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ABSTRACT 

	Background: The significance of radiological protection in healthcare is unquestionable. Exposure to ionising radiation can cause biological damage to tissues and cells, potentially leading to serious illnesses. Therefore, radiation doses must be kept as low as reasonably achievable without compromising diagnostic or therapeutic quality.
Aims: Occupational exposure to ionising radiation poses a significant health risk to professionals working in diagnostic imaging. This study addresses the importance of using lead-protective Personal Protective Equipment (PPE), such as aprons, glasses, and thyroid shields, in preventing stochastic and deterministic effects, including cancer, cataracts, and tissue necrosis. To analyse how the proper use of lead PPE contributes to reducing radiation risks among healthcare professionals in radiological environments. Methodology: The research consisted of a qualitative literature review, with a careful selection of articles published between 2013 and 2023 from databases such as BVS, LILACS, MEDLINE, and SciELO. Only full-text articles in Portuguese and English were included, excluding editorials and duplicates. Results and Discussion: The reviewed studies show that the correct use of PPE can reduce the radiation dose received by up to 90%. However, many professionals still work without proper training or effective exposure monitoring. Additionally, the weight of lead aprons can cause discomfort and postural issues, which highlights the need for ergonomic considerations when choosing protective equipment. Conclusion: Radiological protection should be seen as both an ethical and institutional responsibility. Investments in continuous education, safety policies, regulatory oversight, and modern PPE are essential to preserving the health of radiology professionals. These efforts must align with the principles of justification, optimisation, and dose limitation to ensure a safer and more sustainable work environment.
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1. INTRODUCTION

Radiation protection is a fundamental area of medicine focused on minimising the risks associated with exposure to ionising radiation, such as X-rays and gamma rays. It plays a critical role in ensuring the safety of patients, healthcare professionals, and the general public who may be exposed to such radiation in clinical and hospital environments. The continuing increase in the worldwide use of X-ray imaging has implications for the radiation protection of medical staff. Much of the increased usage could be viewed as simply a workload issue with no particular new challenges. However, advances in technology and developments in techniques have seen an increase in the number of X-ray procedures in which medical personnel need to maintain close physical contact with the patient during radiation exposures. The complexity of many procedures means the potential for significant occupational exposure is high, and appropriate steps must be taken to ensure that actual occupational exposures are as low as reasonably achievable. Further attention to eye protection may be necessitated if a lowering of the dose limit for the lens of the eye is implemented in the near future (Le Heron et al., 2010; Li et al., 2024). Within this context, the present study addresses the concept and importance of radiological protection and how healthcare workers are exposed to occupational risks. The main goal of radiation protection is to prevent stochastic effects (e.g., cancer) and deterministic effects (e.g., skin burns) caused by ionising radiation exposure (Lima et al., 2022).

The significance of radiological protection in healthcare is unquestionable. Exposure to ionising radiation can cause biological damage to tissues and cells, potentially leading to serious illnesses. Therefore, radiation doses must be kept as low as reasonably achievable without compromising diagnostic or therapeutic quality. Radiological protection also aims to avoid unnecessary exposure, especially in diagnostic procedures such as X-rays, CT scans, mammography, and others that involve ionising radiation and are commonly used in medical practice (Prado, 2017).

Healthcare professionals such as doctors, radiologists, nurses, nursing technicians, and radiologic technologists are frequently exposed to occupational hazards due to the operation of radiological equipment and procedures. This exposure occurs mainly in radiology and nuclear medicine departments, involving both acute exposure in emergency situations and chronic exposure over the course of a career (Batista et al., 2019).

To reduce this risk, professionals must be properly trained in radiation protection and strictly follow established protocols. This includes the use of lead aprons, thyroid shields, protective glasses, and other barrier devices, in addition to maintaining a safe distance from the radiation source and minimising exposure time. Individual radiation dose monitoring is also essential to ensure exposure remains within regulatory limits (Ferreira et al., 2019).

X-ray fluoroscopy, used in interventional radiology, generates high levels of scattered radiation, resulting in prolonged exposure for professionals. Complex procedures such as coronary angiography, aortic or cerebral aneurysm evaluation, and endoscopic retrograde cholangiopancreatography (ERCP) require extended use of fluoroscopy, making lead PPE essential to significantly reduce scattered radiation and ensure expected protection (Kacaamy et al., 2015). The importance of fluoroscopy as an imaging modality has been minimised relative to other cross-sectional modalities, including high-resolution computed tomography (CT), magnetic resonance imaging (MRI) and ultrasound. Fluoroscopy examinations have decreased in clinical practice due to reduced appreciation of their usefulness, insufficient training of residents, fewer staff with adequate expertise, and poor reimbursements relative to other modalities (Shalom et al., 2020). 

Advancements in imaging technology have undoubtedly benefited early disease detection. However, procedures involving ionising radiation—such as radiography, CT, and fluoroscopy—present considerable occupational risks, especially when PPE is used improperly. Lead-based PPE is vital to minimising biological radiation effects and preserving worker health (Kim et al., 2023).

Several studies have shown that aprons with a 0.35 mm lead equivalent can reduce over 90% of scattered radiation during fluoroscopy. The ideal thickness varies depending on workload: 0.35 mm is sufficient for low-intensity tasks, while 0.5 mm is recommended for high-voltage procedures. Comparative studies show that lightweight composite aprons offer similar protection to traditional models, with added ergonomic comfort (Nakayama et al., 2021).

This study is guided by the question: How important is the use of lead PPE in reducing health risks for professionals working in diagnostic imaging? The question is justified by the growing daily exposure to radiation, often without adequate training or an effective safety culture, despite existing regulations (Kim et al., 2023).

Our hypothesis is based on evidence that prolonged exposure to X and gamma radiation can cause DNA breaks, leading to chromosomal translocations and an increased risk of leukaemias such as ALL and AML. Epidemiological data support this risk, showing higher leukaemia incidence among pre-1950 exposed workers (Kim et al., 2023).

In addition to protection, ergonomic factors are critical. Heavy aprons, especially 0.5 mm models, are linked to back pain and postural strain in 50–60% of regular users. Lighter, two-piece or envelope-style aprons reduce physical stress without compromising safety (Nakayama et al., 2021).

It is also essential to regularly inspect PPE—especially using radiographic imaging—to detect flaws and ensure effectiveness. Damaged aprons with 0.35 mm equivalence may absorb only ~78% of radiation, increasing exposure. Annual inspections are therefore recommended (Kim et al., 2023).

To mitigate occupational risks, three complementary areas must be addressed: continuous specialised training in radiation protection, access to appropriate PPE and periodic inspection, and strict institutional policies promoting a strong safety culture in diagnostic environments (Radiographic assessment, 2019).

Thus, this study aims to analyse how proper use of lead PPE contributes to the prevention of occupational radiation exposure, emphasising the need for safe practices, technical training, and healthy working conditions for imaging professionals (Radiographic assessment, 2019).

2. METHODOLOGY
This study adopted a qualitative literature review approach. Such research aims primarily to be descriptive-quantitative in presenting the attributes of a given phenomenon or establishing a relationship between two variables. The bibliographic review method enables both experimental and non-experimental research, combining empirical and theoretical data to help define concepts, identify knowledge gaps, review theories, and analyse methodologies used in previous studies on a given topic. This method requires resources, knowledge, and specific skills for its execution.
This stage involved establishing inclusion and exclusion criteria for study selection and conducting a thorough literature search. Articles were sourced from databases such as the Virtual Health Library (BVS), Latin American and Caribbean Health Sciences Literature (LILACS), Medical Literature Analysis and Retrieval System Online (MEDLINE), and Scientific Electronic Library Online (SciELO), using the descriptors: radiologic, and protection, and professional.
Inclusion criteria comprised all articles published between 2013 and 2023 in the aforementioned databases, available in full text, published in indexed journals, and written in Portuguese or English. Exclusion criteria included: articles not related to the topic, opinion pieces, literature reviews, reports, editorials, grey literature, duplicates, publications outside the set timeframe, and articles without full-text access.
The data search was broad and diverse. For data categorisation, Andrade’s (2013) two-phase method was employed. Phase 1 involved screening abstracts and conclusions to ensure alignment with inclusion criteria, using a selection form to track excluded studies and reasons. Phase 2 included full-text reading to verify content relevance. Only articles meeting the research objectives proceeded to analysis, where theoretical comparisons, result synthesis, and identification of similarities, differences, and knowledge gaps were conducted.

3.  RESULTS AND DISCUSSION 
3.1 Occupational Exposure to Ionising Radiation in Healthcare: Risks and Impacts
 Occupational exposure to ionising radiation is a frequent reality for healthcare professionals involved in diagnostic or therapeutic radiological procedures. Effects can be immediate—such as dermatitis, mucositis, and alopecia—or delayed, including cataracts, genetic mutations, and cancer due to DNA damage. The likelihood of cancer among these professionals is over 40% higher than in patients and the general population. Ionising radiation is thus one of the primary physical health risks, capable of causing chronic diseases and malignancies like leukaemia, and cancers of the skin, breast, thyroid, brain, and circulatory system (Bernier et al., 2018).
According to the BEIR VII report (2006), full-body radiation exposure in vascular and interventional radiology was analysed using combined relative and absolute risk models. Biological effects are divided into deterministic (above a threshold dose) and stochastic (which can occur at any dose, including genetic changes and cancer). The effective annual dose limit is 50 mSv, and the cumulative limit is 100 mSv over five years.
Fluoroscopy, widely used in trauma and orthopaedics, increases exposure for both patients and staff due to its high-energy radiation, which can break chemical bonds and damage cells. In nuclear medicine, handling radiopharmaceuticals like ¹⁸F-FDG further increases radiation absorption, especially through the hands, highlighting the need for strict use of PPE and safety protocols (Sain A et al., 2023).
Scattered radiation in surgical environments also poses a concern, particularly during C-arm fluoroscopy, with reports of cataracts and chromosomal changes among orthopaedic surgeons. Procedures such as RIRS and cardiac catheterisation carry risks of necrosis, inflammation, and thyroid cancer. Fluoroscopy is also linked to lens opacification, reinforcing the need for eye protection, especially for women, who face a 5.7% greater risk of thyroid cancer and leukaemia than men (Baudin et al., 2023).
3.2 Radiation Protection in Healthcare: Occupational Limits and Professional Training
 The International Commission on Radiological Protection (ICRP) recommends a 5 mSv dose limit per caregiving event. In Australia, 1 mSv is the limit for diagnostic exams and 5 mSv for therapeutic procedures. These limits are flexible in exceptional circumstances but aim to keep exposure as low as reasonably achievable. Responsibility for compliance must be shared among all involved (Barakat et al., 2023).
Barakat et al. also emphasised specific training for endoscopists, noting that education on fluoroscopy settings significantly reduced radiation exposure during ERCP. Yet, a study of 49 trauma/orthopaedic professionals revealed that only 59% were fully aware of radiation risks, and fewer than half used all PPE correctly. Only 40.8% had received formal training, and 39.6% knew of good radiological practice guidelines (Wattage K et al., 2023).
Since the 1920s, ICRP and the IAEA have established safety principles: justification, optimisation, and dose limitation. The 2017 IR(ME)R regulation mandates comprehensive knowledge and clearly defines roles: employers must ensure training; referrers provide clinical data; and practitioners assess risks. In PET/CT, high energy levels demand strict ALARP principles. However, poor dosimeter use in many countries masks true exposure levels (Yoder et al., 2018).
ICRP’s Seoul Declaration (2011) reduced eye lens dose limits to 100 mSv over 5 years, prompting Japan to revise its law in 2021. The former 150 mSv/year limit is now 20 mSv/year (max 50 mSv/year). Lead glasses have become essential, especially for high-exposure procedures like CPRE and interventional cardiology (Sarmento et al., 2018). Continuous monitoring remains vital (IAEA, 2018).
3.3 Shielding, Training, and Monitoring: Pillars of Radiological Protection
 In exams with ionising radiation, such as CT, fluoroscopy, radiography, or scintigraphy, shielding (e.g., lead aprons, barriers) and distance are critical for caregivers and companions (Kostidis et al., 2023). The International Radiation Protection Association (IRPA) stresses that education is the most effective safety measure.
Shielding materials like lead, tungsten, or bismuth remain essential. Dosimetric monitoring helps refine protocols and identify long-term cancer risks (Seidenbusch et al., 2019). Despite this, some areas like endoscopy still lack specific radiation safety training (Sethi et al., 2019).
ICRP recommends starting radiation protection education in medical school, with updates every 36 months, particularly for interventional radiologists and cardiologists. However, audits show fewer than 50% use PPE properly, and 84% never use eye protection (Sain et al., 2023).
In the U.S., radiation safety training is mandatory for surgical teams, but knowledge retention is limited, highlighting the need for ongoing training and high-quality PPE (Ahemed et al., 2017). The NCRP’s “Million Person Study” investigates the effects of prolonged low-dose radiation on workers (NCRP, 2018b).
Intra-renal surgery (RIRS) requires full-body lead aprons for up to 85 annual procedures, but lacks guidelines for patient positioning phases, which also present exposure risks (Kotre CJ, 2022). ALARA remains a foundational principle, supported by technological optimisation and standardised techniques. In nuclear medicine, leaded glass and barriers, plus well-placed dosimeters, enhance safety (Wrzesień & Olszewski, 2018).
ICRP fluoroscopy guidelines have been incorporated into European standards, and the Society for Cardiovascular Interventions underscores the importance of understanding radiation physics and equipment. Effective training must assess current practices and professionals’ readiness to adopt safe habits (Rodrigues et al., 2024).
Concerns over eye protection prompted ICRP to lower the annual lens dose limit from 150 mSv to 20 mSv. Glasses with extended lenses and lower rims reduce lens radiation by up to 80%, and their use is strongly recommended. Nonetheless, lens type affects protection, and clinical benefits are still under study, increasing demand for improved eyewear and a stronger safety culture in radiology units (Sakamoto N et al., 2024).
4. [bookmark: _heading=h.boxv0dbx7jzw]CONCLUSIONS
Radiological protection is an essential pillar in ensuring the occupational safety of healthcare professionals exposed to ionising radiation. Throughout this study, it became evident that, while radiological technology plays a vital role in medical diagnosis and treatment, its improper or excessive use can pose serious health risks to workers, including stochastic effects such as cancer and deterministic effects like cataracts and tissue necrosis.
The literature review helped to reveal the complexity of the current landscape, where the growing use of techniques such as fluoroscopy—combined with a lack of specific training and underuse of personal protective equipment (PPE)—continues to expose professionals to alarming levels of radiation. Despite international recommendations from organisations like the ICRP and IAEA, many professionals still operate without adequate exposure monitoring or access to effective PPE, especially in high-complexity environments such as surgical suites and catheterisation labs.
Therefore, the effective implementation of continuous training programs, the strengthening of a safety culture within institutions, and investment in protection and monitoring technologies are imperative. The adoption of the principles of justification, optimisation, and dose limitation must guide all radiological practices, always aligned with the ALARA principle. Only through an integrated approach—encompassing education, oversight, infrastructure, and clear public policies—can the safety of healthcare workers be ensured and the effects of occupational radiation exposure mitigated.
Furthermore, healthcare institutions must take a more proactive role in promoting safe work environments by establishing standardised radioprotection protocols. Creating internal safety committees and conducting regular audits can significantly help identify and correct systemic flaws. These actions, supported by strong leadership, promote professional appreciation and attention to occupational health.
Integration between hospital management, clinical engineering, and care teams is also crucial to effectively apply radioprotection standards. The acquisition of modern equipment that emits reduced radiation doses without compromising diagnostic quality should be a priority for institutions seeking excellence and safety. This promotes a more conscious and sustainable practice, focused on long-term harm prevention.
[bookmark: _heading=h.z4whscwfrnoh]In conclusion, radiological protection must not be viewed merely as regulatory compliance but as an ethical commitment to the health and well-being of professionals working in radiation-exposed environments. Strengthening public policies, combined with encouragement for research and technological innovation, is the most promising path toward reducing occupational risks. With a responsible and collaborative stance, it is possible to build a safer future for everyone involved in radiological practices.
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