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A B S T R A C T   

Purpose: Extended reality (XR) technology enhances learning in medical education. The purpose of this study was 
to develop and apply a case-based approach for teaching radiological anatomy utilizing XR technology for 
improved student exploration and engagement. 
Methods: The workflow consisted of MRI scanning cadavers followed by radiological, pathological, and 
anatomical assessment, and finally case presentation based on XR visualizations and student interaction. Case 
information (Subject, History, and Physical Exam) was presented to student groups who generated and recorded 
hypotheses using Google Forms. 
Results: Use of all components of the system was voluntary and a total of 74 students responded to the survey 
request (response rate = 95%). Assessment of the experience was conducted through a qualitative survey 
comprising four Likert scale questions (1–5, 1 lowest), three binary questions, and open-ended comments. Mean, 
standard deviation, and overall agreement (mean ± SD, OA) showed that students found MRI scans of cadavers to 
be helpful for dissections (4.14 ± 1.1, 74.3%) and provided an understanding of relevant anatomy (4.32 ± 0.9, 
79.7%), while 78.4% of students used the DICOM viewer to visualize scans of cadavers. The difficulty of use was 
found to be average (2.90 ± 1.0, 23%). zSpace visualizations were used by 40.5% of students, generally agreeing 
that an understanding of spatial relationships improved as a result (3.60 ± 1.0, 43.2%). More case-based sessions 
were favored by 97.3% of students. 
Conclusions: Results suggest that cadaveric MRI radiological visualization and XR technology enhance under-
standing of case-based anatomical dissections and encourage student exploration and engagement.   

1. Introduction 

Medical education is undergoing significant changes as online and 
virtual learning becomes more easily accessible and convenient for 
students and faculty [1–2]. Electronic delivery of educational topics, in 
general, is becoming increasingly popular with over 5.4 million (25.8%) 
students taking at least one online course as part of an academic pro-
gram (nces.ed.gov). Electronic access to course content provides stu-
dents with greater flexibility in their education and daily activities. As a 
result, the proportion of medical students who attend in-person 

preclinical lectures is declining, while the proportion of medical stu-
dents who login to watch virtual, preclinical lectures has greatly 
increased [3]. When given the option to watch a recorded presentation 
online, only about one-third of students chose to attend a presentation in 
person [3]. Online activity has been amplified by the COVID-19 
pandemic. 

Anatomy remains an essential element of medical education [4–5]. 
In addition to the electronic delivery of course content, 3D virtual reality 
has been shown to complement traditional learning techniques in 
anatomy [6–7]. Understanding complex spatial relationships is 
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necessary for successful diagnosis, surgical approaches, and treatment 
plans. Thus, considerable effort has been directed at developing data-
bases for use in virtual reality learning systems particularly related to 
radiological anatomy [8]. Ease-of-use tools, e.g., zBrush, Houdini, 
Substance Painter, as well as visualization platforms, e.g., Sketchfab, 
Rad3d, enables the creation of anatomical models for web-based de-
livery and has become critical tools for curriculum development. 

Cadaveric dissection allows students to tangibly experience the 
human body through palpation and manipulation, while textbooks 
provide 2D images and a wealth of information about form and function 
[9]. While cadavers remain the primary method to learn physical and 
spatial relationships among anatomical structures [10], many students 
lack instantaneous access to cadaveric material. Virtual reality models 
allow students to access models that provide the ability to maneuver and 
manipulate and improve the perception of spatial relationships [10]. 
Through electronic access, course-related information can be made 
readily available and, with extended reality (XR) technology, real-time 
interactive communication with fellow students and faculty is 

achievable from remote locations [11–14]. Research has also shown that 
extended reality technology enhances the learning experiences of stu-
dents in healthcare [10–11]. 

There is evidence supporting the importance of clinical relevance for 
associative learning in radiological anatomy. Rengier et al. demon-
strated that an interactive radiology course utilizing 3D post-processing 
software significantly improved understanding of radiology, diagnostic 
skills, and visual-spatial awareness [15]. Bohl et al. demonstrated that 
self-guided clinical cases utilizing PMCT increased clinical relevance of 
anatomy, student confidence in identifying structures and pathology on 
imaging, and overall understanding of disease processes [16]. Jacobson 
et al. utilized CT images of cadavers to create virtual patients and cases 
to be integrated into clinical science. Results of the study were positive, 
encouraging the investigators of the study to continue to create more 
virtual patients and cases [17]. Nonetheless, radiology tends to be pre-
sented as a supplemental activity, at best, within the anatomy curricu-
lum, despite its critical pedagogical advantages. 

Here, we develop an evidence-based approach where medical 

Fig. 1. Multi-departmental workflow utilizing donors from the JABSOM WBP. Donors are scanned using MRI and transported to the anatomy lab where dissection 
occurs. MRI scans are uploaded to Cloud storage (NAS) and cases are created on the Rad3d platform. Simultaneously, images are used to create 3D assets that are 
posted to sketchfab.com in addition to dissection models recorded with photogrammetry that is used in the cases. In addition to cases being implemented on Rad3d, 
they can also be viewed on zSpace augmented reality computers. Resources (R), Time (T),and Cost (C) associated with each workflow is defined by the corresponding 
superscripted items and based on 16 cadavers used in the present cohort. 1 R: transport cost for 16 cases @ $600/transport, total = $9600; T: MRI, 2 h/scan, total 
time = 32 h; C: personnel in kind contribution, Total =$9600.00. 2 R: google shared drive access; T: hour download time for folders, total 16 h (automatic using batch 
service); C: personnel in kind contribution, Total = $0.00. 3 R: radiology report function in Rad3d.com; T: review all cases, identify and write-up pathology cases 1 h/ 
case, total time (approximate) = 16 h for all cases, but not all have pathologies; C: free academic license for Rad3d, personnel in-kind contribution, Total = $0.00. 4 

R: Mimics software; T: 8 h/pathological case (four 4 cases) = 32 h; C annual license academic license, $3675 but free contribution from faculty member, radiology 
review and write-up, personnel in kind contribution, Total = $0.00. 5 R: z-Brush license, graphics workstation for processing; T: 20 models @ 1 h/model = 20 h; C: 
$895 for z-brush software (pro account), academic license = $0.00; Media Student Internship, in kind contribution Total = $0.00. 6 R: graphics workstation; T: 20 
models @ approximately 1 h/model = 20 h; C: free sketchfab academic license, Total = $0.00; 7 R: Creation of dissection models for up to 16 cadavers performed by 
students and photogrammetry with Adobe Creative Cloud; T: Photogrammetry/medical illustration for 20 models @ 30 mins/model = 5 h; C: Adobe Creative Cloud, 
$420 annual commercial license, Medical Illustrator, personnel in kind contribution, student projects, in-kind contributions, Total = $420.00. 8 R: Rad3d for case 
presentation; T: case upload (from #3 above) for 16 cases @ 2 h = 32 h; C: Free Rad3d academic license, Student in contributions for uploading cases, Total = $0.00. 
9 R: Visualization with zSpace Computers; T: Anatomy dissection class time, 3 h lab; C: approximately $65,000 to populate 17 computer stations in the gross 
anatomy; used in this application but not required since Rad3d is hardware agnostic and viewable on any student laptop or Android electronic device. Total = based 
on student access to laboratory computer networks. 
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students can use radiology as a primary tool for anatomical dissection. 
Students utilize radiology to identify relevant anatomical features and 
pathologies prior to dissection and generate hypotheses concerning their 
expected findings that they verify during dissection. Rather than existing 
as a supplemental activity and fit into the broader anatomy curriculum 
based on a restrictive time allotment, we postulate that radiology can 
provide a core activity useful for driving cadaver-based dissection using 
a hypothesis testing approach by medical students. We report a work-
flow for the development of a multi-disciplinary approach to develop, 
implement and deliver online radiological anatomy concepts in support 
of the Gross Anatomy curriculum. The purpose of this study was to 
demonstrate that a multi-departmental workflow utilizing MRI, XR 
technology, and a unique “patient” group, represented by the Willed 
Body Program, supplements hypothesis-driven learning based on 
radiological anatomy promotes student exploration and engagement. 

2. Material and methods 

2.1. Subjects 

Anatomical specimens utilized for this study were drawn from per-
manent body donations and all activities conformed to standard oper-
ating procedures of the Willed Body Program (WBP) at the John A. Burns 
School of Medicine (JABSOM), University of Hawaii, Manoa [18]. 
Written informed consent for scientific investigations is given by all 
body donors before death. This study was considered to be a quality 
assurance for the anatomy curriculum and was exempt (IRB- 
2018–00120). Neurological diagnostic features were created and writ-
ten by a neurologist. The workflow (Fig. 1) involved data collection and 
case presentation followed by qualitative assessment. 

2.2. Data collection 

Body donations were obtained through the WBP at JABSOM and 
processed routinely for embalming and preservation. A total of sixteen 
donors were selected to serve as silent teachers for the 2019–20 JABSOM 
Anatomy curriculum. The donors were transported from JABSOM to the 
Queen’s Medical Center (QMC) MRI facility where scanned (Siemens 
Prisma 3 T MRI scanner). Scan specifications consisted of: 1) Turbo Spin 
Echo sequence (T2w): Transversal head images of 0.5 × 0.5 × 1mm3 

resolution were obtained in two segments (matrix size 512 × 512 × 128 
each) using a FOV of 240 mm, 128 slices, 150 deg flip angle, TR/TE 
13750/97 ms and a turbo factor of 17; 2) MPRAGE (T1w): Sagittal head 
images of 0.5x0.5x0.1 mm3 resolution were obtained using a FOV of 
240 mm, 192 slices per slab (3D), 9 deg flip angle, TR/TE/TI 2580/3.67/ 
1300 ms, and a turbo factor of 256. Anonymized DICOM folders were 
uploaded to the Anatomy NAS storage system. 

Scans were transferred to Rad3d software (www.rad3d.com) for 
assessment by a radiologist who completed a limited report. Relevant 
Subject and Medical History information was input into the reports page 
based generally on the donor’s medical report at the time of death. Scans 
were used to segment-specific pathological features using Mimics soft-
ware (version 21.0, Materialise, Belgium) and models were uploaded to 
Sketchfab.com for viewing and annotation. Corresponding Pathology 
reports, when applicable, as well as Anatomical Correlations information 
also was input into the reports page for Rad3d.com which was used as 
the viewer by the medical students. Physical Exam information was 
developed to achieve the learning objectives for specific cases and also 
added to the Rad3d reports page. 

2.3. Case design and presentation 

This study was conducted just before COVID-19 restrictions. During 
classroom instruction, the instructor led the class through a differential 
diagnosis for each case based on Subject, Medical History, and Physical 
Exam information, at which point students were asked to generate 

hypotheses regarding neurological findings and record hypotheses on a 
Google Forms page. After hypotheses were recorded, Radiology, Pa-
thology, and Anatomy reports were presented to students. Students were 
also granted access to review relevant 3D segmented, photogrammetric 
and illustrative models. The models were viewed as XR scenes using 
immersive, augmented, and virtual reality zSpace computers (www. 
zspace.com) in the dissection laboratory. The diagnostic features were 
reviewed and initial hypotheses were subsequently tested in a dissection 
exercise. Dissections confirmed student hypotheses. Final dissections 
were processed with photogrammetry to obtain XR models for each case 
as postmortem confirmation. Photographs were taken at arbitrary angles 
and distances using a DSLR camera (Canon Eos 6D, 50 mm lens) and 
processed (capturingreality.com) to create 3D mesh models. The 
completed meshes were exported to zBrush (Pixologic.com) for post- 
processing, published to sketchfab.com, and added to the pages of the 
Rad3d report. 

2.4. Student cohort 

As part of the Head and Neck Dissection series, seventy-four second- 
year medical students at JABSOM participated in the virtual anatomical 
dissection activity and were surveyed after the experience. 

2.5. Qualitative analysis 

After completing the activity, participants were invited to complete a 
survey consisting of seven questions, which were used to assess student 
experience and opinion. Four questions utilized a 5-point Likert scale (1 
= fully disagree, 2 = partially disagree, 3 = neutral, 4 = partially agree, 
5 = fully agree). For each question, the mean, standard deviation, me-
dian, and overall agreement (OA) were calculated. In this study, OA was 
defined as the number of students who partially or fully agreed per 
question, divided by the total number of students who answered the 
corresponding question. Three questions were dichotomous since stu-
dents could either answer only ‘yes’ or ‘no.’ Percentages of ‘yes’ and ‘no’ 
responses to each question were reported. Open-ended comments 
regarding survey questions were also collected to assess student attitude 
and to assist in further development of the delivery system. 

3. Results 

For the purpose of demonstration, two cases are outlined here and 
include cases 2197 and 2292. 

Case 2197 (Figs. 2, 3) 

3.1. Subject, History, and Physical Examination 

Students were presented with subject, history, and physical exami-
nation information for case 2197 (Fig. 2A), a 61-year-old, Filipino male. 
The subject presented to his primary care physician with complaints of 
recent onset seizures, worsening headaches, nausea, vomiting, and 
word-finding difficulty. The patient’s seizures were controlled with 
medications. After diagnosis, the patient wanted to consider treatment 
options but expired at home a few months later. At the time of the 
physical exam, the patient was awake, alert, oriented to time and place, 
but demonstrated occasional word-finding difficulty. Cranial nerves 
2–12 were intact. Bulk and tone were normal. Motor strength was 4/5 in 
the right upper extremity and right lower extremity, and 5/5 on the left. 
The sensory nervous system was intact in all extremities. Finger-nose- 
finger coordination was intact in both upper extremities. Gait and 
stance were normal. Deep tendon reflexes were found to be brisk on the 
right, particularly in the upper extremity. Babinski reflex was noted on 
the right. 
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3.2. Radiological findings 

Radiological findings revealed a large glioblastoma multiforme 
tumor in the left frontal region with extension into the genu of the 
corpus callosum and subfalcine herniation (Fig. 2B; 3A, B). 

3.3. Pathology findings 

The pathology report exhibited a glioblastoma, the most common 
glioma in adults. It is one of the most aggressive human cancers with a 
median survival of only about 15 months, even with optimal therapy. 
Pathologically, glioblastomas are a malignancy of astrocytes that display 
nuclear pleomorphism, increased mitotic activity, and often show 
characteristic “palisading” necrosis, in which tumor cells align radially 
along the margins of the necrosis (Fig. 2C). 

3.4. Anatomical Correlations 

Anatomical dissection demonstrated a large mass lacking clear 
margins and involving most of the frontal and temporal cortex (Fig. 3A, 
B). A transverse section through the tumor exhibited overgrowth of the 
ventricle and involvement of almost the entire hemisphere. 

3.5. Interactive XR models 

Students were also granted access to Sketchfab and zSpace, which 
allowed students to visualize and manipulate XR models of case 2197. A 
surface model of case 2197 was used to visualize the glioblastoma via 
Sketchfab and zSpace (Fig. 3C). A transparent model was also used to 
visualize the relationship between the surface anatomy, brain, left 
ventricle, and tumor using Sketchfab (Fig. 3B). 

Case 2292 (Figs. 4, 5) 

3.6. Subject, History, and Physical Examination 

Students were presented with subject, history, and physical exami-
nation information for case 2292 (Fig. 4A), a 73-year-old, Japanese male 
with a history of cholecystectomy. Past medical history was notable for a 
backward fall to the head, resulting in loss of consciousness at around 
71 years of age. The patient was subsequently hospitalized in the 
neurology intensive care unit. Recovery was complicated by hydro-
cephalus, after which a ventriculoperitoneal (VP) shunt was placed. The 
patient was discharged but did not return to premorbid cognitive or 
behavioral baseline. He passed away from metastatic cancer. At the time 
of the physical exam, the patient was awake but oriented to self only. 
Concentration and attention were impaired. Impulsivity and memory 
deficit was apparent. Examination of the cranial nerves revealed 2–12 to 
be intact. The patient displayed anosmia and paranoia. The motor ner-
vous system exhibited no rigidity or flaccid tone. However, subtle 
weakness in the left extremities was noted compared to the right. The 
sensory nervous system was intact in all extremities. Coordination was 
intact. The patient displayed slight, left hemiparetic gain. Deep tendon 
reflexes were brisk, more so on the left. The Babinski sign was noted on 
the left. 

3.7. Radiological findings 

Radiological findings exhibited bilateral subdural hematomas, 
greater on the right compared to the left when viewing the MR sections 
from the patient (accessed through the QRC in Fig. 4A). Encephaloma-
lacia was noted at the bilateral frontal lobes, most likely as a result of 
trauma. Superficial siderosis was noted at the bilateral frontal lobes. VP 
shunt was noted on imaging. 

Fig. 2. Presentation of case 2197 on Rad3d with volumetric rendering with a cut plane (A) demonstrating glioblastoma and also presented in 2D in the report (B, 
green). Pathology report showing a histopathological example of a glioblastoma (C). 
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3.8. Pathology findings 

The findings of subdural hematomas and encephalomalacia 
involving the bilateral frontal lobes were consistent with traumatic brain 
injury with contusions to the cerebrum. Subdural hematomas typically 
result from tearing of the bridging veins that cross from the cerebrum 
and drain into the superior sagittal sinus (venous source of hemorrhage). 
Cerebral contusions result from direct translational forces as the brain 
impacts the skull. Contusions of the inferior frontal lobes (and anterior 
temporal lobes) commonly result from contrecoup contusions as a result 
of impact to the occiput. 

3.9. Anatomical Correlations 

Gross anatomy dissection demonstrated a subdural hematoma with 
extensive blood pooling beneath the dura. A VP shunt was present, 
which is placed to relieve cerebrospinal fluid accumulation. Videos were 
used to distinguish subdural hematomas (Fig. 4B) from epidural hema-
tomas (Fig. 4C) and ocular responses to hematomas (Fig. 4D). Ence-
phalomalacia is a brain tissue disease that results in loss of tissue 
following injury. One form is periventricular leukomalacia (Fig. 4E) 
similar to the pathological condition in this case and occurs in infants 
resulting in brain tissue loss likely from changes in blood flow. 

Fig. 3. Supplemental visualizations for case 2197 including the model of actual dissection with color enhancement (A) and segmentation (B) posted on Sketchfab 
with annotations and displayed as an XR visualization on zSpace (C). 
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3.10. Interactive XR models 

Students were provided access to Sketchfab and zSpace, which 
enabled students to visualize and manipulate XR models of case 2292. 
Using Sketchfab, a surface model was used to visualize various gross 
features of case 2292 (Fig. 5A,B) including the subdural hematoma, gyri 
of the occipital lobe, dura mater, middle meningeal artery, and VP 
shunt. The zSpace application enabled students to maneuver the model 
virtually (Fig. 5C). Using Sketchfab, a transparent model was used to 

visualize various features of subject 2292 (Fig. 5B) including the right 
subdural hematoma, left subdural hematoma, left-sided encephaloma-
lacia, right-sided encephalomalacia, superficial siderosis of the right 
frontal lobe, superficial siderosis of the left frontal lobe, VP shunt, lateral 
ventricle, and edema involving the right basal ganglia and thalamus. 

3.11. Student-Generated hypotheses 

As part of the interactive session, students were asked to generate 

Fig. 4. Presentation of case 2292 on Rad3d with volumetric rendering showing the port of ventricular shunt (A) and short video clips contrasting subdural (B) and 
epidural hematomas (C) with the pupillary response (D) and actual dissection model of periventricular leukomalacia (E). 
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working diagnoses after being presented with subject, history, and 
physical examination information. Cases as presented above were 
uniquely designed to help students to arrive at diagnoses that fit the 
clinical presentation of each case. Results collected by Google Forms 
revealed that students were able to successfully identify reasonable 
hypotheses given the initial case information as determined by course 
directors. 

3.12. Qualitative Analysis 

3.12.1. Analysis of survey responses 
Analysis of hypotheses rendered, after initial clinical information 

was presented, revealed that students were able to successfully identify 
important neurological abnormalities related to radiological and path-
ological findings in cadavers based on the review of hypotheses rendered 
after the case presentation. Subsequent dissection exercises were 
intended to confirm student hypotheses. A survey consisting of seven 
questions was conducted following the laboratory to assess student 
opinion using 5-point Likert and dichotomous scales. From a total of 74 

Fig. 5. Supplemental visualizations for case 2292 including actual dissection with color enhancements (A) and segmentation (B) posted on Sketchfab with anno-
tations and presented as an XR visualization on zSpace (C). 
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responses, results showed that many students found MRI scans of ca-
davers to help understand their dissections as demonstrated by a mean 
score of 4.14 (SD 1.1), median = 5, and OA = 74.3% (Fig. 6). Students 
also found that viewing MRI scans of cadavers provided an under-
standing of relevant anatomy as demonstrated by a mean score of 4.32 
(SD 0.9), median = 5, and OA = 79.7% (Fig. 6). Results also showed that 
78.4% of students used Rad3D software to view MRI scans of cadavers 
(Fig. 7). 

Student comments revealed that there were issues in viewing some 
3D models using Rad3d technology. Some students commented upon the 
steep learning curve associated with this technology. However, the 
difficulty of its use was found to be intermediate as demonstrated by a 
mean score of 2.90 (SD 1.0), median = 3, OA = 23.0% (Fig. 6). 40.5% of 
students used zSpace technology, while in the laboratory with students 
agreeing that it provided an understanding of spatial relationships of the 
diseased structures encountered as demonstrated by a mean score of 
3.60 (SD 1.0), median = 3, OA = 43.2% (Fig. 6). 97.3% of students 
reported wanting more interactive sessions using MRI scans of cadavers 
(Fig. 7). 

3.12.2. Student feedback 
Qualitative comments suggested that students regarded positively 

the use of MRI scans to guide their dissections and understand relevant 
anatomy. The key positives noted were that students were able to 
appreciate anatomy and pathology in context and preparation for the 
dissection exercise. The key negative was that students preferred to have 
the virtual activity integrated with the dissection exercise to better 
utilize the information embedded in the activity. Comments regarding 
Rad3d indicated that there were problems properly loading and utilizing 
the site. Students noted that the site required some trial and error. For 
those who did use zSpace in the lab, students responded positively to its 
ability to appreciate diseased structures in three dimensions. However, 
the key negative noted in the comments indicated that students had 
insufficient time to interact with zSpace scenes. When asked whether 
students would like to see more interactive sessions, students almost 
unanimously indicated that they enjoyed the interactive sessions and 
would like to engage in more sessions in the future. However, a small 
number of comments expressed disappointment in having the interac-
tive sessions replace the lecture. 

4. Discussion 

As distance learning increases in popularity as well as developing 
from necessity, efforts to create innovative approaches for anatomical 
instruction are changing rapidly. Imaging technology utilizing CT and 
MRI datasets is readily deployable for online instruction. However, 
limitations are recognized when applied to cadaver-based anatomy ed-
ucation. Embalming fluid containing formalin is commonly utilized to 
preserve anatomical specimens for the duration of the anatomical 
dissection curriculum. However, artifacts arise due to swelling of soft 
tissues [19]. Chew et al. demonstrated that embalmed post-mortem 
cadaver CT (PMCT) scans showed significant differences as compared 
to living patients due to artifacts of preservation [20]. To improve the 
quality and utility of PMCT scans, Bohl et al. obtained scans before 
embalming, which improved the resolution of soft tissue anatomy and 
abdominal and lower limb vasculature [16]. Additionally, contrast 
enhancement techniques have been developed that improve visualiza-
tions, particularly for CT scanning [21]. A preliminary trial of PMCT on 
cadavers was performed in this study and yielded results that were not 
optimal. Therefore, MRI scanning was pursued. 

MRI scanning of cadavers was expected to provide useful patholog-
ical information in our lab sample, but with some limitations. Schramek 
et al. demonstrated that MRI scans of embalmed cadavers resulted in 
embalmed tissues appearing homogenous upon visualization, making 
differentiation between tissues difficult [19]. Deviations in MRI contrast 
are to be expected in cadavers due to cooler body temperature and 
changes in tissue due to the embalming process. Our approach utilizing 
MRI maximized the scan time lasting approximately 2 h allowing for a 
higher resolution than clinically feasible. The scans were also performed 
with slightly modified clinical protocols to account for shorter T1 and T2 
relaxation times. As a result, the glioblastoma multiforme (GBM) was 
clearly indicated and students did not have difficulty identifying the 
pathology. Similarly, the subdural hematoma was easily identified lying 
between the dura and brain tissue. Movement correction was unnec-
essary within the context of the procedure which increased image res-
olution beyond that typically available when scanning live patients. 

Although cadaveric MRI scanning of cadavers can be resource- 
intensive, reports indicate that cost and effort translate into a gain in 
knowledge that is beneficial to a student’s anatomical education 
[16,19]. Although resource availability may cause an obstacle to 

Fig. 6. Student opinion survey. Survey-based on a 5-point Likert Scale (n = 74) reported as mean, standard deviation, median, and overall agreement (OA) for each 
survey prompt. 
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implementation studies have suggested that institutions lacking the 
means to obtain imaging of cadavers ‘in-house’ may use a standard set of 
CT scans to serve as the basis for radiology-based clinical cases [16]. 
Additionally, ample segmentation software exists to extract relevant 
pathological features that can be uploaded to various platforms for ease 
of access by medical students. 

Integration of radiological images into the gross anatomy curriculum 
has been shown to provide students with opportunities to explore 
anatomical relationships and improve radiological reasoning, diagnostic 
skills, and visual-spatial abilities [15]. Additionally, several studies have 
shown improved quantitative and qualitative educational outcomes 
[1,21–22]. In the present case, the majority of students agreed that 
viewing the MRI scans helped understand the dissection and enabled an 
understanding of relevant anatomy. A review of summative comments 
revealed that many students enjoyed viewing MRI scans and believed 
that viewing the scans enhanced their learning and appreciation of 
structures in three dimensions. Students also indicated that the activity 
provided an opportunity to connect various disciplines including pa-
thology, radiology, anatomy, and clinical medicine. While some stu-
dents commented on the utility of MRI in pathologic and normal cases, 
other students did not find MRI scans to be as engaging and thought- 
provoking if their cadavers lacked pathologies. 

XR visualization is a relatively new tool for visualizing anatomical 
relationships but has been shown to improve academic performance in 
medical education [23]. This technology has also been shown to facili-
tate academic success in anatomy in those who may find traditional 
learning approaches challenging. Golden demonstrated that students 
who were provided with augmented 3D anatomical structures using 
zSpace for study purposes showed a slightly increased score compared to 
the control group as well as increased instructional engagement [1]. In a 
study analyzing the utility of 3D virtual reality models, Codd et al. found 
the use of 3D virtual reality models to be comparable to traditional 
anatomical teaching methods and also found that the use of models 
significantly improved anatomical knowledge compared to a control 
group [6]. There is also a general preference among medical students to 
learn anatomy using 3D models since they provide an easily accessible 
reference resource [24]. 

In this study, analysis of student opinion regarding the use of XR 
technology revealed enhancement of learning that supplemented hy-
pothesis generation. Although only 40.5% of students utilized zSpace in 
the lab, students found the XR technology to be generally useful in their 
understanding of spatial relations of diseased structures as shown by an 
OA = 43.2% (Fig. 6). Analysis of student comments revealed that the key 
reason why students did not utilize zSpace in the lab was due to time 

constraints. Given more time in the lab, the students may have been able 
to better utilize the technology and gain a better appreciation for spatial 
relationships of pathologic structures. 

Technological difficulties of the software occurred during the inter-
active session. Many students noted difficulties in accessing and using 
Rad3d, which could have been due to a high traffic volume, inadequate 
internet connection on campus, or the nature of the program being in a 
beta release form. One student stated that there was a steep learning 
curve in using the various controls on the site, necessitating trial and 
error exploration. Analysis of the results revealed that Rad3d was not 
‘user friendly’ demonstrated by a mean of 2.90 (SD 1.0) and a median 
score of 3 on a 5-point Likert scale (Fig. 6). Improved proficiency in 
using Rad3d could improve the student experience. 

Physiological issues in using XR technology are documented [25]. 
One student commented that zSpace was difficult to use and resulted in 
slight vertigo that prevented the student from using the technology 
further. However, students seem to have enjoyed accessing interactive 
models based on student feedback and hoped to experience more 
interactive sessions in the future. As shown in Fig. 7, 97.3% of students 
were interested in participating in more interactive sessions using MRI 
scans. Several students suggested applying this workflow to other units 
including the thoracic and abdominal units, which require an under-
standing of the depth and spatial relationships. 

Data from this study suggests that cadaver-based learning modules 
available online were well received by medical students and supple-
mented learning of the cranial contents that require dissection skills 
typically difficult to master. Given the state of the current global 
pandemic, remote learning is necessary to promote the safety of students 
and faculty by reducing the risk of the spread of COVID-19. Social 
distancing and strict rules limiting group gathering have disrupted 
traditional approaches to cadaveric dissection. The methodology 
described here would limit contact while promoting learning experi-
ences that enhance the understanding of difficult anatomical relation-
ships. COVID-19 will likely negatively impact cadaver availability in the 
short-term that virtual learning could offset [26]. 

The workflow is resource and personnel intensive and could appear 
to be a limitation to this approach. However, the system is based on 
collaborative in-kind contributions from a variety of sources. A pathol-
ogist provides histopathological analysis of tissue samples for patho-
logical cases. Graduate and medical students contribute in kind services 
at various points that facilitate technical implementation. An under-
graduate internship program with the Creative Media students and 
Computer Science students enables no-cost assistance related to elec-
tronic asset creation and remote transmission. The primary contribution 

Fig. 7. Student survey results. Student survey results (n = 74) were reported as the percentage of “yes” or “no” responses for each prompt.  
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arises from the interactions between radiologists and anatomists since 
biomedical imaging provides an important dissection tool necessary for 
the identification of unique cadaveric features and facilitating hypoth-
eses concerning expected findings. Although successful implementation 
requires complicated scheduling and workloads, it as has the advantage 
of creating unique collaborative opportunities across a broad array of 
academic personnel resulting in the establishment of a novel multi- and 
cross-departmental educational program that potentially strengths the 
entire program. 

Cost points associated with the workflow may also present a limi-
tation. However, costs are minimized because of in kind compensatory 
mechanisms. Significant direct cost relates to the transport of donor 
bodies to and from the imaging site. This cost is unavoidable, but is 
subsumed by the cost of the Willed Body donation program. Another 
cost point concerns the zSpace computers used by the students during 
the dissection. However, most dissection laboratories now are populated 
by sophisticated computer equipment and the zSpace computers are in 
line with this category of gross anatomy laboratory costs. Even so, these 
are not completely necessary since radiology reports can be distributed 
online through Rad3d which is a device agnostic web based DICOM 
viewer. A third major cost point is the segmentation software to extract 
mesh surfaces. In this application, Mimics software was used that carries 
a large annual subscription. However, inexpensive options exist for 
segmentation software that can be used for low or no cost arising from 
an academic license. A future effort is aimed at creating libraries of 
online cases that can be distributed collaboratively across academic 
institutions and organizations that lack the resources 

The instructional method described here could provide remote in-
struction across widely divergent geographical and cultural groups 
[11,14]. A future direction of this project would be to compare the ef-
ficacy of this multi-departmental workflow between international stu-
dents to test the hypothesis that this instructional method can be 
generalized to a more diverse student population and implemented 
cross-culturally. Another future direction would be to compare and 
contrast the anatomical understanding of students who utilize this 
methodology in the presence or absence of cadaveric dissection. 

5. Conclusions 

MRI scan visualization and XR technology enhance students’ un-
derstanding of case-based anatomical dissections and encourage 
engagement in anatomy. Radiological data are used as a primary 
learning tool with this approach rather than adding it as a supplemental 
activity whose relevance is not always made clear to the students. 
Further exploration of this topic is warranted to supplement traditional 
learning in medicine and improve learning outcomes and understanding 
of the human body for evaluation, diagnosis, and treatment. Visualiza-
tion of cadaveric MRI scans enhances students’ perception of case-based 
anatomical dissections and promotes student exploration and engage-
ment. This radiology-driven approach is consistent with newer peda-
gogy methods that utilize hypothesis-driven and student-directed 
Learning requiring further exploration as the basis for gross anatomy 
dissection in medical education. 
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