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Abstract: 
Operating room technicians (ORTs) face significant infectious hazards due to their exposure to 
pathogens, sterilization chemicals, and other high-risk factors in surgical environments. 
Inadequate protective measures exacerbate the risks of infections, chronic illnesses, and 
psychological stress, impacting both individual well-being and healthcare system efficiency. 
This review explores the hidden crisis of ORTs' occupational hazards, evaluates current 
protective measures, and highlights systemic challenges. By implementing advanced personal 
protective equipment (PPE), rigorous training, and integrating innovative technologies such as 
nanotechnology-based fabrics and AI-driven risk models, healthcare systems can enhance safety 
and resilience for ORTs, ultimately improving patient outcomes. 
Keywords: Operating Room Technicians, Occupational Hazards, Infectious Risks, Personal 
Protective Equipment (PPE), Healthcare Safety, Nanotechnology in PPE, AI Risk Models, Training 
Programs, Surgical Safety, Workforce Resilience 

Aim of Work: 

To investigate the occupational hazards faced by operating room technicians due to inadequate 

protective measures, assess their impact on individual and systemic healthcare outcomes, and 

propose innovative solutions to enhance workplace safety and operational efficiency. 

Introduction: 

Operating room technicians (ORTs) play a crucial role in healthcare by ensuring the smooth 

operation of surgical procedures and maintaining a sterile environment. Their responsibilities 

expose them to various infectious hazards, making their role both pivotal and risky. ORTs are 

constantly at risk of exposure to infectious agents, which can lead to significant health issues if not 

properly managed. This necessitates a comprehensive understanding of the risks and the 

implementation of effective preventive measures.  

Exposure to Infectious Hazards: ORTs are frequently exposed to infectious agents, including 

blood-borne pathogens such as hepatitis B, hepatitis C, and HIV, primarily through needlestick 

injuries and contact with contaminated materials (Berg-Dijkmeijer et al., 2011) (Romero‐Saldaña, 

2024). The World Health Organization estimates that approximately two million healthcare 

workers experience sharps injuries annually, highlighting the significant risk of exposure in 

surgical settings (Romero‐Saldaña, 2024).  
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Health Risks and Preventive Strategies: The health risks for ORTs include allergic skin 

disorders, musculoskeletal complaints, and infectious diseases due to their exposure to infectious 

agents, noise, anesthetic gases, and radiation (Berg-Dijkmeijer et al., 2011). Implementing 

effective preventive strategies, such as comprehensive training in infection prevention and control, 

is crucial. Inter-professional peer-teaching modules have shown promise in enhancing infection 

prevention behaviors among ORTs and medical students (Breckwoldt et al., 2019).  

Importance of Education and Safety Measures: Continuous education on occupational risks 

and safety measures is vital for ORTs to mitigate health risks. Simulation-based and team-oriented 

training can improve understanding and collaboration among healthcare professionals 

(Breckwoldt et al., 2019). Ensuring a safe working environment through adherence to occupational 

health and safety regulations is essential for protecting ORTs and enhancing the quality of 

healthcare services ("Occupational Health and Safety in Operating Rooms", 2022) (Gül, 2021). 

Inadequate protective measures in high-risk environments remain a critical issue, despite 

advancements in safety technologies and frameworks. High-risk industries such as manufacturing, 

construction, and oil and gas face inherent dangers that necessitate robust safety protocols. 

However, challenges such as complex operations, human factors, and technological barriers often 

hinder the effective implementation of these measures. Addressing these challenges requires a 

strategic approach that integrates personal and process safety, technology, and a strong safety 

culture. The following sections explore key aspects of this issue.  

Comprehensive Safety Frameworks: High-risk industries need comprehensive safety 

frameworks that address both personal and process safety. Personal safety involves the use of 

personal protective equipment (PPE), behavior-based safety programs, and training, while process 

safety focuses on managing operational risks like equipment malfunctions and hazardous materials 

(Akano et al., 2024). Strategic solutions such as risk assessment, technology integration, 

continuous improvement, and stakeholder collaboration are essential for developing customized 

safety frameworks that protect the workforce and enhance operational efficiency (Akano et al., 

2024).  

Role of Technology: Smart PPE solutions, incorporating sensor networks and wearable 

technologies, offer real-time monitoring of workers and their environments. These technologies 

can detect external impacts, gases, and temperature changes, providing immediate 

recommendations to prevent accidents (Sanchez et al., 2020). The Operator Area Network (OAN) 

system uses machine learning to monitor PPE usage, ensuring proper usage and reducing false 

positives by about 80 % (Pisu et al., 2023). 

➢ Hazards in the Operating Room: 

Biological risks: pathogens, bloodborne diseases, and respiratory infections in the Operating 

Room: Biological risks in the operating room (OR) are significant due to the constant exposure of 

healthcare workers to pathogens, bloodborne diseases, and respiratory infections. These risks arise 

from various sources, including needlestick injuries, exposure to contaminated materials, and 

airborne pathogens. Effective prevention and monitoring strategies are crucial to mitigate these 

risks and ensure the safety of healthcare workers.  

Bloodborne Pathogens: Healthcare workers in the OR are at high risk of exposure to bloodborne 

pathogens such as hepatitis B (HBV), hepatitis C (HCV), and HIV, primarily through needlestick 

injuries and contact with contaminated materials (Romero‐Saldaña, 2024) (Scapaticci et al., 2020). 

The World Health Organization estimates that approximately two million healthcare workers 

experience sharps injuries annually, highlighting the need for preventive strategies (Romero‐

Saldaña, 2024). Adoption of needlestick-prevention devices and clear protocols for reporting and 

managing exposure incidents are essential measures (Triassi & Pennino, 2018).  
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Respiratory Infections: Operating rooms are environments where respiratory infections can 

spread due to the presence of airborne pathogens. Effective ventilation systems and monitoring of 

air quality are critical to reducing these risks (Olmos & Delgado, 2023) (A & G, 2021). The use of 

operating room monitoring systems (ORMS) can help in tracking and mitigating infection risks by 

analyzing data such as airflow and climate conditions (A & G, 2021).  

Preventive Strategies: Implementation of disinfection protocols and control strategies to monitor, 

contain, and eliminate sources of contamination is vital (Olmos & Delgado, 2023). Educational 

programs and easy-to-follow protocols for healthcare workers can enhance awareness and 

preparedness in handling biological risks (Scapaticci et al., 2020). 

Chemical risks: exposure to sterilization chemicals, anesthetic gases, and disinfectants & 

Physical risks: sharps injuries, radiation, and ergonomic stressors in the Operating Room: 

Operating room personnel face significant chemical and physical risks due to their work 

environment. Chemical risks include exposure to sterilization chemicals, anesthetic gases, and 

disinfectants, while physical risks involve sharps injuries, radiation, and ergonomic stressors. 

These hazards can lead to various health issues, necessitating effective safety measures and 

awareness among healthcare workers.  

Chemical Risks: Anesthetic Gases: Personnel are exposed to volatile anesthetic agents like 

halothane, enflurane, and isoflurane, which, although minimally threatening to the environment, 

can pose health risks if not properly managed. Nitrous oxide, in particular, has been noted for its 

potential environmental impact as a greenhouse gas (Kole, 1990). Sterilization Chemicals: 

Chemicals such as ethylene oxide and formaldehyde used for sterilization are potential 

reproductive and carcinogenic hazards, capable of causing genetic damage and other serious health 

effects (Babich, 1985). Disinfectants: Regular exposure to disinfectants can lead to allergic skin 

reactions and other health issues among operating room staff (Berg-Dijkmeijer et al., 2011). 

Physical Risks: Sharps Injuries: The use of needles and other sharp instruments poses a risk of 

injury and potential infection, necessitating the use of safer instruments and double-gloving as 

preventive measures (Darius et al., 2016). Radiation: Exposure to radiation is a significant concern, 

with protective clothing and equipment being essential to minimize risks (Darius et al., 2016). 

Ergonomic Stressors: The physical demands of surgery, including awkward positions and 

repetitive motions, contribute to musculoskeletal complaints among operating room 

personnel(Berg-Dijkmeijer et al., 2011) (Darius et al., 2016). 

➢ Current Protective Measures: 

Analysis of existing Protective Measures in the Operating Room standards and their 

limitations: Protective measures in the operating room (OR) are crucial for preventing infections 

and ensuring patient safety. These measures encompass a range of practices, from infection 

prevention and control (IPC) to the use of checklists and proper patient positioning. However, 

despite their importance, these measures face several limitations that can hinder their effectiveness. 

The following sections provide an analysis of existing protective measures and their limitations. 

Infection Prevention and Control (IPC): IPC practices are essential to reduce postoperative 

infections. They include optimal skin preparation, waste management, linen management, and 

prevention of sharps injuries (Aziz, 2014). Limitations include the non-sterile nature of OR 

environments, which have both sterile and non-sterile areas and personnel, increasing the risk of 

cross-contamination ("Evidence-based guideline on infection prevention and control in the 

operation theatres for anesthetists in a resource-limited setting: systematic review/ meta-analysis", 

2023).  

Surgical Technique and Discipline: Effective infection control requires adherence to surgical 

techniques and aseptic principles, supported by education and communication among OR 
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personnel (Laufman, 1978). Challenges include maintaining discipline and consistent adherence 

to protocols, which can be compromised by human error and lack of training (Laufman, 1978). 

Use of Checklists: Checklists are vital for ensuring surgical safety, but their implementation is 

often hindered by a lack of training and human resources, leading to incomplete adherence (Rocha 

et al., 2020). The absence of a culture of registration and notification further complicates the 

effective use of checklists (Rocha et al., 2020). 

Institutional challenges in maintaining consistent safety compliance in the Operating Room: 

Maintaining consistent safety compliance in the operating room (OR) is fraught with institutional 

challenges, primarily due to the complexity of the OR environment and the multifaceted nature of 

safety protocols. The integration of human factors, reliability theories, and structured 

communication are essential to address these challenges effectively. However, the implementation 

and consistent adherence to safety measures such as surgical safety checklists and team training 

paradigms often encounter significant obstacles. These challenges can be categorized into several 

key areas.  

Human Factors and Team Dynamics: Psychological safety is crucial for team members to feel 

confident in speaking up about potential safety issues, yet fostering such an environment can be 

challenging due to hierarchical structures in the OR("Safety in the operating theatre", 2022). Non-

technical skills, including teamwork, communication, and situation awareness, are vital for safe 

care delivery but require ongoing training and reinforcement ("Safety in the operating theatre", 

2022).  

Compliance with Safety Protocols: Despite high participation rates in using surgical safety 

checklists, accuracy in their completion remains a significant issue, indicating a gap between 

checklist usage and effective compliance (Sparks et al., 2013). Factors such as procedure start 

time, operative time, and case complexity can affect compliance, suggesting that operational 

pressures may compromise safety practices (Sparks et al., 2013).  

Cultural and Systemic Barriers: Cultural change within the OR is a slow process, often hindered 

by staff turnover and the tendency to revert to old practices without continuous reinforcement 

(Hurlbert, 2014). The success of safety initiatives often depends on committed champions within 

the OR who can drive and sustain cultural change (Hurlbert, 2014).  

Specific Safety Concerns: Intraoperative errors, such as wrong-sided surgery, highlight the need 

for specific interventions like neuromonitoring and structured communication to prevent such 

occurrences (Rolston et al., 2018). Addressing specific issues like medication errors and 

postoperative complications requires targeted strategies and adherence to established safety 

standards (Eichhorn, 2013). 

➢ Consequences of Inadequate Protection: 

Immediate and long-term health impacts of Inadequate Protection on Operating Room 

technicians, including infections, chronic illnesses, and psychological stress: Inadequate 

protection for operating room technicians can lead to both immediate and long-term health 

impacts, including infections, chronic illnesses, and psychological stress. These impacts are 

exacerbated by insufficient training, lack of protective equipment, and high-stress environments. 

Immediate health risks include exposure to infectious agents and toxic substances, while long-term 

effects may manifest as chronic diseases and psychological issues. The following sections detail 

these impacts.  

Immediate Health Impacts: Infections: Operating room technicians are at risk of surgical site 

infections (SSIs) due to non-compliance with infection control guidelines. Observations show low 

adherence to protective measures, such as proper mask usage and gowning, increasing infection 

risks (Giudice et al., 2019). Exposure to Toxic Substances: Technicians are exposed to anesthetic 

gases like isoflurane and sevoflurane, which, although within permissible limits, pose health risks 
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with prolonged exposure. These gases can lead to non-carcinogenic effects and require stringent 

ventilation and monitoring measures (kiani et al., 2023).  

Long-term Health Impacts: Chronic Illnesses: Chronic exposure to anesthetic gases has been 

linked to serious health issues, including reproductive problems and potential carcinogenic effects. 

Regular monitoring and improved ventilation systems are recommended to mitigate these risks 

(kiani et al., 2023). Psychological Stress: Operating room environments contribute to 

psychological stress, with mid to senior-level nurses experiencing higher depression scores, while 

junior nurses report higher anxiety levels. Factors such as long working hours and inadequate 

occupational benefits exacerbate these psychological issues (Ragauskas & Zhang, 2024). 

Psychological Stress and Occupational Hazards: Stress and Conflict Management: The high-

stress environment of operating rooms, combined with management inefficiencies, increases 

psychological hazards. Implementing stress management strategies and conflict resolution training 

is crucial for improving mental health outcomes ("Threats to operating room personnel’s 

occupational safety and health: a qualitative study", 2022). 

Implications and impacts of Inadequate Protection for healthcare systems, such as 

absenteeism, workforce shortages, and increased costs: Inadequate protection in healthcare 

systems, manifesting as absenteeism, workforce shortages, and increased costs, has profound 

implications on healthcare delivery and outcomes. These issues are exacerbated by factors such as 

burnout, inadequate staffing, and systemic inefficiencies, leading to compromised patient care and 

increased financial burdens. The following sections explore these impacts in detail.  

Workforce Shortages: The shortage of healthcare workers, particularly in medicine and nursing, 

is a persistent issue, worsened by the COVID-19 pandemic. Projections indicate a significant 

shortfall, with an expected shortage of 400,000 doctors and 2.5 million nurses across OECD 

countries by 2030 (Galanis, 2023). High levels of burnout and mental health issues among 

healthcare workers contribute to workforce attrition, with a notable percentage of nurses and 

doctors planning to leave their jobs during the pandemic (Galanis, 2023).  

Absenteeism: Absenteeism among healthcare workers is prevalent, particularly in low-income 

countries, affecting patient care-seeking behavior and increasing reliance on informal healthcare 

sectors (Zhang et al., 2021). In Uganda, health worker absenteeism led to reduced public sector 

utilization and increased out-of-pocket expenses for patients, highlighting the financial and care 

quality impacts (Zhang et al., 2021). In Western Kenya, the absence of healthcare providers 

significantly affected maternal and child health outcomes, demonstrating the critical role of 

healthcare worker presence in effective service delivery (Goldstein et al., 2010).  

Increased Costs and Missed Care: Inadequate staffing results in missed care opportunities, 

potential failures to rescue patients, and increased job stress and dissatisfaction among remaining 

staff (Simpson et al., 2016). The financial burden on healthcare systems and patients increases due 

to the need for alternative care options and the inefficiencies caused by absenteeism and workforce 

shortages (Zhang et al., 2021) (Simpson et al., 2016). 

➢ Role of Operating Room Technicians in Facing Infectious Hazards 

Operating room technicians (ORTs) play a crucial role in mitigating infectious hazards within the 

operating room (OR) environment. Their responsibilities encompass a range of infection 

prevention and control (IPC) practices that are vital for safeguarding both patients and healthcare 

personnel from infectious agents. ORTs are integral in implementing IPC measures, educating 

peers, and utilizing protective equipment to minimize infection risks. The following sections detail 

their roles and responsibilities in facing infectious hazards.  

Infection Prevention and Control Practices: ORTs are responsible for adhering to IPC protocols, 

which include optimal skin preparation, waste management, linen management, and preventing 
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sharps injuries. These practices are essential to reduce the risk of postoperative infections in 

patients and protect staff from exposure to infectious agents (Aziz, 2014). They must be vigilant 

in minimizing occupational risks associated with blood-borne viruses such as HIV and Hepatitis 

B and C, which are prevalent in the OR setting (Colbert & Sheehan, 1995).  

Education and Training: ORTs are involved in inter-professional peer teaching, where they 

educate medical students on infection prevention strategies. This training is conducted in simulated 

OR settings and covers critical areas such as surgical hand disinfection and preparing a surgical 

field. Such educational initiatives foster mutual understanding and improve professional 

collaboration, ultimately enhancing patient safety (Breckwoldt et al., 2019).  

Use of Personal Protective Equipment (PPE): During the COVID-19 pandemic, ORTs have 

been pivotal in employing PPE, including the use of the Aerosol Box, to protect against SARS-

CoV-2 during aerosol-generating medical procedures. This equipment is crucial in reducing the 

risk of airborne and droplet transmission in the OR (Bianco et al., 2020). 

➢ Case Studies  

The hidden crisis of operating room technicians facing infectious hazards with inadequate 

protection is a significant concern across various countries. This issue is exacerbated by 

insufficient training, lack of protective measures, and high workloads, leading to increased health 

risks for healthcare workers. The following case studies from different countries illustrate these 

challenges and the measures being taken to address them. 

Pakistan: A study conducted at Mardan Medical Complex highlighted that while surgeons had the 

highest awareness of occupational hazards, technicians and nurses were less informed. The study 

emphasized the need for routine training and reinforcement of safety practices to minimize 

exposure to hazards (Amin et al., 2023). 

Iran: In Iran, a case study during the COVID-19 pandemic demonstrated the potential for virus 

transmission in operating rooms. The use of antibacterial and antiviral filters in the oxygenator 

exhaust of cardiopulmonary bypass machines was shown to prevent the spread of the virus, 

suggesting a practical method to enhance safety for operating room staff (Hekmat et al., 2022). 

Italy: An observational study in a southern Italian hospital revealed low adherence to international 

guidelines for preventing surgical site infections. The study found that while most staff wore masks 

and scrubs, compliance with other protective measures was lacking, indicating a need for improved 

training and awareness (Giudice et al., 2019). 

General Perspective: The global challenge of protecting operating room technicians from 

infectious hazards is compounded by varying levels of compliance with safety protocols and the 

availability of protective equipment. 

➢ Proposed Solutions: 

Development of advanced, more effective PPE tailored for operating room technicians: The 

development of advanced, more effective personal protective equipment (PPE) tailored for 

operating room technicians is crucial for enhancing safety and efficiency in surgical environments. 

Current PPE options often present challenges such as discomfort, self-contamination risks, and 

communication barriers. Addressing these issues requires innovative approaches that incorporate 

user feedback, advanced materials, and ergonomic designs. The following sections explore key 

aspects of developing improved PPE for operating room technicians.  

User Experience and Feedback: A study involving Korean healthcare personnel highlighted the 

need for PPE that is easy to don and doff, well-ventilated, and available in various sizes to enhance 

user comfort and safety (Kang & Kim, 2024). Common issues include mask dampness, pressure 

pain from N95 masks, and visibility problems with goggles, which can lead to self-contamination 

during adjustments (Kang & Kim, 2024).  
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Material Innovations: Advanced fabrics, such as those developed for slash resistance, offer 

potential for PPE in surgical settings. These fabrics use composite yarns and knitting technology 

to provide flexibility, comfort, and protection (Govarthanam, 2012). The use of bacteriostatically-

treated polyester/cotton fabrics in operating room garments can enhance protection against 

bacterial transmission while maintaining breathability (Schwarze et al., 1986).  

Customization and Fit: Custom mask frames designed using 3D facial scans can improve the 

airtight seal of surgical masks, reducing air leakage and enhancing protection against airborne 

pathogens (Park & Mehrubeoglu, 2022). Tailoring PPE to individual anatomical features can 

significantly improve comfort and effectiveness, particularly in high-risk environments like 

operating rooms (Park & Mehrubeoglu, 2022).  

Communication Considerations: Layered facial PPE can attenuate speech, impacting 

communication among surgical teams. Understanding these effects can guide the selection of PPE 

that balances protection with effective communication (Krishnan et al., 2022). 

Implementation of rigorous training and continuous education programs for operating room 

technicians: Implementing rigorous training and continuous education programs for operating 

room technicians is crucial for enhancing their skills, ensuring patient safety, and improving 

surgical outcomes. Such programs should incorporate a variety of educational methods and focus 

on both cognitive and procedural skill development. The integration of simulation-based 

education, team-based approaches, and continuous learning opportunities can significantly 

contribute to the effectiveness of these programs.  

Importance of Rigorous Training: Training programs are essential for promoting a culture of 

safety in surgical environments. They should include mandatory and recommended trainings, such 

as those for managing malignant hyperthermia and fire safety, to ensure comprehensive 

preparedness (Chiu & Kinjo, 2020). The shortage of trained technicians, particularly in developing 

countries, highlights the need for robust training programs to support economic and social 

progress. Developing indigenous personnel as competent technicians is imperative for sustainable 

development (MacLennan, 1975).  

Simulation-Based Education: Simulation-based education has been shown to enhance learning 

and performance in clinical settings. It offers diverse tools, such as physical simulators, virtual 

learning systems, and computer-controlled mannequins, which can be tailored to the needs of 

operating room technicians (Vahednasiri, 2024). These simulation tools allow for the practice of 

surgical procedures in a controlled environment, improving the ability of technicians to anticipate 

and meet the needs of patients and surgeons during operations (Price et al., 2001).  

Continuous Education and Skill Development: Continuous education programs, such as those 

using brochures and videos, have proven effective in increasing knowledge about specific topics 

like surgical site infection management. However, to improve perception and adherence, ongoing 

and substantive educational efforts are necessary (Heo et al., 2021). The "A POSitive CARE" 

approach emphasizes the importance of predicting and addressing the needs of patients and 

surgeons, which can be integrated into daily practice for maximum efficiency (Price et al., 2001). 

➢ Future Advancements: 

Integration of wearable health technologies to minimize human exposure to high-risk tasks 

in operating room: Wearable health technologies are increasingly being integrated into operating 

rooms to minimize human exposure to high-risk tasks. These technologies offer real-time 

monitoring and data collection, enhancing safety and efficiency. However, their implementation 

faces challenges such as technological limitations and privacy concerns. The integration of 

wearable technologies in operating rooms can be categorized into several key areas.  
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Enhancing Intraoperative Safety and Efficiency: Wearable devices like Google Glass and head-

mounted displays have been used to improve intraoperative safety by providing hands-free access 

to critical information, thus reducing the risk of errors (Kolodzey et al., 2017). These devices can 

enhance communication and coordination among surgical teams, leading to more efficient 

operations (Kolodzey et al., 2017).  

Real-Time Monitoring and Risk Assessment: Wearable systems can monitor vital signs such as 

heart rate and body temperature, providing real-time health assessments of operators. This allows 

for early detection of potential health issues that could compromise safety (Xie & Chang, 2019). 

In environments with hazardous conditions, wearable devices can detect harmful gases and provide 

early warnings, thus preventing accidents (Huang, 2012).  

Emergency Response and Safety Assurance: Wearable technologies integrated with safety 

helmets and digital watches can provide timely warnings of unsafe behaviors and assist in 

emergency rescues, enhancing overall safety in high-risk environments (Yu-son, 2015). These 

systems can track the working conditions of operators and provide feedback, ensuring that safety 

protocols are followed (Yu-son, 2015).  

Challenges and Considerations: Despite the potential benefits, the implementation of wearable 

technologies in operating rooms is hindered by technological limitations and privacy concerns. 

High-quality clinical trials are needed to fully understand their impact (Kolodzey et al., 2017). The 

development of healthcare-specific applications and privacy-protecting safeguards is essential for 

the seamless integration of these technologies (Kolodzey et al., 2017). 

AI-driven predictive models for assessing and mitigating infection risks: AI-driven predictive 

models are increasingly being utilized to assess and mitigate infection risks, leveraging advanced 

algorithms to enhance early detection and intervention strategies. These models integrate diverse 

data sources, including clinical, genomic, and environmental data, to predict the onset and spread 

of infectious diseases. The integration of AI in this domain promises significant improvements in 

accuracy and timeliness, enabling proactive healthcare measures. Below are key aspects of AI-

driven predictive models for infection risk assessment and mitigation.  

AI Techniques and Algorithms: AI models employ various machine learning algorithms such as 

Random Forest, Gradient Boosting Machines, and Deep Learning approaches to enhance 

predictive accuracy and reliability (Thakur et al., 2024). Techniques like Long/Short Term Memory 

(LSTM), Extreme Learning Machine (ELM), and Generative Adversarial Networks (GANs) are 

used to process structured and unstructured data, facilitating faster detection and treatment of 

infections like COVID-19 (Gour & Khang, 2024).  

Data Integration and Analysis: AI models require the integration of vast amounts of data from 

heterogeneous sources, including Electronic Health Records (EHR), to perform quantitative risk 

assessments (Lapitan, 2024) (Mohapatra et al., 2024). The use of EHR data in machine learning 

models, such as Support Vector Machines (SVM), has shown promising results in predicting 

hospital-acquired infections (HAIs) with high accuracy and precision (Mohapatra et al., 2024). 

Real-Time Risk Assessment: Autonomous biosurveillance systems powered by AI can provide 

near real-time, evidence-based policymaking and operational decision support, crucial for 

preventing the transnational spread of infectious diseases (Lapitan, 2024). AI models can simulate 

scenarios and predict potential future risks in real-time, enhancing the ability to identify and 

mitigate high-risk behaviors (Sindiramutty et al., 2024). 

Innovations in PPE materials, such as nanotechnology-based fabrics for enhanced protection 

and comfort: Innovations in personal protective equipment (PPE) materials have been 

significantly advanced by the integration of nanotechnology, enhancing both protection and 

comfort. Nanotechnology-based fabrics have introduced novel functionalities such as 

antimicrobial properties, improved mechanical strength, and enhanced comfort, making them 
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highly suitable for various applications, including healthcare, sports, and high-temperature 

environments. These advancements are crucial in addressing the challenges posed by infectious 

diseases and harsh environmental conditions. Below are key innovations in PPE materials utilizing 

nanotechnology.  

Enhanced Protection: Antimicrobial Properties: Polyethylene fibers coated with ZnO-Ag 

nanoparticles exhibit an antibacterial rate exceeding 99.9%, crucial for preventing microbial 

contamination and secondary pathogen transmission in medical settings (Zhai et al., 2024). Impact 

Resistance: Smart non-woven textiles developed through coaxial electrospinning can attenuate 

over 60% of impact force, providing significant protection in sportswear and other high-impact 

scenarios (Wu et al., 2024).  

Comfort and Wearability: Moisture Management: Nomex nanofibrous membranes with PTFE 

networks offer excellent water repellency and moisture permeability, maintaining comfort in high-

temperature environments (Yu et al., 2024). Temperature Regulation: Smart textiles with radiative 

cooling effects can reduce skin temperature by approximately 17°C, enhancing comfort during 

outdoor activities (Wu et al., 2024).  

Multifunctionality and Durability: Sensor Integration: Nanotechnology enables the integration 

of sensors for health monitoring and environmental sensing, expanding the functionality of PPE 

beyond traditional uses (Idumah et al., 2024) (Sowbhagyam, 2024). Durability: Innovations such 

as antibacterial PE fibers demonstrate high tensile strength and wear resistance, ensuring long-

lasting performance even after multiple washing cycles (Zhai et al., 2024).  

Conclusion: 

The hidden crisis of infectious hazards faced by operating room technicians highlights the urgent 

need for systemic reforms in protective measures and training. Existing PPE and safety protocols 

often fall short, leaving ORTs vulnerable to significant health risks. Advanced PPE designs 

leveraging nanotechnology, AI-driven predictive models for infection control, and continuous 

education programs are critical to addressing these gaps. Collaborative efforts among healthcare 

institutions, policymakers, and technology developers are essential to ensure safer and more 

sustainable surgical environments. Strengthening protections for ORTs not only safeguards their 

health but also enhances patient care and operational resilience. 
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