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ABSTRACT

This study analyzes the implementation of a quality assurance and control (QAC) program in
diagnostic radiology services at Indonesian teaching hospitals. The goal is to measure the level
of implementation, identify enabling and inhibiting factors, and evaluate stakeholder
perceptions of its effectiveness. Using a qualitative case study design with 50 respondents from
three teaching hospitals through in-depth interviews, observations, and document reviews, the
study found that implementation levels varied, influenced by top management commitment as
a key enabling factor, but hampered by a lack of trained staff and minimal system integration.
Results showed a strong positive correlation between staff training and incident reporting
quality (r=0.78, p<0.001), highlighting the urgent need for investment in ongoing training and
monitoring system improvements. In conclusion, effective QAC implementation requires a
systematic approach to address these challenges to improve the quality and safety of radiology
services.

Keywords: Quality Assurance, Quality Control, Diagnostic Radiology, Teaching Hospitals,
Program Implementation

IMPLEMENTASI PROGRAM JAMINAN DAN KENDALI MUTU DALAM
PELAYANAN RADIOLOGI DIAGNOSTIK DI RUMAH SAKIT PENDIDIKAN

ABSTRAK
Penelitian ini menganalisis implementasi program jaminan dan kendali mutu (JMK) dalam
pelayanan radiologi diagnostik di rumah sakit pendidikan Indonesia, dengan tujuan mengukur
tingkat implementasi, mengidentifikasi faktor pendukung dan penghambat, serta mengevaluasi
persepsi pemangku kepentingan terhadap efektivitasnya. Menggunakan desain studi kasus
kualitatif dengan 50 responden dari tiga rumah sakit pendidikan melalui wawancara mendalam,
observasi, dan peninjauan dokumen, studi ini menemukan bahwa tingkat implementasi
bervariasi, dipengaruhi oleh komitmen manajemen puncak sebagai faktor pendukung utama,
namun terhambat oleh kurangnya staf terlatih dan integrasi sistem yang minim. Hasil
menunjukkan korelasi positif kuat antara pelatihan staf dan kualitas pelaporan insiden (r=0.78,
p<0.001), menyoroti kebutuhan mendesak untuk investasi dalam pelatihan berkelanjutan dan
perbaikan sistem monitoring. Kesimpulannya, implementasi JMK yang efektif memerlukan
pendekatan sistematis untuk mengatasi tantangan ini demi meningkatkan kualitas dan
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keselamatan pelayanan radiologi.
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Implementasi Program

INTRODUCTION

The landscape of modern healthcare is intrinsically linked to the precision and reliability
of diagnostic imaging services. Within this critical domain, diagnostic radiology plays a pivotal
role in patient management, guiding clinical decision-making, and influencing treatment
pathways across a vast spectrum of medical conditions. The accuracy and timeliness of
radiological interpretations directly impact patient outcomes, necessitating a robust framework
for ensuring quality and safety in every diagnostic procedure. Consequently, the
implementation of comprehensive Quality Assurance (QA) and Quality Control (QC) programs
has become an indispensable cornerstone of effective radiologic practice, particularly in
academic medical centers where the dual mandate of patient care and medical education
converges. These programs are not merely regulatory requirements; they represent a
fundamental commitment to patient well-being and the continuous improvement of healthcare
delivery (Smith & Jones, 2021).

The urgency for meticulous QA/QC in diagnostic radiology is amplified by several
converging trends. Firstly, the rapid advancement and increasing complexity of imaging
technologies, including Magnetic Resonance Imaging (MRI), Computed Tomography (CT),
Positron Emission Tomography (PET), and advanced ultrasound modalities, introduce new
challenges and opportunities for quality management. The sophistication of these systems,
coupled with the generation of vast amounts of imaging data, demands rigorous protocols for
equipment calibration, image acquisition optimization, and data integrity (European Society of
Radiology, 2022). Secondly, the growing emphasis on evidence-based medicine and value-
based healthcare necessitates that all diagnostic services demonstrate measurable quality and
cost-effectiveness. Radiologists and imaging departments are increasingly held accountable for
the diagnostic yield and impact of their services, underscoring the need for quantifiable metrics
of performance and quality (Centers for Medicare & Medicaid Services, 2023). Thirdly, the
evolving regulatory environment, both nationally and internationally, continues to place greater

scrutiny on patient safety and the quality of medical imaging, driving the adoption of more
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stringent QA/QC standards (International Atomic Energy Agency, 2020). For instance, recent
reports indicate a persistent concern regarding preventable errors in medical imaging, ranging
from misinterpretation of scans to suboptimal image quality, which can lead to delayed
diagnosis, inappropriate treatment, or unnecessary procedures (World Health Organization,
2019). This underscores the critical need for proactive and systematic approaches to mitigate
such risks.

Academic medical centers, or teaching hospitals, occupy a unique position within the
healthcare ecosystem. They are not only providers of high-quality patient care but also vital
institutions for training future generations of radiologists, technologists, and other healthcare
professionals. This dual role presents a complex environment where QA/QC programs must be
integrated seamlessly into both clinical operations and educational curricula. The inherent
variability in trainee experience and the potential for supervisory oversight to influence
diagnostic quality necessitate particularly robust QA/QC mechanisms within these settings.
Research by Johnson et al. (2022) highlights that while teaching hospitals often have established
QA frameworks, the effectiveness of these programs can vary significantly, with challenges
often arising from resource allocation, interdepartmental communication, and the adoption of
new technologies. Furthermore, a systematic review by Lee and Kim (2023) identified a
significant gap in empirical studies specifically examining the implementation and impact of
integrated QA/QC programs within the unique context of radiology departments in teaching
hospitals, particularly concerning the perspectives of both faculty and trainees. This gap is
critical because the quality of training directly influences the future quality of radiology services
nationwide. The existing literature, while acknowledging the importance of QA/QC, often
focuses on specific technical aspects of imaging or general hospital quality management, with
less granular detail on the practical implementation and perceived effectiveness of
comprehensive QA/QC programs in the specific operational and educational milieu of
academic radiology departments.

The foundational literature on quality management in healthcare, originating from
seminal works by Deming (1986) and Juran (1988), emphasizes the importance of continuous
improvement, process control, and customer satisfaction. These principles have been adapted
and applied to various medical specialties, including radiology. Early QA programs in

radiology primarily focused on technical aspects such as equipment performance and radiation

M Metadata is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License (CC BY-NC 4.0).


https://sinta.kemdikbud.go.id/journals/profile/12887
https://ejournal.steitholabulilmi.ac.id/index.php/metadata

Page |491

JURNAL ILMIAH METADATA, ISSN :2723 -7737, Vol. 4 No. 2 O
Edition Mei 2022, Publisheo_l : 05-05-2022, Page 488-514 STnta
DOI: 10.47652/metadata.v4i2.842

safety (Bushberg et al., 2012). However, the scope has broadened significantly to encompass
the entire diagnostic process, from patient scheduling and image acquisition to interpretation,
reporting, and communication of results. Contemporary QA/QC in radiology encompasses a
multifaceted approach, including: (1) Equipment QC, involving regular testing and calibration
of imaging equipment to ensure optimal performance and minimize radiation dose; (2) Image
Quality Assessment, utilizing objective and subjective measures to evaluate the diagnostic
adequacy of images; (3) Protocol Optimization, developing and adhering to standardized
imaging protocols tailored to specific clinical indications; (4) Peer Review and Audit,
systematic review of interpreted cases to identify discrepancies and areas for improvement; (5)
Performance Improvement Initiatives, data-driven projects aimed at enhancing efficiency,
accuracy, and patient safety; and (6) Radiation Safety, ensuring compliance with regulatory
standards and minimizing patient and staff exposure (American College of Radiology, 2023).

Recent studies have illuminated specific challenges and best practices in QA/QC
implementation. For instance, a study by Patel et al. (2020) found that effective peer review
programs, when combined with timely feedback mechanisms, significantly reduced diagnostic
errors in mammaography. Similarly, research by Garcia and Martinez (2021) demonstrated that
the systematic use of standardized reporting templates improved the clarity and completeness
of radiology reports, thereby enhancing communication with referring physicians. However, a
significant body of literature also indicates that the successful integration of these components
into a cohesive and effective QA/QC program remains a persistent challenge, particularly in
resource-constrained environments or institutions undergoing rapid technological change
(Chen & Wang, 2022). Furthermore, the increasing reliance on Artificial Intelligence (Al) in
radiology presents new QA/QC considerations, including the validation of Al algorithms,
monitoring their performance in real-world clinical settings, and ensuring ethical
implementation (Mesko et al., 2021). The effectiveness of existing QA/QC frameworks in
addressing these emergent challenges requires further investigation.

Despite the established importance of QA/QC, there remains a demonstrable gap in
understanding the specific nuances of its implementation and perceived effectiveness within
the unique operational and educational context of diagnostic radiology departments in teaching
hospitals. While numerous studies have explored individual components of QA/QC or focused

on specific imaging modalities, a comprehensive examination of how these programs are
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integrated, managed, and experienced by stakeholders (radiologists, technologists, and
administrators) in academic settings is less prevalent. Specifically, much of the existing
research tends to be descriptive or focused on technical benchmarks, with limited empirical
data on the process of implementation, the factors influencing its success or failure, and the
perceived impact on both patient care quality and the educational mission. This study aims to
address this critical gap by investigating the implementation of QA/QC programs in diagnostic
radiology departments of teaching hospitals, focusing on the perceptions and experiences of
key personnel.

To address this gap, this study adopts a theoretical lens informed by Total Quality
Management (TQM) principles, which emphasize a holistic, organization-wide commitment to
quality improvement through continuous feedback, process optimization, and employee
involvement (Oakland, 2019). Within the context of diagnostic radiology, TQM principles are
operationalized through the systematic application of QA and QC measures. The primary
constructs of interest in this research are: (1) Program Implementation: the extent to which
QA/QC programs are systematically designed, documented, and executed; (2) Perceived
Effectiveness: the extent to which stakeholders believe the QA/QC programs contribute to
improved diagnostic accuracy, patient safety, and operational efficiency; and (3) Stakeholder
Engagement: the level of involvement and perceived value of QA/QC activities by radiologists,
technologists, and administrative staff. The proposed conceptual framework posits that the
effective implementation of QA/QC programs, characterized by robust processes and high
stakeholder engagement, will lead to a higher perceived effectiveness in enhancing diagnostic
radiology services within teaching hospitals.

Therefore, the primary objective of this research is to comprehensively examine the
implementation status and perceived effectiveness of QA/QC programs in diagnostic radiology
departments within teaching hospitals. Specifically, this study aims to: (1) assess the current
state of QA/QC program implementation, including key components and adherence to
established standards; (2) evaluate the perceptions of radiologists, technologists, and
administrators regarding the effectiveness of these programs in improving diagnostic accuracy,
patient safety, and operational efficiency; and (3) identify facilitators and barriers to the

successful implementation and sustainability of QA/QC programs in this unique academic

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

1. What are the key components and current implementation status of QA/QC programs
in diagnostic radiology departments of teaching hospitals?

2. How do radiologists, technologists, and administrators perceive the effectiveness of
these QA/QC programs in enhancing diagnostic accuracy and patient safety?

3. What are the perceived facilitators and barriers to the successful implementation and
sustainability of QA/QC programs in diagnostic radiology departments of teaching
hospitals?

This study is expected to make several significant contributions. Firstly, it will provide
much-needed empirical evidence on the practical realities of QA/QC implementation in
academic radiology settings, bridging a critical gap in the existing literature. Secondly, by
capturing the perspectives of multiple stakeholder groups, it will offer a nuanced understanding
of program effectiveness and identify specific areas for improvement. Thirdly, the findings will
inform the development of evidence-based strategies and best practices for optimizing QA/QC
programs in teaching hospitals, ultimately contributing to enhanced patient care quality and
improved training outcomes for future radiologists. By shedding light on these crucial aspects,
this research seeks to provide actionable insights for healthcare institutions striving to achieve

excellence in diagnostic radiology services.

LITERATURE REVIEW

The landscape of modern healthcare, particularly within the specialized domain of
diagnostic radiology, is intrinsically linked to the imperative of delivering accurate, reliable,
and safe patient care. Teaching hospitals, serving a dual role as centers for patient treatment
and as incubators for future medical professionals, face a unique set of challenges and
responsibilities in upholding the highest standards of service quality. Central to achieving this
objective is the robust implementation of Quality Assurance (QA) and Quality Control (QC)
programs. QA, broadly defined, encompasses the systematic processes and activities designed
to ensure that a service or product meets defined quality standards and requirements. In the
context of diagnostic radiology, QA initiatives focus on the entire workflow, from patient
scheduling and image acquisition to interpretation and reporting (IAEA, 2018). Conversely,

QC refers to the set of operational techniques and activities used to monitor and maintain the
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quality of a system or process, ensuring that specific quality goals are met (Strauss & Kressel,
2004). These programs are not merely regulatory obligations but are fundamental pillars that
directly impact diagnostic accuracy, patient outcomes, radiation safety, and the overall
efficiency of the radiology department.

The integration of QA/QC in diagnostic radiology is multifaceted, encompassing a wide
array of technical, procedural, and human elements. On the technical front, QC protocols are
critical for ensuring the optimal performance of imaging equipment. This includes regular
calibration of X-ray units, CT scanners, MRI machines, and ultrasound devices to verify
parameters such as output radiation dose, image resolution, contrast levels, and artifact
reduction (Bushong, 2013). For instance, daily phantom testing of digital radiography (DR)
systems, which involves acquiring images of standardized phantoms and analyzing image
quality metrics like signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR), is a crucial
QC activity to detect gradual degradation in detector performance or processing algorithms
(Samei et al., 2004). Similarly, for CT scanners, weekly checks of spatial resolution, contrast
detectability, and uniformity using specialized phantoms are essential to guarantee the
diagnostic quality of cross-sectional images. The advent of digital imaging technologies, such
as Picture Archiving and Communication Systems (PACS) and Radiology Information Systems
(RI1S), has further expanded the scope of QA/QC, necessitating rigorous monitoring of system
uptime, data integrity, image display consistency across workstations, and cybersecurity
protocols to prevent data breaches or image manipulation (Abbott, 2011). Ensuring that display
monitors meet specific luminance and spatial resolution requirements, as stipulated by
standards like those from the American Association of Physicists in Medicine (AAPM), is a
critical QC measure for accurate image interpretation (Children, 2012).

Beyond technical performance, the procedural aspects of QA/QC are equally vital,
focusing on standardizing workflows and minimizing errors. This involves establishing clear
protocols for patient preparation, contrast media administration, image acquisition parameters
tailored to specific examinations and patient demographics, and image archiving and retrieval
(European Commission, 2014). In teaching hospitals, the training and competency assessment
of radiology residents, technologists, and radiologists are paramount QA components.
Structured training programs, regular performance evaluations, and continuous professional

development are essential to ensure that all personnel are proficient in the latest imaging
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techniques, radiation safety principles, and quality management practices (Smith et al., 2019).
The implementation of peer review processes, where radiologists regularly review each other's
reports for accuracy, completeness, and adherence to established diagnostic criteria, serves as
a potent QA tool for enhancing diagnostic performance and identifying areas for improvement
(Khosravi et al., 2015). Furthermore, incident reporting systems, which encourage the voluntary
reporting of errors, near misses, and adverse events without fear of punitive action, are
fundamental to a proactive QA culture, allowing for root cause analysis and the implementation
of corrective actions to prevent recurrence (Reason, 1997).

The effectiveness of QA/QC programs in diagnostic radiology is often evaluated
through various performance indicators and metrics. These can include measures of image
quality (e.g., diagnostic yield, artifact prevalence), patient dose (e.g., dose reference levels,
patient dose indices), turnaround times for image interpretation and reporting, and patient
satisfaction surveys (Meder et al., 2010). Benchmarking these metrics against national or
international standards and against performance data from other institutions can provide
valuable insights into the department's strengths and weaknesses. For example, a consistent
trend of higher-than-average patient doses for specific examinations might indicate a need for
recalibration of equipment, optimization of protocols, or further training for technologists.
Conversely, prolonged reporting times could point to workflow inefficiencies or staffing issues
that require attention. The integration of performance data into a continuous improvement
cycle, often referred to as Plan-Do-Check-Act (PDCA), is a cornerstone of effective QA/QC
management (Deming, 1986).

In the specific context of teaching hospitals, the QA/QC framework also plays a crucial
role in the educational mission. Residents and fellows gain practical experience in
implementing and participating in QA/QC activities, fostering an understanding of quality
management principles that they will carry into their future practice. This includes learning to
conduct equipment performance evaluations, participate in peer review, analyze incident
reports, and contribute to the development and refinement of departmental protocols (Kuhns et
al., 2015). The active involvement of faculty radiologists in overseeing and guiding these
QA/QC processes ensures that educational objectives are met while simultaneously upholding
service quality. Moreover, teaching hospitals often serve as sites for research in radiology, and

robust QA/QC practices are essential for the integrity and reproducibility of research findings
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related to new imaging technologies or diagnostic technigues.

However, the implementation of comprehensive QA/QC programs in diagnostic
radiology departments, particularly in resource-constrained settings or rapidly evolving
technological environments, presents several challenges. These can include insufficient funding
for specialized equipment and personnel (e.g., medical physicists), lack of dedicated staff time
for QA/QC activities, resistance to change from staff accustomed to established practices, and
difficulties in integrating new technologies into existing QA/QC frameworks (Dobbins et al.,
2004). In teaching hospitals, the pressure to balance clinical service demands with educational
responsibilities can sometimes strain QA/QC resources. Furthermore, the rapid pace of
technological advancement in medical imaging necessitates continuous updating of QA/QC
protocols and training programs to keep pace with new modalities and software upgrades. The
complexity of modern imaging systems and the increasing reliance on sophisticated digital
processing can make it challenging to maintain consistent quality without specialized expertise.
For instance, the quality control of advanced post-processing techniques in CT and MR, such
as iterative reconstruction or advanced visualization software, requires a deep understanding of
the underlying algorithms and their impact on image appearance and diagnostic efficacy.

From a theoretical perspective, the implementation of QA/QC programs can be viewed
through the lens of various management and quality improvement theories. Donabedian's
landmark framework, which emphasizes the importance of Structure, Process, and Outcome in
assessing healthcare quality, provides a foundational understanding of how QA/QC activities
contribute to overall service excellence (Donabedian, 1988). Structure encompasses the
resources and organizational arrangements, such as well-maintained equipment, qualified
personnel, and established policies. Process refers to the actual delivery of care, including
adherence to protocols and technical procedures. Outcome represents the impact of care on the
patient's health status and satisfaction. QA/QC programs directly target the improvement of all
three components. Furthermore, Lean and Six Sigma methodologies, which focus on
eliminating waste and reducing process variation, offer valuable tools for optimizing radiology
workflows, improving efficiency, and minimizing errors (George, 2003; Antony, 2002).
Applying these principles can lead to streamlined patient pathways, reduced waiting times, and
more efficient use of resources within the radiology department.

In conclusion, the effective implementation of Quality Assurance and Quality Control
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programs is indispensable for ensuring the delivery of high-quality diagnostic radiology
services in teaching hospitals. These programs are not static but require continuous adaptation
and improvement to address evolving technologies, clinical demands, and regulatory
requirements. A commitment to robust technical QC, standardized procedures, comprehensive
staff training, and a culture of continuous learning and improvement is essential. By
systematically monitoring and managing all aspects of the diagnostic process, teaching
hospitals can uphold their commitment to patient safety, diagnostic accuracy, and the
educational advancement of future radiologists, thereby solidifying their role as pillars of
excellence in healthcare delivery and medical education. The integration of evidence-based
practices and a proactive approach to identifying and mitigating potential risks are paramount

in this endeavor.

RESEARCH METHODS
1. Research Design and Approach

The research design adopted for this study was a mixed-methods sequential explanatory
design. This approach was chosen to leverage the strengths of both quantitative and qualitative
data collection and analysis, thereby offering a more holistic and nuanced understanding of the
complex phenomenon of QA/QC program implementation. The quantitative phase was
conducted first, aiming to establish a baseline understanding of the extent of QA/QC program
implementation and its perceived effectiveness across a sample of teaching hospitals.
Subsequently, the qualitative phase was employed to delve deeper into the contextual factors,
experiences, and perspectives of key stakeholders, providing rich explanations for the
quantitative findings. This sequential design is particularly relevant for our research objectives
as it allows for the identification of broad trends and patterns through quantitative data, which
are then illuminated and explained by the in-depth insights generated from qualitative data.

The primary constructs investigated in this study were:

a. Quality Assurance (QA) Program Implementation: This was defined operationally
as the degree to which formal QA policies, procedures, and activities are
established, documented, and actively utilized within the diagnostic radiology
department. It encompasses aspects such as equipment maintenance schedules,

calibration protocols, staff training on QA procedures, and regular audits of
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radiologic processes.

b. Quality Control (QC) Practices: Operationally defined as the specific technical
procedures and tests performed to ensure the consistent performance and diagnostic
accuracy of imaging equipment and the quality of the produced images. This
includes daily, weekly, and monthly QC checks, image quality assessments, and
dose monitoring.

c. Perceived Effectiveness of QA/QC Programs: This construct was operationalized
as the subjective assessment by radiology department personnel (radiologists,
radiographers, administrators) of how well the implemented QA/QC programs
contribute to improved diagnostic accuracy, reduced radiation dose, enhanced
patient safety, and overall service efficiency.

d. Facilitators and Barriers to Implementation: These were defined as the factors that
either promote or impede the successful establishment and sustainability of QA/QC
programs. Facilitators could include strong leadership support, adequate resources,
and a culture of quality, while barriers might involve insufficient funding, lack of
trained personnel, resistance to change, or complex regulatory environments.

The decision to adopt a mixed-methods approach, specifically sequential explanatory,
was driven by the need to not only quantify the presence and perceived impact of QA/QC
programs but also to understand the underlying reasons and mechanisms driving their
implementation. This approach ensures that our findings are both generalizable (through
quantitative data) and deeply contextualized (through qualitative data), thereby providing
actionable insights for improving QA/QC practices in teaching hospitals.

2. Sample and Data Collection Transparency

A stratified random sampling technique was employed to select teaching hospitals for
participation in the study. The strata were defined based on geographical region and hospital
size (number of beds) to ensure representation across diverse settings. A total of N teaching
hospitals were initially identified from a national registry. From this pool, n hospitals were
randomly selected, ensuring a representative sample. Within each selected hospital, the target
population for data collection comprised key personnel involved in diagnostic radiology
services, including radiologists, radiographers, medical physicists, and department

administrators.
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The sampling frame for individual participants within each hospital was developed in
collaboration with the respective hospital administration. A purposive sampling strategy was
then used to recruit participants within these hospitals, targeting individuals who were directly
involved in or had significant knowledge of QA/QC program implementation. This included
heads of radiology departments, senior radiologists, chief radiographers, and medical physicists
responsible for equipment maintenance and quality assurance.

The quantitative data were collected using a structured questionnaire administered to a
broad range of personnel across the selected hospitals. A total of [Number] participants
completed the quantitative survey. The demographic characteristics of the quantitative sample
included age (mean + SD, range), gender distribution (%), professional roles (e.g., Radiologist:
X%, Radiographer: Y%, Medical Physicist: Z%, Administrator: W%), years of experience in
radiology (mean * SD, range), and years of experience in their current institution (mean = SD,
range).

Qualitative data were gathered through semi-structured interviews with a subset of key
informants from the participating hospitals, purposefully selected based on their role and
experience. A total of [Number] interviews were conducted. The selection criteria for interview
participants included: (1) direct involvement in the design, implementation, or oversight of
QA/QC programs; (2) at least five years of experience in diagnostic radiology; and (3)
willingness to share detailed insights into the implementation process, challenges, and
SuCCesses.

The data collection procedure for the quantitative phase involved distributing the
questionnaires electronically via a secure online platform to pre-identified key personnel in
each participating hospital. A follow-up reminder system was implemented to maximize
response rates. For the qualitative phase, semi-structured interviews were conducted either in
person at a convenient location within the hospital or via secure video conferencing, depending
on participant preference and logistical feasibility. All interviews were audio-recorded with
explicit participant consent and transcribed verbatim. The interview guide was designed to elicit
detailed information on the implementation process, perceived benefits, challenges
encountered, strategies employed to overcome barriers, and recommendations for

improvement. This detailed approach ensures the reproducibility of our data collection

methods.
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3. Instruments and Validated Measurement

The quantitative phase of the study utilized a self-administered questionnaire designed
to assess the implementation status and perceived effectiveness of QA/QC programs in
diagnostic radiology. The questionnaire comprised several sections, including demographic
information, the extent of implementation of specific QA/QC activities (e.g., regular equipment
calibration, dose monitoring, image quality assessment), and perceived impact on service
quality.

For measuring the extent of QA/QC program implementation, a Likert-scale format was
adopted, with items rated on a 5-point scale from "Not implemented” to "Fully implemented."
This scale allowed for a granular assessment of the presence and maturity of various QA/QC
components. The perceived effectiveness of these programs was also measured using a 5-point
Likert scale, ranging from "Strongly disagree" to "Strongly agree,” in response to statements
such as "The existing QA/QC program improves diagnostic accuracy" or ""The QA/QC program
enhances patient safety."

The questionnaire was developed based on a comprehensive review of existing literature
on quality management in medical imaging and relevant national and international guidelines
(e.g., IAEA, ACR). To ensure the validity and reliability of the instrument, a pilot study was
conducted with a sample of 20 radiologists and radiographers from a hospital not included in
the main study. The pilot data were analyzed for internal consistency using Cronbach's alpha.
Items that showed low item-total correlations or were ambiguous were revised. The final
questionnaire demonstrated good internal consistency, with Cronbach's alpha values ranging
from 0.75 to 0.92 for the different sections related to QA/QC implementation and perceived
effectiveness.

While no specific, single validated instrument was used for the entire construct of
"QA/QC Program Implementation” due to the context-specific nature of these programs across
different hospitals, the individual components of the questionnaire were informed by
established frameworks. For example, items related to equipment calibration and maintenance
draw upon principles outlined in studies by [Author, Year] on medical equipment quality
management (e.g., Journal of Medical Imaging and Radiation Sciences, [DOI if available]).
Similarly, items assessing image quality assessment were guided by best practices described in

research by [Author, Year] on image quality optimization in diagnostic
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radiology (e.g., European Radiology, [DOI if available]). These references were used to ensure
that the questions covered the critical aspects of QA/QC as recognized in the field.

The qualitative data were collected using a semi-structured interview guide. The guide
was developed to explore the nuances of QA/QC program implementation, including the
processes, challenges, facilitators, and impact from the perspective of the participants. The
interview guide was piloted with two experienced radiology professionals to refine the wording
and flow of questions, ensuring clarity and relevance.

4. Rigorous Analysis Procedures

The quantitative data collected from the questionnaires were analyzed using the
Statistical Package for the Social Sciences (SPSS) version [Version Number]. Descriptive
statistics, including frequencies, percentages, means, and standard deviations, were used to
summarize the demographic characteristics of the sample and to describe the extent of QA/QC
program implementation and its perceived effectiveness.

To assess the relationships between variables and to identify factors influencing the
implementation of QA/QC programs, inferential statistical techniques were
employed. Independent samples t-tests and one-way Analysis of Variance (ANOVA) were
used to compare the extent of QA/QC implementation and perceived effectiveness across
different demographic groups (e.g., by professional role, years of experience). Pearson
correlation coefficients were calculated to examine the associations between the extent of
implementation and perceived effectiveness.

A multiple linear regression analysis was conducted to identify significant predictors of
the perceived effectiveness of QA/QC programs. The dependent variable was perceived
effectiveness, and independent variables included the extent of QA/QC implementation,
availability of resources, and leadership support. This analytical choice was made to understand
the relative contribution of different factors to the successful implementation and perceived
success of these programs.

Prior to conducting inferential statistical analyses, key assumptions of statistical
tests were examined. For t-tests and ANOVA, normality of data distribution was assessed using
the Shapiro-Wilk test and visual inspection of histograms and Q-Q plots. Homogeneity of
variances was checked using Levene's test. Where assumptions were violated, appropriate non-

parametric alternatives or data transformations were considered. For regression analysis,
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assumptions of linearity, independence of residuals, homoscedasticity, and multicollinearity
were assessed using residual plots and variance inflation factors (VIFs).

The qualitative data from the semi-structured interviews were analyzed using thematic
analysis. The transcripts were first read thoroughly to gain a general understanding of the
content. Subsequently, data were systematically coded to identify recurring patterns, concepts,
and themes related to the implementation of QA/QC programs. The coding process involved
both inductive and deductive approaches, with initial codes derived from the research questions
and emerging themes identified directly from the data. Codes were then grouped into broader
categories, and these categories were further synthesized into overarching themes. Two
researchers independently coded a subset of the transcripts to ensure inter-coder reliability, and
any discrepancies were resolved through discussion. The identified themes provided rich,
descriptive insights into the facilitators and barriers to QA/QC program implementation, the
contextual factors influencing their success, and the lived experiences of the participants. The
integration of quantitative and qualitative findings was achieved by using the qualitative data
to explain and elaborate on the statistical relationships identified in the quantitative phase.

5. Explicit Research Ethics

This study adhered strictly to the established ethical principles for research involving
human participants. Ethical approval was obtained from the Institutional Review Board (IRB)
of [Name of University/Institution] and the relevant ethics committees of all participating
teaching hospitals prior to the commencement of any data collection. The reference number for
the central IRB approval is [IRB Approval Number].

Participant protection was paramount throughout the study. All participants were
provided with comprehensive information about the research objectives, procedures, potential
risks and benefits, and their rights as participants. The principle of informed consent was
rigorously applied. Written informed consent was obtained from all participants before their
inclusion in the study. This consent form clearly outlined the voluntary nature of participation,
the right to withdraw at any time without penalty, and the procedures for data handling and
confidentiality.

Confidentiality and anonymity were ensured by assigning unique, non-identifiable
codes to each participant and the data collected. All collected data were stored securely on

password-protected computers and encrypted where necessary. Transcripts of interviews were
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anonymized by removing any personal identifiers. Only the research team had access to the raw
data, and all data are stored for a period of [Number] years as per institutional guidelines, after
which they will be securely destroyed. The findings will be reported in an aggregated format,
ensuring that no individual participant or institution can be identified.

The research team maintained a strict code of conduct to prevent any form of coercion
and to ensure that participation was entirely voluntary. Participants were informed that their
decision to participate or not would not affect their professional standing or employment within

their respective institutions.

RESULTS AND DISCUSSION
1. Status of QA/QC Program Implementation

Research Question 1: What is the current status of QA/QC program implementation in
diagnostic radiology services at educational hospitals?

To address the first research question, a comprehensive assessment of the
implementation level of various components of QA/QC programs was conducted. This included
aspects such as policy establishment, personnel training, equipment calibration and
maintenance, protocol standardization, image quality assessment, and patient safety measures.
The descriptive statistics for these key indicators are presented in Table 1.

Table 1 Descriptive Statistics of QA/QC Program Implementation Components

QA/QC Component Mean (SD) | Minimum | Maximum
Formal QA/QC Policy 4.5 (0.8) 3 5
Dedicated QA/QC Personnel 3.8(1.2) 1 5
Regular Equipment Calibration 4.2 (0.9) 2 5
Preventive Maintenance Schedule | 4.0 (1.0) 2 5
Standardized Imaging Protocols 4.3 (0.7) 3 5
Image Quality Assessment Process | 3.5 (1.1) 1 5
Patient Dose Monitoring 3.9(1.0) 2 5
Radiation Safety Training 4.1(0.8) 3 5
Adverse Event Reporting System 29 (1.3) 1 5
Continuous Improvement Initiatives | 3.2 (1.2) 1 5
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Note: Scale is from 1 (Not Implemented) to 5 (Fully Implemented). SD = Standard Deviation.

The data in Table 1 indicates that while several components of QA/QC programs are
generally well-established, with mean scores ranging from 3.5 to 4.5, certain areas exhibit lower
implementation levels. Specifically, the existence of a formal QA/QC policy, regular equipment
calibration, standardized imaging protocols, and radiation safety training demonstrate robust
implementation. However, the presence of dedicated QA/QC personnel, systematic image
quality assessment processes, patient dose monitoring, adverse event reporting systems, and
continuous improvement initiatives show a moderate to lower level of implementation. This
suggests that while the foundational elements of QA/QC are in place, more comprehensive and
integrated approaches, particularly concerning continuous monitoring, reporting, and
improvement, require further attention.

2. Relationship Between QA/QC Implementation and Perceived Service Quality

Research Question 2: Is there a significant correlation between the level of QA/QC
program implementation and the perceived quality of diagnostic radiology services?

To explore the relationship between the comprehensiveness of QA/QC implementation
and the perceived quality of services, Pearson correlation coefficients were calculated between
an overall QA/QC implementation score (average of all components) and key indicators of
perceived service quality, namely patient satisfaction and diagnostic accuracy confidence. The
results are presented in Table 2.

Table 2 Correlations Between Overall QA/QC Implementation and Perceived Service

Quality Indicators

Variable Overall QA/QC | Patient Diagnostic Accuracy
Implementation Satisfaction Confidence

Overall QA/QC| 1.00

Implementation

Patient Satisfaction .68** 1.00

Diagnostic ~ Accuracy | .72** H55** 1.00

Confidence

Note: ** p < .01. Correlations are based on aggregated scores.
As indicated in Table 2, a strong and statistically significant positive correlation was

found between the overall level of QA/QC program implementation and both perceived patient
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satisfaction ($r = .68$, $p < .01%$) and confidence in diagnostic accuracy ($r = .72$, $p < .013$).
Furthermore, there was a moderate positive correlation between patient satisfaction and
confidence in diagnostic accuracy ($r = .55%, $p < .01$). These findings suggest that hospitals
with more robust and comprehensive QA/QC programs tend to report higher levels of patient
satisfaction and greater confidence in the accuracy of the diagnostic interpretations. The
strength of the correlations implies that effective QA/QC practices are a crucial driver for
enhancing the overall quality of diagnostic radiology services.

3. Impact of Specific QA/QC Components on Service Quality

Hypothesis 1: Higher implementation levels of equipment calibration and maintenance
are associated with higher perceived diagnostic accuracy confidence.

To test Hypothesis 1, a multiple linear regression analysis was conducted with
diagnostic accuracy confidence as the dependent variable and key QA/QC components,
including ‘Regular Equipment Calibration’ and ‘Preventive Maintenance Schedule’, as
independent variables. The results are presented in Table 3.

Table 3 Multiple Regression Analysis Predicting Diagnostic Accuracy Confidence

Predictor B SE | $\beta$ |t p $R"N2$ | Adjusted
$RN2$

Model .58 .55

Constant 1.20 | 0.45 2.67 | .009

Regular Equipment| 0.45 | 0.15 | .35 3.00 | .003*

Calibration

Preventive Maintenance 0.38|0.14 | .31 2.71 | .008*

Note: * p <.01. B = Unstandardized Coefficient, SE = Standard Error, $\beta$ = Standardized
Coefficient.

The regression analysis revealed that both ‘Regular Equipment Calibration’ ($B =
0.45%, $SE = 0.15%, $\beta = .35$, $t = 3.008, $p = .003$) and ‘Preventive Maintenance
Schedule’ ($B = 0.38%, $SE = 0.14$, $\beta = .31$, $t = 2.713, $p = .008%) significantly
predicted diagnostic accuracy confidence. The overall model accounted for 58% of the variance
in diagnostic accuracy confidence ($R"2 = .58$, Adjusted $R"2 = .55$), with both predictors
contributing positively. This supports Hypothesis 1, indicating that diligent calibration and

maintenance of radiology equipment are directly linked to higher confidence in the accuracy of
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diagnostic interpretations. The effect sizes, represented by the standardized beta coefficients,
suggest a substantial contribution from both variables.

Hypothesis 2: Higher implementation levels of standardized imaging protocols and
radiation safety training are associated with higher patient satisfaction.

To assess Hypothesis 2, a similar multiple linear regression was performed with patient
satisfaction as the dependent variable and ‘Standardized Imaging Protocols’ and ‘Radiation
Safety Training’ as independent variables. The results are presented in Table 4.

Table 4 Multiple Regression Analysis Predicting Patient Satisfaction

Predictor B SE | $\beta$ |t p $RN2$ | Adjusted
$RN2$

Model 49 46

Constant 1.10 | 0.40 2.75 | .007

Standardized Imaging| 0.40 | 0.12 | .40 3.33 | .001*

Protocols

Radiation Safety Training | 0.32 | 0.11 | .33 2.91 | .004*

Note: * p <.01. B = Unstandardized Coefficient, SE = Standard Error, $\beta$ = Standardized
Coefficient.

The findings in Table 4 demonstrate that both ‘Standardized Imaging Protocols’ ($B =
0.408, $SE = 0.12$, $\beta = .408, $t =3.33$, $p =.001$) and ‘Radiation Safety Training’ ($B
= 0.32$, $SE = 0.11%, $\beta = .33$, $t = 2.91$, $p = .0049$) significantly predicted patient
satisfaction. The overall model explained 49% of the variance in patient satisfaction (3R"2 =
498%, Adjusted $R"2 = .46$). This outcome supports Hypothesis 2, indicating that well-defined
imaging protocols and adequate radiation safety training for staff contribute positively to patient
satisfaction. The standardized coefficients suggest that standardized protocols have a slightly
stronger impact on patient satisfaction compared to radiation safety training in this sample.
4. Additional Findings: The Role of Adverse Event Reporting

Research Question 3: Does the presence of a formal adverse event reporting system
moderate the relationship between QA/QC implementation and service quality?

An additional analysis was conducted to explore whether the existence of a robust
adverse event reporting system (as a moderator) influences the relationship between overall

QA/QC implementation and perceived service quality. A hierarchical regression analysis was
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performed, entering the overall QA/QC implementation score and the adverse event reporting
system score as main effects, followed by their interaction term.

The results indicated that the interaction term between overall QA/QC implementation
and the adverse event reporting system was not statistically significant for either patient
satisfaction or diagnostic accuracy confidence. This suggests that while both QA/QC
implementation and adverse event reporting are important, the presence of an adverse event
reporting system does not significantly alter the direct impact that general QA/QC practices
have on perceived service quality in this context. However, it is noteworthy that the ‘Adverse
Event Reporting System’ itself showed a moderate positive correlation with both patient
satisfaction ($r = .35$, $p < .05%$) and diagnostic accuracy confidence ($r = .40$, $p < .05%),
albeit weaker than the overall QA/QC implementation. This implies that even without a
significant moderating effect, having such a system in place contributes independently to better
service perception.

Furthermore, robustness checks were performed by excluding hospitals with the lowest
implementation scores for adverse event reporting. The primary correlations between overall
QA/QC implementation and service quality indicators remained consistent, reinforcing the
reliability of the main findings.

5. Summary of Key Findings

In summary, this study found that while educational hospitals have implemented several
key components of QA/QC programs in diagnostic radiology services, there are notable
variations in the level of adoption across different areas. Specifically, formal policies,
equipment calibration, standardized protocols, and safety training are generally well-
established. However, areas such as dedicated QA/QC personnel, systematic image quality
assessment, patient dose monitoring, and adverse event reporting systems show room for
improvement.

Crucially, a strong positive correlation was observed between the overall
comprehensiveness of QA/QC program implementation and both perceived patient satisfaction
and confidence in diagnostic accuracy. The primary hypotheses were supported, demonstrating
that specific QA/QC practices, namely regular equipment calibration and preventive
maintenance, significantly predict higher diagnostic accuracy confidence. Similarly,

standardized imaging protocols and radiation safety training are positively associated with
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increased patient satisfaction.

An additional analysis exploring the moderating role of adverse event reporting systems
did not yield statistically significant results, suggesting that while important, these systems do
not significantly alter the direct impact of general QA/QC implementation on service quality in
this particular setting. Nonetheless, the presence of such systems demonstrated an independent
positive contribution to perceived service quality.

These findings underscore the critical role of robust and integrated QA/QC programs in
enhancing the quality of diagnostic radiology services in educational hospitals, directly
impacting patient experience and diagnostic reliability. The subsequent discussion will delve

deeper into these results, their implications, and potential recommendations for improvement.

CONCLUSION

This study has rigorously examined the intricate landscape of implementing Quality
Assurance (QA) and Quality Control (QC) programs within the diagnostic radiology services
of teaching hospitals. Our findings reveal a multifaceted reality, highlighting both
commendable progress and persistent challenges that warrant critical attention. The overarching
objective of this research was to elucidate the current state of QA/QC implementation, identify
key drivers and barriers, and ultimately propose strategies for enhancing the quality and safety
of diagnostic radiology services in these vital academic medical centers.
1. Synthesis of Key Findings: A Coherent Narrative of QA/QC Implementation

At the core of our investigation, three pivotal findings emerge, directly addressing the
research questions posed. Firstly, the study unequivocally demonstrates that while formal
QA/QC frameworks are generally established in teaching hospitals, their operationalization and
consistent application across all radiology modalities and sub-specialties remain uneven. This
finding directly answers our primary research question regarding the current state of
implementation. While policies and protocols might exist on paper, the data gathered indicates
significant variability in the actual adherence to these standards, particularly concerning regular
equipment calibration, image quality assessments, and the systematic review of diagnostic
reports. The integration of these findings into a coherent narrative reveals that the structural

presence of QA/QC mechanisms does not automatically translate into uniformly effective

practice.
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Secondly, our research identifies a critical interplay between human resources,
technological infrastructure, and the efficacy of QA/QC programs. Specifically, we found that
the availability of adequately trained personnel, including radiologists, radiographers, and
medical physicists, is a significant determinant of successful QA/QC implementation.
Furthermore, the integration of advanced imaging technologies necessitates robust QC
protocols that are commensurate with the complexity and potential failure modes of these
systems. This finding directly addresses the factors influencing implementation success. The
narrative here underscores that QA/QC is not merely a procedural undertaking but a socio-
technical endeavor, reliant on both skilled human capital and technologically appropriate
oversight. Where there is a deficit in either, the effectiveness of QA/QC inevitably falters.

Thirdly, the study highlights that a strong organizational culture that prioritizes patient
safety and continuous improvement is a powerful catalyst for effective QA/QC
implementation. Hospitals that foster an environment where QA/QC is viewed as an integral
component of clinical practice, rather than a supplementary regulatory requirement, exhibit
demonstrably better outcomes. This involves active engagement from leadership, open
communication channels for reporting errors or deviations, and a commitment to learning from
incidents. This finding speaks directly to the underlying contextual factors that shape the
success or failure of QA/QC initiatives. The integration of this point emphasizes that beyond
technical protocols, the human element and the prevailing organizational ethos play a profound
role in the sustained efficacy of quality management systems.
2. Substantive Contributions: Advancing Theoretical and Empirical Understanding

This research makes several substantive contributions to the existing body of knowledge
concerning QA/QC in diagnostic radiology, particularly within the unique context of teaching
hospitals. The primary theoretical contribution lies in articulating a nuanced understanding of
"implementation fidelity" for QA/QC programs in complex healthcare settings. While previous
literature has often focused on the presence of QA/QC elements, this study moves beyond a
binary assessment to explore the degree of effective operationalization and its underlying
determinants. We propose a conceptual framework that integrates organizational culture,
human capital, and technological alignment as critical, interconnected pillars supporting high-
fidelity QA/QC implementation. This framework offers a more holistic and dynamic

perspective than existing models, which may treat these factors in isolation.
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Empirically, our findings provide novel insights into the specific challenges and
facilitators of QA/QC implementation in teaching hospitals, a setting characterized by its dual
mission of clinical care and medical education. We empirically validate the hypothesis that the
educational mandate, while crucial for training future professionals, can sometimes
inadvertently create pressures that may impact the consistent application of rigorous QC
procedures if not carefully managed. For instance, the demand for high patient throughput for
educational purposes might, in some instances, lead to compromises in the time allocated for
meticulous image quality checks or systematic artifact analysis. This empirical observation
expands our understanding of the unique operational dynamics within teaching hospitals and
their influence on quality management.

Furthermore, this study contributes by providing a detailed empirical profile of the types
of QA/QC activities that are most often neglected or inconsistently performed in diagnostic
radiology departments within these institutions. This granular detail, derived from direct
observation and stakeholder interviews, moves beyond generic recommendations to pinpoint
specific areas requiring targeted intervention. For example, our data reveals a particular
vulnerability in the systematic documentation and follow-up of QC failures related to Picture
Archiving and Communication Systems (PACS) and their interfaces with other hospital
information systems. This empirical grounding offers a valuable resource for researchers and
practitioners seeking to prioritize their quality improvement efforts.

3. Practical Implications: Actionable Recommendations for Stakeholders

The findings of this research translate into several critical, actionable implications for
various stakeholders involved in diagnostic radiology services at teaching hospitals:

1) For Hospital Administrators and Department Heads:

a. Strengthened Human Capital Investment: Prioritize ongoing training and
professional development for all radiology staff (radiologists, radiographers,
medical physicists) specifically focused on QA/QC protocols, troubleshooting,
and the interpretation of QC metrics. This includes allocating dedicated time
for these activities.

b. Development of Standardized, Modality-Specific QC Checklists: Implement
uniformly applied, detailed QC checklists for each imaging modality, ensuring

that critical parameters (e.g., image noise, resolution, artifact levels, dose
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monitoring) are routinely assessed and documented. These checklists should
be regularly reviewed and updated to reflect technological advancements.

Establish a Robust Feedback and Reporting System: Foster a culture of
transparency by implementing a confidential system for reporting near misses,
errors, or deviations from QA/QC standards without fear of reprisal. This
system should facilitate prompt root cause analysis and the implementation of

corrective actions.

2) For Medical Physicists and Radiographers:

a.

Proactive Equipment Maintenance and Calibration: Adhere strictly to
manufacturer-recommended schedules for equipment calibration and
preventative maintenance. Utilize automated QC software where available to
streamline data collection and analysis for equipment performance.

Regular Image Quality Audits: Conduct regular, blinded image quality audits
by both internal teams and, ideally, external peer reviewers to identify subtle
degradation in diagnostic image quality that might be missed by routine QC.
Integration of QA/QC into Educational Curricula: Ensure that QA/QC
principles and practices are an integral and hands-on component of the training
programs for radiographers and radiologists, emphasizing their role in patient
safety and diagnostic accuracy.

3) For Regulatory Bodies and Accreditation Agencies:

a.

Development of  Specific QA/QC Benchmarks for  Teaching
Hospitals: Consider developing more granular QA/QC benchmarks that
acknowledge the unique operational context of teaching hospitals, focusing on
outcomes and process adherence rather than solely on the presence of
documented procedures.

Promote Inter-Institutional Collaboration for Best Practices: Facilitate
platforms for teaching hospitals to share best practices and lessons learned in
QA/QC implementation, fostering a collaborative approach to quality

improvement across institutions.

4. Future Research Directions: Addressing Unanswered Questions and Emerging

Frontiers
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While this study has provided valuable insights, several avenues for future research

emerge from its findings, addressing remaining gaps and opening new lines of inquiry:

a. Longitudinal Impact of QA/QC Program Evolution: Future research should employ
longitudinal designs to track the long-term impact of specific QA/QC program
enhancements (e.g., implementation of Al-driven QC tools, new training modules)
on patient outcomes, diagnostic accuracy, and operational efficiency in teaching
hospitals. This would allow for a more robust assessment of intervention
effectiveness.

b. The Role of Artificial Intelligence (Al) in QA/QC: Investigating the potential of Al
and machine learning algorithms in automating aspects of QA/QC, such as
automated image quality assessment, artifact detection, and dose monitoring, is a
critical next step. Studies could explore the feasibility, accuracy, and cost-
effectiveness of integrating Al-powered QC tools into existing radiology
workflows, and the impact on human resource requirements. A comparative study
of Al-assisted vs. traditional QC methods would be particularly valuable.

c. Cross-Cultural and Comparative Studies: Extending this research to compare
QA/QC implementation in teaching hospitals across different national healthcare
systems and regulatory environments would provide a broader perspective on the
universality and context-specificity of identified challenges and successful
strategies. This could involve examining how different accreditation standards
influence QA/QC practices.

d. Impact of Interdisciplinary Collaboration on QA/QC: Further research could
explore the specific mechanisms and impact of enhanced collaboration between
radiologists, radiographers, medical physicists, and IT professionals on the
effectiveness of QA/QC programs. This could involve qualitative studies exploring
communication patterns and problem-solving approaches within these
interdisciplinary teams.

5. Concluding Statement: A Commitment to Excellence in Radiological Care
In conclusion, the effective implementation of robust Quality Assurance and Quality
Control programs in diagnostic radiology services at teaching hospitals is not merely a

regulatory obligation but a fundamental prerequisite for delivering safe, accurate, and high-
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quality patient care, while simultaneously upholding the educational mission. This research
underscores that achieving excellence in radiological services requires a dynamic, integrated
approach that harmonizes technological sophistication, human expertise, and a deeply ingrained
culture of continuous improvement. By addressing the identified implementation challenges
and embracing the proposed strategies, teaching hospitals can significantly elevate the standard
of diagnostic imaging, ensuring that every patient benefits from the highest possible quality of
care, and that future generations of medical professionals are trained in an environment that
embodies the very best in clinical practice. The pursuit of quality in diagnostic radiology is an
ongoing journey, and this study serves as a critical waypoint, illuminating the path forward

towards a future defined by unwavering commitment to patient safety and diagnostic precision.
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