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Background: Virtual dissection (VD) has recently gained attention as an 
innovative educational tool in skull base surgery, offering learners the ability to 
actively manipulate and explore anatomy in three dimensions. Traditional 
resources such as textbooks, lectures, and slide-based materials often fall short 
in conveying the depth and spatial complexity of critical neurovascular 
structures encountered during the endoscopic endonasal approach (EEA). 
Although VD has been introduced in various fields, rigorous evidence directly 
comparing its effectiveness with traditional learning (TL) methods remains 
limited. Addressing this gap is essential to establish the educational value of VD 
in neurosurgical training.
Objective: To evaluate the educational effectiveness of a newly developed VD 
environment for an EEA to anatomy by conducting a randomized comparison 
with TL.
Methods: Twenty-eight neurosurgical residents (postgraduate years 3–7) were 
randomly assigned to either a VD group (n = 14) or a TL group (n = 14). Both 
groups followed the same program structure; a pre-test consisting of 20 
multiple-choice questions, a 20-min learning session, and a post-test of identical 
content. The test was designed to evaluate spatial anatomical knowledge and 
included four sections; bony landmarks of the sphenoid sinus, cavernous sinus 
(CS) anatomy, microvascular anatomy, and neural anatomy, with five questions 
each and an “I don’t know” option. Gain scores (post – pre) were compared 
between groups using the Mann–Whitney U test. Analysis of covariance was 
performed to adjust for pre-test scores and postgraduate year, and intragroup 
comparisons were conducted using the Wilcoxon signed-rank test.
Results: All participants completed the program. Median postgraduate years 
were 5.5 (interquartile range 4–6) in the VD group and 4.5 (interquartile range 
4–6) in the TL group. The VD group achieved significantly greater overall 
improvement in total knowledge scores compared with the TL group. In 
particular, the gain score in “CS anatomy” was significantly higher in the VD 
group (p = 0.005). After adjustment with analysis of covariance, the VD group 
maintained significantly higher total scores (p = 0.036) and CS anatomy scores 
(p = 0.001). In intragroup analysis both groups improved across several sections, 
but the magnitude of improvement was consistently greater in the VD group, 
underscoring its educational impact.
Conclusion: This randomized comparison suggested that VD may provide 
educational benefits over TL, particularly in facilitating understanding of the 
complex anatomy of the CS. The interactive and immersive features of VD, such 
as dynamic visualization and procedural simulation, appeared to support 
enhanced three-dimensional (3D) comprehension. While these ficandings are 
preliminary due to the limited sample size, they suggest that VD has the 
potential to serve as a valuable complementary modality that could modernize 
anatomical education, expand accessibility, and contribute to the training of 
future neurosurgeons.

Abstract

Introduction

1. Development of interactive VD environment
ØVisualized using a virtual dissection system we developed
ØInteractive functions: zooming, rotation, transparency/translucency 
adjustment, virtual drilling, retraction, and dural peeling
ØOperated via laptop screen + mouse, also accessible remotely via Zoom
ØSimulates the endonasal surgical procedure

2. Educational evaluation through a comparative pilot study 
ØParticipants: 28 residents (PGY 3–7)
ØRandomized: VD (n=14) vs TL (n=14)
ØProgram: Pre-test → 20-min session → Post-test

Methods and Materials

Ø Strengths:
• Randomized controlled comparison

Direct randomized comparison between VD and TL, enhancing 
methodological rigor in educational research.

• Focus on complex EEA anatomy
Targets anatomically challenging regions, particularly the CS, where VD 
demonstrated clear educational advantages.

• Practical and scalable design
Short, structured learning intervention suitable for integration into real-world 
neurosurgical training programs.

ØLimitations:
• Small sample size, short-term evaluation, single-center study; results may not 

generalize
• No long-term follow-up or skill transfer assessment

Discussion

ØDeveloped a VD environment for anatomical learning in the EEA.
ØVD may enhance 3D understanding and serve as a supportive tool for anatomy 

education.
ØDemonstrated educational effectiveness with higher knowledge gain.

Conclusions

– Current status and challenges in EEA anatomy education
ØEEA requires precise understanding of deep, complex anatomy
ØTraditional materials such as textbooks and lectures provide limited spatial 

understanding
ØCadaveric dissection = gold standard, but limited by cost and access
ØNeed for high-quality, accessible, and reproducible 3D anatomy learning tools
– Study Design (Core Components of the Study)
1. Development of interactive VD environment
2. Educational evaluation: a pilot comparative study vs. TL

Results

ØVD Session
• Remote operation of the VD 

environment via Zoom screen 
sharing and remote control

• Interactive 3D observation of 
the spatial and layered 
structures of the sellar and 
parasellar regions

ØTL Session
• Slide sequence matched the 

knowledge test structure
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1. Overview of the developed VD environment

2. Results of comparative study
ØBetween-group
• VD > TL in total gain score

ØANCOVA
• Adjusted for pre-test scores and PGY 
• VD > TL in total (p = 0.036)
• CS anatomy domain significantly 

higher (p = 0.001)

ØWithin-group
• Significant pre–post improvement in 

both groups

Ø Statistical analysis
1. Between-group: Gain scores (post–pre) 
compared using Mann–Whitney U test
    ANCOVA（analysis of covariance）: 
Adjusted for pre-test scores and PGY
2. Within-group: Pre–post comparisons 
analyzed using Wilcoxon signed-rank test 

Fig.1. Detailed anatomical representations. Fig.2. VD environment following the procedural steps of the EEA.

Fig.3. Between-group gain score comparison. Fig.4. Within-group pre–post comparison.


