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Introduction: In recent years with the advent of technology in medical education, teaching methodology has shifted towards heavy
use of online-learning modalities. This has been especially the case for anatomy and radiology courses since they require students to
visualize structures of the human body. Several studies indicated that Anatomage and OsiriX can be effective at enhancing students’
learning experiences in anatomy and radiology.

Purpose: This aim of this study is to assess the effectiveness of online case-based learning modules in teaching medical students
about the anatomy and radiology of different types of brain tumors.

Methods: Two online case-based learning modules were designed using Anatomage Table® and OsiriX DICOM viewer®, consisting
of a clinical case and CT and MRI images. We recruited 36 fourth-year medical students that completed two 10-question quizzes (one
on glioblastoma multiforme and one on pituitary adenomas). Participants were randomly assigned to either a study group that
completed both modules prior to completing the quizzes, or a control group that completed the quizzes without access to the modules.
The performance of both groups was compared to assess the effectiveness of the modules. Participants in the study group also
completed a feedback survey to assess the quality and convenience of using the modules.

Results: Students who used the case-based learning modules performed significantly better than those who did not (Quiz 1: mean =
6.56 vs 3.28, p<0.01. Quiz 2: mean = 6.67 vs 3.06, p<0.01). Students who completed the modules would like to see similar modules
used in teaching anatomy and radiology in the future (64%). They found them easy to navigate (72%), useful in teaching anatomy and
radiology (72%), and helpful in improving understanding of anatomical and radiological clinical correlations (77%).

Conclusion: Online case-based learning modules created using Anatomage and OsiriX can be used effectively in teaching medical
students about the anatomy and radiology of different types of brain tumors.
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Introduction
The COVID-19 pandemic has established a sudden shift to all-online learning sessions. Teaching virtually requires
access to effective educational tools, which can introduce new concepts and engage critical understanding among
students. In particular, traditional medical anatomy curricula have a limited approach to educating and catering to
different learning styles. However, many approaches exist for teaching anatomy: dissection, models, pro-section,
computer software, and medical imaging are among the many modalities currently used in medical schools around the
world." Each approach holds its strengths and weaknesses. Studies have reported a rise in the utilization of online
learning resources following the COVID-19 pandemic. For instance, The Neurosurgical Atlas is an online interactive
multimedia resource focused on neurosurgical techniques that has seen a dramatic increase (>20%) in traffic since the
beginning of the pandemic.?

The Anatomage Virtual Dissection Table (Anatomage) is a computerized teaching tool in which CT scans of humans
have been reconstructed in a 3D format so that the user can then look through them using a digital medium.* Students can
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take slices through different planes as well as build up and take away cross-sections of the human body to identify organs
and relate them to anatomical positions. Anatomage is interactive for students as they are offered the opportunity to
essentially perform an electronic dissection of a virtual cadaver. Its main advantages are the level of detail and clarity
built into the software, the ability to look through any section, and the capacity to zoom in and out.’ OsiriX is a Mac OS
X-based open-source program that can process CT, MRI, PET, and PET-CT imaging. It was designed for the navigation
and visualization of multidimensional images and offers a variety of rendering modes. The 3D volume rendering is the
simplest and fastest way to obtain reconstructions to use for augmented reality.” This model can be then manipulated
depending on the structures the user wants to highlight. It is the most widely used medical images viewing software in
the world and used by both medical professionals and learners.’

The utility of the Anatomage table in human anatomy teaching has been explored in multiple studies. In a study
involving 200 Medicine and Dentistry students, Berkis et al reported that the Anatomage table allowed the students to
learn the material better in a more enjoyable setting.® A randomized, cross-sectional study focusing on the role the
Anatomage table on teaching neuroanatomy showed that students using the table had comparable performance to those
using traditional dissection methods. However, they reported better understanding of the topics and that it enhanced their
classroom experience.” As such, the utilization of Anatomage about other methods of student-centered learning can
improve student’s perception of anatomical concepts and enhance learning.®'® A study comparing different diagnostic
imaging software and their use in veterinary medicine found that OsiriX is the highest ranked software based on
functionality and user-friendliness.''

To incorporate recent literature focusing on online learning formats, and more specifically the Anatomage Table and
OsiriX, new web-based teaching modules will be created for the anatomy curriculum. The objective of this study will be
to create and assess the effectiveness of learning anatomy and medical imaging via online case-based learning modules
created using Anatomage and OsiriX. The online modules aim to explore the synergistic learning effects of Anatomage
and OsiriX with other learning tools such as clinical case-based learning. We hypothesize that modules created using
Anatomage and OsiriX will improve the performances of medical students learning about different types of brain tumors.

Materials and Methods

Modules Creation

Anatomage provides an array of clinical cases and associated images. Using Microsoft PowerPoint, each case and
corresponding MRI images were transformed into a module that integrated anatomic and radiographic images from
OsiriX with clinical case-based learning (Figure 1). The difficulty level of each module was targeted toward students with
a background in anatomy and was designed to be approximately 20 minutes in duration. The modules were published on
Qualtrics Survey Software.

After taking the module, students completed a 10-question quiz within the scope of the module’s learning objectives
that assessed their initial knowledge of the anatomical concepts and relevant pathology. All questions were validated by
anatomy faculty at Weill Cornell Medicine-Qatar. The correct answers were not shown after submission. The quizzes
tested content regarding anatomy and radiology, but also covered relevant physiology and basic clinical knowledge.

Each module was prefaced with a set of learning objectives and began with an introduction to the clinical case
presentation. The case introduction included the patient’s relevant demographics, chief complaint, and relevant initial
neurological exam. The first module focused on Glioblastoma Multiforme, and the second module focused on Pituitary
Adenomas. Both of these conditions are common in the general population and, as such, are commonly tested material in
shelf and board exams. CT and MRI images from OsiriX and labeled Anatomage cadaver section images were used to
assist students in understanding the placement of structures of the brain in relationship with one another. Following the
necessary introduction to anatomy and radiology in the region of interest, general disease pathogenesis was discussed. In
addition to pathogenesis, images of brain tumors were compared with normal anatomic findings. Other components of
the modules included relevant patient’s history and physical exam findings, diagnostic imaging, and laboratory findings.
Each module concluded with a list of differential diagnoses that explained the patient’s presentation.
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Figure | A few slides from a module (glioblastoma multiforme).

Participants Recruitment

We recruited 36 fourth-year medical students who have completed a course in neuroanatomy during their second year.
Students were randomized into two groups: Group 1 (control) completed the quizzes without completing the modules and
Group 2 (test) completed the modules before completing the quizzes. To minimize observer bias, students were
randomized using a computer system that did not consider their baseline knowledge of anatomy and radiology, as well
as their general academic performance. Additionally, participants were unaware about the aims of the research (ie,
participants assigned to the control group were not told about the modules). This study was approved by the Weill
Cornell Medicine-Qatar Institutional Review Board with approval number 19433222 under the project title assessing

the effectiveness of various online learning modules in medical students’ comprehension of anatomy.

Study Outcomes and Statistical Analysis
The scores of each of the quizzes (out of 10) were analyzed. Means were expressed as mean+SD and compared between
the two groups using an independent samples ¢-test given the data was deemed to be normal using the Shapiro Wilks test.
P-values less than 0.05 were considered significant. Statistical analysis was carried out using SPSS version 27 (IBM
SPSS Statistics, IBM, Armonk, New York).

Participants who completed the modules (Group 2) were also asked to assess the quality and convenience of the
modules using an anonymous feedback survey administered via Qualtrics Survey Software (Table 1). The feedback
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Table 1 The Feedback Survey Questions and Answer Choices

| The module was easy to navigate

Strongly Agree Agree Neither Agree nor Disagree Disagree Strongly Disagree
2 The module was useful in teaching me anatomy and radiology

Strongly Agree Agree Neither Agree nor Disagree Disagree Strongly Disagree
3 I would like to see similar modules used in teaching anatomy and radiology in the future

Strongly Agree Agree Neither Agree nor Disagree Disagree Strongly Disagree
4 The module helped improve my understanding of anatomical and radiological clinical correlations

Strongly Agree Agree Neither Agree nor Disagree Disagree Strongly Disagree
5 Please let us know of your comments/suggestions

(open-ended response)

survey consisted of four five-point Likert Scale questions and an open-ended question. Categorical Likert Scale responses
were expressed as a percentage of the total.

Results

Participants Performance

A total of 36 fourth-year medical students at Weill Cornell Medicine-Qatar participated in this study. All participants
completed two 10-question quizzes; quiz 1 was on Glioblastoma Multiforme and quiz 2 was on Pituitary Adenomas.
Participants assigned to Group 1 (control) completed the quizzes without completing the modules, while Group 2 (test)
completed the quizzes after completing the modules created using Anatomage and OsiriX. For quiz 1, Group 1 (control)
had a mean quiz score of 3.28+1.37 (out of 10), whereas Group 2 (test) had a mean quiz score of 6.56+1.89 (p<0.001).
For quiz 2, Group 1 had a mean quiz score of 3.06+1.54 (out of 10), whereas Group 2 had a mean quiz score of 6.67
+2.75 (p<0.001). The results of the quizzes are shown in Table 2.

Quality and Convenience of the Modules
Participants who completed the modules (Group 2) were also asked to assess the quality and convenience of the modules
through a feedback survey. The results of the feedback survey are summarized in Figure 2. Most students (72%, n=26)
agreed or strongly agreed that they found the modules easy to navigate. This was also reflected in the comments section
available in the survey, where one participant commented, “clear, concise and engaging” and another commented, I
enjoyed seeing the MRI images and being able to scroll through the cross-sections of the body while learning about the
brain tumors.”

Furthermore, 72% (n=26) of the participants reported the modules to be useful in helping them understand anatomy
and radiology. Referring to the comments, an overwhelming majority of the students conveyed their satisfaction with

Table 2 Scores for Quiz | (Glioblastoma) and Quiz 2 (Pituitary Adenoma) for the
Study Participants

Group | (Control) | Group 2 (Test) p-value
Quiz | Mean 3.28 6.56 <0.001
SD 1.37 1.89
Quiz 2 Mean 3.06 6.67 <0.001
SD 1.54 2.75
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Figure 2 Students opinions of the quality and convenience of the modules.

being able to grasp the neuroanatomy presented in each of the modules. To be more specific, the participants found that
they benefited most if the module began with a basic anatomical introduction before proceeding to discuss the radiology
and other relevant clinical features of each case. This feedback was noted in the modules that followed this structure and
were recommended as a suggestion or improvement in the modules which differed in the organization.

Moreover, 78% (n=28) of the participants agreed or strongly agreed that the modules helped improve their under-
standing of anatomical and radiological clinical correlations. They relayed their appreciation of the integration of clinical
pearls and CT and MRI images in the modules. Many of them pointed out that this approach helped to understand how to
distinguish between normal vs abnormal CT and MRI images.

To gauge the possibility of using and implementing such modules when teaching neuroanatomy, the participants were
also asked if they would like to see similar modules in the future, to which 64% (n=23) agreed or strongly agreed. One
participant explicitly mentioned, “This should be an added resource to the Neurology clerkship” and another participant
mentioned, “Wish there were more modules on other brain tumors.”

Participants also mentioned certain areas for improvement using the open-ended question. For instance, several
comments indicated a preference for more labels pointing out neuroanatomical structures. Additionally, some students

mentioned that they lost interest or felt overwhelmed when faced with lengthy or wordy sections of the modules.

Discussion

Both Anatomage and OsiriX are valuable tools for creating clinical anatomy and radiology learning modules.”'*'* In
this study, we assessed and quantified the effectiveness of the clinical anatomy and radiology learning modules on brain
tumors created using Anatomage and OsiriX. A total of 36 fourth-year medical students at Weill Cornell Medicine-Qatar
were recruited as part of this study. The study group consisted of 18 students who completed two modules created using
Anatomage and OsiriX prior to completing two 10-question quizzes to assess their performance. The control group, also
consisting of 18 students, completed the same quizzes without access to the modules.

After analyzing the participants’ performance, we found that students who completed the modules performed
significantly better than those who did not. Using the feedback survey, we determined that most participants who
completed the modules would like to see similar modules used in teaching anatomy and radiology in the future. They
found them easy to navigate, useful in teaching anatomy and radiology, and helpful in improving understanding of
anatomical and radiological clinical correlations. Some students preferred more labels pointing out neuroanatomical

structures and felt overwhelmed when faced with lengthy or wordy sections of the modules.
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To our knowledge, this is the first study of its kind that assessed the effectiveness of both Anatomage and OsiriX in
the teaching of brain tumors. Our findings are encouraging and support the implementation of technology and virtual
software in this setting. Interestingly, Anand et al reported no significant difference in performance between students who
learned neuroanatomy using traditional dissection methods compared to those using Anatomage. However, this study
used Anatomage in the teaching of gross brain anatomy (ie, internal capsule, basal ganglion, and spinal cord).” In
comparison, our study focused on anatomical and radiological clinical associations. This discrepancy could shed light on
the varying utility of Anatomage in teaching neuroanatomy.

Our cohort’s perception of the quality and convenience of the modules is also consistent with other studies. Bharati
et al reported that among 150 medical students, 95% strongly agreed that Anatomage is better than traditional cadaveric
dissections in visualizing body systems, and 90% strongly agreed that it can serve as to supplement anatomy learning.'*
Another study reported that, like our participants, 75% of students perceived Anatomage as more engaging, and
improved their understanding of anatomy.'”

Limitations

Our study has some limitations that could impact the generalizability of the findings. Firstly, our study only included 36
fourth-year medical students. Even though we were able to recruit most students in the fourth-year class (around 40
students), our findings might not be generalizable to medical schools with larger cohorts. Secondly, even though all
students completed a course in neuroanatomy during their second year, students with a stronger interest in neurology or
neurosurgery completed additional clinical rotations in these fields. As such, these students might have higher baseline
knowledge compared to those who did not complete any additional rotations. Finally, participants who completed the
modules spent additional time with the material being tested compared to the control group. This limitation can be
overcome in future studies by ensuring comparable study time between the study and control groups.

Conclusion

In summary, Anatomage and OsiriX can be used to create online case-based learning modules created using Anatomage
and OsiriX can be used effectively in teaching medical students about the anatomy and radiology of different types of
brain tumors. These modules can be perceived positively and improve students’ understanding of anatomical and
radiological clinical correlations.
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