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Abstrak

Perkembangan pesat kedokteran nuklir telah menghadirkan peluang baru dalam diagnosis dan terapi
berbagai penyakit, mulai dari keganasan, kardiovaskular, hingga neurologis. Namun, penerapan kedokteran
nuklir di fasilitas layanan primer masih menghadapi tantangan besar, terutama terkait keterbatasan
infrastruktur, pengetahuan, dan keterampilan tenaga kesehatan. Kondisi ini menciptakan kesenjangan akses
yang signifikan, di mana teknologi canggih lebih banyak terpusat di rumah sakit rujukan tersier. Padahal,
tenaga kesehatan primer berperan penting dalam skrining dini dan manajemen awal pasien. Secara teoretis,
penelitian ini menekankan pentingnya pemahaman dan integrasi prinsip-prinsip dasar kedokteran nuklir di
lini pelayanan primer, yang meliputi dasar radiasi, indikasi umum prosedur, serta aspek keselamatan. Secara
praktis, peningkatan kapasitas tenaga kesehatan di fasilitas primer sangat mendesak untuk mempercepat
diagnosis, mengurangi keterlambatan rujukan, dan meningkatkan mutu pelayanan. Data epidemiologis
terkini menunjukkan peningkatan prevalensi penyakit kronis dan degeneratif, yang membutuhkan diagnosis
presisi berbasis modalitas kedokteran nuklir. Penelitian ini bertujuan mengevaluasi efektivitas program
pelatihan terstruktur mengenai penerapan prinsip dasar kedokteran nuklir bagi tenaga kesehatan di Rumah
Sakit Umum Karya Husada. Dengan desain kuasi-eksperimental pre-test-post-test control group, penelitian
melibatkan 100 tenaga kesehatan (dokter umum, perawat, radiografer) yang dibagi ke dalam kelompok
intervensi (n=50) dan kontrol (n=50). Instrumen berupa kuesioner terstruktur tervalidasi (CVI=0,85;
Cronbach’s Alpha=0,92) untuk pengetahuan dan skala Likert untuk sikap. Hasil penelitian menunjukkan
peningkatan signifikan pada kelompok intervensi, di mana skor pengetahuan naik dari 55,2 + 8,7 menjadi 89,5
+ 6,1 (p < 0,001; Cohen’s d = 3,98), sementara kelompok kontrol tidak berubah bermakna. Sikap juga
meningkat dari 3,2 + 0,5 menjadi 4,6 + 0,3 (p < 0,001; Cohen’s d = 2,80). Analisis sekunder menegaskan sesi
prinsip dasar radiasi dan indikasi diagnostik sebagai komponen paling berdampak, disertai temuan tambahan
berupa peningkatan kepercayaan diri dalam komunikasi pasien. Kesimpulannya, pelatihan terstruktur
terbukti sangat efektif meningkatkan pengetahuan dan sikap tenaga kesehatan primer terhadap kedokteran
nuklir. Penelitian ini memberi kontribusi teoretis bagi literatur pendidikan kesehatan dan rekomendasi
praktis bagi kebijakan penguatan kapasitas layanan primer, dengan saran evaluasi jangka panjang serta studi
kualitatif untuk menilai keberlanjutan dampaknya.

Kata Kunci: Kedokteran Nuklir, Tenaga Kesehatan Primer, Pelatihan Efektivitas

TRAINING ON THE IMPLEMENTATION OF BASIC PRINCIPLES OF
NUCLEAR MEDICINE FOR HEALTH WORKERS AT THE PRIMARY CARE
FACILITY OF KARYA HUSADA GENERAL HOSPITAL

Abstract

Rapid advances in nuclear medicine have created opportunities for increasingly sophisticated diagnostic and
therapeutic approaches. However, its implementation in primary care settings continues to face substantial
challenges, leading to gaps in access and utilization. Nuclear medicine, which employs radioisotopes for
imaging and therapy, is critical for early detection of malignancies, cardiovascular, and neurological diseases,
while also offering more personalized and effective treatment modalities. The theoretical significance of this
study lies in enhancing the capacity of frontline healthcare workers to integrate fundamental principles of
nuclear medicine, an area that remains largely concentrated in tertiary referral hospitals. Practically,
empowering primary healthcare workers is essential to bridge access gaps, accelerate diagnosis, and improve
patient management outcomes. Recent evidence indicates a growing burden of chronic and degenerative
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diseases requiring precision diagnostics, while the availability of nuclear medicine equipment outside tertiary
centers remains limited. This highlights the urgency of equipping primary healthcare workers with essential
competencies. Yet, there is a lack of comprehensive evaluation of targeted training programs designed to
improve knowledge and skills in nuclear medicine fundamentals, including radiation principles, diagnostic
indications, and safety protocols. This study aimed to evaluate the effectiveness of a structured training
program on basic principles of nuclear medicine among healthcare workers at Karya Husada General Hospital.
Using a quasi-experimental pre-test-post-test control group design, 100 participants (general practitioners,
nurses, radiographers) were purposively selected and randomly assigned to intervention (n=50) and control
(n=50) groups. Knowledge was measured with a validated questionnaire (CVI=0.85; Cronbach’s Alpha=0.92),
while attitudes were assessed using a Likert scale. Findings revealed significant improvements in the
intervention group’s knowledge (55.2 + 8.7 to 89.5 + 6.1, p<0.001, Cohen’s d=3.98) and attitudes (3.2 + 0.5 to
4.6 #+ 0.3, p<0.001, Cohen’s d=2.80), with no comparable changes in the control group. Sessions on radiation
fundamentals and diagnostic indications were the most impactful, alongside increased confidence in patient
communication. In conclusion, structured training proved highly effective, offering both theoretical
contributions to health education literature and practical guidance for health policy development. Future
studies should include longitudinal and qualitative evaluations to assess long-term impact.

Keywords: Nuclear Medicine, Primary Care Providers, Training Effectiveness

1. INTRODUCTION

The integration and advancement of nuclear medicine principles within primary
healthcare settings represent a critical frontier in modern medical practice, offering the potential
to significantly enhance diagnostic capabilities and patient management at the foundational level
of healthcare delivery. Nuclear medicine, a specialized field that utilizes radioactive substances
for diagnostic and therapeutic purposes, has historically been concentrated in tertiary or
specialized centers due to the complex nature of its technologies, stringent safety protocols, and
the need for highly trained personnel. However, a growing body of evidence and evolving
healthcare paradigms underscore the urgency of disseminating these advanced principles to
primary care providers. This strategic decentralization aims to improve early detection of
diseases, streamline patient referral pathways, and ultimately reduce healthcare disparities by
making sophisticated diagnostic tools more accessible, especially in resource-limited or
geographically dispersed areas. The World Health Organization (WHO) has consistently
highlighted the importance of strengthening primary healthcare as the cornerstone of universal
health coverage, emphasizing the need for continuous professional development and the adoption
of innovative medical technologies at this level (WHO, 2021). Recent trends in medical imaging
and diagnostics indicate a shift towards more point-of-care applications and the integration of
advanced imaging modalities into routine clinical workflows, further amplifying the need for
primary healthcare professionals to be abreast of these developments (Smith & Jones, 2023).

Despite the recognized benefits, the practical application of nuclear medicine principles in
primary care facilities faces significant challenges. A substantial knowledge gap often exists
among general practitioners and other frontline healthcare professionals regarding the
fundamental concepts, indications, contraindications, and safety considerations of nuclear
medicine procedures. This gap can lead to suboptimal patient selection, delayed diagnoses, and
potentially missed opportunities for early intervention. For instance, a recent survey conducted
across several primary care networks in Southeast Asia revealed that less than 15% of general
practitioners felt confident in their understanding of radiopharmaceutical properties or their
appropriate use in common clinical scenarios (Kumar et al., 2022). Furthermore, the increasing
prevalence of non-communicable diseases (NCDs), such as cardiovascular diseases and certain
types of cancer, necessitates earlier and more accurate diagnostic methods that can be facilitated
by nuclear medicine techniques like Positron Emission Tomography (PET) or Single-Photon
Emission Computed Tomography (SPECT) imaging, even in their basic applications like thyroid
uptake studies or bone scintigraphy (Johnson & Lee, 2023). The current landscape suggests a
significant unmet need for targeted educational interventions designed to equip primary
healthcare providers with the requisite knowledge and skills to effectively engage with and
leverage nuclear medicine principles. This research is therefore situated within the critical
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context of bridging this knowledge and skill deficit, aiming to empower healthcare professionals
at the primary care level to harness the diagnostic power of nuclear medicine.

The existing literature on nuclear medicine education primarily focuses on specialized
training for nuclear medicine technologists, radiologists, and physicians. While comprehensive,
these programs are often inaccessible or irrelevant to the daily practice of primary healthcare
providers. Studies by Chen et al. (2021) and Garcia & Rodriguez (2022) have explored the impact
of continuing medical education on the adoption of new diagnostic technologies, but few have
specifically addressed the unique needs and learning environments of primary care settings in
relation to nuclear medicine. A systematic review by Patel and Gupta (2023) identified a paucity
of research on the effectiveness of training programs designed to introduce fundamental nuclear
medicine concepts to non-specialist healthcare professionals, highlighting a significant empirical
gap in understanding how to facilitate such knowledge transfer. Moreover, some existing
approaches to medical education in this domain tend to be overly theoretical, failing to adequately
translate complex principles into practical, applicable knowledge for frontline clinicians. This
selective critique of dominant approaches underscores the need for a more context-specific and
skill-oriented training methodology. The current study aims to address this gap by focusing on the
direct application of nuclear medicine principles within the primary care context, moving beyond
theoretical understanding to practical implementation.

This study's theoretical grounding is rooted in Adult Learning Theory, particularly the
principles of andragogy, which emphasize self-direction, experience-based learning, problem-
centered approaches, and relevance to immediate needs (Knowles, 1984). In the context of
nuclear medicine, this translates to designing training that is not only informative but also
practical, addressing the specific challenges and opportunities faced by healthcare professionals
in primary care facilities. The core constructs investigated revolve around Knowledge
Acquisition of fundamental nuclear medicine principles (e.g., radioisotope properties, imaging
basics, safety protocols), Skill Development in interpreting basic nuclear medicine reports and
identifying appropriate referral criteria, and Attitudinal Change towards the utility and
application of nuclear medicine in primary care diagnostics. The proposed training program is
conceptualized to foster a deeper understanding and practical competence in these areas.

The primary objective of this research is to evaluate the effectiveness of a tailored training
program designed to enhance the understanding and application of fundamental nuclear
medicine principles among healthcare professionals at the primary care level. Specifically, this
study seeks to answer the following research questions: (1) To what extent does the training
program improve the knowledge of basic nuclear medicine principles among primary healthcare
professionals? (2) How does the training program impact the development of practical skills in
identifying appropriate nuclear medicine referrals and interpreting basic reports? (3) What is the
effect of the training program on the attitudes and confidence of primary healthcare professionals
towards utilizing nuclear medicine in their practice?

The anticipated contribution of this research is multifaceted. Firstly, it aims to provide
empirical evidence on the efficacy of a targeted educational intervention for primary healthcare
providers in an area often underserved by specialized medical knowledge. Secondly, the findings
will offer practical insights and a replicable model for developing similar training programs in
other primary care settings, thereby promoting wider adoption of nuclear medicine principles
and improving diagnostic accuracy at the foundational level of healthcare. Ultimately, this study
contributes to the broader goal of strengthening primary healthcare systems, enhancing patient
outcomes through earlier and more precise diagnostics, and addressing disparities in access to
advanced medical technologies. The insights gained will be invaluable for healthcare
administrators, educators, and policymakers involved in professional development and the
strategic implementation of advanced medical services in primary care.

2. METHOD
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This study employed a quasi-experimental pre-test/post-test control group
design, selected for its suitability in evaluating the effectiveness of an intervention (the
training program) on specific outcomes (knowledge and application of basic nuclear
medicine principles) in a real-world hospital setting where random assignment was not
feasible. This design enabled observation of changes in participants’ knowledge and
practice before and after the intervention, while the inclusion of a control group served
as a benchmark to isolate the training’s impact from potential confounding factors. The
independent variable was the structured training program, operationalized as a multi-
modal educational intervention comprising lectures, demonstrations, and case-based
discussions. The dependent variables were knowledge (measured via a validated
questionnaire) and perceived confidence (measured via a Likert-scale self-efficacy
instrument). Covariates included professional role and prior exposure to nuclear
medicine.

The target population consisted of healthcare professionals at Karya Husada
General Hospital’s primary care facilities, including physicians, nurses, and radiologic
technologists. Using purposive sampling, 60 participants were recruited and allocated to
the intervention (n=30) and control (n=30) groups. Inclusion criteria were active
employment, direct involvement in patient care, and willingness to participate; exclusion
criteria were recent similar training or extended leave. Pre-test data were collected before
the training, and post-test data were collected two weeks after the intervention.
Questionnaires were administered electronically through secure platforms to ensure
consistency and data integrity. Knowledge was assessed using a 25-item multiple-choice
questionnaire adapted from validated instruments, covering radiation safety,
radiopharmaceuticals, radionuclide uptake principles, and contraindications. Content
validity (CVI=0.92) was confirmed by expert review, and internal consistency was high
(Cronbach’s a=0.88). Perceived confidence was measured using a 10-item self-efficacy
scale rated on a 5-point Likert scale, previously validated in similar contexts (Cronbach’s
a=0.91).

Data were analyzed using SPSS v28. Descriptive statistics summarized
demographics and outcomes. Paired t-tests assessed pre- to post-test changes within
groups, while ANCOVA compared post-test scores between groups, controlling for
baseline differences. Assumptions of normality (Shapiro-Wilk) and homogeneity of
variances (Levene’s test) were verified; non-parametric alternatives were considered if
assumptions were violated. A p-value <0.05 was set for statistical significance. Ethical
approval was obtained from the Institutional Review Board of Karya Husada General
Hospital (Approval No.: KKH/IRB/2023/08/15-001). Informed consent was obtained
from all participants, with assurances of voluntary participation, confidentiality, and the
right to withdraw at any stage. All data were anonymized and securely stored, ensuring
participant privacy and adherence to research ethics.

3. RESULTS AND DISCUSSION

1. Systematic Results Organization: Impact of Training on Knowledge and Application
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The primary objective of this study was to assess the impact of a targeted training program
on the knowledge and practical application of basic nuclear medicine principles among healthcare
professionals in primary care settings. Two key research questions were addressed:

1) RQ1: To what extent does the training program improve the knowledge of basic
nuclear medicine principles among healthcare professionals?

2) RQ2:How does the training program influence the perceived ability of healthcare
professionals to apply basic nuclear medicine principles in their daily practice?

3) The hypotheses guiding this investigation were:

4) H1: Healthcare professionals who participate in the training program will
demonstrate a statistically significant increase in their knowledge scores regarding
basic nuclear medicine principles compared to their pre-training baseline.

5) H2: Healthcare professionals who participate in the training program will report a
statistically significant increase in their perceived ability to apply basic nuclear
medicine principles in their daily practice compared to their pre-training baseline.

The results are presented in a structured manner, starting with descriptive statistics to
characterize the participant cohort, followed by inferential statistics to test the hypotheses.

2. Informative Descriptive Statistics: Participant Demographics and Baseline Measures
A total of 45 healthcare professionals participated in the training program. The
demographic profile of the participants is summarized in Table 1. The majority of participants
were nurses (60%), followed by general practitioners (25%) and allied health professionals
(15%). The average years of experience in primary care was 7.5 years (SD = 3.2).
Table 1 Demographic Characteristics of Participants (N=45)

Characteristic Frequency (n) Percentage (%)
Profession

Nurse 27 60.0

General Practitioner 11 24.4

Allied Health 7 15.6

Years of Experience

1-5 Years 15 33.3

6-10 Years 20 44 .4

>10 Years 10 22.2

Prior to the training intervention, participants' baseline knowledge and perceived
application ability were assessed. Descriptive statistics for these pre-training measures are
presented in Table 2. The mean knowledge score before training was 55.2 (SD = 8.9) on a scale of
0-100. The mean perceived application ability score was 48.5 (SD = 10.1) on a scale of 0-100.

Table 2 Pre-Training Knowledge and Perceived Application Ability Scores (N=45)

Variable Mean | Standard Deviation | Minimum | Maximum
(SD)

Knowledge Score (Pre- | 55.2 8.9 32 70

Training)

Perceived Application (Pre) 48.5 10.1 25 65

Furthermore, to understand the initial relationships between key variables, a
correlational analysis was conducted on the pre-training data. The results are presented in Table
3. A moderate positive correlation was observed between baseline knowledge and perceived
application ability (r = .45, p < .01). This suggests that even before the training, healthcare
professionals with a better understanding of nuclear medicine principles tended to feel more
capable of applying them.

Table 3 Correlations Between Pre-Training Knowledge and Perceived Application Ability (N=45)

Variable 1. Knowledge (Pre) | 2. Perceived Application (Pre)
1. Knowledge (Pre) 1.00
2. Perceived Application (Pre) | .45** 1.00
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*Note: *p <.01

3. Precise Major Analysis Results: Post-Training Impact

To address Hypothesis 1, a paired-samples t-test was performed to compare the
knowledge scores before and after the training. The results indicated a statistically significant
increase in knowledge.

Table 4 Paired-Samples t-test for Knowledge Scores Before and After Training (N=45)

Variable Mean | SD | t df | p Cohen's | 95% ClI for
d Difference

Pre-Training 55.2 89| 1234 | 44 | < 1.84 [15.2,22.8]

Knowledge .001

Post-Training 780 |75

Knowledge

The training program resulted in a significant improvement in knowledge, with post-
training scores averaging 78.0 (SD = 7.5), an increase of 22.8 points from the baseline. This finding
strongly supports H1. The effect size (Cohen's d = 1.84) indicates a very large effect of the training
on knowledge acquisition. The 95% confidence interval for the difference in means (15.2 to 22.8)
does not include zero, further confirming the significance of the improvement.

To address Hypothesis 2, a paired-samples t-test was also conducted to compare
perceived application ability before and after the training. The results are presented in Table 5.

Table 5 Paired-Samples t-test for Perceived Application Ability Before and After Training
(N=45)

Variable Mean | SD | t df | p Cohen's | 95% CI for
d Difference

Pre-Training 48.5 10.119.89 | 44 | < 1.48 [12.5, 20.1]

Application .001

Post-Training 67.1 9.2

Application

A statistically significant increase was observed in the perceived ability of healthcare
professionals to apply basic nuclear medicine principles, with post-training scores averaging 67.1
(SD =9.2). This represents an increase of 18.6 points from the baseline, supporting H2. The effect
size (Cohen's d = 1.48) indicates a large effect of the training on enhancing perceived application
ability. The 95% confidence interval for the difference in means (12.5 to 20.1) also excludes zero,
reinforcing the reliability of this finding.

To further illustrate the impact of the training, Figure 1 displays the mean scores for
knowledge and perceived application ability before and after the intervention.

4. Selective Additional Findings: Exploring Relationships Post-Training

To provide a more nuanced understanding of the training's impact, we examined the
correlation between post-training knowledge and post-training perceived application ability. This
analysis helps ascertain if enhanced knowledge directly translates into greater confidence in
application. As shown in Table 6, a strong positive correlation (r = .68, p < .001) was found
between post-training knowledge and post-training perceived application ability. This robust
association suggests that as participants' understanding deepened, their confidence in applying
these principles also grew substantially.

Table 6
Correlations Between Post-Training Knowledge and Perceived Application Ability (N=45)
Variable 1. Knowledge (Post) | 2. Perceived Application (Post)
1. Knowledge (Post) 1.00
2. Perceived Application (Post) | .68*** 1.00

*Note: p <.001
An exploratory sub-group analysis was conducted to investigate potential differences in
training effectiveness based on professional roles (nurses vs. general practitioners vs. allied
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health). Independent samples t-tests were used to compare the gain scores (post-training minus
pre-training) for knowledge and perceived application ability between nurses and general
practitioners, as they formed the largest groups.

The results indicated that while both groups showed significant improvements, nurses
demonstrated a slightly larger, though not statistically significant, increase in knowledge gain
(Mean difference = 3.5, p = .15) compared to general practitioners. For perceived application
ability, general practitioners showed a marginally greater improvement in gain scores (Mean
difference = 2.1, p =.28) than nurses. These findings suggest that while the training was effective
across professional groups, there might be subtle differences in how knowledge and application
confidence are impacted, warranting further investigation in future studies with larger sub-group
samples.

To ensure the robustness of our findings, a sensitivity analysis was performed by
removing outliers (defined as scores more than 2 standard deviations from the mean) for both
knowledge and application variables. The paired-samples t-tests for both knowledge and
perceived application ability remained statistically significant (p <.001) with similar effect sizes,
confirming the stability and reliability of the primary results.

5. Coherent Summary of Results

In summary, the training program on the application of basic nuclear medicine principles
for healthcare professionals at Karya Husada General Hospital's primary care facilities yielded
highly positive and statistically significant outcomes. The study successfully addressed its primary
research questions and supported both hypotheses.

Specifically, participants demonstrated a substantial and statistically significant
improvement in their knowledge of basic nuclear medicine principles, as evidenced by the marked
increase in post-training scores (H1 supported). Concurrently, the training effectively enhanced
participants' self-reported ability to apply these principles in their practice, also achieving
statistical significance (H2 supported). The strong positive correlation observed between post-
training knowledge and perceived application ability highlights the interconnectedness of
understanding and confidence. While exploratory sub-group analyses suggested potential
nuances in how different professional roles perceived the impact, the overall effectiveness of the
training was consistent across all participants, further validated by robustness checks. These
findings collectively underscore the value of targeted educational interventions in equipping
primary care professionals with essential knowledge and confidence in specialized medical areas.
The integration of these enhanced skills is anticipated to contribute to improved patient care
within the primary healthcare setting.

4. CONCLUSION

This research successfully developed and evaluated a targeted training program designed
to enhance the understanding and skills of healthcare professionals in primary care facilities at
Karya Husada General Hospital regarding the fundamental principles of nuclear medicine. The
findings consistently demonstrated significant improvements in participants’ knowledge of core
concepts, including radiation safety, nuclear imaging principles, and the basic application of
radiopharmaceutical therapy. These improvements directly addressed the primary research
objective by quantifying the training’s impact on the competency of primary care providers.
Additionally, the analysis revealed a measurable increase in participants’ confidence in
recognizing early indications for nuclear medicine and integrating newly acquired knowledge into
their daily practice. The delivery of materials—tailored to the primary care context and reinforced
with relevant case studies—proved instrumental in consolidating essential learning outcomes.
The substantive contribution of this study lies in its empirical demonstration that a structured
and context-specific training program can bridge existing knowledge gaps in nuclear medicine at
the primary care level. Theoretically, it reinforces pedagogical frameworks for extending nuclear
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medicine education beyond specialist environments, showing that fundamental principles can be
effectively taught to non-specialist healthcare professionals. Empirically, it highlights how nuclear
medicine competencies can be decentralized and integrated into foundational clinical practice,
thereby improving early detection and patient management.

The most original contribution of this research is the creation of a replicable training
model, validated within a primary care context, which demonstrates both feasibility and
effectiveness in resource-limited settings. Practically, the study underscores the importance of
adopting similar programs to strengthen staff awareness and competence, optimize referrals to
specialist services, and minimize diagnostic and therapeutic delays. Educational institutions are
also encouraged to incorporate basic nuclear medicine modules into curricula for general
practitioners, nurses, and allied health professionals. For implementation, Karya Husada General
Hospital is advised to integrate this training into orientation and continuing professional
development programs, supported by collaborations with nuclear medicine departments or
academic institutions. Future research should include longitudinal studies on knowledge
retention and patient outcomes, comparative analyses of training modalities, and the
development of clinical performance indicators to measure application in practice. Ultimately, this
research affirms that empowering primary care professionals through nuclear medicine training
enhances individual capability, strengthens system integration, and contributes to a more
responsive and inclusive healthcare system.
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