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Abstract

Objectives This study aimed to design and evaluate a competency-based education (CBE)-oriented modular training
model for radiology residents, emphasizing interdisciplinary integration and disease-focused instruction to enhance
clinical competence.

Materials and methods This prospective controlled study included 75 radiology residents enrolled in standardized
training from September 2020 to July 2024. A CBE-oriented modular training model was developed, structured around
approximately 27 radiologic subspecialties and incorporating interdisciplinary instruction, clinical team rotations, and
image post-processing skill training. The participants were assigned to either the experimental group (CBE training) or
the control group (traditional training). Teaching effectiveness was evaluated by comparing theoretical and practical
exam scores via statistical analysis.

Results Overall, there were no significant differences in theoretical (83.26 ± 6.99 vs 81.76 ± 7.54; p > 0.05) or practical
scores (86.79 ± 8.90 vs 84.91 ± 10.71; p > 0.05) between the two groups. However, subgroup analysis revealed that,
among residents in the non-graduate subgroup, the experimental group achieved significantly higher theoretical
(p= 0.0179) and practical scores (p= 0.028) than the control group. No significant differences were observed in the
enrolled-graduate subgroup (p > 0.05).

Conclusions The competency-based modular training model significantly improved clinical competence among
residents in the non-graduate subgroup but showed less additional benefit in the enrolled-graduate subgroup. This
study offers insights for advancing radiology residency training reform.

Critical relevance statement The distinct effectiveness of this approach was particularly beneficial for trainees with
diverse educational backgrounds. This training model enhances residents’ clinical competence and research
capabilities and provides insights for global radiology education reform, aligning training paradigms with evolving
clinical and technological advancements.
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Key Points
● A CBE-oriented modular training model for radiology residents was developed, integrating interdisciplinary learning,
team-based clinical training, and image post-processing instruction.

● Although no overall difference in examination scores was observed between the two groups, residents in the non-
graduate subgroup achieved significantly better theoretical and practical scores under the CBE model.

Keywords Radiology, Residency training, Competency-based education, Curriculum reform, Disease-oriented
modular curriculum
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Introduction
Radiology is a vital component of modern medicine, play-
ing a critical role in the diagnosis, treatment, and prognosis
assessment of disease. With the rapid advancement of
medical imaging technologies, particularly the widespread
application of artificial intelligence (AI) and three-
dimensional image processing, the scope and depth of
radiology continue to expand, and the demands on radi-
ology professionals have become increased accordingly.
Traditionally, radiology residency training in China has
focused primarily on didactic instruction, typically com-
prising systematic lecture-based courses in radiologic the-
ory, clinical rotations, and basic training in imaging
techniques [1, 2]. However, this conventional model often
neglects the systematic development of residents’ hands-on
procedural skills, clinical decision-making skills, research
capacity, and interdisciplinary communication skills [3].

Consequently, when faced with complex clinical problems,
many radiology residents struggle to make rapid and
accurate diagnostic decisions and have difficulty keeping up
with the latest advances in imaging, thereby limiting
improvements in the quality of patient care [3].
In recent years, there have been substantial efforts

worldwide to reform radiology residency training. Leading
medical education programs in other countries have
begun implementing competency-based education (CBE)
models in radiology. These models design curricular
content and assessments around the competencies and
standards that trainees must achieve in future practice,
emphasizing the development of residents’ clinical per-
formance, research capability, and lifelong learning habits.
CBE-based approaches stress a close integration of theo-
retical learning with clinical practice and interdisciplinary
integration of knowledge [4, 5]. For example, CBE
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curricula often incorporate rich clinical experiences that
allow residents to train in real healthcare settings while
also encouraging participation in research projects to
cultivate scientific thinking and innovation. In addition,
such programs emphasize interdisciplinary collaboration;
for instance, radiology residents working with surgery,
internal medicine, and other departments in multi-
disciplinary team (MDT) activities to improve residents’
interdisciplinary communication and teamwork skills [6].
In China, medical schools and teaching hospitals have

recognized the limitations of the traditional training
model and have begun to explore new educational con-
cepts and methods. Some institutions have introduced
case-based learning, simulation training, and other active-
learning strategies into radiology curricula. By analyzing
real clinical cases and practicing with simulated proce-
dures, these programs aim to enhance residents’ clinical
reasoning and practical skills [3]. Other hospitals have
partnered with universities to establish standardized
radiology residency training programs and formulate
comprehensive training plans that cover theoretical stu-
dies, clinical practice, research training, with the aim of
cultivating radiology professionals with well-rounded
skills [7, 8].
Despite various CBE-based innovations and reform

efforts worldwide [9], radiology residency training con-
tinues to face persistent challenges, including high
resource demands, difficulties in standardization, complex
competency assessment, and barriers to adaptation for
both faculty and trainees. A practical, competency-driven,
and systematic training model has yet to be established.
To address these gaps, we developed and evaluated a
novel competency-based, disease-focused modular train-
ing model. This model integrates a cross-disciplinary
learning platform, team-based clinical training, and image
post-processing skills development, aiming to cultivate
radiologists with strong clinical competence, research
capability, and comprehensive skills aligned with evolving
professional demands.

Materials and methods
Study design
This study was approved by the institutional review
boards of West China Hospital of Sichuan University
(20210807), and written informed consent was obtained
from all participants prior to enrollment. We conducted a
controlled study to compare the effects of a competency-
based, disease-specific modular training model with those
of the traditional training model on the educational out-
comes of radiology residents. The study participants
included radiology residents in the classes of 2021 and
2022 (assigned to the experimental group) and those from
the classes of 2019 and 2020 (assigned to the control

group). All included participants were entering their
second year of standardized residency training. The par-
ticipants were not assigned to fixed subspecialty tracks at
baseline; rather, they were radiology residents who rotated
through multiple subspecialty teams as part of the train-
ing program.
For subgroup analysis, residents were divided into an

enrolled-graduate subgroup and a non-graduate subgroup
according to whether they were concurrently enrolled in a
graduate-degree program during residency training. In
this study, the enrolled-graduate subgroup referred to
residents who were simultaneously undertaking standar-
dized residency training and a master’s or doctoral degree
program, whereas the non-graduate subgroup referred to
residents who entered residency directly without con-
current graduate-degree enrollment, most commonly
after bachelor’s-level medical education.
The flowchart of participant inclusion in the study is

shown in Fig. 1. This study was approved by the institu-
tional review board (IRB), with approval granted in June
2021.

Training intervention based on the CBE model
The experimental group received a new training program
that integrated technology, diagnostics, radiology, and
clinical practice components within a CBE-oriented
model. This program consisted of three major elements:
(1) a cross-disciplinary learning platform, (2) clinical
training in specialized teams, and (3) imaging post-
processing skills training. The framework of the CBE-
oriented modular training model is shown in Fig. 2.

Cross-disciplinary learning platform
The cross-disciplinary learning platform delivered teach-
ing in a variety of formats, including specialty lectures,
case discussions, and group learning, which were led by
senior radiologists heading each of the 27 disease-focused
subspecialty teams in the radiology department. Each
teaching session lasted one hour. This curriculum not
only covered core radiology knowledge but also integrated
content from clinical medicine, basic science, biomedical
engineering, and other fields, enabling residents to
develop a holistic understanding of diseases and the latest
technological advances.
For example, in a hepatobiliary imaging module, resi-

dents first reviewed the clinical presentation and patho-
physiology of portal hypertension with clinicians and
radiologists and then learned the biomedical engineering
principles underlying computed tomography (CT)
angiographic reconstruction, three-dimensional vascular
segmentation, and image post-processing. They subse-
quently applied these techniques at the workstation to
reconstruct portal venous anatomy, evaluate lesion-vessel
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relationships, and discuss how processed images could
support diagnostic interpretation and treatment planning.
This case-based design allowed biomedical engineering
concepts to be taught in a clinically relevant and
application-oriented manner.
Interdisciplinary learning environment: The platform

provided an environment for multidisciplinary learning,
covering 27 disease-oriented modules spanning all major
body systems. It integrated fundamental radiological
knowledge and skills with relevant concepts from clinical
medicine, basic sciences, and biomedical engineering,
with the goal of cultivating residents’ broad medical
knowledge and systems thinking.
Diverse teaching methods and research cultivation: A

wide range of teaching activities, including lectures, case
discussions, and small-group learning, were employed to
stimulate residents’ scientific thinking and creativity.
Instructors guided trainees in formulating questions,
analyzing problems, and seeking solutions, thereby
developing their research skills and innovative thinking
and laying a solid foundation for future scholarly work.

Clinical team-based training
In the experimental model, we implemented a disease-
specific, MDT-based approach to clinical training. Under
this approach, each resident rotated through different
radiology subspecialty teams, such as neuroradiology and
musculoskeletal imaging, thoracic, abdominal, and

emergency imaging, under the guidance of a dedicated
mentor, while a continuous imaging service management
system was in maintained. This design strengthened
residents’ clinical skills and fostered teamwork. The team-
based training involved several key features:
Teamwork and immediate feedback: All members of the

team, including residents, junior attending radiologists
who performed preliminary image reviews, and mentors
(senior radiologists), worked together in the same work-
space. This co-location facilitated real-time communica-
tion and feedback between trainees and supervisors,
allowing errors to be promptly corrected and enhancing
learning efficiency.
Specialized practice and MDT participation: Residents

actively took part in the team’s disease-specific clinical
activities, which included interpreting images, drafting
specialized imaging reports, and participating in MDT
discussions with other departments. Preparing subspeci-
alty imaging reports required a higher level of expertise,
often involving advanced three-dimensional image visua-
lization and the application of AI tools in image analysis.
Research and teaching skill development: Residents were

engaged in academic activities such as literature review,
data collection, analysis, and manuscript writing. They
also contributed to the team’s educational tasks, for
example, by preparing cases for weekly difficult-case dis-
cussions, writing case study reports, and delivering short
teaching sessions to peers. These activities helped

Fig. 1 Flowchart of participant enrollment and group allocation. This figure illustrates the enrollment and exclusion process for radiology residents in the
study, as well as the allocation into experimental (CBE training) and control (conventional training) groups, with subgroup analysis based on
graduate status

Wan et al. Insights into Imaging          (2026) 17:176 Page 4 of 10



cultivate residents’ research awareness and improve their
teaching, presentation, and communication skills.

Imaging post-processing skills training
Training in imaging post-processing was another critical
component of the experimental curriculum, comprising
both didactic learning and hands-on practice. The aim
was to increase residents’ proficiency in advanced image
processing techniques and familiarize them with modern
imaging technologies, including AI applications in
imaging.
Theoretical instruction: Residents first attended a dedi-

cated 2-h lecture covering the principles of various image
post-processing techniques. The content included volume
rendering, maximum-intensity projection, minimum-
intensity projection, multiplanar and curved planar

reconstructions, CT and magnetic resonance imaging
(MRI) angiographic reconstructions, CT perfusion ima-
ging, and MRI functional imaging post-processing. The
didactic session ensured that residents understood how
each technique was applied in clinical practice, thereby
laying a strong theoretical foundation for subsequent
hands-on training.
Hands-on practice: After the lectures, residents under-

went a one-month rotation in a three-dimensional (3D)
image post-processing laboratory. Using a small-group,
apprenticeship-style format, experienced instructors pro-
vided one-on-one guidance at the workstation. Residents
started with basic operations and gradually learned to
perform all the aforementioned post-processing techni-
ques, effectively translating their theoretical knowledge
into practical skills. Through this rotation, residents

Fig. 2 Framework of the CBE oriented modular training model. This diagram illustrates the CBE-based training model developed for radiology residents.
The model consists of three interconnected modules: (1) an interdisciplinary learning platform, (2) clinical competency development through
subspecialty-based rotations and teamwork, and (3) imaging post-processing skills training. These modules are integrated within a continuous
competency assessment system designed to create a closed-loop training cycle from learning input to competency output
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became proficient in using imaging software and were
able to independently complete common post-processing
tasks such as 3D reconstructions, image fusion, and
functional imaging analyses.

Training intervention based on the traditional model
Residents in the control group were trained under the
standard radiology residency curriculum traditionally
used in China, which combines didactic coursework with
routine clinical rotations. The lecture-based coursework
covers the imaging manifestations of common diseases in
all organ systems, with an emphasis on delivering foun-
dational knowledge. Clinical training follows a rotation
system in which residents rotate through subspecialty
divisions (e.g., neuroradiology and musculoskeletal ima-
ging, cardiovascular and thoracic imaging, abdominal
imaging, and emergency radiology), typically spending
approximately three months in each subspecialty. During
these rotations, residents serve as primary report drafters
in the assigned section; their work location, case assign-
ments, and supervising attendings follow the usual
departmental scheduling without assignment to a fixed
mentorship team.

Outcomes assessment
Both the experimental and control groups were trained
within the same radiology department, and the teaching
faculty were drawn from the same pool of attending and
senior radiologists. Therefore, the principal difference
between the two groups lay in the training organization
and instructional model rather than the faculty
background.
The primary outcomes were the final theoretical and

practical test scores, both assessed immediately after
completion of the training program. Each examination
was scored on a 100-point scale. The theoretical exam-
ination assessed residents’ mastery of core medical ima-
ging knowledge, whereas the practical examination
evaluated competence in image interpretation, image
post-processing, and clinical diagnostic decision-making.
In addition, both groups were evaluated using the same
examinations and the same scoring criteria.

Statistical analysis
All data were analyzed using SPSS version 26.0. The
Kolmogorov‒Smirnov test was used to examine the nor-
mality of the score distributions. Continuous variables
with a normal distribution were expressed as the
mean ± standard deviation (SD), and those without a
normal distribution are expressed as the median (IQR).
An independent-samples t-test or a Mann‒Whitney U-
test was used to compare the theoretical and practical
scores between the experimental and control groups, as

appropriate. A p-value < 0.05 was considered statistically
significant.

Results
Study participants
As shown in Fig. 1, from September 2020 to July 2024, a
total of 81 radiology residents entering their second year
of standardized residency training at our institution were
screened. Five of these residents were excluded because
they had prior work experience, and one resident was
excluded because of taking sick leave for longer than
7 months. Ultimately, 75 residents were enrolled in the
study (22 males and 53 females; mean age 24 ± 2.18 years,
range 22–33 years). Among these, 41 residents underwent
the CBE-based modular training (experimental group),
and 34 received traditional training (control group). For
subgroup analysis, 37 residents were classified into the
enrolled-graduate subgroup and 38 into the non-graduate
subgroup according to educational background. The
baseline characteristics of the experimental and control
groups are presented in Table 1.

Exam performance
The examination outcomes of the experimental and
control groups are summarized in Table 2. Overall,
the two groups did not differ significantly in overall
examination performance. The mean theoretical
knowledge examination score in the experimental
group was 83.26 ± 6.99, whereas that in the control
group was 81.76 ± 7.54 (p= 0.39). The mean practical
skills examination score was 86.79 ± 8.90 in the experi-
mental group and 84.91 ± 10.71 in the control group
(p= 0.41).
In subgroup analyses, residents in the enrolled-graduate

subgroup showed no significant differences between the

Table 1 Baseline characteristics of the residents

Experimental

group

Control group p

Gender < 0.001

Male 10 12

Female 31 22

Age (years) 24.71 ± 2.247 24.62 ± 2.035 0.14

Degree status < 0.001

Non-graduate

resident

24 14

Enrolled graduate

student

17 20

Data are presented as the number of residents or mean ± SD. p-values were
calculated using the chi-square test for categorical variables and the
independent t-test for continuous variables
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experimental and control groups in either the theoretical
examination (experimental 86.11 ± 5.46 vs control
86.09 ± 4.29, p= 0.992) or the practical examination
(median 95.5 [94.0–97.0] vs 93.0 [88.0–95.5], p= 0.092)
(Fig. 3). In contrast, among residents in the non-graduate
subgroup, those in the experimental group achieved sig-
nificantly higher scores than those in the control group on
both assessments: for the theoretical examination, the
scores were 81.38 ± 6.76 vs 75.57 ± 6.89 (p= 0.018); for
the s practical examination, the scores were 81.23 ± 7.33
vs 75.29 ± 8.42 (p= 0.028) (Fig. 4).

Discussion
In this study, we developed a disease-oriented, competency-
based training model for radiology residency that integrates
interdisciplinary coursework, team-based clinical training,
and imaging post-processing instruction. Although overall
examination scores did not differ significantly between the
competency-based and traditional training programs, sub-
group analysis indicated that the new model was particularly
beneficial for residents in the non-graduate subgroup,
namely those who entered residency without concurrent
graduate-degree enrollment, as they achieved significantly
higher theoretical and practical scores than those in the
traditional training program. This finding suggests that the
CBE-based modular curriculum may be especially valuable
for trainees with relatively limited concurrent academic
training during residency. Although the Chinese system of
undergraduate medical education and residency training
differs from that of many other countries, the core elements
of this model, including structured competency-based pro-
gression, interdisciplinary integration, and clinically oriented
modular teaching, may still offer useful insights for residency
training in other institutional settings.
The greater benefit observed in the non-graduate sub-

group may be explained by differences in prior training
exposure between the two educational subgroups. In the
Chinese training context, residents in the non-graduate
subgroup generally entered standardized residency train-
ing directly without concurrent graduate-degree enroll-
ment, whereas residents in the enrolled-graduate
subgroup simultaneously undertook residency training

Table 2 Comparison of assessment scores between
experimental and control groups

Assessment group Experimental group Control

group

p

Overall performance

Theoretical score 83.26 ± 6.99 81.76 ± 7.54 0.39

Practical score 86.79 ± 8.9 84.91 ± 10.71 0.409

Non-graduate residents

Theoretical score 81.38 ± 6.76 75.57 ± 6.89 0.0179

Practical score 81.23 ± 7.33 75.29 ± 8.42 0.028

Graduate student residents

Theoretical score 86.11 ± 5.46 86.09 ± 4.29 0.992

Practical score 95.5 (94.0–97.0) 93.0 (88.0–95.5) 0.092

Data are shown as mean ± SD or median (IQR). p-values were calculated using an
independent t-test or Mann–Whitney U-test where appropriate

Fig. 3 Comparison of practical and theoretical scores between CBE and conventional groups in the enrolled-graduate residents. Violin plots show the
distribution of A practical and B theoretical examination scores among enrolled-graduate residents. No statistically significant differences were found
between the CBE and conventional training groups (p > 0.05)
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and a master’s or doctoral degree program [9]. Compared
with residents in the enrolled-graduate subgroup, those in
the non-graduate subgroup may have had fewer oppor-
tunities for structured research participation, inter-
disciplinary learning, and the development of higher-level
clinical reasoning. Therefore, the CBE-oriented modular
curriculum used in this study, which integrates cross-
disciplinary teaching, supervised team-based practice with
immediate feedback, research engagement, and image
post-processing training, may have provided greater
incremental benefit for this subgroup. By contrast, resi-
dents in the enrolled-graduate subgroup may already have
acquired some of these competencies through their
graduate training and may also have had stronger self-
directed learning abilities, leaving less room for measur-
able improvement and reducing the additional challenge
provided by the curriculum [10].
Our competency-oriented, disease-specific curriculum

was designed to train radiologists who are well-equipped
for contemporary developments in the field and current
clinical demands. However, in some hospitals in China,
including large institutions, radiology residents often
receive only general radiology training without subspeci-
alty education, as there is no formal subspecialization in
the field. Notably, through carefully structured multi-
disciplinary coursework, tightly integrated theoretical and
practical training, and the parallel emphasis on specialty
clinical practice and research, the program aimed to
cultivate residents with a solid foundation of knowledge,
strong clinical skills, and robust research capability. The
model emphasizes several key elements: (1) a close

integration of theory and practice, to ensure that residents
not only acquire essential knowledge but can also apply it
effectively in real clinical scenarios; (2) interdisciplinary
learning, achieved by incorporating clinical medicine,
basic science, biomedical engineering and other domains
to broaden residents’ perspectives and enhance their
comprehensive analytical abilities; (3) development of
research skills, by encouraging residents to engage in
research projects and scholarly discussions to foster sci-
entific thinking and innovation, thereby laying the
groundwork for future academic and clinical research; (4)
intensive clinical skills training, including simulated clin-
ical environments and dedicated image post-processing
training, to improve residents’ procedural competencies
and imaging analysis skills; and (5) a competency-driven
approach to education reform, which integrates the above
components into a unified system. The three modules, the
cross-disciplinary platform, team-based clinical training,
and post-processing training, are interlinked and mutually
reinforcing. Our results indicate that this integrated
model can enhance residents’ overall competencies in a
comprehensive manner, helping them to independently
and efficiently perform as radiologists upon graduation.
Compared with the traditional approach, this model
demonstrated several notable advantages, which are out-
lined below.

Significance of the cross-disciplinary learning platform
The establishment of a cross-disciplinary platform broke
down the conventional barriers between specialties and
provided residents with a broad, integrative learning

Fig. 4 Comparison of practical and theoretical scores between CBE and conventional groups in non-graduate residents. Violin plots display A practical
and B theoretical test scores for non-graduate residents. The CBE group demonstrated significantly higher performance than the conventional group in
both practical (p= 0.028) and theoretical (p= 0.0179) assessments
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environment. Through this platform, radiology residents
not only acquired radiology-specific knowledge and skills
but also gained exposure to relevant knowledge in clinical
medicine, fundamental biomedical science, and related
disciplines. This comprehensive approach enabled resi-
dents to develop a more complete understanding of the
imaging manifestations, clinical features, pathophysiology,
and treatment advances of various diseases. Such inter-
disciplinary learning helped residents build a more sys-
tematic medical knowledge framework, improving their
clinical reasoning and holistic problem-solving abilities.
Moreover, the cross-disciplinary platform stimulated
residents’ research thinking and innovative ideas by
encouraging them to pose new research questions and
pursue multidisciplinary research, thereby contributing to
the advancement of radiology and related fields.

Innovations in team-based clinical training
Traditional radiology residency training in China largely
relies on rotational assignments, in which residents
spend fixed periods of time rotating through different
radiology subspecialties (e.g., neuroradiology, chest and
abdominal imaging, and interventional radiology) to
gain exposure to a range of imaging procedures and
diagnoses [8]. This rotation-based model helps trainees
acquire basic knowledge and skills across subspecialties,
but it often lacks structured clinical mentorship and
timely feedback; residents may face difficulties and
challenges in clinical decision-making under this system.
In contrast, many residency programs abroad place
greater emphasis on developing residents’ clinical pro-
ficiency and research capacity, for example, through
involvement in clinical research projects and participa-
tion in multidisciplinary care teams to sharpen clinical
reasoning and research skills [6]. Furthermore, training
programs in other countries widely employ advanced
educational tools such as simulation training and virtual
reality to offer more realistic and diverse clinical learn-
ing experiences [11]. Drawing on a wide range of prac-
tices, and addressing the shortcomings of the
conventional approach, our model introduced a dedi-
cated team-based clinical training system. In this system,
residents’ clinical work was tightly integrated with
education under the guidance of an appointed team
leader who oversaw clinical practice, teaching, and
administrative supervision. This ensured that residents
received consistent, timely guidance during their rota-
tions. The model also stressed collaboration and MDT
work: by actively participating in specialized reporting
tasks and MDT discussions, residents engaged with
clinicians, nurses, and other healthcare professionals to
deliver high-quality patient care. This not only improved
the residents’ clinical skills and confidence but also

cultivated their team-oriented mindset and inter-
disciplinary communication skills.

Importance of post-processing training
Training in image post-processing skills is an indis-
pensable component of modern radiology education. As
imaging technology advances, post-processing techni-
ques are playing an increasingly important role in
diagnostic and therapeutic processes. Through sys-
tematic post-processing training, residents in our pro-
gram became proficient in a range of advanced imaging
techniques, such as 3D reconstructions, image fusion,
and functional imaging analyses, which greatly increased
the efficiency and depth of their image interpretation
[12]. Mastery of these techniques can improve diag-
nostic accuracy and reliability and provide additional
valuable information to aid in clinical decision-making
[12]. Additionally, many post-processing methods are
closely intertwined with AI technologies in imaging [13].
By learning and practicing post-processing, residents
also gain insight into the current applications and future
trends of AI in radiology, laying a foundation for
engagement in related research and innovation. In
summary, incorporating robust image post-processing
training is highly beneficial for enhancing residents’
professional skill set and technical competence.
Despite its benefits, this study has certain limitations.

The sample size was relatively small, which may limit the
generalizability of our findings. As an initial exploratory
study, our work provides preliminary evidence; in future
research, we plan to expand the sample size and further
evaluate the long-term educational outcomes and impacts
of this training model. Another limitation is that the
educational outcomes were assessed mainly by theoretical
and practical examination scores. Although these mea-
sures reflect knowledge and technical skills, they may not
fully capture broader competencies such as communica-
tion, teamwork, and comprehensive clinical decision-
making. No formal qualitative assessments, such as
structured faculty feedback or 360-degree evaluations,
were included. In addition, this training model may place
relatively high demands on faculty expertise, cross-
disciplinary coordination, and access to advanced ima-
ging post-processing resources, factors that should be
considered when adapting the approach in other
institutions.

Conclusions
This study supports the effectiveness of an innovative
competency-based, disease-focused modular curriculum
for radiology residents. The program yielded notable
improvements in residents’ knowledge and skills, parti-
cularly for those in the non-graduate subgroup. This
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model provides a practical reference point for reforming
radiology residency education and has the potential to
inform future training paradigms, better aligning with the
rapid advancements in imaging technology and evolving
clinical needs. Through the CBE-oriented approach,
residents demonstrated improved knowledge and tech-
nical skills, and the curriculum may have contributed to
broader development in clinical thinking, interdisciplinary
collaboration, and research awareness, helping them
better adapt to the evolving demands of radiology prac-
tice. In the future, with a larger sample and ongoing
refinement of the curriculum, this competency-based
modular approach may offer valuable insights for broader
reform of radiology residency training, especially in
aligning educational models with evolving clinical
demands. Future longitudinal studies are needed to
determine whether these gains, particularly in AI-related
applications and advanced image post-processing, are
retained over time and translated into routine clinical
practice.
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