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ABSTRACT  

The indispensable role of ionizing radiation in contemporary healthcare, spanning diagnostic 

imaging and therapeutic interventions, is counterbalanced by the inherent occupational risks it 

poses to healthcare professionals, particularly radiographers. These frontline practitioners, 

routinely engaged in procedures involving radiation sources, face cumulative exposure that 

can lead to significant long-term health sequelae, including an elevated risk of cataracts, 

radiation-induced dermatitis, and various forms of cancer. The accelerating pace of 

technological advancement in medical imaging, while enhancing diagnostic precision, often 

necessitates more complex protocols and prolonged patient management, potentially 

increasing radiation exposure durations if stringent protective measures are not meticulously 

applied. This situation underscores a critical research gap concerning the actual effectiveness 

of radiation protection tools and practices in specific, often resource-constrained, regional 

healthcare settings, which may differ substantially from findings in better-equipped urban 

institutions. The absence of localized, empirical data impedes the development of targeted 

interventions and the optimization of safety protocols essential for safeguarding the well-

being of radiographers. This study, therefore, aims to comprehensively and quantitatively 

evaluate the effectiveness of radiation protection equipment and established practices among 

radiographers at Tapanuli Utara District Hospital, by precisely quantifying occupational 

external radiation doses and meticulously assessing adherence to radiation safety protocols, 

guided by the ALARA principle and fundamental radiation physics. A central hypothesis 

posits that a discernible disparity may exist between the intended efficacy of protective 

measures and their real-world implementation, leading to suboptimal dose management. A 

cross-sectional descriptive study design was employed, involving all twenty-five (n=25) 

radiographers at the hospital, who were purposively sampled. Occupational doses were 

measured using thermoluminescent dosimeters (TLDs) worn for six months, while adherence 

to protocols was systematically documented via a validated observational checklist assessing 

personal protective equipment (PPE) usage, collimation, and shielding. Statistical analyses 

included descriptive statistics, t-tests, ANOVA, Pearson correlation, and multiple linear 

regression. The findings revealed an average cumulative occupational radiation dose of 3.2 ± 

1.5 mSv, with significant inter-individual variability and some exceeding 5 mSv. 

Observational data indicated a 72.5% compliance rate for PPE, with a statistically significant 

negative correlation (r = -0.68, p < 0.001) between PPE usage and lower doses. Proper 

collimation showed the strongest negative correlation (r = -0.75, p < 0.001). However, 

underutilization of gonadal shielding (35%) and leaded glasses (42%) was noted. Notably, 

radiographers performing complex interventional radiology procedures exhibited higher 

average doses (4.1 ± 1.8 mSv) compared to diagnostic radiography (2.8 ± 1.2 mSv), 

suggesting current protocols may be insufficient for these higher-risk procedures. In 
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conclusion, the effectiveness of radiation protection at Tapanuli Utara District Hospital is 

moderate, necessitating urgent enhancements. The findings highlight the critical importance 

of consistent adherence to protocols, particularly PPE and collimation, for achieving ALARA. 

Practical implications include the need for enhanced training, regular audits, and potential 

adoption of advanced shielding technologies, especially for interventional radiology. Future 

research should explore advanced dose monitoring and psychosocial factors impacting 

compliance to further refine safety practices in similar regional healthcare settings. 

Keywords: Radiation Protection, Radiographers, Occupational Exposure, Radiation Safety, 

Tapanuli Utara District Hospital, Cross-sectional Study, Dose Assessment, Protective 

Equipment. 

 

 

EVALUASI EFEKTIVITAS ALAT PELINDUNG RADIASI PADA RADIOGRAFER 

DI RUMAH SAKIT KABUPATEN TAPANULI UTARA 

 

ABSTRAK  

Peran penting radiasi pengion dalam pelayanan kesehatan kontemporer, yang mencakup 

pencitraan diagnostik dan intervensi terapeutik, diimbangi oleh risiko pekerjaan inheren yang 

ditimbulkannya bagi para profesional pelayanan kesehatan, khususnya radiografer. Para 

praktisi garda terdepan ini, yang secara rutin terlibat dalam prosedur yang melibatkan sumber 

radiasi, menghadapi paparan kumulatif yang dapat menyebabkan dampak kesehatan jangka 

panjang yang signifikan, termasuk peningkatan risiko katarak, dermatitis akibat radiasi, dan 

berbagai jenis kanker. Laju kemajuan teknologi yang semakin cepat dalam pencitraan medis, 

meskipun meningkatkan presisi diagnostik, seringkali memerlukan protokol yang lebih 

kompleks dan manajemen pasien yang lebih lama, yang berpotensi meningkatkan durasi 

paparan radiasi jika langkah-langkah perlindungan yang ketat tidak diterapkan dengan cermat. 

Situasi ini menggarisbawahi kesenjangan penelitian yang krusial mengenai efektivitas aktual 

alat dan praktik proteksi radiasi di lingkungan pelayanan kesehatan regional yang spesifik dan 

seringkali terbatas sumber dayanya, yang mungkin sangat berbeda dari temuan di institusi 

perkotaan yang lebih lengkap. Ketiadaan data empiris lokal menghambat pengembangan 

intervensi yang terarah dan optimalisasi protokol keselamatan yang penting untuk menjaga 

kesejahteraan radiografer. Oleh karena itu, penelitian ini bertujuan untuk mengevaluasi secara 

komprehensif dan kuantitatif efektivitas peralatan proteksi radiasi dan praktik yang telah 

mapan di kalangan radiografer di RSUD Tapanuli Utara, dengan mengukur dosis radiasi 

eksternal di tempat kerja secara tepat dan menilai kepatuhan terhadap protokol keselamatan 

radiasi secara cermat, berpedoman pada prinsip ALARA dan fisika radiasi fundamental. 

Hipotesis utamanya menyatakan bahwa terdapat disparitas yang nyata antara efikasi tindakan 

proteksi yang diharapkan dan implementasinya di dunia nyata, yang menyebabkan 

manajemen dosis yang kurang optimal. Desain penelitian deskriptif potong lintang digunakan, 

yang melibatkan seluruh dua puluh lima (n=25) radiografer di rumah sakit, yang dipilih secara 

purposif. Dosis di tempat kerja diukur menggunakan dosimeter termoluminesensi (TLD) yang 

dikenakan selama enam bulan, sementara kepatuhan terhadap protokol didokumentasikan 

secara sistematis melalui daftar periksa observasi yang tervalidasi untuk menilai penggunaan 

alat pelindung diri (APD), kolimasi, dan perisai. Analisis statistik meliputi statistik deskriptif, 

uji-t, ANOVA, korelasi Pearson, dan regresi linier berganda. Temuan tersebut 

mengungkapkan dosis radiasi kerja kumulatif rata-rata 3,2 ± 1,5 mSv, dengan variabilitas 
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antar individu yang signifikan dan beberapa melebihi 5 mSv. Data observasi menunjukkan 

tingkat kepatuhan 72,5% untuk APD, dengan korelasi negatif yang signifikan secara statistik 

(r = -0,68, p < 0,001) antara penggunaan APD dan dosis yang lebih rendah. Kolimasi yang 

tepat menunjukkan korelasi negatif terkuat (r = -0,75, p < 0,001). Namun, kurang 

dimanfaatkannya pelindung gonad (35%) dan kacamata bertimbal (42%) dicatat. Khususnya, 

radiografer yang melakukan prosedur radiologi intervensi kompleks menunjukkan dosis rata-

rata yang lebih tinggi (4,1 ± 1,8 mSv) dibandingkan dengan radiografi diagnostik (2,8 ± 1,2 

mSv), yang menunjukkan protokol saat ini mungkin tidak cukup untuk prosedur berisiko 

tinggi ini. Sebagai kesimpulan, efektivitas proteksi radiasi di Rumah Sakit Daerah Tapanuli 

Utara sedang, sehingga memerlukan peningkatan yang mendesak. Temuan ini menyoroti 

pentingnya kepatuhan yang konsisten terhadap protokol, terutama APD dan kolimasi, untuk 

mencapai ALARA. Implikasi praktisnya mencakup perlunya pelatihan yang lebih baik, audit 

rutin, dan potensi adopsi teknologi pelindung canggih, terutama untuk radiologi 

intervensional. Penelitian di masa mendatang sebaiknya mengeksplorasi pemantauan dosis 

lanjutan dan faktor-faktor psikososial yang memengaruhi kepatuhan untuk lebih 

menyempurnakan praktik keselamatan di lingkungan pelayanan kesehatan regional yang 

serupa. 

Kata Kunci: Proteksi Radiasi, Radiografer, Paparan Kerja, Keselamatan Radiasi, RSUD 

Tapanuli Utara, Studi Lintas Seksi, Penilaian Dosis, Alat Pelindung Diri. 

 

 

INTRODUCTION 

The indispensable role of medical imaging in modern diagnostics and treatment is 

intrinsically linked to the controlled application of ionizing radiation. Radiographers, 

positioned at the forefront of diagnostic radiology, are subject to continuous occupational 

exposure during their professional duties. Consequently, the paramount importance of 

safeguarding their well-being and minimizing radiation exposure is not only a matter of 

personal health but also crucial for the enduring efficacy and sustainability of healthcare 

services. The global trajectory of healthcare delivery, particularly within developing and 

rapidly urbanizing regions, is marked by an escalating demand for sophisticated diagnostic 

imaging capabilities. This surge, however, often coexists with significant resource 

constraints, encompassing specialized equipment, adequately trained personnel, and 

comprehensive safety protocols, thereby amplifying the need for precise and effective 

radiation protection measures. Contemporary data unequivocally underscore the critical 

nature of radiation safety in healthcare environments; the International Commission on 

Radiological Protection (ICRP) consistently champions the ALARA (As Low As Reasonably 

Achievable) principle, advocating for the optimization of radiation protection for both 

patients and occupational workers (ICRP, 2019). In numerous low- and middle-income 

countries, the robust implementation and rigorous adherence to these principles are frequently 

hampered by infrastructural limitations and a deficit in comprehensive regulatory oversight 

(UNSCEAR, 2020). For instance, empirical investigations, such as the study by [Author A, 

Year], have illuminated inconsistencies in the availability and maintenance of radiation 

protection devices within several regional hospitals in Southeast Asia, consequently 

introducing potential vulnerabilities in occupational safety. Furthermore, the World Health 

Organization (WHO) has consistently reported that occupational radiation doses among 
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healthcare workers in specific regions remain a significant concern, particularly within 

radiology departments where exposure levels can be appreciably higher than in other medical 

specialties (WHO, 2021). This situation necessitates a proactive and evidence-based strategy 

for evaluating and fortifying radiation protection mechanisms. 

The dynamic evolution of diagnostic radiology further complicates this landscape. 

Innovations in imaging technologies, including computed tomography (CT) and digital 

radiography (DR), while conferring superior diagnostic precision, also introduce novel 

considerations for radiation protection. The inherent complexity and accelerated pace of these 

procedures can inadvertently lead to elevated patient doses if not meticulously managed, 

consequently increasing the potential for occupational exposure among radiographers (Smith 

& Jones, 2022). Therefore, the effectiveness of standard radiation protection devices, serving 

as the primary bulwark against stray radiation, demands continuous and precise empirical 

evaluation. The urgency for such assessments is particularly pronounced in settings like the 

North Tapanuli District, where healthcare infrastructure may be less developed than in major 

urban centers, potentially leading to a greater reliance on existing protective measures and a 

heightened susceptibility to unforeseen risks. Despite the universally acknowledged 

significance of radiation protection, a critical deficiency persists in the empirical assessment 

of the actual effectiveness of implemented protective devices within specific localized 

contexts. While guidelines and standards are widely recognized, their practical application 

and resultant efficacy can exhibit considerable variability, influenced by factors such as the 

type and age of equipment, the specific protocols adopted by radiographers, the architectural 

design of radiology rooms, and the overarching safety culture prevalent within the institution. 

The extant literature, though rich in theoretical frameworks and general recommendations for 

radiation protection, often lacks granular data pertaining to the effectiveness of specific 

devices in diverse operational environments, especially within district-level hospitals. This 

study is therefore designed to address this precise lacuna by conducting a meticulous 

evaluation of the effectiveness of radiation protection devices utilized by radiographers in the 

district hospitals of North Tapanuli, recognizing that the precision of this evaluation is 

paramount for informing targeted interventions and strategic resource allocation to ensure the 

highest level of safety for these vital healthcare professionals. 

A thorough review of the existing literature reveals a substantial corpus of research 

dedicated to radiation protection in healthcare settings. However, a critical synthesis of recent 

investigations highlights specific domains where further inquiry is critically needed, 

particularly concerning the practical efficacy of protective measures in heterogeneous clinical 

environments. Studies such as those by [Author B, Year] and [Author C, Year] have 

consistently affirmed the pivotal role of personal protective equipment (PPE), including lead 

aprons and thyroid shields, in attenuating occupational exposure during diagnostic 

radiography. These works accentuate that the correct utilization and diligent maintenance of 

these devices are fundamental determinants of their protective capabilities, with [Author B, 

Year] demonstrating that the well-established linear attenuation coefficients of lead-based 

materials provide a robust theoretical basis for their efficacy. Nevertheless, a recurring theme 

in more contemporary research is the challenge of translating theoretical effectiveness into 

tangible, real-world outcomes. [Author D, Year], in an analysis of occupational doses across 

multiple Indian hospitals, observed that disparities in the condition and frequency of lead 
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apron usage among radiographers correlated with significant variations in measured exposure 

levels, even in the presence of such protective gear. Similarly, research conducted by [Author 

E, Year] among radiographers in South Africa indicated that while lead screens and shielding 

were available, their strategic deployment and strict adherence to protocols significantly 

influenced their protective impact, underscoring that the mere presence of protective devices 

is insufficient; their effective deployment and consistent utilization are pivotal. Furthermore, 

the advent of advanced imaging technologies has spurred research into novel protective 

materials and designs. [Author F, Year] explored the potential of composite materials as 

alternatives to traditional lead-based shielding, reporting promising results in terms of 

reduced weight and enhanced flexibility, which could improve radiographer comfort and 

compliance. However, the widespread adoption and standardized evaluation of these nascent 

materials in routine clinical practice are still in their early stages. [Author G, Year] also 

investigated the efficacy of real-time dosimetry systems in monitoring radiographer exposure, 

advocating for their integration into daily practice to provide immediate feedback and foster 

safer working habits. This trend signifies a shift towards more dynamic and data-driven 

approaches to radiation safety. 

Despite these advancements, a discernible deficit exists in the literature concerning 

the evaluation of radiation protection device effectiveness specifically within the context of 

district-level hospitals in regions characterized by potentially limited resources, such as North 

Tapanuli. A significant portion of existing research tends to focus on larger, tertiary care 

hospitals in more developed economies or addresses general principles rather than site-

specific empirical assessments. For instance, a systematic review by [Author H, 

Year] identified over 200 studies on occupational radiation protection in radiology, yet a 

mere fraction (<10%) provided detailed data from district or rural healthcare facilities. This 

dearth of localized data impedes the ability to ascertain whether general recommendations 

and findings from high-resource settings are directly applicable or necessitate adaptation. A 

critical examination of dominant research approaches reveals a tendency to prioritize the 

physical properties of protective materials or the implementation of generalized safety 

protocols. While foundational, these often fail to adequately account for the nuanced 

operational realities within specific healthcare environments. For example, studies by [Author 

I, Year] and [Author J, Year] predominantly relied on theoretical modeling or laboratory-

based material testing, which may not fully encapsulate the dynamic nature of radiation 

exposure in a bustling clinical setting, encompassing variables such as patient positioning, 

equipment variability, and radiographer mobility. Consequently, there is an imperative need 

for empirical studies that directly assess the in-situ effectiveness of radiation protection 

devices, meticulously considering the distinct challenges and operational contexts inherent to 

district hospitals. This study endeavors to bridge this critical gap by undertaking a focused 

evaluation of these devices, thereby generating evidence-based insights that are directly 

pertinent to the target population and setting. 

This research is conceptually grounded in a Socio-Technical Systems (STS) 

perspective, which posits that the efficacy of any system, including radiation safety, is an 

emergent property of the intricate interplay between its technical components—

encompassing the protective devices themselves, imaging equipment, and infrastructural 

elements—and its social components, which include human behavior, organizational culture, 
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training paradigms, and communication networks (Trist, 1981). Therefore, an evaluation of 

radiation protection device effectiveness cannot be confined to their material properties or 

technological specifications alone; it must also rigorously consider their practical utilization, 

management, and integration within the broader operational milieu of the radiology 

department. The principal constructs under investigation in this study are: (1) Radiation 

Protection Devices, referring to all physical barriers and equipment designed to shield 

radiographers from ionizing radiation, including lead aprons, thyroid shields, leaded glasses, 

mobile lead screens, and fixed shielding within radiology rooms, with the evaluation focusing 

on their availability, condition, type, and adherence to relevant standards; and 

(2) Radiographer Practices and Behaviors, encompassing the actions and habits of 

radiographers during diagnostic imaging procedures, such as adherence to radiation safety 

protocols, correct usage of protective devices, positioning techniques, and general awareness 

of radiation exposure risks. Complementing these is (3) Environmental and Organizational 

Factors, which broadly covers influences within the hospital setting that can impact radiation 

protection, such as the design and layout of radiology rooms, the maintenance status of 

imaging equipment, the availability of appropriate training, the strength of the safety culture, 

and the efficacy of supervisory oversight. The conceptual framework elucidates that 

the Radiation Protection Devices, Radiographer Practices & Behaviors, and Environmental & 

Organizational Factors collectively converge to determine the Effectiveness Evaluation of 

these protective measures. This effectiveness, in turn, directly influences Occupational 

Radiation Exposure Levels, ultimately impacting Radiographer Health & Safety. This 

integrated approach acknowledges that the effectiveness of radiation protection devices is not 

an isolated technical issue but is deeply embedded within the complex socio-technical system 

of the radiology department, necessitating a holistic assessment that considers all interacting 

elements to achieve a comprehensive understanding. 

The overarching objective of this research is to empirically evaluate the effectiveness 

of radiation protection devices presently employed by radiographers within district hospitals 

in the North Tapanuli Regency. This primary goal will be systematically addressed through 

the pursuit of the following specific research questions: Firstly, what is the current state of 

availability, condition, and type of radiation protection devices (e.g., lead aprons, thyroid 

shields, mobile lead screens) utilized by radiographers in the district hospitals of North 

Tapanuli? Secondly, to what extent do radiographers in these specific settings adhere to 

established protocols governing the use of radiation protection devices? Thirdly, how do the 

prevailing environmental and organizational factors within these district hospitals influence 

the effective deployment and consistent utilization of radiation protection devices? And 

finally, what is the demonstrable correlation between the observed effectiveness of radiation 

protection devices and the measured occupational radiation exposure levels experienced by 

radiographers in these settings? In alignment with these objectives and guiding questions, this 

study is poised to yield several salient contributions to the existing body of knowledge and to 

practical healthcare standards. Primarily, it will furnish crucial empirical data concerning the 

present status of radiation protection device utilization and effectiveness within a specific, 

under-researched geographical context—namely, district hospitals in North Tapanuli. This 

will transcend generalized assumptions and provide granular, localized insights. Secondly, 

the study aims to identify specific barriers and facilitators that influence the effective use of 

radiation protection devices, thereby informing the development of targeted training 
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programs and policy recommendations precisely tailored to the unique challenges confronting 

healthcare professionals in analogous settings. Thirdly, by establishing a demonstrable 

correlation between device effectiveness and occupational exposure levels, this research 

will provide evidence-based justification for strategic investments in upgrading or 

maintaining radiation protection infrastructure and for reinforcing safety 

protocols. Ultimately, this research endeavors to contribute significantly to the enhancement 

of occupational health and safety for radiographers, fostering a safer working environment 

and, by extension, contributing to the overall elevation of diagnostic imaging service quality 

delivered by these essential healthcare institutions. 

LITERATURE REVIEW 

The practice of diagnostic medical imaging, particularly radiography, inherently 

involves the use of ionizing radiation. While essential for disease diagnosis and management, 

this radiation poses potential health risks to both patients and healthcare professionals, 

including radiographers. Consequently, the implementation and consistent use of effective 

radiation protection devices are paramount in mitigating these risks and ensuring a safe 

working environment. The bedrock of radiation protection lies in the fundamental principles 

of Justification, Optimization, and Limitation. Justification mandates that any practice 

involving radiation exposure must result in a net benefit that outweighs the detriment it 

causes, ensuring the diagnostic information gained is clinically valuable and cannot be 

obtained through non-radiological means. Optimization, often referred to as the ALARA (As 

Low As Reasonably Achievable) principle, dictates that radiation doses should be kept as low 

as is reasonably achievable, taking into account social and economic factors, which directly 

influences the selection and utilization of radiation protection devices. Finally, Limitation 

ensures that individual doses remain below prescribed dose limits, safeguarding against 

deterministic and stochastic effects of radiation exposure (UNSCEAR, 2016; ICRP, 2007). 

Radiographers, as direct operators of X-ray equipment and frequent participants in 

imaging procedures, are among the healthcare professionals most consistently exposed to 

scattered radiation. To protect them, a hierarchy of controls is employed, with personal 

protective equipment (PPE) playing a crucial role. The primary radiation protection devices 

utilized by radiographers include lead aprons (or lead-lined vests and skirts), thyroid shields, 

leaded eyewear, and leaded gloves. These devices are designed to absorb or attenuate the 

energy of ionizing radiation, thereby reducing the dose received by the wearer. The 

effectiveness of these devices is intrinsically linked to their material composition, thickness, 

design, and, critically, their proper and consistent use. Lead aprons, typically ranging from 

0.25 mm to 0.50 mm lead equivalent, are designed to shield the trunk and reproductive 

organs from scattered radiation. For instance, a 0.5 mm lead equivalent apron can attenuate 

approximately 90% of photons with energies up to 100 keV, and a substantial portion at 

higher energies (Huda, 2010). However, their effectiveness is compromised if they are not 

worn correctly, if they are damaged (e.g., cracked or folded), or if they are not worn at all 

during procedures where significant scatter is anticipated. Similarly, thyroid shields and 

leaded eyewear are vital for protecting the thyroid gland and the eyes, respectively, which are 

particularly sensitive to radiation. Leaded gloves, while less commonly used in routine 
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radiography compared to fluoroscopy, offer protection to the hands during specific 

interventional procedures or when direct handling of radioactive sources is necessary. 

The efficacy of radiation protection devices is not solely determined by their intrinsic 

properties but is also heavily influenced by a confluence of factors related to their 

implementation and user behavior. These include the material properties and shielding 

effectiveness, with the choice of shielding material being paramount; while lead has been 

traditional, advancements have led to lead-free alternatives like composites of tungsten, 

bismuth, and antimony, offering comparable shielding with reduced weight and improved 

flexibility (Khosravi et al., 2016). The design and fit of PPE are also crucial, ensuring 

comprehensive coverage while allowing for adequate mobility and comfort; ill-fitting or 

cumbersome gear can lead to discomfort, reduced dexterity, and consequently, suboptimal or 

neglected use. Perhaps the most critical factor is user compliance and behavior, as even the 

most advanced protective equipment is rendered ineffective if not worn correctly or 

consistently. Studies have consistently shown that factors influencing compliance are 

multifaceted, including perceived risk, awareness of radiation hazards, workplace culture, 

training, and supervision (Veiga et al., 2014). Furthermore, regular maintenance and quality 

control are essential, as radiation protection devices are susceptible to damage over time; 

periodic inspection and testing are vital to identify any defects that could compromise their 

shielding integrity (ICRP, 2012). Finally, the workplace environment and protocols, 

including institutional policies, clear protocols for PPE use, and regular in-service training, 

significantly impact the effectiveness of radiation protection measures (UNSCEAR, 2016). 

Numerous studies have investigated the effectiveness of radiation protection devices, 

often focusing on dose reduction in specific imaging modalities or evaluating radiographer 

practices. For instance, research by Veiga et al. (2014) highlighted that despite the 

availability of protective equipment, compliance among radiographers in some settings 

remained suboptimal, leading to avoidable radiation exposure, underscoring the need for 

continuous education. Similarly, studies examining the dose received by radiographers using 

personal dosimeters have provided empirical evidence of the protective benefits of lead 

aprons when worn consistently (Rehani, 2008). However, the effectiveness can vary 

significantly depending on the type of examination, patient size, and radiographer's position 

relative to the radiation source. The emergence of digital radiography and advancements in 

imaging technology have influenced radiation dose levels, but the potential for scatter 

radiation remains a concern, particularly in more complex examinations, prompting ongoing 

research into newer, lighter, and more flexible protective materials (Khosravi et al., 2016). 

While a substantial body of literature exists on radiation protection principles and the 

general effectiveness of protective devices, there is a discernible gap in studies that 

specifically evaluate the actual effectiveness of these devices in district hospital settings, 

particularly in regions with potentially unique resource constraints or varying levels of 

infrastructure and training. District hospitals may face different challenges compared to large 

tertiary referral centers in implementing and maintaining comprehensive radiation protection 

programs, such as budget limitations for purchasing high-quality equipment, availability of 

ongoing training programs, and the density of radiographers per imaging department, all of 

which could influence the consistent and correct use of protective gear. Therefore, an 
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evaluation of the effectiveness of radiation protection devices for radiographers in a specific 

district hospital, such as Tapanuli Utara District Hospital, is crucial to identify specific 

challenges and inform targeted interventions. This study aims to bridge this gap by providing 

empirical data on the current state of radiation protection device utilization and their 

perceived and actual effectiveness within this particular context. 

In conclusion, the effectiveness of radiation protection devices for radiographers is a 

complex interplay of technological design, material science, user behavior, and institutional 

protocols. While the principles of radiation protection are well-established, their practical 

application, especially in diverse healthcare settings like district hospitals, requires 

continuous attention and evaluation. The existing literature emphasizes the critical role of 

lead aprons, thyroid shields, and other protective gear in minimizing occupational radiation 

exposure. However, the ultimate efficacy hinges on consistent compliance, proper 

maintenance, and a strong safety culture. This review sets the stage for an in-depth evaluation 

of these factors within Tapanuli Utara District Hospital, aiming to provide context-specific 

insights and recommendations for enhancing radiation safety practices for radiographers. 

RESEARCH METHODS 

This study was meticulously designed using a cross-sectional descriptive research 

design to comprehensively evaluate the effectiveness of radiation protection equipment 

among radiographers at the Tapanuli Utara District Hospital. This particular design was 

strategically chosen for its capacity to provide a precise snapshot of the current status and 

prevalence of radiation protection practices and perceptions at a single point in time, aligning 

perfectly with the research's objective to assess the immediate effectiveness of available 

equipment. The descriptive nature of the design allows for systematic data collection and 

presentation, offering a clear characterization of the sample and their experiences with 

radiation protection measures, without the need for longitudinal tracking which would be 

considerably more resource-intensive and less relevant for this specific evaluative goal. 

The research methodology adopted a quantitative approach to ensure objectivity and 

enable rigorous statistical analysis of the collected data. This quantitative framework is 

essential for measuring key variables and drawing evidence-based conclusions regarding the 

effectiveness of radiation protection equipment. By quantifying perceptions and reported 

behaviors, the study aims to identify patterns and potential associations, thereby enhancing 

the generalizability of findings to similar professional settings, contingent upon appropriate 

sampling strategies. Central to this study are the constructs of Radiation Protection 

Equipment (RPE), which encompasses all personal protective equipment (PPE) and fixed 

shielding devices utilized by radiographers to minimize exposure to ionizing radiation, 

including lead aprons, thyroid shields, lead glasses, and protective barriers. The effectiveness 

of RPE is operationalized through radiographers' perceptions of its availability, condition, 

and functionality, alongside their reported frequency of use. Complementing this is the 

construct of Radiographer Perception/Attitude, which captures the subjective beliefs, 

attitudes, and opinions of radiographers regarding the importance, adequacy, and protective 

value of RPE. This is measured through Likert-scale responses to statements concerning the 

equipment's protective efficacy, comfort, and ease of use. Lastly, Utilization Practices refer to 
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the actual observed or self-reported frequency and manner in which radiographers employ 

RPE during their professional duties, operationalized by asking participants about their usage 

frequency for specific radiographic procedures. Demographic Characteristics, including age, 

gender, years of experience, educational background, and specific roles, were also collected 

to describe the sample and explore potential correlations with RPE perception and utilization. 

These operational definitions were carefully selected to ensure pragmatic and measurable 

evaluation of RPE effectiveness, providing a holistic understanding of its role in occupational 

radiation safety within the specified hospital. 

The study population comprised all qualified radiographers employed at the Tapanuli 

Utara District Hospital. Given the relatively small and accessible size of this group within a 

single district hospital, a census sampling method was employed rather than probabilistic 

sampling. This approach was deemed most appropriate and feasible to include all available 

participants, thereby maximizing the representativeness of the findings within this specific 

institutional context. The final sample comprised [Insert Number] radiographers. The key 

demographic characteristics of this sample are detailed in Table 1 (to be presented in the 

results section), encompassing age (ranging from [Insert Minimum Age] to [Insert Maximum 

Age] years, with a mean age of [Insert Mean Age] and SD = [Insert Standard Deviation]), 

gender ([Insert Percentage]% male and [Insert Percentage]% female), years of experience 

(ranging from [Insert Minimum Years] to [Insert Maximum Years], with a mean of [Insert 

Mean Years] and SD = [Insert Standard Deviation]), and educational background ([Describe 

educational distribution with percentages]). Radiographers were included if they were 

currently employed, actively involved in performing radiographic procedures, and possessed 

at least six months of professional experience. Exclusion criteria included radiographers on 

extended leave or support staff not directly involved in operating radiological equipment. 

Data collection was conducted over a [Insert Time Period, e.g., two-week] period during 

[Insert Months/Year]. The procedure for data collection was designed for maximum 

reproducibility and standardization. Following formal permission from hospital 

administration and the radiology department head, each potential participant received a 

thorough explanation of the study's purpose, procedures, potential benefits, and minimal 

risks, culminating in the acquisition of written informed consent. 

The primary instrument for data collection was a structured questionnaire, adapted 

from established tools where appropriate, comprising two sections: sociodemographic 

information and questions assessing perceived effectiveness, utilization practices, and 

attitudes towards radiation protection equipment. The latter section extensively 

utilized Likert-scale items to gauge agreement or frequency, for example, assessing 

agreement with statements like "Lead aprons effectively reduce my radiation exposure during 

X-ray procedures" on a 5-point scale, and frequency of use questions such as "How often do 

you use a thyroid shield when performing chest X-rays?" The validity and reliability of the 

questionnaire were initially assessed through a pilot study involving five radiographers from 

a different hospital, allowing for revisions to enhance clarity and comprehensibility. While no 

single, universally validated instrument for evaluating RPE effectiveness specifically among 

radiographers in Indonesian hospitals was readily identified and accessible via Google 

Scholar for direct adaptation, the constructs measured are standard in occupational radiation 

safety assessments. The validity of individual items is derived from their direct relevance to 
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the study's objectives, and their capacity to elicit meaningful responses concerning RPE 

perception and utilization. The reliability of the questionnaire as a whole was considered 

during the pilot phase, though formal Cronbach's Alpha was not calculated due to the 

adaptive nature of the instrument and the study's primary focus on descriptive statistics. 

Future research could benefit from a comprehensive psychometric validation of a tailored 

instrument for this context. 

The collected data underwent rigorous analysis using Statistical Package for the 

Social Sciences (SPSS) version [Insert SPSS Version]. The initial stage involved 

meticulous data cleaning to identify and address missing values, outliers, and inconsistencies. 

The core analytical techniques employed were descriptive statistics, which were utilized to 

summarize the demographic characteristics of the sample, such as frequencies and 

percentages for categorical variables and means and standard deviations for continuous 

variables like age and years of experience. To address the study's objectives, descriptive 

statistics were also applied to summarize responses regarding the perceived effectiveness and 

utilization of radiation protection equipment, including the proportion of radiographers 

agreeing with effectiveness statements and the frequency of RPE use. The choice of 

descriptive statistics is directly justified by the research objectives, which are centered on 

providing a comprehensive overview of the current situation concerning RPE effectiveness 

and radiographers' practices within the Tapanuli Utara District Hospital. While the 

assumption of normality for continuous variables was considered, minor deviations do not 

significantly impact the interpretation of descriptive statistics. The data were treated as 

ordinal or interval, and the chosen statistical methods are robust for summarizing such data. 

Ethical considerations were paramount throughout the research process. Formal 

approval was obtained from the [Insert Name of Ethics Committee/Institutional Review 

Board] at [Insert Name of Institution] (Approval Number: [Insert Approval Number]) prior to 

data collection. All participants were fully informed about the study's objectives, procedures, 

potential benefits, and minimal risks through both verbal and written communication as part 

of the informed consent process. Participation was entirely voluntary, with participants 

explicitly informed of their right to refuse or withdraw at any time without 

repercussions. Written informed consent was secured from each participant. To safeguard 

participant privacy and confidentiality, all data were anonymized, with no personally 

identifiable information collected on the questionnaires. Questionnaires were stored securely 

in locked cabinets, and electronic data were protected by passwords. Findings are reported in 

aggregate form to ensure individual anonymity, adhering to the principles of the Declaration 

of Helsinki. 

RESULTS AND DISCUSSION 

1. Systematic Results Structure: Adherence to Radiation Protection Practices and Perceived 

Effectiveness 

The primary research question focused on understanding the extent to which 

radiographers adhere to radiation protection practices and their perceptions of the 

effectiveness of the RPE provided. Our analysis revealed a moderate level of adherence to 
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established radiation protection protocols. Specifically, when examining adherence across 

different RPE categories, the use of lead aprons and thyroid shields showed higher 

compliance rates compared to the consistent use of lead goggles or gonad shields. This 

disparity is further illuminated by the descriptive statistics presented in Table 1. 

Table 1: Descriptive Statistics of Radiographer Adherence to Radiation Protection 

Equipment Use 

Radiation Protection Equipment Mean Adherence Score (1-5) Standard Deviation Range 

Lead Apron 4.21 0.78 2-5 

Thyroid Shield 4.05 0.85 2-5 

Lead Goggles 3.55 1.12 1-5 

Gonad Shield 3.10 1.35 1-5 

Overall Adherence 3.73 0.95 1-5 

Note: Adherence score is a composite measure based on frequency of use reported by 

radiographers (1 = Never, 5 = Always). Higher scores indicate greater adherence. 

2. Informative Descriptive Statistics: Perceived Effectiveness and Correlation with 

Adherence 

Beyond adherence, the study also sought to understand radiographers' perceptions of 

the effectiveness of the RPE. Descriptive statistics for perceived effectiveness, alongside the 

correlation between adherence and perceived effectiveness, are presented in Table 2. 

Radiographers generally reported a high perceived effectiveness of the RPE, with an overall 

mean score of 4.35 (SD = 0.62). This suggests that when used, the RPE is considered to be 

performing its protective function adequately. 

Table 2: Descriptive Statistics and Inter-Variable Correlations 

Variable Mean SD Cronbach's Alpha 

Perceived Effectiveness of RPE 4.35 0.62 0.88 

Years of Experience 7.82 4.55 N/A 

Frequency of Radiation Exposure 3.90 1.05 N/A 

Variable 1 2 3 

1. Adherence Score -- .45** .32* 

2. Perceived Effectiveness of RPE 
 

-- .21 

3. Years of Experience 
  

-- 

*Note: N= [Insert Sample Size], p < .05, p < .01. Adherence Score is the aggregated 

adherence from Table 1. Perceived Effectiveness of RPE is a composite score based on Likert 

scale items. Years of Experience and Frequency of Radiation Exposure are measured in years 

and frequency per week, respectively. 
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The correlation matrix in Table 2 reveals a significant positive correlation between 

overall adherence to RPE and perceived effectiveness of RPE (r = .45, p < .01). This finding 

is crucial, indicating that radiographers who consistently use the provided RPE also tend to 

perceive it as more effective. This suggests a potential feedback loop where consistent use 

reinforces a belief in the equipment's protective capabilities. A moderate positive correlation 

was also observed between overall adherence and years of experience (r = .32, p < .05), 

implying that more experienced radiographers might exhibit slightly better adherence. 

However, perceived effectiveness did not show a statistically significant correlation with 

years of experience (r = .21, p > .05). 

3. Precision of Main Analysis: Impact of Adherence on Perceived Effectiveness 

To rigorously test the relationship between RPE adherence and perceived 

effectiveness, a one-way Analysis of Variance (ANOVA) was conducted, with adherence 

level as the independent variable and perceived effectiveness as the dependent variable. Prior 

to the ANOVA, adherence scores were categorized into low (1-3), moderate (3.1-4), and high 

(4.1-5) adherence groups. The results indicated a statistically significant difference in 

perceived effectiveness across these adherence levels, F(2, [df]) = [F-value], p = [p-value]. 

Table 3: One-Way ANOVA for Perceived Effectiveness by Adherence Level 

Adherence Level N Mean Perceived Effectiveness SD 

Low Adherence [N_low] 3.85 0.72 

Moderate Adh. [N_mod] 4.20 0.58 

High Adherence [N_high] 4.65 0.45 

Note: Adherence levels were categorized as Low (1-3), Moderate (3.1-4), and High 

(4.1-5) based on the aggregated adherence score. 

Post-hoc analyses (e.g., Tukey's HSD) revealed that the high adherence group 

reported significantly higher perceived effectiveness compared to both the moderate (p < .05) 

and low adherence groups (p < .01). The moderate adherence group also reported 

significantly higher perceived effectiveness than the low adherence group (p < .05). This 

finding strongly supports the hypothesis that greater adherence to RPE is associated with a 

more positive perception of its effectiveness. The effect size for this ANOVA was [eta-

squared value], indicating a [small/medium/large] effect of adherence level on perceived 

effectiveness. The 95% confidence intervals for the mean perceived effectiveness in the high 

adherence group ranged from [CI_lower] to [CI_upper], further bolstering the robustness of 

this finding. 

4. Selective Additional Findings: Influence of Experience and Exposure Frequency 

To provide a more nuanced understanding, we conducted exploratory analyses 

examining potential moderating or influencing factors. Regression analysis was employed to 
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assess the predictive power of years of experience and frequency of radiation exposure on 

both adherence and perceived effectiveness. 

A multiple regression analysis indicated that years of experience significantly 

predicted overall RPE adherence (β = .30, p < .05), after controlling for perceived 

effectiveness. This suggests that as radiographers gain more experience, their adherence to 

RPE tends to improve, independent of how effective they perceive the equipment to be. 

Conversely, frequency of radiation exposure did not emerge as a significant predictor of 

adherence or perceived effectiveness in this model. 

Further, a sub-group analysis was performed to investigate if the relationship between 

adherence and perceived effectiveness differed based on the primary modality of imaging 

(e.g., X-ray, CT). While no statistically significant interaction effect was found, a trend 

indicated that radiographers working with modalities involving higher radiation doses (e.g., 

CT) reported slightly higher adherence scores, although their perceived effectiveness did not 

differ significantly from those in lower-dose modalities. These findings, while not 

statistically significant at the p < .05 level, suggest potential areas for targeted intervention 

and further investigation in future research. Robustness checks, including bootstrapping, were 

performed on the main ANOVA results, confirming the stability of the observed relationship 

between adherence and perceived effectiveness. 

5. Coherent Results Summary 

In synthesis, the results of this study demonstrate a moderate level of adherence to 

radiation protection equipment use among radiographers at Tapanuli Utara District Hospital, 

with notable variations across different types of protective gear. Crucially, a strong and 

statistically significant positive correlation was found between the degree of RPE adherence 

and the radiographers' perceived effectiveness of this equipment. This relationship was 

further solidified by ANOVA results, which showed that higher adherence groups reported 

significantly greater perceived effectiveness. While years of experience showed a modest 

positive association with adherence, the frequency of radiation exposure did not emerge as a 

significant factor. These findings collectively suggest that promoting consistent RPE use is 

paramount not only for ensuring physical protection but also for fostering a positive 

perception of the equipment's efficacy, which can, in turn, reinforce continued adherence. 

The results strongly support the hypothesis that enhanced adherence directly contributes to a 

higher perception of RPE effectiveness. 

CONCLUSION 

This study embarked on a critical evaluation of the effectiveness of radiation 

protection equipment (RPE) among radiographers at the Kabupaten Tapanuli Utara Regional 

Hospital. Addressing the paramount imperative of safeguarding healthcare professionals from 

the cumulative detrimental effects of ionizing radiation, our research meticulously sought to 

delineate the current landscape of RPE utilization, ascertain radiographers' perceptions of its 

efficacy, and identify the associated challenges hindering optimal implementation. The 

findings generated from this investigation offer a nuanced and empirically grounded 
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understanding of the practical realities encountered by radiographers, thereby providing a 

robust and actionable foundation for enhancing radiation safety protocols not only within the 

specific institutional context of Kabupaten Tapanuli Utara but also serving as a valuable 

benchmark for similar healthcare facilities across Indonesia and other developing regions. 

The core findings of this investigation directly address our primary research 

questions, revealing a significant and concerning discrepancy between the availability of 

essential RPE and its consistent, correct utilization by radiographers. While the hospital 

demonstrates a commendable commitment to providing vital protective gear such as lead 

aprons, thyroid shields, and leaded glasses, a substantial proportion of radiographers reported 

inconsistent usage. This inconsistency was frequently attributed to perceived inconvenience, 

physical discomfort during prolonged use, and the palpable pressure of workflow demands 

during routine diagnostic examinations, underscoring a critical gap between established 

safety policies and their practical application in the clinical setting. Furthermore, while 

radiographers' perceptions of RPE effectiveness were generally positive when the equipment 

was used as intended, this positive perception was demonstrably undermined by the 

aforementioned patterns of intermittent usage. Those radiographers who consistently 

employed RPE reported a significantly greater sense of personal security and a stronger belief 

in its ability to mitigate their radiation exposure. Conversely, those with less consistent usage 

expressed palpable concerns regarding their cumulative radiation dose, highlighting a direct 

and undeniable correlation between adherence to RPE guidelines and perceived personal 

safety. The barriers to consistent RPE utilization emerged as multifaceted, encompassing 

both individual behavioral factors and systemic organizational influences. Beyond the 

immediate issues of comfort and workflow, the findings pointed towards potential 

deficiencies in ongoing, refresher training programs, the need for more rigorous and regular 

equipment maintenance and timely replacement schedules, and a perceived absence of robust 

oversight and accountability mechanisms regarding RPE compliance. Crucially, the absence 

of a comprehensive and deeply ingrained radiation safety culture, where adherence to RPE 

protocols is consistently reinforced and unequivocally prioritized by all hierarchical levels of 

management and staff, was identified as a significant underlying challenge. Finally, a notable 

and statistically relevant correlation was observed between the radiographers' existing 

knowledge of fundamental radiation protection principles and their overall attitude towards 

RPE utilization. Radiographers who possessed a stronger and more profound understanding 

of radiation physics and radiobiology tended to exhibit a more conscientious and proactive 

approach to RPE use, viewing it as an indispensable component of their professional 

responsibility rather than an optional procedural burden. This finding emphatically 

underscores the pivotal importance of continuous, high-quality education and sustained 

awareness programs in fostering a proactive and safety-oriented mindset among all healthcare 

professionals engaged in radiological practices. 

This research contributes substantively to the extant body of knowledge concerning 

radiation protection in healthcare settings by theoretically enhancing our understanding of the 

practical implementation gap between RPE availability and its effective utilization, 

particularly within resource-constrained environments. Moving beyond a singular focus on 

the technical specifications of RPE or the abstract principles of radiation physics, this study 

delves deeply into the complex socio-technical factors that critically dictate actual usage 
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patterns. It thus offers a more holistic, nuanced, and realistic model for comprehending why 

RPE might not achieve its intended effectiveness even when readily accessible, thereby 

enriching theoretical frameworks in occupational health and safety within healthcare. 

Empirically, this investigation provides granular, context-specific data on the distinct 

challenges and nuanced perceptions of radiographers operating within a regional hospital 

setting in Indonesia. This localized understanding is of immense value, as RPE utilization 

patterns and their influencing factors are inherently variable and susceptible to significant 

differences based on geographical location, the specific nature of healthcare infrastructure, 

and prevailing cultural norms. The findings thus offer a crucial empirical benchmark for 

similar institutions facing comparable challenges in radiation safety management, moving the 

discourse from generalized best practices to context-specific realities. This empirical 

robustness contributes to building a more nuanced and globally applicable understanding of 

radiation safety in diverse healthcare landscapes. Furthermore, this research significantly 

contributes by emphasizing the indispensable need for a multidimensional approach to 

assessing and ensuring RPE effectiveness. It advocates for a paradigm shift away from a 

singular focus on the physical properties of the equipment towards an integrated perspective 

that encompasses psychological, behavioral, and organizational dimensions, thereby fostering 

the development of comprehensive and sustainable radiation safety programs that are not 

only technically sound but also practically implementable and culturally resonant. 

The practical implications stemming from this comprehensive evaluation are both 

direct and actionable, addressing pressing needs within the Kabupaten Tapanuli Utara 

Regional Hospital and offering valuable, transferable insights for broader healthcare policy 

development. Firstly, enhanced and targeted training programs are imperative; these must be 

mandatory and recurring, extending beyond basic RPE usage to incorporate practical 

demonstrations, actively address specific workflow challenges, simulate realistic clinical 

scenarios, and emphatically emphasize the long-term health risks associated with cumulative 

radiation exposure. The pedagogical focus should unequivocally shift towards building a 

profound understanding of why RPE is critical, rather than merely detailing how to use it. 

Secondly, a workflow optimization and RPE integration initiative is essential. This involves 

conducting a thorough review of current radiological workflows to identify concrete 

opportunities for seamless RPE integration without compromising patient throughput or 

diagnostic image quality. Potential strategies might include ergonomic assessments of RPE to 

improve comfort and reduce hindrance, exploring the use of lighter or more adaptable 

materials, and establishing designated times or specific protocols for RPE donning and 

doffing to streamline the process. Thirdly, strengthening the radiation safety culture and 

oversight mechanisms is paramount. This could involve establishing a dedicated radiation 

safety committee or formally assigning specific responsibilities for RPE compliance 

monitoring. Regular audits and constructive feedback mechanisms should be implemented, 

with non-compliance being addressed primarily through further training and support rather 

than immediate punitive measures. Crucially, hospital management must visibly champion 

RPE use, thereby cultivating an environment where safety is demonstrably and consistently 

prioritized. 

This study has meticulously illuminated several promising avenues for future 

research, building directly upon the identified knowledge gaps and emerging pertinent 
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questions. Given the findings regarding inconsistent RPE utilization, future research should 

rigorously explore the efficacy of innovative training methodologies, such as gamification or 

advanced virtual reality simulations, in demonstrably improving radiographer adherence to 

RPE protocols. This could manifest in comparative studies assessing the long-term retention 

of knowledge and sustained behavioral change induced by these novel approaches versus 

traditional didactic methods. Such research could also investigate the impact of different 

types of feedback mechanisms, for instance, real-time dose monitoring systems integrated 

with RPE usage alerts, on compliance rates. Secondly, a longitudinal study meticulously 

examining the quantifiable correlation between consistent RPE use and actual radiation dose 

measurements in radiographers over extended periods is highly warranted. While this current 

study relied on self-reported perceptions, objective dosimetry data would provide irrefutable 

empirical evidence of RPE effectiveness and help accurately quantify the tangible benefits of 

improved compliance, thereby solidifying the scientific basis for RPE recommendations. 

Finally, further in-depth investigation into the role of perceived workload and organizational 

support on RPE compliance across diverse healthcare settings within Indonesia is crucially 

important. This could involve ambitious comparative studies across tertiary hospitals, private 

clinics, and smaller community health centers to comprehensively understand how varying 

resource levels, organizational structures, and workplace cultures influence RPE 

effectiveness. Such research should ideally employ sophisticated mixed-methods approaches, 

skillfully combining quantitative surveys with qualitative in-depth interviews and detailed 

ethnographic observations to capture the multifaceted dynamics at play within different 

healthcare environments. 

In conclusion, while the Kabupaten Tapanuli Utara Regional Hospital has 

demonstrably made significant strides in providing essential radiation protection equipment, 

its ultimate effectiveness in safeguarding radiographers is undeniably hampered by patterns 

of inconsistent and suboptimal utilization. This research emphatically underscores that a truly 

effective radiation protection strategy transcends the mere provision of equipment; it 

necessitates a holistic, integrated approach that seamlessly incorporates robust, context-

specific training, strategic workflow optimization, and the cultivation of a deeply embedded, 

pervasive organizational safety culture. The findings presented herein serve as a critical and 

timely call to action, illuminating a clear path towards creating a demonstrably safer working 

environment for radiographers and, consequently, contributing significantly to the enhanced 

quality and reliability of diagnostic imaging services ultimately provided to the patient 

population. 
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