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3D Reconstruction-Enhanced CBL Improves Anatomical Understanding and Clinical Decision-Making in Trainees

Standardized nasal base depression case

Study Design Intervention Difference

Control: Control:
' }

Abstract

Aim: To evaluate the feasibility and preliminary educational impact of integrating
case-based learning (CBL) with three-dimensional (3D) reconstruction in teaching nasal
base depression to plastic and reconstructive surgery trainees, focusing on spatial
anatomical cognition and clinical decision-making.

Outcome

Traditional teaching 2D CT image

3D-CBL vs Traditional Teaching

2D imaging + lecture Instructor-led

Improved spatial anatomical
understanding

Improved diagnostic and treatment
planning performance

Enhanced safety awareness
Experimental:

Experimental: Higher trainee and instructor satisfaction

CBL+3D reconstruction 3D layered model

Interactive CBL

layered visualization

Methods: Eighty trainees from a tertiary academic hospital were randomly assigned to a
traditional case-based instruction group or a 3D reconstruction-integrated CBL group. Both
groups were instructed using a standardized nasal base depression case. The control group
was taught using physical examination findings and two-dimensional images, whereas the
experimental group additionally received a layered 3D reconstruction of skin-skeletal
anatomy. Learning outcomes and satisfaction were assessed using self-assessment
questionnaires and a structured in-class case-based assessment. Effect sizes were
calculated to quantify between-group differences.

Results: Compared with the control group, the experimental group achieved significantly
higher scores in understanding disease mechanisms, interpreting bone-soft tissue spatial
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relationships, and demonstrating proficiency in filler placement. Overall performance in the case-based diagnostic
and treatment planning assessment was also superior in the experimental group, with large between-group effect
sizes. In addition, satisfaction and perceived clinical relevance were higher in the experimental group.

Conclusion: The integration of CBL with 3D reconstruction was associated with improved spatial anatomical
understanding and enhanced clinical decision-making within a standardized nasal base depression case model.
These findings support the feasibility of this instructional approach and provide preliminary evidence for its
application in anatomically complex domains of plastic and reconstructive surgery training.

INTRODUCTION

Nasal base depression is a common, representative midfacial morphological abnormality, primarily resulting
from insufficient bony support around the pyriform aperture, reduced soft tissue volume in the alar base
region, and altered bone-soft tissue spatial relationships!?. This region is adjacent to critical neurovascular
structures, making it a high-risk anatomical area for facial filler procedures and rhinoplasty evaluation”’. A
precise understanding of its pathogenesis and deep anatomical structures is essential for aesthetic assessment
and procedural safety. Accordingly, the development of robust three-dimensional (3D) spatial-anatomical
cognition among trainees represents a key challenge in plastic and reconstructive surgery education.

Traditional medical education predominantly relies on lectures combined with two-dimensional imaging
demonstrations®?. Although effective for basic knowledge transmission, this approach may be insufficient in
plastic surgery, where understanding complex spatial structures, bone-soft tissue relationships, and high-risk
procedural skills is critical. In anatomically complex regions such as the nasal base, where layers are intricate
and variable, reliance on surface observation and planar images may hinder the development of consistent
3D spatial cognition.

Since the inception of the residency training program over the past two decades, our department of plastic
surgery has established a systematic continuing medical education framework. Previous surveys conducted
by our team on residents trained between 2019 and 2023 revealed substantial variation in educational
background, foundational training, and anatomical knowledge!®’. Although the current educational system
has contributed to standardized training, gaps remain in the understanding of complex facial anatomy and
the acquisition of skills for high-risk procedures. This underscores the need for educational strategies that
better support spatial cognition and clinical reasoning.

Case-based learning (CBL) uses real clinical cases to guide discussion and problem-solving, promotes
practical clinical skills and critical thinking, and has gained increasing attention in medical education”*. Its
application in anatomically complex regions may facilitate the translation of theoretical knowledge into
clinical decision-making.

The 3D reconstruction enables layered visualization of skin, soft tissue, and skeletal structures, providing a
more intuitive representation of complex facial anatomy'.. Integrating 3D reconstruction into CBL may
overcome the limitations of two-dimensional imaging and further reinforce trainees’ comprehension of
bone-soft tissue relationships and safe procedural layers.

Against this background, the present study enrolled plastic surgery trainees at a tertiary hospital in Shanghai
and used a standardized nasal base depression case in a controlled teaching design to evaluate the feasibility
and preliminary educational impact of combining CBL with 3D reconstruction for improving spatial
anatomical cognition and clinical decision-making. This study aimed to provide an initial empirical basis for
refining instructional strategies in anatomically complex and high-risk domains of plastic surgery training.
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Table 1. Baseline characteristics of the participants in the control and experimental groups

Variable Control group (n = 40) Experimental group (n = 40) P value
Age (years) 31.6+3.8 321+41 0.58
Sex (male/female) 22/18 21/19 0.82
Prior facial injection experience (cases) 4 (10%) 3(7.5%) 0.69

Data are presented as the mean + SD or number (%). P values were calculated using Student’s t-test for continuous variables and the chi-square
test for categorical variables. SD: Standard deviation.

METHODS

Participants

Eighty trainees undertaking advanced training in plastic and reconstructive surgery at a tertiary hospital in
Shanghai were enrolled in this study. All participants had completed foundational training in anatomy and
head and neck surgery and had not received structured training specifically in nasal base depression.
Participants were randomly assigned to a control group or an experimental group (#n = 40 each) using a
random number table. Baseline characteristics, including age, professional rank, duration of training, and
prior relevant clinical experience, were comparable between the two groups [Table 1]. A formal pretest to
assess baseline knowledge of nasal base depression was not conducted, primarily due to time constraints and
the feasibility-focused design of the instructional intervention. Randomization was implemented to minimize
potential baseline imbalances in prior knowledge between groups.

Teaching case and materials

One patient with nasal base depression was selected as a standardized teaching case based on predefined
instructional criteria. The inclusion criteria were clear radiological and clinical evidence of structural nasal
base depression, the absence of prior injection or surgical intervention, and the concurrent involvement of
bony deficiency, soft tissue imbalance, and altered bone-soft tissue spatial relationships. These characteristics
ensured that the case incorporated multiple anatomical layers and considerations relevant to clinical
decision-making within a single instructional scenario.

De-identified patient imaging data in Digital Imaging and Communications in Medicine (DICOM) format
were used to generate 3D reconstruction models. Image processing and reconstruction were performed using
Mimics Medical 21.0 (Materialise, Belgium). After data import, tissue segmentation was conducted based on
Hounsfield unit (HU) thresholds to differentiate soft tissue and osseous structures. Separate masks were
created for bone and soft tissue, followed by 3D reconstruction to generate a skin surface model, a skeletal
model, and a combined skin-skeletal model. These models were subsequently used to facilitate layered
anatomical instruction in the experimental group [Figure 1]. All imaging data were anonymized before
analysis and educational application.

By using a standardized instructional case, this study design enabled a controlled comparison of teaching
strategies and facilitated the evaluation of the feasibility and preliminary educational impact of integrating
CBL with 3D reconstruction.

Design of the teaching procedure

The control group received traditional two-dimensional lecture-based case instruction, whereas the
experimental group received CBL enhanced by 3D reconstruction, with standardized teaching objectives and
identical instructional time. The teaching objectives were to: (1) develop a systematic understanding of the



Page 4 of 11 Zhou et al. Plast Aesthet Res. 2026;13:16

Figure 1. 3D reconstruction models used for layered teaching in the experimental group. (A and B) Frontal and upward-tilted views of the
skin surface model; (C and D) Frontal and upward-tilted views of the skeletal model; (E and F) Frontal and lateral views of the combined
skin-skeletal model. All models were generated using 3D reconstruction software to visualize the spatial relationships between soft tissue
and bone for instructional purposes. All images are original and de-identified. 3D: Three-dimensional.

pathogenesis of nasal base depression; (2) understand the characteristics of relevant bony structures; (3)
understand the soft tissue features of the nasal base region; and (4) identify safe filler layers and precise
injection sites. All participants were exposed to the same standardized case to ensure consistency across
groups. A participant flow diagram is shown in Figure 2.

Teaching methods

Both groups received a standardized 60-min teaching session delivered separately by the same senior
instructor to minimize instructor-related variability. The teaching objectives, instructional structure,
subgroup size, discussion prompts, and assessment procedures were kept consistent between groups to
ensure methodological comparability. The instructional design consisted of five sequential components.
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Enrollment

Assessed for eligibility (n=80)

Excluded (n=0)

Randomized (n=80)

'

'

Allocation

l

Allocated to Control Group ( n=40)
+ Received intervention as protocol
(Traditional Teaching, n=40)

Allocated to Experimental Group ( n=40)
+ Received intervention as protocol
(CBL Teaching, n=40)

Baseline Assessment

Collected demographic data: gender,
age, prior injection experience( n=40)

Collected demographic data: gender,
age, prior injection experience( n=40)

Intervention Implementation

Led by instructor for physical
examination & 2D imaging observation,
focused on phenotypic features, bony
abnormalities, empirical filler placement,
with Q&A( n=40)

Based on control group protocol, added
3D reconstruction models to display
skin/bone spatial relationships, explained
phenotype-structure correlation, safe
filler layers & high-risk areas, organized
group discussion for treatment planning(
n=40)

Follow-Up

Lost to follow-up (n=0)

Lost to follow-up (n=0)

Post-Intervention Assessment

+Administered self-assessment scale for
nasolabial fold depression-related
cognition.

+Administered 5-case diagnostic &
treatment comprehensive test.
+Collected student satisfaction survey &
instructor satisfaction survey.( n=40)

+Administered self-assessment scale for
nasolabial fold depression-related
cognition.

*Administered 5-case diagnostic &
treatment comprehensive test.
+Collected student satisfaction survey &
instructor satisfaction survey.( n=40)

Figure 2. Teaching process flow diagram. The diagram summarizes the teaching process, including participant enrollment, random
allocation to the control group (traditional instruction) or experimental group (CBL), baseline assessment, intervention implementation,
follow-up, and post-intervention assessment. All participants provided informed consent, and the data were de-identified. 2D:
Two-dimensional; 3D: three-dimensional; CBL: case-based learning; Q&A: questions and answers.
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Step 1. Case presentation (10 min)

A standardized case of nasal base depression was introduced using a de-identified clinical history, frontal and
upward-tilted facial photographs, and relevant imaging data. Key clinical features were highlighted to
establish an initial diagnostic framework.

Step 2. Anatomical analysis (15 min)

Control group:

Anatomical analysis was conducted using physical examination findings and two-dimensional computed
tomography (CT) images. The instructor guided trainees in identifying structural deficiencies, soft tissue
characteristics, and high-risk anatomical regions based on planar imaging. Instructor-led explanations served
as the primary instructional approach.

Experimental group:

In addition to the instructional materials used in the control group, 3D reconstruction models were
incorporated during this phase. Layered visualizations of the skin surface, skeletal, and combined
skin-skeletal models were used to demonstrate spatial relationships. The models were rotated and viewed
from multiple perspectives to facilitate a spatial understanding of bone-soft tissue relationships.

Step 3. Structured small-group discussion (15 min)
Participants were divided into subgroups of five trainees. Each subgroup addressed three predefined clinical
questions:

What is the primary structural contributor to the deformity?
Which anatomical layers are appropriate and safe for filler placement?
What potential complications should be anticipated and avoided?

The instructor facilitated discussion using a standardized guide to ensure consistency in both questioning
and analytical depth across groups.

Step 4. Independent treatment planning exercise (10 min)

Each trainee independently formulated a diagnostic conclusion and treatment plan on the basis of the case.
Written responses were collected for subsequent evaluation.

Step 5. Summary and feedback (10 min)
The instructor provided structured feedback summarizing key anatomical insights, clinical reasoning
processes, and safety considerations.

The two groups were instructed in separate sessions to prevent interaction or cross-group influence. Thus,
the only experimental variable between groups was the mode of anatomical visualization during the analysis
phase.

Evaluation of teaching effectiveness
Nasal base depression-related cognitive self-assessment questionnaire

Upon completion of the teaching session, participants completed a standardized self-assessment
questionnaire [Supplementary Table 1] designed to evaluate their level of mastery of nasal base depression
across five domains.
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In-class case-based assessments

After the teaching session, participants were presented with five case-based questions requiring them to
make diagnostic judgments and develop treatment plans. The case-based assessments were evaluated by a
single senior instructor according to predefined scoring criteria encompassing diagnostic accuracy, the
rationality of treatment plans, and procedural safety awareness. Each domain was scored on a scale of 0 to
100, with higher scores indicating better performance. The total score was calculated as the unweighted mean
of the three domain scores, with equal weighting assigned to each component. To reduce potential
assessment bias, all response sheets were anonymized and randomized prior to evaluation, and the evaluator
was blinded to group allocation throughout the scoring process.

Trainee and instructor satisfaction assessment

Trainee satisfaction was measured with a five-point questionnaire: 1 = very dissatisfied, 2 = dissatisfied, 3 =
neutral, 4 = satisfied, and 5 = very satisfied. The instructor’s evaluation of participants’ knowledge mastery
was conducted using a five-point scale: 1 = not mastered, 2 = basic, 3 = familiar, 4 = proficient, and 5 = highly
proficient. Higher scores indicated greater satisfaction or mastery. The mean scores were calculated for each
domain and compared between groups.

Reliability assessment

To evaluate the internal consistency of the evaluation instruments, Cronbach’s o coefficients were calculated
for the self-assessment questionnaire and the case-based assessment domains. Pearson correlation analysis
was performed to examine the relationships among the three scoring domains of the case-based test.

Statistical analysis

Data were analyzed using SPSS version 24.0 (IBM Corp., Armonk, NY, USA). Continuous variables are
presented as the mean + standard deviation (SD) and compared between groups using independent-samples
t-test. Categorical variables are presented as counts and percentages and were compared using chi-square
tests. For the five domain-specific comparisons in the self-assessment questionnaire, the Bonferroni
correction was applied to adjust for multiple comparisons. All tests were two-sided, and a P < 0.05 was
considered statistically significant.

A post hoc power analysis was conducted for an independent-samples ¢-test (two-tailed, a = 0.05). With 80
participants (40 per group), the study had 80% power to detect a medium effect size (Cohen’s d = 0.63).

RESULTS

Reliability analysis of the evaluation instruments

The self-assessment questionnaire demonstrated satisfactory internal consistency (Cronbach’s a = 0.819).
Moderate correlations were observed among diagnostic accuracy, treatment plan rationality, and safety
awareness (r = 0.423-0.638; P < 0.01). The internal consistency of the case-based assessment was acceptable
(Cronbach’s a = 0.672), indicating overall coherence across multidimensional scoring domains.

Comparison of the nasal base depression-related cognitive self-assessments between groups
Significant between-group differences were observed in nasal base depression-related cognitive performance.
Participants in the experimental group achieved higher scores across all five domains of the self-assessment
questionnaire. After Bonferroni correction, all five domain differences remained statistically significant
(adjusted P < 0.05) [Table 2]. The between-group difference corresponded to a large effect size (Cohen’s d =
3.52).
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Table 2. Self-assessment scores of the nasal base depression-related cognitive domains

Evaluation domain ioor)ltrol group (n = ‘E‘)((Berimental group (n = Pvalue Adjusted P value
Understanding of pathogenesis 2.7+0.58 3.3+0.49 0.003 0.015
Comprehension of bony structure characteristics 25+0.61 3.4+0.50 <0.001 0.004
Comprehension of soft tissue features 2.6+0.55 33+0.52 0.002 0.010
Interpretation of bone-soft tissue spatial relationships 2.4+ 0.62 3.5+0.48 <0.001 0.003

Proficiency in filler placement layers and locations 2.4+0.59 3.4+0.51 <0.001 0.005

Total score 12.6+132 16.9+1.12 <0.05

Scores were compared between groups using independent-samples t-tests.

Table 3. Scores of diagnostic and treatment planning assessment

Assessment item Control group (n = 40) Experimental group (n = 40) P value
Diagnostic accuracy 72.4+£8.6 829+74 <0.05
Treatment plan rationality 701+9.2 843+6.8 <0.05
Safety awareness and risk avoidance 68.6+89 85.6+6.5 <0.05
Total score 704+79 841+6.2 <0.05

Scores were compared between groups using independent-samples t-tests. The total score represents the mean of the three assessment domains
(equal weighting).

Table 4. Trainee and instructor satisfaction scores

Assessment item Control group (n = 40) Experimental group (n = 40) P value
Overall trainee satisfaction 3.6+0.71 4.4+0.53 <0.05
Acceptance of teaching method 3.3+0.50 45+0.49 < 0.05
Recognition of clinical instructional value 3.5+0.68 4.6+0.50 <0.05
Instructor satisfaction 3.8+0.65 45+0.52 <0.05
Total score 3.55+0.32 45+0.26 <0.05

Scores were compared between groups using independent-samples t-tests.

Comparison of diagnostic and treatment planning performance between groups

Participants in the experimental group outperformed those in the control group in case diagnosis,
filler-placement planning, and treatment strategy design, demonstrating greater safety awareness and risk
avoidance. The total score was significantly higher in the experimental group (84.1 + 6.2) than in the control
group (70.4 = 7.9) [Table 3]. The composite performance difference yielded a large effect size (Cohen’s d =
1.93).

Comparison of trainee and instructor satisfaction between groups

Participants in the experimental group reported higher levels of trainee satisfaction, greater acceptance of the
teaching method, and stronger recognition of its clinical value [Table 4]. Instructor satisfaction was also
higher. All between-group differences were statistically significant. The overall difference in satisfaction
corresponded to a large effect size (Cohen’s d = 3.31).

DISCUSSION

CBL promotes the integration of knowledge and the development of clinical reasoning through the use of
authentic clinical scenarios and problem-oriented discussion'"'?), Compared with traditional lecture-based
teaching, CBL places greater emphasis on active learner participation and cognitive engagement and has
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been widely recognized as an effective approach for enhancing clinical analytical and decision-making
skills"***. In plastic and reconstructive surgery education, however, particularly in complex spatial anatomy
and high-risk surgical regions, CBL alone may be insufficient due to the challenges of understanding
intricate bone-soft tissue relationships"*. Traditional two-dimensional imaging methods often fail to meet
the spatial cognitive demands required in these high-risk anatomical areas.

Integrating 3D reconstruction into CBL can enhance trainees’ understanding of spatial relationships between
bone and soft tissue, which is critical in complex anatomical regions such as the nasal base!'*). 3D
reconstruction provides an intuitive, layered visualization of anatomical structures, enabling trainees to
better understand the dynamic spatial interactions between soft tissues and the underlying skeletal
framework. This combined approach may help overcome the limitations of traditional two-dimensional
imaging, enhancing the understanding of bone-soft tissue relationships and facilitating safer procedural
planning.

Although 3D reconstruction provides significant benefits, its broader implementation faces challenges, such
as the need for technical support, additional instructional preparation, and specialized instructor expertise.
The absence of a pretest also limited the ability to measure individual knowledge gains precisely. Future
studies should address these constraints by incorporating pretest and posttest assessments and exploring the
scalability of this teaching model across different anatomical regions.

The instructional intervention focused on a single standardized case of nasal base depression, which allowed
for consistent exposure for all trainees within the limited session time. Although this approach reduced
instructional variability and facilitated focused evaluation of 3D reconstruction within CBL, it may limit the
generalizability of the findings to other nasal deformity patterns or more complex reconstructive scenarios.
Future studies incorporating multiple case archetypes with varying anatomical complexity and spatial
characteristics would enable a more comprehensive assessment of the scalability and applicability of this
teaching model across a broader range of reconstructive training contexts.

The minimum detectable effect size (d = 0.63) was smaller than the observed between-group differences,
suggesting that insufficient statistical power was unlikely to explain the findings. The magnitude of the
observed effect sizes may partly reflect the contrast between a structured 3D visualization approach and
traditional didactic instruction within a focused anatomical domain. Although statistical significance was
maintained after correction for multiple comparisons, the magnitude of the observed effect sizes should be
interpreted with caution, particularly for subjective outcome measures, which may be prone to response bias
and reduced variability. Nevertheless, replication across independent cohorts is warranted to confirm the
stability of the observed differences.

Moderate internal consistency was observed across the assessment domains (a = 0.672), suggesting that
diagnostic accuracy, treatment planning, and safety awareness, while related, are distinct aspects of clinical
competence. Future research could enhance measurement precision by refining the scoring rubric and
applying factor analysis approaches. Standardizing 3D model repositories and conducting multicenter
studies would also enhance the generalizability of these findings.

The present findings further suggest that traditional lecture-based instruction may be insufficient for
addressing complex spatial-anatomical relationships and high-risk procedural decision-making in plastic and
reconstructive surgery education""”. In a standardized nasal base depression case model, the integration of
CBL with 3D reconstruction was associated with improved spatial-anatomical understanding, clinical
decision-making performance, and safety awareness among trainees. These findings support the feasibility of
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this combined instructional strategy and provide preliminary evidence for its application in other complex
areas of plastic surgery, such as breast reconstruction, facial defect repair, and craniofacial surgery, where 3D
models can enhance spatial understanding and decision-making.

Several limitations must be considered when interpreting the results of this study. First, the study design did
not include a pretest assessment, which may have contributed to potential knowledge biases between the
control and experimental groups. A pre-post design would provide a more robust understanding of the
educational impact. Second, the use of a single evaluator for performance-based assessments introduces the
possibility of rater-related bias or expectancy effects. Third, the study relied on subjective outcome measures
such as self-assessment and satisfaction scores, which are inherently prone to response bias and reduced
variability. Finally, the study focused on a single anatomical region, limiting the generalizability of the
findings to other areas of plastic surgery. Future studies should address these limitations by incorporating a
pretest/posttest design, using multiple evaluators, and expanding the scope to other anatomical domains.

In conclusion, the integration of 3D reconstruction into CBL significantly enhanced trainees’ spatial
anatomical understanding, diagnostic accuracy, and procedural planning in the context of nasal base
depression. This combined instructional approach demonstrates strong feasibility and educational value for
anatomically complex and high-risk regions.
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