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Purpose: The traditional teaching mode Lecture Based Learning (LBL) often results in student’s poor initiative and independent
thinking ability and low learning interest. This study aims to investigate the application of CT 3D reconstruction and 3D printing
technology combined with CBL teaching mode in the clinical teaching of orthopedics and standardized training of residents.
Methods: Sixty residents of our hospital were randomly selected to conduct the teaching of joint orthopedic content in orthopedic
surgery courses. They were randomly divided into three groups at the time of admission, which adopted LBL teaching mode, CBL
teaching mode, CT 3D reconstruction and 3D printing technology combined with CBL teaching mode, respectively.

Results: The theoretical knowledge scores and clinical skills scores of the standardized training students in the CBL+3D printing
group were significantly higher than those in the LBL or CBL group. Students in CBL+3D printing group had significantly higher
recognition in self-ability evaluation. The overall teaching satisfaction of students in CBL+3D printing group was 85.00% (P < 0.05).
Conclusion: The combination of CT 3D reconstruction and 3D printing technology with CBL teaching mode can help the students to
master the theoretical knowledge and practical skills in the standardized training of joint orthopedics residents, which can effectively
improve the teaching quality.
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Introduction

The traditional teaching mode “Lecture Based Learning” (LBL) often results in student’s poor initiative, independent thinking
ability and low learning interest. Additionally, LBL has a singular pattern which leads to limited chances in clinic experience
and inadequate ability in operating practices. Especially in the clinical teaching of orthopedics such as hip or knee joints, using
single LBL teaching mode might no longer meet the need of students’ understanding and mastery of diagnosis and treatment
of joint orthopedic diseases. Accordingly, it is warranted to discover and innovate the clinical teaching mode of joint
orthopedics. Case Based Learning (CBL) is a new learning strategy which could bridge the gap between traditional theoretical
teaching and clinical experience.'> This teaching mode could better prepare students for clinical practice through the use of
real or realistic clinical cases and has been used in many fields of medical education.” ® By combining CT 3D reconstruction
and 3D printing technology with CBL teaching mode, this study aims to investigate the teaching quality and effects of this
novel teaching mode on clinical teaching of orthopedics and standardized training of residents.

Nowadays, the traditional teaching mode of standardized training of residents still highlights the importance of
theoretical knowledge. This pattern weakens the cultivation of practice and leads to students’ poor studying autonomy.
The core of CBL is aimed at case, based on problems, student-oriented, leading by teachers. The concrete processes of
CBL are as follows. Teachers give a classic clinic case. After fully analyzing and discussing this case, students raise their
questions and use their knowledge about the diagnosis and treatment of the disease to solve the problems.” The advantage
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of CBL is that students participate in studying actively when introducing clinic cases, which can fully raise their interest
and practice their ability of raising, analyzing, and solving problems.® The CBL teaching mode can change the situation
of poor practice of standardized training residents. However, orthopedic standardized training requires residents good
command of topography anatomy knowledge. Simple CBL fails to satisfy the need of teaching, therefore the combination
of CT 3D reconstruction and 3D printing technology with CBL is vital.”'°

CT 3D reconstruction and 3D printing technology has gradually become a hot topic in the field of orthopedic clinic
teaching."' Using CT 3D reconstruction, students get high-definition bone figures and use software tools for further
analysis and presentation. 3D printing transfers the reconstructed figure into visual and three-dimensions solid models,
thereby allowing students to touch and practice.'? The combination of CT 3D reconstruction and 3D printing technology
can not only improve students’ comprehensive ability but also cultivate their practice ability, which improves the
teaching quality and students’ participation.'* Additionally, using the printed model monitors orthopedic surgical
procedure for students to practice, which ease the problems of bodies shortage.'*'> The integration of CT 3D
reconstruction and 3D printing with CBL is grounded in constructivist learning theory, which emphasizes active
knowledge construction through real-world cases and hands-on experiences. Additionally, cognitive load theory supports
the use of 3D visualization to reduce extraneous cognitive load, enabling learners to focus on understanding and applying
complex anatomical concepts. This combination aligns with the principles of technology-enhanced learning, which has
been shown to improve engagement and outcomes in clinical education.

Despite its widespread use, traditional LBL has been criticized for its limited ability to foster student initiative,
independent thinking, and clinical reasoning skills. While CBL and digital tools such as 3D printing have shown promise
in addressing these limitations, their combined application in orthopedic resident training remains under-explored. This
study seeks to bridge this gap by investigating the effectiveness of integrating CT 3D reconstruction and 3D printing with
CBL in enhancing theoretical knowledge, practical skills, and learner satisfaction among orthopedic residents. This study
combines CT 3D reconstruction and 3D printing technology with CBL teaching mode for joint orthopedic teaching at
Wuhan Union Hospital. By using this teaching model in the clinical teaching of orthopedics and standardized training of
residents, it is expected to harvest better education efficiency.

Methods

Design and Participants

We randomly selected 60 standardized training of residents in Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology, to conduct the teaching of joint orthopedics. They were randomly divided into
three groups at the time of admission, which adopted LBL teaching mode (LBL group), CBL teaching mode (CBL
group), CT 3D reconstruction and 3D printing technology combined with CBL teaching mode (CBL+3D printing group),
respectively. This was the first time for the three groups of participants to learn the joint orthopedics. There was no
difference in the baseline data of gender and age among the three groups. Inclusion criteria: (1) Participants gave
informed consent and participated voluntarily; (2) Participants completed the teaching tasks according to the plan; (3)
Participants completed all exams and satisfaction surveys. Exclusion criteria: (1) Participants were absent from class; (2)
Participants failed to cooperate with teaching tasks.

Randomization Procedure and Blinding

As for the randomization procedure, participants were randomly assigned by using a computer-generated random number
sequence. This process was carried out by an independent researcher who was not involved in the recruitment or
assessment of participants. The randomization sequence was concealed until the intervention was assigned. As for
blinding, while the intervention made it challenging to blind participants and researchers to group allocation, we
implemented blinding for outcome assessors and data analysts to minimize bias. Outcome assessors were unaware of

the group assignments, and data were analyzed by a statistician who was blinded to the study conditions.
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Ethics

This study was approved by the Ethics Committee of Tongji Medical College, Huazhong University of Science and
Technology (2021-S258). Participation was voluntary in this study, and written informed consent was obtained prior to
initiation of the study and data collection. Participants were informed about the purpose and benefits of this study and
were also assured that the information collected during the study was anonymous and confidential.

LBL Group

Students in LBL group are taught in tradition LBL method. In teaching process, teachers follow syllabus to explain
textbook, highlighting difficult and significant points. After that, students participate in clinical practice teaching in
clinical department and teachers guide the students to complete the teaching tasks according to the established plan.
Finally, student complete exams and questionnaire to evaluate learning outcome.

CBL Group

Students in CBL are taught in CBL teaching mode. Teachers give a classic clinical case in joint orthopedics and introduce
relevant medical history and case information, according to the patient’s condition to raise the issues that need to be
addressed. And instruct students to raise their questions and use their knowledge about the given case problems. Students
are divided into four groups of five people each. Collect evidence-based medical evidence by group. Students discuss
according to clinical manifestations of the disease and treatment options and present case report by PowerPoint. Finally,
we conduct theoretical exams and questionnaire survey to evaluate learning outcome.

CBL+3D Printed Group

Students in CBL+3D printed group are taught in CT 3D reconstruction and 3D printing technology combined with CBL
teaching mode. Teachers give a classic clinical case in joint orthopedics and introduce relevant medical history and case
information, according to the patient’s condition to raise the issues that need to be addressed. And instruct students to
raise their questions and use their knowledge about the given case problems. Students are divided into four groups (n =
5). Collect evidence-based medical evidence by group. Teachers provided prepared CT 3D reconstruction images of
pelvis anteroposterior projection (Figure 1A), pelvis lateral projection (Figure 1B), knee joint anteroposterior projection
(Figure 1C), and knee joint lateral projection (Figure 1D), and 3D printed models of hip joint (Figure 2A), proximal
femur (Figure 2B), and knee joint (Figure 2C) to guide students to operate on 3D printed models. Students discuss
according to clinical manifestations of the disease and treatment options and present case report by PowerPoint.

B

Figure | CT 3D reconstruction images of (A) pelvis anteroposterior projection, (B) pelvis lateral projection, (C) knee joint anteroposterior projection, and (D) knee joint
lateral projection.
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Figure 2 3D printed models of (A) Hip joint, (B) proximal femur, and (C) knee joint.

Training Procedures and Data Collection

Theoretical Knowledge Achievements

At the end of teaching, a teacher will arrange a joint orthopedic theory knowledge test for three groups of students (total
score of 100 points), involving the common diseases of joint orthopedic such as hip fracture, necrosis of the femoral
head, osteoarthritis etc. According to the evaluation criteria, test scores will be divided according to the following grades:
less than 60 points for poor, 60—-80 points for average, and above 80 points for excellent.

Clinical Skill Achievements

Clinic skills tests are divided into two parts (100 points). The first part is the demonstration of orthopedic related skills
(50 points). And the second part is the analysis and writing of joint orthopedic cases (50 points) According to the
evaluation criteria, test scores will be divided according to the following grades: less than 60 points for poor, 60—-80
points for average, and above 80 points for excellent.

Self-Evaluation

After learning in three different methods, students evaluate their ability from theoretical knowledge, image interpretation,
communication to clinical thinking. According to the evaluation criteria, test scores could be divided according to the
following grades: less than 60 points for poor, 60—80 points for average, and above 80 points for excellent.

Teaching Satisfaction Evaluation

After the assessment, each student will be given an anonymous teaching effect questionnaire. Satisfaction will be
evaluated according to five aspects: teachers’ performance, teaching content, teaching difficulty, students’ learning
interest and practice (10 points). According to the evaluation criteria, test scores will be divided according to the
following grades: less than 2 points for dissatisfied, 4—6 points for general, and above 8 points for satisfaction. Every
student rates according to their studying situation.

Statistical Analysis
GraphPad Prism 6.0 and SPSS were used to conduct the data analysis. Continuous variables, such as theoretical
knowledge scores and clinical skills scores, were compared among the three groups using one-way ANOVA, followed
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by post-hoc Tukey’s tests for pairwise comparisons. Categorical variables, such as teaching satisfaction levels (eg,
satisfied, neutral, dissatisfied), were analyzed using the chi-square test. P < 0.05 was statistically significant.

Results

Theoretical Knowledge Achievements

The theoretical knowledge achievements of students in CBL groups were higher than that of LBL group (x°= 6.53, P =
0.04, Table 1). Students in CBL+3D printing group were higher than students in CBL group (y°= 7.46, P = 0.02, Table 1).
The participants of the lecture are the standardized training of residents in our hospital, who study the orthopedic for the
first time and knowledge base are relatively weak. However, to fully command common disease in joint orthopedic such

as hip fracture, necrosis of the femoral head, osteoarthritis needs a stable knowledge of anatomy.

Clinical Skill Achievements

As for clinical skill achievements, the score of students in CBL group has no significant difference with that of students
in LBL group (°= 0.42, P = 0.81, Table 2). The clinical skill achievements in CBL+3D printing group were significantly
higher than that in CBL group (x°= 8.88, P = 0.01, Table 2). Compared with LBL teaching mode, CBL teaching mode
has no significant improvement in students’ clinical skills. However, the combination of CT 3D reconstruction and 3D
printing technology with CBL teaching mode could improve students’ clinical skills significantly.

Self-Evaluation

As for self-evaluation, students in CBL+3D printing group generally felt that their grades were good and had a positive
assessment of their abilities. The result shows this new teaching mode has significant advantages (y°= 6.47, P = 0.04,
Table 3). However, the self-evaluation of students in CBL group has no significant difference with that of students in
LBL group (x*= 1.92, P = 0.38, Table 3).

Table | Comparison of Theoretical Knowledge
Achievements of Joint Orthopedics Residents
Group Excellent | Average | Poor xz P
LBL 2 4 14
CBL 6 8 6
CBL+3D | 14 5 |
CBL vs LBL 6.53 | 0.04
CBL+3D vs CBL 7.46 | 0.02

Table 2 Comparison of Clinical Skill Achievements of
Joint Orthopedics Residents

Group Excellent | Average | Poor xz P
LBL 6 5

CBL

CBL+3D | I3

CBL vs LBL 042 | 0.8l
CBL+3D vs CBL 8.88 | 0.0l
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Table 3 Comparison of Self-Evaluation of Joint
Orthopedics Residents

Group Excellent | Average | Poor | 1> P
LBL 4 8 8

CBL 5 I 4

CBL+3D | 13 5 2

CBL vs LBL 1.92 | 0.38
CBL+3D vs CBL 6.47 | 0.04

Teaching Satisfaction Evaluation

Total satisfaction ratings in CBL+3D printing were significantly higher than CBL group (85.00% vs 45.00%, y*= 7.46,
P = 0.02, Table 4). However, satisfaction ratings in CBL group have no significant difference with that in LBL group
(45.00% vs 30.00%, y°= 1.89, P = 0.34, Table 4).

Discussion

The diagnosis and treatment of joint orthopedic diseases is highly associated with anatomical structures, which require
spatial imagination ability among students. However, traditional teaching mode relies on anatomy and iconography,
which often lack the necessary visualization and practical applicability. Consequently, students may not engage fully in
clinical practice. Thus, there is a pressing need to improve joint orthopedic clinic teaching. CBL teaching mode presents
certain limitations. Primarily, CBL highly depends on the selection of cases, which directly impacts the quality of
instruction. Additionally, teaching quality also influenced by the content, instructional methods, teaching methods and the
interaction among students. One study learned from CBL in surgery noted that alignment with clinical placements is
equally significant with weakness above, which could help students see relevance and applicability in a clinic case.' In
recent years, digital technology has been widely used in many aspects of clinical teaching as a new teaching pattern due
to its simple and effective operation and visual structure. Another study applied in tetralogy of Fallot teaching shows the
combination of CBL with 3D printing models is feasible and effective, which better improves performance,
promotes diagnostic skills, bolsters self-assurance in managing cases, enhanced satisfaction, cultivate critical thinking
and clinical reasoning abilities.'® Given the specific of orthopedic diseases, there are abundant figures and models
suitable for CBL. Thus, digital technology has natural advantages on the spread in orthopedic clinic teaching and
improves teaching quality remarkably.

This study suggests that students in the CBL+3D printing group significantly outperformed those in the LBL group or
the CBL group in both theoretical knowledge and clinical skills achievement. This indicates that digital technology-
assisted CBL teaching has advantages in imparting knowledge during the standardized training of joint orthopedics
residents. Through animated scene simulations, students could intuitively observe the movement, morphology, and
stability of the hip and knee joints, thereby deepening their understanding of abstract theoretical knowledge such as
CT 3D reconstruction images of femoral neck fracture (Figure 3A), intertrochanteric fracture (Figure 3B), osteonecrosis

Table 4 Comparison of Teaching Satisfaction Evaluation
of Joint Orthopedics Residents

Group Excellent | Average | Poor | P
LBL 6 9 5

CBL 9

CBL+3D | 17 3 0

CBL vs LBL 1.89 | 0.39
CBL+3D vs CBL 746 | 0.02
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Figure 3 CT 3D reconstruction images of (A) femoral neck fracture, (B) intertrochanteric fracture, (C) osteonecrosis of the femoral head (ONFH), and (D) knee
osteoarthritis (OA).

of the femoral head (ONFH, Figure 3C), and knee osteoarthritis (OA, Figure 3D).!” Additionally, by collecting imaging
data from clinical cases to create models of different types of orthopedic diseases through 3D printing technology,
teaching and operational demonstrations can be conducted to explain the key surgical points for various diseases.'® It is
well known that 3D printing model could also have better insight into specific anatomy, better pre-operative planning,
simulation-based training and education.'® By practicing on the models, students can improve their clinical practice
skills. Compared to traditional teaching methods, this approach effectively addresses the issue of insufficient clinical
practice participation among standardized training of joint orthopedics residents.

The combination of CBL with CT 3D reconstruction and 3D printing significantly enhances students’ clinical
knowledge and their ability to analyze visual data. This pattern not only increases student satisfaction with the
educational experience but also strengthens their foundational clinical theories and skills. Another study applied in
clinical teaching of cerebrovascular disease suggested that this combination showed higher satisfaction, learning interest,
and improvement in the spatial thinking ability of resident. Furthermore, it could also strengthen their problem-analysis
and solving skills.'>? The outcomes of this teaching mode show notably positive, demonstrating originality and
representativeness. To further advance the CBL teaching model supported by digital technologies, it is essential for
educators and academic institutions to invest more to ensure enough scientific and technological personnel and to allocate
sufficient funding and provide appropriate instructional environments. Implementing these measures can lead to
improved educational outcomes and facilitate the broader adoption of this innovative teaching approach. The cost,
time, and feasibility of 3D printed models need consideration. For example, in our study, all 3D models are derived from
clinical materials at no additional cost. If it is a clinically unavailable model, we have provided a timeline for the creation
of 3D printed models, from data acquisition and model design to printing and post-processing (about 1-2 days).
Accordingly, the implementation of 3D printed models in educational or clinical settings is highly feasible. As for the
lack of long-term follow-up data in the present study, we have proposed a future research direction to address this gap.
Specifically, we plan to conduct a longitudinal study to evaluate the retention of knowledge and skills acquired through
3D printed models over a period of 3 years. Additionally, we aim to assess the impact of these models on clinical
outcomes, such as diagnostic accuracy or surgical performance.

The limitations of this study are concluded as follows. The sample size of 60 residents, though adequate for
preliminary analysis, may restrict the statistical power and broader applicability of the findings. Conducted in a single
institution, the study may suffer from institutional bias and limited generalizability to other settings with different
resources or resident demographics. The short follow-up period focused solely on immediate learning outcomes,
neglecting long-term knowledge and skill retention, which is crucial for assessing the sustained impact of the CBL

+3D printing teaching model. Additionally, potential confounding factors, such as residents’ prior experience with 3D
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technology or individual learning preferences, were not accounted for, possibly influencing the results. The general-
izability of the study is constrained by its single-institution setting and specific teaching resources. The effectiveness of
the CBL+3D printing approach depends on access to 3D reconstruction software, printers, and trained personnel, which
may not be available in resource-limited settings. Adaptations may be necessary to fit different cultural or educational
contexts. To enhance generalizability, future studies should replicate this approach in diverse settings, including multiple
institutions and regions, and evaluate long-term knowledge retention and clinical performance impact. Larger, multi-
center trials are needed to validate the model’s effectiveness across varied populations. Comparative studies with other
innovative methods like VR or AR, as well as cost-effectiveness analyses, would provide further insights. For clinical
application, the CBL+3D printing model should be integrated into orthopedic residency curricula as a supplementary tool
for teaching complex anatomy and surgical planning. Institutions should train educators in using 3D technology and
consider investing in the necessary equipment to support this innovative teaching method.

Conclusions

In conclusion, the teaching mode offers the benefit of facilitating the rapid application of knowledge by students, thereby
enhancing the effectiveness of their learning through visual presentations. The combination of digital technology with
CBL in standardized training for joint orthopedics might meet the needs of residents more effectively. And it could
improve their clinical skills and competencies, thus fulfilling the requirements of standardized training.
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