Saudi Arabia. 

J. Infect. Prev. 2016;17(6):268–276. 

7. Yuzbasioglu E., Sarac D., Canbaz S., Sarac Y.S., 

Cengiz S. A survey of cross-infection control 

procedures: knowledge and attitudes of Turkish 

dentists. J. Appl. Oral Sci. 2009;17(6):565–569. 

8. Gammon J., Morgan-Samuel H., Gould D. A review 

of the evidence for suboptimal compliance of 

healthcare practitioners to standard/universal 

infection control precautions. J. Clin. Nurs. 

2008;17(2):157–167. 

9. Association of periOperative Registered Nurses 

Recommended practices for selection and use of 

packaging systems for sterilization. AORN J. 

2007;85(4):801–802. 

10. Patiño-Marín N, García LD, López EC, Medina-

Solís CE, Zumarán AM, Rider RM, Preciado RM, 

García PR, Orozco MF, Rider RM, Salas Sr M. 

Sterilization and disinfection: ensuring infection 



 
 

Swati Batheja et al, Saudi J Biomed Res, Jul, 2026; 11(7): 199-209 

© 2026 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                           209 
 

 

control in dental practices. Cureus. 2025 Feb 

15;17(2). 

11. Khanna SS, Dhaimade PA. Green dentistry: a 

systematic review of ecological dental practices. 

Environment, Development and Sustainability. 

2019 Dec;21(6):2599-618. 

12. Saxena G, Rathore K, Kumar V. Green Dentistry: A 

Sustainable Approach to Modern Dental Practice. 

Indian Journal of Dental Sciences. 2025 Jul 

1;17(3):139-44. 

13. Rutala WA, Weber DJ. Disinfection and 

sterilization in health care facilities: an overview and 

current issues. Infectious Disease Clinics. 2021 Sep 

1;35(3):575-607. 

14. Molinari JA, Gleason MJ, Merchant VA. Sixteen 

years of experience with sterilization monitoring. 

Compendium (Newtown, Pa.). 1994 Dec 

1;15(12):1422-4. 

15. Rutala WA, Weber DJ. Disinfection, sterilization, 

and antisepsis: An overview. American journal of 

infection control. 2016 May 2;44(5): e1-6. 

16. Goodman HS, Carpenter RD, Cox MR. Sterilization 

of dental instruments and devices: An update. 

American Journal of Infection Control. 1994 Apr 

1;22(2):90-4. 

17. Rutala WA, Weber DJ. Disinfection and 

sterilization: an overview. American journal of 

infection control. 2013 May 1;41(5): S2-5. 

18. Cui H, Cui X, Cui X, Zhang X, Tong Y. Occurrence 

and ecological risks of sterilizing agents in a 

municipal wastewater treatment plant: Insights from 

the ecologically sensitive area. Science of The Total 

Environment. 2025 Oct 10; 998:180281. 

19. Rutala WA, Weber DJ. Clinical effectiveness of 

low-temperature sterilization technologies. 

Infection Control & Hospital Epidemiology. 1998 

Oct;19(10):798-804. 

20. Laneve E, Raddato B, Dioguardi M, Di Gioia G, 

Troiano G, Lo Muzio L. Sterilisation in dentistry: a 

review of the literature. International journal of 

dentistry. 2019;2019(1):6507286. 

21. Rutala WA, Weber DJ. New disinfection and 

sterilization methods. Emerging infectious diseases. 

2001 Mar;7(2):348. 

22. Raju TB, Garapati S, Agrawal R, Reddy S, Razdan 

A, Kumar SK. Sterilizing Endodontic Files by four 

different sterilization methods to prevent cross-

infection-An In-vitro Study. Journal of international 

oral health: JIOH. 2013 Dec 26;5(6):108. 

23. Stine RM. Sterlization techniques for the dental 

office. Texas Dental Journal. 2004 Mar 

1;121(3):240-2. 

24. Hong J, Zhan S, Yu Z, Hong J, Qi C. Life-cycle 

environmental and economic assessment of medical 

waste treatment. Journal of Cleaner Production. 

2018 Feb 10; 174:65-73. 

25. Bharti B, Li H, Ren Z, Zhu R, Zhu Z. Recent 

advances in sterilization and disinfection 

technology: A review. Chemosphere. 2022 Dec 1; 

308:136404. 

26. Garvey M. Medical device-associated healthcare 

infections: sterilization and the potential of novel 

biological approaches to ensure patient safety. 

International journal of molecular sciences. 2023 

Dec 22;25(1):201. 

27. Tsolak S, Bud E, Bucur SM, Păcurar M, Man A, 

Manuc D. Efficacy of UVC Radiation in Reducing 

Bacterial Load on Dental Office Surfaces. Dentistry 

Journal. 2025 Dec 12;13(12):596. 

28. Nerandzic MM, Thota P, Sankar T, Jencson A, 

Cadnum JL, Ray AJ, Salata RA, Watkins RR, 

Donskey CJ. Evaluation of a pulsed xenon 

ultraviolet disinfection system for reduction of 

healthcare-associated pathogens in hospital rooms. 

infection control & hospital epidemiology. 2015 

Feb;36(2):192-7. 

29. Ezzati S, Ahangari H, Mohammadian M, 

Khoshkalampour A, Moghaddas Kia E, 

Ghasempour Z. Cold Plasma‐Mediated Inactivation 

of Spore‐Forming Microorganisms: Mechanisms, 

Quality Attributes, and Efficiency Parameters. Food 

Science & Nutrition. 2025 Jun;13(6): e70429. 

30. Bernhardt A, Wehrl M, Paul B, Hochmuth T, 

Schumacher M, Schütz K, Gelinsky M. Improved 

sterilization of sensitive biomaterials with 

supercritical carbon dioxide at low temperature. 

PloS one. 2015 Jun 12;10(6): e0129205. 

31. Bargh S, Silindir‐Gunay M, Ozer AY, Ekizoglu M, 

Kart D, Kutlu B, Nohutcu R. The effect of gamma 

and microwave radiation sterilization on 

periodontological grafts for microbiological 

evaluation. APMIS. 2021 Oct;129(10):587-97. 

32. Bebermeyer RD, Dickinson SK, Thomas LP. 

Guidelines for Infection Control in Dental Health 

Care Settings--a review. Texas dental journal. 2005 

Oct 1;122(10):1022-6. 

33. Güden E. Perspective on occupational health and 

safety of sterilization unit employees and unit safety. 

Journal of Occupational and Environmental 

Hygiene. 2025 Jul 3;22(7):531-40. 

34. Badanta B, Porcar Sierra A, Fernández ST, 

Rodríguez Muñoz FJ, Pérez-Jiménez JM, Gonzalez-

Cano-Caballero M, Ruiz-Adame M, de-Diego-

Cordero R. Advancing environmental sustainability 

in healthcare: review on perspectives from health 

institutions. Environments. 2025 Jan 3;12(1):9. 

 


