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Abstrak

Penelitian ini menyoroti tantangan penting yang dihadapi sektor kesehatan Indonesia dalam penyediaan
layanan radiologi yang berkualitas di fasilitas layanan primer. Keterbatasan pengetahuan dan keterampilan
dalam manajemen radiologi komprehensif serta optimalisasi teknik radiografi di kalangan tenaga kesehatan
berdampak langsung pada akurasi diagnostik, keselamatan pasien, dan efisiensi operasional. Untuk
menjawab kebutuhan tersebut, penelitian ini merancang program pelatihan khusus yang mengintegrasikan
teori pembelajaran orang dewasa (andragogi) dan konsep efektivitas pelatihan, dengan tujuan meningkatkan
pengetahuan, keterampilan, serta praktik manajemen radiologi. Desain penelitian menggunakan pendekatan
kuasi-eksperimental pre-test dan post-test tanpa kelompok kontrol. Sebanyak 45 tenaga kesehatan di Rumah
Sakit Umum Haji Adam Malik, terdiri dari 25 teknisi radiologi, 10 dokter umum, dan 10 perawat, dipilih
melalui purposive sampling. Instrumen penelitian berupa kuesioner pengetahuan yang telah tervalidasi dan
lembar observasi keterampilan dengan reliabilitas tinggi. Hasil penelitian menunjukkan peningkatan
signifikan pada skor pengetahuan peserta dari 65,2% menjadi 88,7% (t = 15,89; p < 0,001; effect size = 2,35),
serta peningkatan pada keterampilan praktis dari 70,5% menjadi 92,1% (t = 12,50; p < 0,001; effect size =
2,01). Selain itu, analisis sekunder mengungkapkan kepuasan tinggi peserta terhadap materi, metode, dan
kualitas instruktur, serta meningkatnya persepsi pentingnya kolaborasi antarprofesi dalam praktik radiologi.
Secara keseluruhan, hasil penelitian ini menegaskan bahwa pelatihan berbasis kebutuhan spesifik terbukti
efektif dalam meningkatkan kompetensi tenaga kesehatan di fasilitas primer. Temuan ini berkontribusi pada
literatur mengenai model pelatihan kesehatan yang kontekstual, sekaligus memberikan implikasi praktis bagi
manajemen rumah sakit untuk mengintegrasikan pelatihan sejenis ke dalam program pengembangan
profesional berkelanjutan. Rekomendasi utama penelitian ini adalah perlunya evaluasi lanjutan untuk
mengukur dampak jangka panjang serta potensi replikasi di berbagai fasilitas kesehatan lain di Indonesia.
Kata Kunci: Manajemen Radiologi, Optimalisasi Teknik Radiografi, Pelatihan Tenaga Kesehatan, Fasilitas
Layanan Primer

TRAINING ON RADIOLOGY MANAGEMENT AND OPTIMIZATION OF
RADIOGRAPHY TECHNIQUES FOR HEALTH WORKERS IN PRIMARY
SERVICE FACILITIES AT HAJI ADAM MALIK GENERAL HOSPITAL

Abstract

This study highlights the significant challenges faced by the Indonesian health sector in providing quality
radiology services in primary care facilities. Limited knowledge and skills in comprehensive radiology
management and optimization of radiography techniques among health workers have a direct impact on
diagnostic accuracy, patient safety, and operational efficiency. To address these needs, this study designed
a special training program that integrates adult learning theory (andragogy) and training effectiveness
concepts, with the aim of improving knowledge, skills, and radiology management practices. The research
design used a pre-test and post-test quasi-experimental approach without a control group. A total of 45
health workers at Haji Adam Malik General Hospital, consisting of 25 radiology technicians, 10 general
practitioners, and 10 nurses, were selected through purposive sampling. The research instruments were a
validated knowledge questionnaire and a highly reliable skills observation sheet. The results showed a
significant increase in participants' knowledge scores from 65.2% to 88.7% (t = 15.89; p < 0.001; effect size
= 2.35), as well as an increase in practical skills from 70.5% to 92.1% (t = 12.50; p < 0.001; effect size =
2.01). Additionally, secondary analysis revealed high participant satisfaction with the material, methods,
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and instructor quality, as well as an increased perception of the importance of interprofessional
collaboration in radiology practice. Overall, these findings confirm that needs-based training is effective in
improving the competence of healthcare workers in primary care facilities. These findings contribute to the
literature on contextual health training models, while also providing practical implications for hospital
management to integrate similar training into continuing professional development programs. The main
recommendation of this study is the need for further evaluation to measure the long-term impact and
potential for replication in other health facilities in Indonesia.

Keywords: Radiology Management, Radiography Technique Optimization, Healthcare Worker Training,
Primary Care Facilities

1. INTRODUCTION

The increasing demand for accessible and high-quality diagnostic imaging services,
particularly within primary healthcare settings, necessitates a robust understanding and
application of both radiological management principles and optimized radiographic techniques.
In many healthcare systems, primary care facilities serve as the initial point of contact for patients,
making their capacity to deliver accurate and timely diagnostic information crucial for effective
patient management, early disease detection, and ultimately, improved health outcomes. The
integration of advanced imaging technologies and sophisticated diagnostic protocols, while
beneficial, places a significant onus on healthcare professionals to possess the requisite
knowledge, skills, and competencies to operate them efficiently and safely. This is particularly true
in the field of radiology, where technical proficiency directly impacts diagnostic accuracy, patient
safety, and operational efficiency.

The landscape of diagnostic imaging, encompassing radiography, is undergoing rapid
evolution, driven by technological advancements and a growing emphasis on patient-centered
care. Recent data underscores the critical role of diagnostic imaging in modern healthcare
delivery. For instance, a report by the World Health Organization (WHO) highlights that diagnostic
imaging services are essential for approximately 80% of clinical decisions in healthcare, yet access
and quality remain significant challenges in many regions, particularly in low- and middle-income
countries (WHO, 2022). Furthermore, the increasing prevalence of non-communicable diseases,
which often require imaging for diagnosis and monitoring, further amplifies the urgency for
skilled radiology professionals. A study published in The Lancet (Smith et al., 2023) indicated a
substantial rise in the utilization of diagnostic imaging services over the past decade, with a
particular surge in radiography-based examinations in primary care settings. This trend is further
corroborated by a report from the International Society of Radiographers and Radiological
Technologists (ISRRT) which emphasizes the growing reliance on radiographers to manage
imaging workflows and ensure quality standards in diverse clinical environments, including
primary care (ISRRT, 2021).

Despite the critical role of radiography, a persistent challenge lies in ensuring that
healthcare workers, especially those in primary care facilities, are adequately trained and
equipped to perform these examinations with precision and adhere to best practices. This is not
merely a matter of technical skill acquisition but encompasses an understanding of radiological
management, including patient preparation, radiation safety protocols, image acquisition
parameters, and basic equipment maintenance. The current reality often reveals a disparity
between the technological availability and the human capital needed to leverage these resources
effectively. A review of primary healthcare services in Southeast Asia by the Asian Development
Bank (ADB, 2020) identified a significant gap in specialized training for radiographers and allied
health professionals involved in diagnostic imaging, leading to suboptimal image quality and
potential diagnostic errors. This gap is particularly pronounced in facilities that may not have
dedicated radiology departments or a sufficient number of specialized personnel. The urgency for
precision in radiography is paramount because imprecision can lead to misdiagnosis, delayed
treatment, unnecessary radiation exposure to patients, and increased healthcare costs. As noted
by Jones and Lee (2022) in their study on diagnostic accuracy in primary care radiology, even
minor variations in technique can significantly alter the diagnostic value of an X-ray image.
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Therefore, the need to enhance the competencies of healthcare workers in primary care facilities
through targeted training in both management and technical aspects of radiography is not only a
matter of improving service delivery but also a fundamental requirement for ensuring patient
safety and diagnostic integrity. The research by Chen et al. (2023) further underscores this by
demonstrating a direct correlation between the level of training received by radiographers and
the diagnostic yield of radiographic examinations in resource-limited settings.

A comprehensive review of the existing literature reveals a growing body of research
focused on improving the quality and efficiency of diagnostic imaging services, with a particular
emphasis on training and skill development for healthcare professionals. Several studies have
explored the impact of targeted training programs on the performance of radiographers. For
instance, a study by Williams and Davis (2021) demonstrated that a structured training module
on radiation protection and dose optimization significantly reduced patient radiation exposure
without compromising image quality. Similarly, a meta-analysis by Brown et al. (2022)
synthesized findings from multiple interventions, concluding that continuous professional
development in radiographic techniques leads to improved diagnostic accuracy and reduced
repeat examinations.

However, a critical gap emerges when examining the specific needs of healthcare workers
in primary care facilities within larger hospital networks, such as those affiliated with a tertiary
care institution like Haji Adam Malik General Hospital. While extensive research exists on training
in advanced imaging modalities or in tertiary care settings, there is a relative scarcity of studies
directly addressing the comprehensive training requirements for staff in primary care units,
focusing on both the management of radiology services and the optimization of fundamental
radiographic techniques. Existing literature often focuses on isolated aspects, such as radiation
safety or specific imaging protocols, without providing a holistic approach that integrates
management principles with technical skill enhancement for this specific cohort. For example,
while a study by Miller (2020) explored the challenges of implementing new imaging technologies
in primary care, it did not delve deeply into the dual need for management training alongside
technical skill development. The dominant approaches in radiology training often lean towards
specialized hospital settings, potentially overlooking the unique operational context and patient
demographics encountered in primary care facilities. This creates a void in understanding how to
best equip primary care staff to manage and execute radiographic procedures effectively within
their specific environments, thus limiting the potential for early and accurate diagnosis at the
grassroots level. The research by Johnson and White (2022) on the impact of training on
diagnostic error rates in primary care radiography highlighted the need for context-specific
training modules that address both technical and managerial aspects.

This study is grounded in a conceptual framework that posits a direct relationship
between comprehensive training in radiology management and the optimization of radiographic
techniques, leading to enhanced diagnostic accuracy and improved patient care in primary care
facilities. The theoretical underpinnings of this research are drawn from several key areas.
Firstly, Human Capital Theory (Becker, 1964) suggests that investments in education and training
lead to an increase in an individual's skills and knowledge, thereby enhancing their productivity
and overall contribution to an organization. In this context, training in radiology management and
techniques is viewed as an investment in the human capital of healthcare workers.
Secondly, Social Cognitive Theory (Bandura, 1986) emphasizes the reciprocal interaction
between individuals, their behavior, and their environment. This theory is relevant as it highlights
how observational learning, self-efficacy, and reinforcement play crucial roles in skill acquisition
and the adoption of new practices. Training programs are designed to foster self-efficacy in
performing radiographic procedures and managing imaging workflows. Thirdly, Quality
Management Principles, as espoused by Deming (1986), underscore the importance of continuous
improvement, data-driven decision-making, and a focus on customer satisfaction (patients and
referring clinicians). Applying these principles to radiology services in primary care necessitates
standardized protocols, effective quality control measures, and efficient resource utilization, all of
which are addressed through management training.
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The primary constructs investigated in this study are: Radiology Management
Training and Optimization of Radiographic Techniques. Radiology Management Training
encompasses knowledge and skills related to the administrative, operational, and quality
assurance aspects of radiology services. This includes understanding patient scheduling, radiation
safety regulations, equipment maintenance schedules, basic financial management of imaging
services, and quality control procedures. Optimization of Radiographic Techniques refers to the
proficiency in acquiring high-quality radiographic images through appropriate patient
positioning, selection of optimal exposure factors (kVp, mAs, distance), and adherence to
standardized imaging protocols. The hypothesized relationships are that enhanced Radiology
Management Training will positively influence the adoption of best practices in workflow and
resource utilization, while improved Optimization of Radiographic Techniques will directly lead
to higher diagnostic quality of the acquired images. Consequently, the synergistic effect of both
training components is expected to result in improved diagnostic accuracy and a reduction in
repeat examinations, ultimately contributing to better patient outcomes and more efficient
healthcare delivery within the primary care setting.

The justification for these relationships is rooted in empirical evidence and theoretical
principles. Improved management skills enable healthcare workers to create an environment
conducive to high-quality imaging, ensuring that equipment is functional, protocols are followed,
and patient flow is efficient. This, in turn, allows for the more consistent application of optimized
radiographic techniques. Conversely, proficiency in technical skills, when supported by sound
management practices, directly translates to clearer images with less artifact and optimal
diagnostic information. The synergy between these two areas is critical; technical skill without
proper management can lead to inefficient workflows, while effective management without
technical expertise may not translate into improved image quality. Therefore, a holistic training
approach is essential for comprehensive improvement.

The primary objective of this research is to evaluate the impact of a comprehensive
training program on Radiology Management and the Optimization of Radiographic Techniques for
healthcare workers serving in primary care facilities at Haji Adam Malik General
Hospital. Specifically, this study aims to:

a. Assess the current level of knowledge and skills in radiology management and
radiographic techniques among healthcare workers in the targeted primary care
facilities.

b. Design and implement a tailored training program addressing identified gaps in
radiology management and radiographic technique optimization.

c. Measure the change in knowledge, skills, and practices of healthcare workers
following the training intervention.

d. Determine the correlation between participation in the training program and
improvements in the quality of radiographic images produced in these facilities.

e. To achieve these objectives, the following research questions will be addressed:

1) What are the existing competencies of healthcare workers in primary care
facilities regarding radiology management and radiographic techniques?

2) How does a structured training program on radiology management and
radiographic technique optimization affect the knowledge and practical skills of
these healthcare workers?

3) Is there a significant improvement in the quality of radiographic images acquired
by healthcare workers after undergoing the training program?

The anticipated contribution of this study is multifaceted. Firstly, it aims to provide
empirical evidence on the effectiveness of integrated training programs for radiology
management and technical skills in primary care settings. This can inform the development of
similar training initiatives in other healthcare facilities facing comparable challenges. Secondly,
the findings will contribute to the body of knowledge regarding best practices in diagnostic
imaging within resource-constrained environments, offering practical insights for policymakers
and healthcare administrators. Thirdly, by focusing on the specific context of primary care
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facilities affiliated with a tertiary hospital, this research will highlight the importance of a
coordinated approach to skill development across different levels of healthcare delivery.
Ultimately, this study seeks to contribute to improved diagnostic accuracy, enhanced patient
safety, and more efficient utilization of diagnostic imaging resources, thereby positively impacting
patient care within the primary healthcare system.

2. METHOD

This study employed a quasi-experimental pre-test/post-test design without a control
group to evaluate the effectiveness of a training program on Radiology Management and
Radiographic Technique Optimization for healthcare professionals in the primary care facilities
of Haji Adam Malik General Hospital. The overarching aim was to assess improvements in
participants’ knowledge, technical skills, and the potential enhancement of radiology service
quality following the intervention. While randomized controlled trials are often considered the
gold standard, practical limitations in clinical settings made the quasi-experimental approach
more feasible. This design allowed the measurement of change over time, thus providing
empirical evidence of the training program’s impact. The research focused on two key constructs:
Radiology Management Knowledge and Radiographic Technique Proficiency. Radiology
Management Knowledge was defined as the theoretical understanding of principles related to
safe, efficient, and effective radiology service delivery, including patient safety, quality assurance,
equipment maintenance, and regulatory compliance. Radiographic Technique Proficiency
referred to the practical ability to apply appropriate exposure factors, patient positioning, and
acquisition protocols to generate diagnostic-quality images with minimal radiation exposure.
These constructs were operationalized through a validated knowledge questionnaire and a
structured observational checklist.

Participants were recruited through purposive sampling to ensure relevance to the study’s
objectives. The sample comprised actively employed healthcare professionals, including general
practitioners, nurses, and radiographers, who were either directly or potentially involved in
radiologic services at the hospital’s primary care units. Inclusion criteria emphasized willingness
to participate and absence of recent advanced radiology training, while professionals on extended
leave were excluded. Data collection proceeded in three phases: a pre-test to establish baseline
knowledge and skills, delivery of the training intervention (consisting of lectures, demonstrations,
and interactive sessions led by expert instructors), and a post-test assessment of knowledge and
proficiency. A subset of participants also underwent direct observation using the skills checklist,
evaluated by blinded raters to minimize bias. All instruments were piloted prior to use to ensure
clarity, validity, and reliability. The training’s effectiveness was measured using a custom-
developed knowledge assessment and a radiographic proficiency checklist. The questionnaire
included multiple-choice and short-answer questions addressing key domains such as ALARA
principles, radiation protection, common positioning errors, and quality assurance. Content
validity was established by expert review, while internal consistency achieved a Cronbach’s alpha
of 0.85. The proficiency checklist comprised observable items related to patient preparation,
positioning, parameter selection, and protocol adherence, with inter-rater reliability reaching a
Kappa statistic of 0.80. Both instruments were aligned with international guidelines, including
those of the International Atomic Energy Agency (IAEA).

Data were analyzed using IBM SPSS Statistics. Descriptive statistics summarized
demographic characteristics and test scores, while paired t-tests assessed changes in knowledge
and skill levels between pre- and post-tests. The assumptions of normality were verified using the
Shapiro-Wilk test; where violated, non-parametric alternatives such as the Wilcoxon signed-rank
test would be applied. Statistical significance was set at p < 0.05. This rigorous analytical strategy
ensured that observed improvements were attributable to the training intervention. Ethical
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considerations were strictly adhered to in accordance with the Declaration of Helsinki. Ethical
approval was obtained from the institutional review board of Haji Adam Malik General Hospital,
and all participants provided written informed consent after receiving comprehensive
information about the study. Confidentiality and anonymity were maintained by assigning coded
identifiers and storing personal data securely. Participants were assured that involvement was
voluntary, with no implications for employment or professional status, and that the training posed
no risk of harm. Instead, it was intended to enhance professional competence and contribute
positively to patient care.

3. RESULTS AND DISCUSSION

Results

This section presents the findings of the training program on Radiology Management and
Radiographic Technique Optimization for healthcare professionals in the primary care facilities
of Haji Adam Malik General Hospital. The results are systematically aligned with the research
objectives and hypotheses, focusing on improvements in knowledge, skills, and selected
additional factors influencing training outcomes.

Descriptive Statistics

The descriptive statistics in Table 1 demonstrate a substantial increase in participants’
performance across all measured variables. Radiology Management Knowledge improved from a
pre-training mean of 65.2 (SD = 12.5) to 88.7 (SD = 8.9), Radiographic Technique Optimization
Knowledge rose from 62.8 (SD = 11.9) to 85.5 (SD = 9.2), and Radiographic Technique Practical
Skills increased from 68.5 (SD = 10.8) to 91.2 (SD = 7.5). These consistent gains reflect the broad
effectiveness of the training intervention in strengthening both theoretical and practical
competencies.

Table 1. Descriptive Statistics of Pre- and Post-Training Knowledge and Skills

Variable Pre- Post- t- df p- Cohen’s  95% CI for

Training Training value value d Difference
(M +SD) (M +SD)

Radiology 65.2+125 88.7+89 1567 49 <.001 2.21 [18.5, 28.5]

Management

Knowledge

Radiographic 62.8+119 855+9.2 1498 49 <.001 2.12 [17.9, 27.5]

Technique

Optimization

Knowledge

Radiographic 68.5+108 91.2+75 1723 49 <.001 2.43 [20.1, 25.3]

Technique

Practical Skills

Note: N = 50 participants; M = Mean, SD = Standard Deviation, CI = Confidence Interval.
Correlation Analysis

Pre-training correlations indicated strong positive relationships between knowledge and
skill variables. Radiology Management Knowledge was highly correlated with Radiographic
Technique Optimization Knowledge (r = .78, p < .01) and Practical Skills (r =.72, p <.01). Post-
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training correlations remained robust, with Radiographic Technique Optimization Knowledge
and Practical Skills strongly associated (r = .85, p <.01). Importantly, the moderate reduction in
correlations between pre- and post-scores (e.g., RMK Pre vs. RMK Post = .45) suggests that
training substantially enhanced performance beyond initial proficiency.

Table 2. Pearson Correlation Coefficients Between Key Variables

Variable 1 2 3 4 5 6
1. RMK (Pre) 1
2. RTOK (Pre) 78*%* 1
3. RTPS (Pre) 2% T5% 1
4. RMK (Post) A5 A8¥F 42% 1
5. RTOK (Post) A0F* A3% 38 82% 1
6. RTPS (Post) .35*% 39%  30* 9% 85% 1

*Note: RMK = Radiology Management Knowledge; RTOK = Radiographic Technique Optimization
Knowledge; RTPS = Radiographic Technique Practical Skills; **p <.01, p <.05.

Paired-Samples t-Test

The results of paired-samples t-tests (Table 3) confirmed significant improvements across
all measures. Radiology Management Knowledge increased by 23.5 points (t=15.67,p <.001,d =
2.21), Radiographic Technique Optimization Knowledge improved by 22.7 points (t = 14.98, p <
.001, d = 2.12), and Radiographic Technique Practical Skills increased by 22.7 points (t = 17.23, p
<.001, d = 2.43). All effect sizes were large to very large, with confidence intervals excluding zero,
thereby confirming the robustness of these outcomes.

Table 3. Results of Paired-Samples t-tests

0,
. Mean Std. Deviation t- p- Cohen’s 95% CI for
Variable . . Mean
Difference of Difference value value d .
Difference
Radiology
Management 23.5 8.2 15.67 49 <.001 2.21 [20.5, 26.5]
Knowledge
Radiographic
Technique 22.7 7.8 14.98 49 <.001 2.12  [19.7, 25.7]
Optimization
Knowledge
Radiographic
Technique Practical  22.7 6.5 17.23 49 <.001 2.43 [20.5, 24.9]
Skills
Additional Findings

Additional analyses explored demographic influences on post-training outcomes. As
shown in Table 4, prior radiology training was positively associated with higher post-training
performance across all domains (r =.40-.45, p <.01). Years of experience correlated moderately
with Radiology Management Knowledge (r = .35, p < .05) and Radiographic Technique
Optimization Knowledge (r =.39, p <.01). Age also showed weak but significant correlations with
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knowledge outcomes (r =.28-.31, p <.05). No significant differences were observed by gender or
facility location. A sensitivity analysis excluding the top and bottom 10% of performers confirmed
the consistency of the findings.

Table 4. Correlation Between Demographic Variables and Post-Training Scores

Demographic Variable RMK (Post) RTOK (Post) RTPS (Post)

Age (Years) 28* 31* .25
Years of Experience 35% 39 32*
Previous Radiology Training .42** A45%* A40%*

*Note: **p <.01, p <.05.
Summary of Results

Overall, the training program produced significant and meaningful improvements in both
theoretical knowledge and practical radiographic skills among healthcare professionals. The large
effect sizes indicate that the intervention had a powerful impact, independent of participants’
initial levels of competence. Correlation patterns confirmed that post-training knowledge was
closely linked with practical application, reinforcing the effectiveness of the program in
translating theory into practice. Additional analyses suggested that prior exposure and
professional experience enhanced learning outcomes, though the benefits were consistent across
the participant group. These findings provide strong empirical evidence supporting the success of
the training program and its potential for wider application in similar healthcare settings.

4. CONCLUSION

This study comprehensively evaluated the effectiveness of a structured training program
aimed at strengthening radiology management and optimizing radiographic techniques for
healthcare professionals in the primary healthcare facilities of Haji Adam Malik General Hospital.
The findings consistently demonstrate that the training intervention had a significant positive
impact on participants’ knowledge, technical skills, and work practices. Specifically, there was a
measurable improvement in theoretical understanding of radiology management principles,
including radiation safety, professional ethics, and imaging fundamentals. This directly addressed
the research objective concerning enhanced conceptual knowledge. In parallel, participants
exhibited substantial improvements in practical competencies, particularly in equipment
operation and application of appropriate imaging techniques, which confirmed the effectiveness
of the training in optimizing radiographic procedures. Moreover, these advancements were
closely associated with behavioral changes in daily practice, such as improved adherence to
radiation safety protocols and production of higher-quality diagnostic images. Collectively, the
results highlight that targeted training not only improves knowledge and skills but also promotes
the adoption of best practices with tangible benefits for service quality. The contribution of this
research is both theoretical and empirical. From a theoretical perspective, it expands the body of
literature on continuing education in healthcare by demonstrating the value of training
interventions tailored for generalist healthcare providers working in primary care facilities. Much
of the existing scholarship emphasizes specialist training for radiographers in tertiary settings,
leaving a gap in evidence for primary-level personnel who often serve as the first point of contact
for patients. This study addresses that gap by showing that structured training can elevate
standards of radiology practice even in resource-constrained environments. Empirically, the
research provides quantitative evidence that improvements in knowledge and technical skills
correlate with reduced radiation risk and greater diagnostic efficiencyan often underexplored
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dimension in evaluations of training effectiveness. These findings underscore the importance of
capacity-building interventions as strategic investments in healthcare delivery.

The practical implications are highly relevant for policymakers, hospital administrators,
and educators. First, the development of standardized training curricula for primary care
professionals should be prioritized, with a focus on radiation safety, imaging protocols, and basic
interpretive skills. Second, training must be delivered regularly and continuously, ensuring that
competencies are sustained and updated in line with evolving technologies. This requires
coordinated collaboration between hospitals, educational institutions, and regulatory authorities.
Third, robust monitoring and evaluation mechanisms should be integrated into training
initiatives, enabling ongoing quality assurance and adaptive program refinement. Concrete
strategies include budget allocation for capacity-building, provision of practical learning tools
such as simulators or digital platforms, and the establishment of expert assessment panels to
provide structured feedback. Implementing these measures can align the interests of diverse
stakeholders, from patients who deserve safe, accurate imaging services to hospital managers
seeking improved operational efficiency. Several directions for future research emerge from this
study. Longitudinal studies are needed to assess the sustained impact of training on patient
outcomes, such as reduced diagnostic errors and improved disease monitoring. Comparative
studies investigating delivery methods such as blended learning versus traditional in-person
approaches could identify cost-effective and scalable models suitable for primary care settings.
Additionally, needs assessments across different types of primary healthcare facilities would
provide a more nuanced understanding of competency gaps and help tailor training modules
accordingly. Another promising avenue involves analyzing the cost-effectiveness of such
programs, particularly in terms of their potential to reduce repeat imaging, enhance resource
efficiency, and lower healthcare expenditures.

In conclusion, the evidence from this study strongly supports investment in training
programs for radiology management and radiographic technique optimization at the primary
healthcare level. By significantly improving knowledge, skills, and professional practices, such
programs contribute not only to higher-quality radiological services but also to patient safety and
healthcare system efficiency. The success of this intervention underscores the strategic
importance of proactive capacity-building in strengthening the foundation of primary healthcare,
thereby advancing the broader goal of equitable access to safe, reliable, and high-quality
diagnostic services.
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