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ABSTRACT
Background: Advances in computer sciences, including novel 3-dimensional rendering techniques, have enabled 
the creation of cloud-based virtual reality (VR) interfaces, making real-time peer-to-peer interaction possible 
even from remote locations. is study addresses the potential use of this technology for microsurgery anatomy 
education.

Methods: Digital specimens were created using multiple photogrammetry techniques and imported into a virtual 
simulated neuroanatomy dissection laboratory. A  VR educational program using a multiuser virtual anatomy 
laboratory experience was developed. Internal validation was performed by five multinational neurosurgery 
visiting scholars testing and assessing the digital VR models. For external validation, 20 neurosurgery residents 
tested and assessed the same models and virtual space.

Results: Each participant responded to 14 statements assessing the virtual models, categorized under realism 
(n = 3), usefulness (n = 2), practicality (n = 3), enjoyment (n = 3), and recommendation (n = 3). Most responses 
expressed agreement or strong agreement with the assessment statements (internal validation, 94% [66/70] total 
responses; external validation, 91.4% [256/280] total responses). Notably, most participants strongly agreed that 
this system should be part of neurosurgery residency training and that virtual cadaver courses through this 
platform could be effective for education.

Conclusion: Cloud-based VR interfaces are a novel resource for neurosurgery education. Interactive and remote 
collaboration between instructors and trainees is possible in virtual environments using volumetric models 
created with photogrammetry. We believe that this technology could be part of a hybrid anatomy curriculum 
for neurosurgery education. More studies are needed to assess the educational value of this type of innovative 
educational resource.
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INTRODUCTION

e neurosurgery research laboratory is the ideal environment for learning complex 
microsurgery anatomy and advanced surgical techniques necessary to treat challenging 
neurosurgical diseases.[10] Trainees may access state-of-the-art equipment and instrumentation to 
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and instruments, such as the operating microscope, bipolar 
forceps, and microscissors.

Anatomy surface rendering using photogrammetry

Photogrammetry[18,24] is a technique that allows 3D objects 
to be simulated using coordinates and spatial measurements 
obtained from photographs of the objects. e rendering can 
be performed in several ways, with the end-product being a 
navigable and volumetric 3D model. For this study, we used two 
sources of anatomical material for 3D reconstruction: Images 
from the Rhoton Collection (http://rhoton.ineurodb.org), 
which is an online neuroanatomy database,[23] and cadaveric 
dissections performed in the neurosurgical research laboratory 
at Barrow Neurological Institute (Phoenix, Arizona).

Photogrammetry techniques for image processing

Photogrammetry techniques used to process images 
included 360° photogrammetry using Qlone (EyeCue 
Vision Technologies, Ltd., Yokneam, Israel), stereoscopic 
photogrammetry, and monoscopic photogrammetry through 
machine learning.

360° photogrammetry with Qlone

Qlone software was used to create 3D renderings of 
anatomical dissection specimens using a 360° scanning 
process performed with the camera of a tablet device (iPad Pro 
12.9-inch, Apple, Inc., Cupertino, CA). is software allows 
multiple images of an anatomical specimen to be captured in 
a circumferential fashion to create a volumetric model. Qlone 
is especially useful for creating 3D models of macroscopic 
anatomy (e.g., the whole brain and brainstem).[13]

Stereoscopic photogrammetry

Stereoscopic images from the Rhoton Collection[23] 
were used to calculate disparity, a measurement that is 
inversely correlated to depth. OpenCV (https://opencv.org/
about/),[27] an open-source computer vision and machine 
learning software library that incorporates stereo-matching 
algorithms, was used to create 3D surface renderings using 
disparity calculations between stereo image pairs. Point cloud 
renderings were processed using the Open3D library.[28]

Monoscopic photogrammetry via machine learning

High-resolution microsurgery photographs of cadaveric 
neurosurgery approach dissections were used as inputs for a 
neural network capable of monocular depth estimation, such 
as MiDaS (Intel Intelligent Systems Lab, Intel Corporation, 
Santa Clara, CA).[19,20] is deep-learning architecture 
features zero-shot cross-data set transfer capability, meaning 
that it has predictive performance in new image data sets that 

simulate surgical procedures, which allows them to develop 
visuospatial orientation and fine-motor skills and improve 
their surgical techniques before interacting with patients 
in the operating room. Surgical simulation in a laboratory 
setting conveniently allows supervision by a trained or 
knowledgeable instructor while permitting collaboration 
with other trainees. is format provides immediate feedback 
and allows information to be shared and mistakes to be 
corrected, thus enhancing the overall educational experience 
for all participants.

Advances in the computer sciences, such as detailed and 
realistic 3-dimensional (3D) rendering techniques, improved 
broadband connections, and virtual reality (VR) interfaces,[2,6] 
have enabled participation in remote meetings involving 
medical and surgical content. e metaverse is an alternative 
virtual space where humans can interact not only with each 
other but also with digital objects[17] and has the potential to 
become an environment with benefits for medical education 
and training. For neurosurgery education in particular, 
collaborative spaces and VR training using high-quality 
anatomical models with real-time peer-to-peer interaction 
could offer an additive or even an alternative approach to 
traditional anatomical dissection and learning experiences.

e goal of our study was to create a virtual neurosurgery 
anatomy learning environment in the metaverse that could 
enable meaningful collaborative participation among 
neurosurgery trainees and instructors, even when those 
individuals were in different distant locations. We therefore 
developed detailed volumetric and immersive 3D models 
reconstructed from cadaveric specimens and dissections, with 
the goal of improving neurosurgery training and education.

MATERIALS AND METHODS

An immersive, multiuser, and interactive virtual environment 
for microsurgery anatomy education was designed using 
Spatial (Spatial Systems, Inc., Emeryville, CA), a cloud-based 
computer interface that allows a personalized virtual space 
to be created where digital objects can be exhibited, which 
we used to simulate a neurosurgery anatomy dissection 
laboratory. In addition, this platform permitted real-time 
collaboration and cloud storage of files (including 3D models, 
videos, and images). is virtual space was viewed using 
standalone VR headsets for a more immersive experience; 
however, the environmental interaction could be performed 
and displayed in a 2-dimensional (2D) format using a web 
browser on traditional laptops, tablets, and smartphones.

A database of volumetric anatomy renderings created from 
cadaveric dissections was developed using photogrammetry, 
a technique that allows 3D models to be created from high-
resolution photographs.[8,13,14] e simulation experience 
was enhanced with 3D renderings of surgical equipment 
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were not used during the training process. Depth estimations 
are used for 3D reprojection and volumetric point cloud 
creation from a single anatomical image. e end-product 
is navigable and volumetric surface reconstruction can be 
imported to extended-reality interfaces.[12,14]

All 3D reconstructions were performed using a laptop 
(MacBook Pro, Apple, Inc.) with a 2.5-GHz quad-core Intel 
Core i7 processor and a dedicated graphics card (NVIDIA 
GeForce GT 750M; Nvidia Corp., Santa Clara, CA). e 3D 
scanning was performed using the Qlone app (Qlone 2017-
2022, EyeCue Vision Technologies, Ltd.,) on an 11-inch 
second-generation iPad Pro (Apple, Inc.).

Educational program

Ten digital 3D-reconstructed anatomical models [Table 1] of 
cadaveric specimens and common neurosurgery approach 

dissections were imported into the virtual space. e 10 
models included three cadaveric specimens (whole brain, 
brainstem, and cerebellum) and three surgical approach 
dissections (right orbitozygomatic [OZ] pretemporal, 
extradural approach to the cavernous sinus, and 
perilabyrinthine approach) from the neurosurgical research 
laboratory at Barrow Neurological Institute. e other 
3D-reconstructed models of surgical approach dissections (n 
= 4) were created using images from the Rhoton Collection 
and comprised a right OZ, right cortical mastoidectomy, 
supracerebellar infratentorial median, and anterior 
transpetrosal approach.

Under direct supervision, all study participants at both 
geographically distant neurosurgical centers were asked to 
complete learning and task objectives associated with each of 
the 10 models to the best of their abilities [Table  1]. At all 

Table 1: Digital anatomical models created and imported into the virtual meeting space of the metaverse.

Model Source Photogrammetry 
technique

Educational 
topic

Task

Brain Barrow NRL (cadaveric specimen) Qlone* Sulci and gyri 
anatomy

Indicate location of the sylvian 
fissure, precentral gyrus, and 
inferior frontal gyrus

Brainstem Barrow NRL (cadaveric specimen) Qlone* CN anatomy Indicate the apparent origin of CN 
III, IV, V, VI, VII, VIII, IX, X, XI, 
and XII

Cerebellum Barrow NRL (cadaveric specimen) Qlone* Cerebellum 
anatomy

Locate the tentorial, suboccipital, 
and petrosal surfaces; identify the 
horizontal and petrosal fissures

Right OZ approach Rhoton Collection 
(MussiOrbZygo-MussiOrbZygo034)

Stereoscopic OZ approach 
anatomy

Delimitate the optic carotid, 
carotid oculomotor, supracarotid, 
and carotid oculomotor windows

Supracerebellar 
infratentorial median 
approach

Rhoton Collection 
(AbeInfratentorialSupracerebellar 
App-AbeInfraSupracerebApp05)

Stereoscopic Venous 
complex 
anatomy

Identify the vein of Galen, basal 
vein of Rosenthal, and internal 
cerebral vein

Right cortical 
mastoidectomy

Rhoton Collection (Rhoton0277) Stereoscopic Cortical 
mastoidectomy 
anatomy

Locate the horizontal semicircular 
canal, incus, and mastoid segment 
of the facial nerve

Anterior 
transpetrosal 
approach

Rhoton Collection (Rhoton0375) Monoscopic using 
machine learning

Kawase 
approach 
anatomy

Locate the greater superficial 
petrosal nerve, V3, arquate 
eminence, and petrous ridge 
(Kawase rhomboid)

Right OZ 
pretemporal 
approach

Barrow NRL (cadaveric dissection 
photograph)

Monoscopic using 
machine learning

BA anatomy Identify the BA trunk and apex 
and the branches of the BA 
quadrifurcation

Extradural approach 
to the cavernous 
sinus

Barrow NRL (cadaveric dissection 
photograph)

Monoscopic using 
machine learning

Dolenc 
approach

Identify the superior orbital fissure, 
optic canal clinoid space, and CNs 
III, IV, and V1

Perilabyrinthine 
approach

Barrow NRL (cadaveric dissection 
photograph)

Monoscopic using 
machine learning

Combined 
approach 
anatomy

Identify the presigmoid space and 
exposure of the petroclival region

BA: Basilar artery, CN: Cranial nerve, Barrow NRL: Barrow Neurological Institute Neurosurgery Research Laboratory, Phoenix, Arizona, CN III: Oculomotor 
nerve, CN IV: Trochlear nerve, CN V: Trigeminal nerve, CN VI: Abducens nerve, CN VII: Facial nerve, CN VIII: Vestibulocochlear nerve, CN IX: 
Glossopharyngeal nerve, CN X: Vagus nerve, CN XI: Accessory nerve, CN XII: Hypoglossal nerve, OZ: Orbitozygomatic. *EyeCue Vision Technologies, Ltd



Gonzalez-Romo, et al.: Collaborative neurosurgery education in the metaverse

Surgical Neurology International • 2023 • 14(90) | 4

times, study participants were allowed to ask the instructor 
or other participants for clarification of any anatomical 
questions about the models. e participants were not graded 
on their performance.

VR testing

All participants in the study used the Oculus Quest 2 
standalone VR headset (Meta Platforms, Inc., Menlo Park, 
CA). is standalone system does not need to be plugged 
into a computer or power source and offers stereoscopic 
visualization and depth perception through binocular lenses 
placed inside the headset. Internet connectivity allows 
access to cloud-based VR content including immersive 
environments. e Oculus Quest 2 VR system includes two 
wireless controllers that are trackable by a camera located 
at the front of the headset. e controllers feature haptic 
feedback, and user interaction is accomplished through action 
buttons, thumb-sticks, and two analog triggers (one for the 
index finger and the other for the thumb). After the Spatial  
application was installed on the headset, a virtual space was 
created, and the 3D objects and models were imported.

Internal and external validation with neurosurgery 
visiting scholars and trainees

Preliminary testing and system optimization, including 
model selection and educational methodology, were 
performed by two trained neurosurgeons at the neurosurgical 
research laboratory at Barrow Neurological Institute. Internal 
validation of the developed virtual experience was performed 
by five multinational neurosurgery department visiting 
scholars (one each from China, Taiwan, Spain, El Salvador, 
and the United States; five males; three neurosurgery 
residents, one third-year medical student, and one fully 
trained neurosurgeon). e scholars tested the metaverse 
platform and interacted with the 3D environments. Within 
the virtual space, participants were given access to various 
3D anatomical models, some of which were digitally 
reconstructed images of common neurosurgical approaches. 
ey were allowed to ask questions about the features and 
contents of each model. e types of questions they asked 
included the following: What is the following structure? What 
is the best perspective to view a given structure? How was 
the head positioned? What structures are being retracted? 
Where are the anterior, posterior, medial, and lateral planes? 
In addition, the observers were allowed to manipulate their 
view (i.e., magnify, demagnify, rotate, and change position) 
within the anatomical environments. Afterward, participants 
were asked to complete a qualitative assessment addressing 
the following categories: Realism, practicality, usefulness, 
enjoyment, and recommendation. Responses to 14 statements 
were scored as follows: Strongly disagree = 1, disagree = 2, 
neutral = 3, agree = 4, or strongly agree = 5.

For external validation, 20 neurosurgery residents (15 men 
and five women) at Hacettepe University in Ankara, Turkey, 
participated in the educational activity. e residents were 
given access to the metaverse meeting space for a virtual 
neurosurgery anatomy course. e course was instructed by 
a senior resident trained on the use of the virtual platform. 
Residents were allowed to ask questions, interact with each 
other in real-time within the metaverse and manipulate the 
anatomical virtual environment as necessary.

Demographic characteristics, such as level of training, 
sex, and previous neurosurgery anatomy (i.e., cadaveric) 
dissection experience, were recorded for both residents 
at Hacettepe University and visiting scholars at Barrow 
Neurological Institute.

Statistical analysis

Microsoft Excel 16.6.1.1 (Microsoft Corp., Redmond, 
WA) was used for descriptive statistics. Percentage means 
were determined for the demographic characteristics 
of participants and the qualitative distribution of their 
responses. Tableau Software 2022.1.2 (Tableau Software, 
LLC, Seattle, WA) was used for the graphical representation 
of the distribution of responses of qualitative assessment.

RESULTS

A virtual meeting space was successfully created and 10 
immersive anatomy environment models were developed 
using multiple photogrammetry techniques [Table  1]. e 
models were imported into the virtual platform [Figure  1]. 
Microphones and cameras enabled communication among 
the neurosurgeons through realistic avatars that were 
created based on each user’s physical appearance [Figure 2]. 
Interaction with the 10 anatomical models was supervised 
in real-time by an instructor, who was able to provide 
immediate answers to questions.

Users of the VR space could change the position of the 
3D models by pointing the controller and simultaneously 
pressing the index finger analog controller button. 
Manipulations, rotations, and motions of the digital model 
were performed according to the desire of each participant by 
adjusting the orientation of the controller. Scale adjustments 
of the 3D models (zoom in and out) were performed as 
follows: An increase in magnification was produced by 
pressing the index analog controller button while moving 
both controllers simultaneously using an outside direction. 
A decrease of magnification was accomplished by moving the 
controllers inward while pressing the index analog button.

e depth of anatomical structures relative to one another 
was more easily perceived using VR headsets because the 
head-tracking feature allowed natural and fluid assessment of 
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different neurosurgical perspectives. However, the use of a 2D 
display, such as a laptop, tablet, or smartphone, enabled the 
sense of perception through the model’s movement, like the 
parallax phenomenon. Examples of neurosurgical approach 
dissections and participant interactions within the metaverse 
are shown in Figure 3 (right-side OZ approach) and Figure 4 
(supracerebellar infratentorial approach). After system 
optimization at the internal validation stage, overall agreement 
was reached by the instructors regarding the benefit of using a 
VR headset to access the virtual meeting space.

Internal validation

All neurosurgery service visiting scholars at Barrow 
Neurological Institute completed the qualitative assessment, 
yielding 70 responses to the 14 statements. Sixty-six (94%) 

responses indicated agreement or strong agreement with the 
assessment statements [Figure 5]. One resident disagreed with 
the statement indicating that the system could have a major 
impact on global neurosurgery training, with the rationale 
being that access to the equipment required to participate in 
a virtual environment might be limited because of economic 
factors and that the system therefore might not be practical in 
some situations. All five neurosurgery scholars either agreed 
or strongly agreed that virtual cadaver courses through this 
platform could be beneficial for education. For example, 3D 
spatial relationships could be learned outside of the operating 
room, and relevant 3D anatomy could be reviewed before a 
neurosurgical case. In fact, after the virtual experience, the 
neurosurgery residents commented that they wished such a 
system was available in their respective countries or training 

Figure  1: Ten 3-dimensional (3D) neurosurgery anatomical models created with photogrammetry 
techniques. Qlone (EyeCue Vision Technologies, Ltd., Agoura Hills, CA) was used to create 3D models 
of the (a) brain surface, (b) brainstem, and (c) cerebellum. Stereoscopic photogrammetry was used to 
transform images from the Rhoton Collection into four immersive anatomical models: (d) the right 
orbitozygomatic (OZ) approach, (e) the supracerebellar infratentorial median approach, (f) the right 
cortical mastoidectomy, and (g) the anterior transpetrosal approach. Monoscopic photogrammetry 
using machine learning was used to create 3 models of (h) the right OZ pretemporal approach, 
(i) the extradural approach to the cavernous sinus, and (j) the perilabyrinthine approach. Used with 
permission from Barrow Neurological Institute, Phoenix, Arizona.
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programs so that 3D anatomy spatial relationships could be 
introduced early in a neurosurgery residency.

External validation

e 20 neurosurgery residents at Hacettepe University 
who joined the virtual neurosurgery anatomy course also 
completed the 14-statement qualitative assessment after the 
course, yielding 280 responses. irteen (65%) residents 
reported that they had no prior neurosurgery anatomical 
dissection laboratory experience (i.e., they had not utilized 
cadaveric tissue). e program years of the 20 residents are 
summarized in Figure 6. Two hundred and fifty-six responses 
(91.4%) indicated agreement or strong agreement with the 
assessment statements [Figure 7].

Nineteen (95%) residents strongly agreed that this system 
should be part of neurosurgery residency training and could 
have a major impact on global neurosurgery training. Nineteen 
(95%) residents also strongly agreed that, compared to 
traditional 2D anatomical lessons, VR offers a more engaging 
learning experience. All 20 of the neurosurgery residents at 
Hacettepe University commented that they appreciated the 
opportunity to use the virtual system and would like to have 
such technology implemented in the future courses.

DISCUSSION

In this pilot study, a virtual meeting space was developed for 
multiuser neurosurgery training purposes using photogrammetry-
developed immersive anatomy models with predefined learning 
objectives [Table  1]. Neurosurgical simulation using VR for 

surgical skill training has been reported[7,16,21] for different types of 
procedures, such as tumor resection,[11] aneurysm clipping,[1] and 
ventriculostomy.[22] ese experiences were based on the use of a 
physical VR simulator (Immersive Touch, Chicago, IL) that offers 
haptic feedback and a stereoscopic display for a local use. In our 
study, we assessed a different VR modality: A  cloud-based VR 
simulation environment (i.e., a metaverse) where real-time peer-
to-peer interaction with imported digital anatomical models was 
possible.

3D rendering of neurosurgical anatomy

Pioneering work on the development of stereoscopic 
interactive anatomical simulations was performed almost 
15  years ago with the use of a robotic microscope for 
sequential image acquisitions.[4,5,15] is technology allowed 
the development of highly detailed anatomical environments 
based on real anatomical photographic information 
from exquisite cadaveric dissections with excellent depth 
discrimination, but developing the models was technically 
demanding and required unique and expensive equipment.

e technology used in our study can be obtained relatively 
easily and inexpensively, and the procedures are not technically 
demanding, except for the anatomical dissections themselves, 
which for best effect should be exquisitely performed on 
cadaveric tissue of excellent quality. We used the immersive 
anatomy model environments developed with various forms 
of photogrammetry, including a novel technique based on the 
use of machine learning for the 3D rendering of monoscopic 
images (i.e., monoscopic photogrammetry).[12,14] is 
technique allows the incorporation of anatomical features, 

Figure 2: Examples of user experience in virtual space. (a) e third-person view of a user interacting with 
the digital objects in the virtual space. (b) An avatar with lifelike physical features is automatically created 
using a webcam. (c and d) Examples of virtual space allowing real-time collaboration and interaction with 
3-dimensional objects and models. Used with permission from Barrow Neurological Institute, Phoenix, Arizona.

dc

ba
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including textures, lighting, and colors, into the model, 
which provides improved visualization of microanatomical 
structures that cannot be fully appreciated with other 
methods, such as reconstructions based on Digital Imaging 
and Communications in Medicine.[25] In addition, the use of a 
VR headset with head tracking allowed depth discrimination 
of anatomical structures and easy exploration of different 
neurosurgical perspectives. is type of immersive experience 
may be an alternative to traditional cadaveric dissection for 
developing visuospatial discrimination skills, but its use as a 
training technique must be confirmed by future face, content, 
and construct validation studies.[7]

Advantages of virtual space and system

Although the study was conducted remotely, real-time 
interaction of users with volumetric anatomical models 

could be supervised with immediate feedback from senior 
neurosurgery staff members. In our opinion, interpersonal 
collaboration is an important aspect of a meaningful 
educational experience, especially for teaching and learning 
complex microneurosurgical anatomy or unfamiliar 
neurosurgical approaches. Integrated and multimodal 
computerized teaching methods have been suggested as an 
alternative to traditional cadaver dissection.[9] e social 
educational component of such digital experiences has not 
been addressed previously. We believe that asking questions 
and sharing knowledge with instructors and other peers 
are fundamental to learning consolidation, especially with 
extremely complex subjects. In addition, the ability to 
manipulate the 3D models and emphasize areas of confusion 
aids in the individual learning experience.

As exemplified by the results of this study, active learning with 
3D anatomical models involving multiple regions around 
the world has been made possible because of advances in 
communication technology. International participation and 
sharing of knowledge in virtual environments using “hands-on” 
interactions with immersive anatomical models can be a way to 

Figure  3: Virtual reality interaction with a monoscopic 
photogrammetry model of a right-sided orbitozygomatic 
pretemporal approach. Using a virtual reality headset and 
controllers, the surgical trainee is asked to position the model 
in surgical position and to point out anatomical structures and 
surgical windows to the basilar artery. (a) e model is observed 
in the virtual reality space. (b) A surgical trainee, using a virtual 
reality headset and controllers, interacts with the model to increase 
the scale of the model. (c) e student signals the localization of 
the right oculomotor nerve by pointing with the controller. e 
trainee correctly identifies the optic nerve, supraclinoid internal 
carotid artery, and oculomotor nerve. (d) e surgical trainee 
is asked to show the different windows to the basilar artery. At 
this step, feedback is provided by the instructor regarding the 
different pathways to the basilar artery through the optic carotid, 
carotid-oculomotor, and oculomotor-tentorial windows. Used with 
permission from Barrow Neurological Institute, Phoenix, Arizona.

dc

ba

Figure  4: Virtual reality interaction with a monoscopic 
photogrammetry model of the supracerebellar infratentorial 
approach. In this educational excursive, emphasis was placed on the 
relevant venous anatomy exposed by this approach. (a) e model is 
observed in the cloud meeting space. (b) A trainee, who is using a 
virtual reality headset, signals the localization of the vein of Galen, 
basal vein of Rosenthal, and internal cerebral veins. (c) e student 
shows the localization of the internal cerebral veins. (d) e trainee 
points to the basal vein of Rosenthal. e instructor gives feedback 
regarding the different perspectives of the median, paramedian, and 
extreme lateral variants of this approach. Used with permission from 
Barrow Neurological Institute, Phoenix, Arizona.
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narrow the gap in practical surgical training in resource-limited 
settings. In our study, a metaverse of a virtual neuroanatomy 
laboratory space was created to serve as a hub of neurosurgery 
anatomical resources. Other potential uses for this technology 

include expert analysis of patient-specific neuroimaging studies 
with volumetric 3D renderings, a virtual exhibit of new surgical 
instrumentation, practical applications for academic meetings 
with remote users, and even medicolegal situations. Further 
implementation of unsupervised measurement of performance, 
with assessment of technical skills or performance progression 
using machine learning methods, could be the next step for 
virtual multiuser practical simulations.[3,26]

Limitations

Limitations of this study include the small sample size of 
the virtual models and participants. Furthermore, although 
our photogrammetry models were highly detailed, they are 
static and lack haptic feedback. us, our 3D reconstruction 
techniques require further refinement. Finally, our study 
lacked performance metrics to evaluate the educational 
benefits of this approach. A performance grading system will 
be pursued in future studies.

CONCLUSION

Virtual interaction and collaboration between neurosurgery 
trainees and instructors are possible in the metaverse, even 
from locations on opposite sides of the world. Immersive 

Figure 5: Qualitative assessments of the virtual cranial base dissection laboratory in the metaverse 
by 5 multinational neurosurgery fellows conducting observerships at Barrow Neurological Institute 
(Phoenix, Arizona). VR: Virtual reality, 2D: 2-dimensional, 3D: 3-dimensional. Used with permission 
from Barrow Neurological Institute, Phoenix, Arizona.

Figure 6: PGY of the 20 neurosurgery residents in the Department 
of Neurosurgery at Hacettepe University, who served as a source 
of external validation. Most the 20 residents were in their second, 
third, or fourth year of residency. Used with permission from Barrow 
Neurological Institute, Phoenix, Arizona. PGY: Program year.



Gonzalez-Romo, et al.: Collaborative neurosurgery education in the metaverse

Surgical Neurology International • 2023 • 14(90) | 9

models can be created from cadaveric dissection specimens 
using photogrammetry and demonstrated in virtual anatomy 
cloud spaces. Our results demonstrate the possible utility 
of such technology for augmenting neurosurgery anatomy 
training, simulating surgery, and gaining familiarity with 
surgical approaches. Incorporating such virtual educational 
experiences into a traditional cadaveric dissection curriculum 
could improve the learning of anatomy by surgical trainees.
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