& frontiers | Frontiers in Virtual Reality

’ @ Check for updates

OPEN ACCESS

Panagiotis Kourtesis,
American College of Greece, Greece

Vangelis Lympouridis,

University of Southern California, United States
Mauro Mocerino,

Curtin University, Australia

Maxime Ros,
maximeros@gmail.com

27 March 2024
29 July 2024
26 September 2024

Neuwirth LS, Ng S, Devors S, Lonjon N and
Ros M (2024) Comparing fourth-year medical
students’ procedural surgical skill learning
outcomes between third-person point-of-view
video lectures and first-person point-of-view
immersive virtual reality: a pilot study of
surgically implanting a subdermal drain

on cadavers.

Front. Virtual Real. 5:1408092.

doi: 10.3389/frvir.2024.1408092

© 2024 Neuwirth, Ng, Devors, Lonjon and Ros.
This is an open-access article distributed under
the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Virtual Reality

Original Research
26 September 2024
10.3389/frvir.2024.1408092

Comparing fourth-year medical
students’ procedural surgical skill
learning outcomes between
third-person point-of-view video
lectures and first-person
point-of-view immersive virtual
reality: a pilot study of surgically
iImplanting a subdermal drain on
cadavers

Lorenz S. Neuwirth®?, Sam Ng**, Sandrine Devors>,
Nicolas Lonjon®#>¢ and Maxime Ros’*

Department of Psychology, SUNY Old Westbury, Old Westbury, NY, United States, 2SUNY Neuroscience
Research Institute, SUNY Old Westbury, Old Westbury, NY, United States, *Department of Neurosurgery,
CHRU Gui de Chauliac Hospital, Montpellier University Medical Center, Montpellier, France, “Institute of
Functional Genomics, University of Montpellier, CNRS, INSERM, Montpellier, France, *Department of
Neurosurgery, CHU Toulouse, Toulouse University Medical Center, Toulouse, France, ®University of
Montpellier / INSERM-MMDN, Montpellier, France, “Education Science School, LIRDEF, Montpellier
University, Montpellier, France

The use of virtual reality (VR) training in medical school education has increased
over the last decade partly due to coronavirus-19 (COVID-19) and due to
technology advancements in this integrative area. As medical students are
being trained in new pedagogical interventions, it is important to drill-down
and focus on the areas of most translational concern for assessing their
competency and proficiency. Thus, the present pilot study sought to evaluate
a group of fourth-year medical students’ ability to learn a modified medical
school curriculum on implementing a subdermal drain by first learning how to
stitch on a silicone model (i.e., proper stitching only) and then being randomly
assigned to either a third-person point-of-view (TP-POV) or first-person point-
of-view (FP-POV) immersive VR group to learn how to conduct the surgical
procedure (i.e., conceptually and procedurally). Then, the participants’ surgical
procedural motor skills were assessed on a single attempt to demonstrate their
competency and proficiency on a cadaver. The results showed that the
pedagogical learning differences in FP-POV immersive VR improved the
cleanliness and accuracy of the surgical dissection movement and drain
placement with 100% proficiency in the first attempt at implementing this
surgical technique on a cadaver. Additionally, there was statistically significant
improvement in the dissection movement (p < 0.05*) and the tension test (p <
0.01**) in the FP-POV group compared to the TP-POV group, even with a small
sample size in the present pilot study. These findings offer unique training
opportunities to be considered when designing future VR curriculum with the
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suggested use of repeated-measures designs on the surgical procedural motor
skills to assess learning curves and their potential translations in reducing operating
room errors, costs, planning and scheduling times, and surgery overlaps, thereby
positively contributing to a more efficient and safer OR surgical experience by staff
and patients in the near future.
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1 Introduction

The continued interest, advancement, and integration of virtual
reality (VR) in the United States’ secondary and post-secondary
educational training of both science, technology, engineering, and
mathematics (STEM) and non-STEM majors have been increasing
rapidly over the last decade (Qorbani et al., 2021; Christopoulos
et al., 2020; Pellas et al., 2021; Pellas et al., 2020; Zhao et al., 2020a;
Concannon et al., 2019; Nersesian et al., 2019), and this trend is also
emerging world-wide as VR global healthcare education (Almousa
et al.,, 2021; Barteit et al., 2021; Javaid and Haleem, 2020; Pottle,
2019). Some of these curricular changes directed toward more VR
pedagogy may have been motivated by the shift in learning due to
the coronavirus-19 (COVID-19) pandemic (Mehraeen et al., 2023;
De Ponti et al, 2020; Neuwirth et al., 2021a). Moreover, the
production of sophisticated, refined, and more sensitive
visualization through VR has created technology that has
arguably seen the fastest turnover in production (ie., VR-e-
waste) than smartphone technologies (Ashtari et al., 2020).
Furthermore, this sequential educational interest coupled with
the high demand of VR technology generally over the last decade
has lent itself to swiftly evolve into a specialized high-demand field
for students to anticipate the availability of and intentionally seek
out VR educational learning applications and solutions when they
enroll in the undergraduate- and graduate-level degree programs
(Marks and Thomas, 2022; Botha et al., 2021; Reeves et al., 2021;
Ismail and Hashim, 2020). This varied evolution of VR-educational
demand situation presents with some interesting avenues for
opportunities where more procedural knowledge can be offered
within the curriculum at an accelerated rate (Rogers et al., 2021) that
may further enhance undergraduate- and graduate-level educational
courses (Jiang et al., 2022; Sultan et al., 2019) to upskill students
specializing in the medical fields through their early career training,
more so than the prior years. This need to upskill future generations
of students is especially true for students that come from
underrepresented and historically bypassed backgrounds in order
to create a more inclusive and diverse global workforce (Neuwirth
et al,, 2021; Bayline et al., 2020; Neuwirth et al., 2018a; Neuwirth
et al., 2018b; Mukherji et al., 2017).

Utilizing this premise, much VR work has been done on cadaver
models for teaching both anatomy (Miltykh et al., 2023; Koucheki
et al, 2023; Chen et al,, 2020; Kolla et al., 2020) and a range of
surgical procedures, such as mastoidectomy (Frendo et al., 2020),
acetabulum reaming (Pelliccia et al., 2020), and cochlear implants
(Frendg et al., 2020). The use of VR in medical education is
becoming increasingly broad, yet only a few technologies have
built a solid track-record for first-person point-of-view (FP-POV)
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VR educational experiences (for review, see Hatt et al., 2023; Turso-
Finnich et al., 2023) with validated learning gains within a range of
educational contexts that permits the user to immerse themselves
into the simulation that utilizes the mirror neuron system to
reinforce self-perception of procedural motor skill learning (Fan
and Luo, 2022; Choi et al., 2020). Moreover, there is yet another
problem that arises when considering VR in training medical
students beyond proficiency, which directly relates to the quality
of the procedures they implement, the consistency of the procedure
being conducted from one patient to another, and the reduced time
and efficiency of the procedure being done accurately. All of which
are characteristics that, when done improperly, will result in
increased healthcare costs (i.e., both indirect and direct) that are
related to the availability of proper surgical instruments, searching
for procedure-matched instruments, errors using them, or improper
functionality (Nichol and Saari, 2023; Lonner et al., 2021; Stockert
and Langerman, 2014); surgical technique errors (Cima and
Deschamps, 2013; Weller et al,, 2015; Bharathan et al., 2013;
Catchpole et al, 2008); efficiency, quality, and safety in the
operating room (OR); and surgical planning, scheduling, and
communication costs amongst the team (Dreyfus et al., 2020; Lee
etal., 2019; Ugur et al,, 2016; Wu and Aufses, 2012; Macario, 2006).
What becomes evident is the need for not just medical school
educational programs to increase their use of VR learning and
pedagogical modalities in the modern day, but furthermore, for
medical programs to become more intentional in evaluating whether
distinct areas of the curriculum in which they teach such surgical
techniques would be most likely to cause costly surgical errors by
future surgeons. Thus, adding ways to the VR curriculum in which
to target and assess the procedural quality and accuracy of the
surgical techniques being trained may serve to best move the
integrative medical and VR educational fields forward. Such a
cogent educational model would potentially shift just learning
procedures in VR to also trying to validate the areas of difficulty
in which VR increases better learning outcomes and how well that
learned VR experience might translate into the OR when
implementing a learned surgical procedural skillset. In order to
assess this theory, the present study evaluated fourth-year medical
students’ surgical procedural motor skills using the Revinax
Handbook® VR (i.e., hereon referred to as the VR software/
application) method when compared to traditional video lecture
learning during the medical school surgical curriculum and assessed
how these VR vs. traditional pedagogical instructions on a surgical
technique influenced the translation of their learned skills on
implementing the surgical technique on a cadaver.

The VR software/application method when compared to
traditional video lecture learning during the medical school
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surgical method is one such VR platform that has consistently
showed and validated learning results using their FP-POV 180°
stereoscopic recordings for VR experiences (Ros and Trives,
2023; Ros and Neuwirth, 2020; Ros et al., 2020a; Ros et al.,
2020b; Ros et al., 2017), which have been applied broadly across a
range of (post-)secondary training contexts for undergraduate
neuroscience techniques in stereotaxic surgery (Neuwirth and
Ros, 2021), dental education (Maret et al., 2022), medical
education for lumbar punctures (Ros et al, 2021), external
ventricular drainage (Ros et al., 2020a), and timely COVID-19
healthcare guidelines during the peak of the pandemic (Ros and
Neuwirth, 2020). The literature is beginning to formulate several
different frameworks by which VR can be used to further develop
medical student procedural motor skill training, and the VR
software/application method when compared to traditional video
lecture learning during the medical school surgical method has
demonstrated its versatility across several contexts with
improved student learning outcomes. Building upon this
pedagogical framework for utilizing VR in medical education,
Revinax has put forth 11 principles aimed at helping educators
and researchers adopt a method and medical devices, which are
as follows: 1) enhancing the innovative dimension; 2) facilitating
the discovery phase; 3) an alternative or supplement to in-person
learning; 4) more easily showing all the benefits of the new device;
5) simulation of a real-life experience is one of the most efficient
methods for learning and memorization; 6) VR technologies have
a greater sensory and emotional impact than traditional teaching
techniques; 7) subjective FP learning makes immersion and
retention even better; 8) a faster learning curve and fewer
errors; 9) the tutorials reduce the need for in-person training;
10) the tutorials can, by nature, be reused as many times as
necessary; and 11) the tutorials are available at any time and
under any circumstances (Revinax, 2021). In order to further
build upon this emerging literature, the present pilot study
sought to evaluate the use of the VR software/application FP-
POV on its ability to influence the learning acquisition of medical
students’ procedural motor skills conducting the surgical
approaches to make incisions, dissect, and conduct an
aponeurotomy (i.e., cutting the outermost skin layer to move
the muscle back and inserting an outlet drainage tube through the
skin from the surgical site) on a cadaver and a skin model. This
surgical technique was chosen as it is frequently the most basic
procedure that a student could do in the operating room to assist
a surgeon.

2 Methods
2.1 Participants

The present study was funded by an educational grant intended
to pilot improving curricular development of medical student course
modules through the University of Montpellier (Montpellier,
France). The pilot study was conducted on a subset of (N = 24)
fourth-year medical students that were undergoing surgical training
techniques in their curriculum modules. The study was approved by
the Neurosurgical Society’s Institutional Review Board (IRB)
consistent with other studies (Ros et al., 2021) and the University
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of Montpellier to conduct the pedagogical intervention on medical
students. The participants consented to voluntarily take part in the
pilot study to assess whether FP-POV VR provided any pedagogical
and learning outcome advantages on increasing the proficiency of
their procedural motor skills during their surgical training module
during their medical school curriculum. The participants were
randomly selected to participate in the pilot study from the
fourth-year cohort that year and were, subsequently, again
randomized to be assigned to a traditional video lecture
condition or a FP-POV VR non-traditional learning condition
using the Revinax Handbook”.

2.2 Design and procedures

The (N = 24) participants from both groups during their medical
curriculum were instructed to learn several different types of
suturing techniques (e.g., how to make a clean incision and
through  the
aponeurotomy, how to correctly place the needle through the

dissect skin layers until performing an
skin, how to properly use a surgical needle holder and make the
drainage outlet, how to make correct surgical stitching knots, and to
practice stitching on a silicon model (i.e., superficial stitching on the
skin, that were not deep nor subcutaneous knots)). In the medical
school pedagogical curriculum, students first learn to conduct these
surgical techniques on a silicon skin model (i.e., proper stitching
only) and then, once that surgical procedural skill proficiency is
achieved, they are then able to practice these techniques on a cadaver
to exhibit proper translations of the conceptual and procedural
knowledge, prior to being able to assist a surgeon in the operating
room (OR) on live patients. Next, the (N = 24) participants were all
exposed to an immersive tutorial in VR (i.e, which covered an
entirely different medical procedure—lumbar puncture; Ros et al.,
2021) to ensure everyone had at least tried and was familiar with
engaging in a VR experience using the Revinax Handbook'. This
allowed the researchers to control for a proper VR experience-
dependent baseline amongst all participants and control for
psychological-dependent and emotional-dependent anticipation
and expectation factors as potential confounding variables if the
participants were assigned to only the video or the VR group and
lacked such an experience (i.e., potential disappointment that might
negatively skew learning and performance outcomes when assessed,
following the pedagogical intervention). During this immersive
tutorial in VR, the participants were shown how to navigate
through and use the Revinax Handbook™ to proficiently
understand the pedagogical alternative learning environment in VR.

The participants were then subsequently randomized into two
groups: 1) third-person point-of-view (TP-POV; n = 12) using a
video displayed on a screen and 2) first-person point-of-view (FP-
POV; n = 12) using 180" stereoscopic VR through an Oculus Go
Device—standalone VR headset with controller—64 GB (Meta
Quest; Menlo Park, CA). Following the TP-POV (i.e., control
condition) and the FP-POV (ie,
educational interventions, all participants then went to the

experimental condition)

surgical anatomy laboratory, where they were instructed to
reproduce the procedural motor skills they had just learned on a
cadaver to simulate assisting a surgeon in the OR. They were then
evaluated for their proficiencies in completing the procedural
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surgical skills correctly and cleanly across four different measures: 1)
the procedural motor skills, 2) the accuracy of the spatial repairing,
3) the duration of the procedure, and 4) the quality of their work. An
illustration of the research design flow chart is provided in Figure 1.
Unfortunately, in the middle of the procedural motor skill testing on
the cadaver, a participant had a family emergency and had to leave.
This resulted in the FP-POV group’s n-size being reduced to (n =
11), which was beyond our control.

2.3 Materials

The participants were shown how to suture using standardized
silicone skin models that are commercially available with
consumable needles, needle holders, drainage and suction
devices, and thread. The VR software/application experience and
Oculus Go headsets were provided at no cost to the participants to
learn with the tutorial and engage in the FP-POV experience for the
randomly assigned participants. The participants in the TP-POV
non-traditional learning condition were shown the video-captured
surgical training procedure during a standard lecture, and then, the
participants were assessed for their comprehension practicing the
learned surgical motor skills on a cadaver. The TP-POV participants
were not able to watch again or stop the video in their condition
during the experimental run (i.e., to ensure methodologically that
both groups were presented with the same duration of viewing the
material), but could do so afterward. For the FP-POV VR non-
traditional learning condition, the same surgical techniques that
were shown in the video traditional lecture condition were newly
recorded on a cadaver to create the VR software/application with an
interactive experience which corresponded to the first steps that a
medical student could actively participate in the OR to assist a skilled
surgeon. The FP-POV and the TP-POV groups were afforded the
same learning activities as the recordings covered the following
surgical approaches: incision, dissection, installation of the Redon
drainage outlet and its proper fixation, and closure of the skin.

The surgical technique was recorded from two different points-
of-view (POVs) to ensure proper visualization of the behavioral
procedural components for learning the surgical skill and
completing the technique with proper mastery. The usual POV
typically found when reviewing operative videos is conducted using
a camera placed in the OR light above the head of the surgeon. To
proactively prevent any unforeseen viewing obstacles from this OR
light camera, an additional camera was positioned to record from
the opposite POV angle of the OR light. Concurrent with these
recordings, the surgeon was wearing a 180° stereoscopic camera rig
to record their FP-POV experience (for review, see Ros and Trives,
2023) to be embedded in the VR software/application consistent
with prior studies (Maret et al., 2022; Ros and Neuwirth, 2020; Ros
etal., 2021; Neuwirth and Ros, 2021; Ros, 2021; Ros et al., 2020a; Ros
et al., 2020b; Ros and Neuwirth, 2020; Ros et al., 2017). The FP-POV
display and TP-POV were then synchronized and edited. The FP-
POV had an extra content layer to create the specific VR software/
experience for the medical students. Accordingly, FP-POV was
subsequently broken down into short chapter learning modules
covering specific procedural motor skill acquisition steps covering
the surgical technique: incision, dissection, drain, and closure
(Figure 2). The recordings were then used to create an immersive
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tutorial learning experience in FP-POV VR from the recorded
procedures in the OR as a movie that could be walked through
at the pace of the learner with the ability to go back to prior steps of
the surgical technique. In contrast, the TP-POV participants
following the experimental run had the opportunity to set their
own pace with the ability to go back to prior steps of the surgical
technique, but it was more difficult to experimentally control and
was not done on an individual basis, given the cohort of medical
students that participated in the pilot study. Moreover, the 180°
stereoscopic FP-POV VR was displayed on a central screen, whereas
the chapters could be selected by the learner at top of the VR
environment (Figure 2).

2.4 Statistical analyses

As this was a pilot study to evaluate the potential of using and
incorporating more FP-POV immersive VR in the medical student
training curriculum at the University of Montpellier, the statistical
analyses solely focused on the educational outcome scores assessed
on the surgical procedural motor skills that the participants
exhibited on the cadavers post the educational intervention
(i.e, TP-POV vs. FP-POV), absent of any other demographics.
The dependent
implementation of the procedure (i.e., % correct) for the overall

variables measured were the correct
four-chapter module areas in the curriculum, the within-chapter
module areas, and the duration required to complete the procedural
skills on the cadaver, following the educational intervention. The
assessments were conducted by an independent rater blind to each
of the educational intervention conditions to prevent any scoring
biases. Each scored point of the assessment tool was converted into
the % correct by dividing the points scored over the total maximal
points and multiplying by 100 for both the overall curricular areas
and the individual curricular components. The duration of the
surgical technique was converted into seconds to draw more
refined comparisons. The statistics were conducted using a
traditional between-subjects design. To assess the normality of
the participant sample distribution, a Levene’s test was used to
assess the equality of variances. This was followed by an
independent samples t-test and a Hedge’s G correction, given
the smaller sample size (< n = 20) for determining the effect
size when appropriate to evaluate the differences in learning the
procedural motor skills between the two groups. All statistical
analyses were conducted using SPSS version 24 (IBM”: Armonk,
New York, United States). The criteria for statistical significance
was set at a = < 0.05 with a confidence interval of 95% (CI = 95%).
Data are presented visually as bar and line graphs + standard
error of the means (SEM) and in table form for reporting full
statistical analyses.

3 Results

In order to assess whether the FP-POV VR influenced the

participants  procedural motor skill performances when
implementing the surgical technique on the cadaver over the
traditional TP-POV video lecture, first, the overall four curricular

areas in which the procedural motor skills were evaluated were
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to participate in the pilot study
TP-POV

Traditional ‘ -

All participants practiced
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FIGURE 1
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Evaluate
learning
differences
| gained by
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vs.
TP-POV
traditional
learning
on cadaver

Research design as a flow chart. Twenty-four randomly selected fourth-year medical students consented to participate in the pilot study. All
participants were first instructed how to perform several suturing techniques in their medical curriculum and then were trained and shown how to use the
VR experience using the Revinax Handbook®. Then, participants were randomly assigned to the third-person point-of-view (TP-POV; n = 12) traditional
learning from a video screen (control group) or the first-person point-of-view (FP-POV; n = 12) immersive VR (experimental group). Immediately
following the pedagogical intervention of learning the surgical techniques, all participants were brought to the surgical anatomy laboratory to be
evaluated on their procedural motor skill knowledge just learned, conducting the same procedure on a cadaver to simulate assisting a surgeon in the OR.
The scoring for evaluating the participants’ surgical procedural skill proficiencies was across four areas, namely, 1) incision, 2) dissection, 3) drain, and 4)
closing, which are outlined with their individualized components in the Appendix

A Top Chapter Modules

1 Ing;
15100 [0g,5,)

Central Screen

FIGURE 2

©

Screenshot of the first-person point-of-view (FP-POV) within the immersive virtual reality (VR) headset. The middle of the central screen, when
looking down, permits the participant to review the recorded movie of the step-by-step surgical procedure (i.e., in this case an incision). At the top of the
screen are the different chapter modules (i.e., shown in French) for the participant to move sequentially through the entire procedure or to go back to

revisit an aspect of the procedure

compared (i.e., incision, dissection, drain, and closing). Figure 3
shows that across all four curricular areas, the FP-POV participants
showed similar performance as the TP-POV participants on their
demonstrated procedural motor skills, with a statistically emerging
trend that the installation of the drain might have reached
significance in the FP-POV group with a larger sample size.
Otherwise, the participants performed similarly between these
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two educational interventions across each curricular chapter
module area. Next, each of the four curricular areas were further
evaluated for their respective individualized components of the
learning chapter modules to see if the FP-POV experience
influenced a specific procedural motor skillset when learning the
surgical technique and the participants’ ability to exhibit better
surgical motor skill acquisition.
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FIGURE 3

Participant’s percent correct surgical procedural skill proficiencies on the cadaver based upon the four evaluative areas in the curriculum: 1) incision,

2) dissection, 3) drain, and 4) closing between the third-person point-of-view (TP-POV) and the first-person point-of-view (FP-POV). The data show that
FP-POV and the TP-POV produce similar procedural motor skill proficiencies as learning outcomes. However, despite the small sample size, there was an
emerging trend observed approaching significance for the drain area of the curriculum, potentially favoring FP-POV over TP-PQOV if a larger sample

size (n = 24 per group) was obtained. Data are presented as the mean + SEM.

Table 1 shows the statistical findings from all the overall four
surgical curricular areas broken down by their individual chapter
module components to assess the procedural motor skills learned.
Across all the areas, there were significant improvements in FP-POV
over that of TP-POV only in dissection when assessing using
dissection movements (Levene’s test F1y = 30.130, p = 0.001%%;
tayy = —1.915, p = 0.041%; Hedges G = —0.736) and in drain when
assessing using the tension test (Levene’s test F;) = 1.881, p =
0.185 n/s; toy = -2295, p = 0.016*; Hedges G = —0.736)
(Figure 4A). Remarkably, there was 100% correct responding
with corroborating results in the incision area for the straight
incision line and in the drain area for the number of stitches used
between both groups (Figure 4A; denoted with [%] as there was no
standard deviation between either group to conduct a proper
independent samples t-test as both groups performed identically).

Figure 4B illustrates the % difference in VR learning when
compared to TP-POV, whereby the green bars show the
increased learning proficiency by way of VR and the red bars
show the decreased learning proficiency when using FP-POV VR,
with only the dissection movement (25% increase in learning in VR)
and the tension test (i.e., 34.09% increase in learning in VR) reaching
significance. Interestingly, there was no statistically significant
difference in the duration to complete the surgical procedure on
the cadaver accurately between the FP-POV and the TP-POV
groups (ie., ~33 min), respectively. Finally, the efficiency by
which the participants completed the surgical procedural motor
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skills on the cadavers was assessed between both groups. The data
revealed that there was no significant difference in the duration
(seconds) to complete the surgical procedure on the cadaver
between the TP-POV and the FP-POV groups, respectively
(Levene’s test Fpyy = 0.122, p = 0.730 n/s; tpyy = —0.191, p =
0.425 n/s). Thus, each group was able to complete the surgical
techniques in approximately 33 min with the same amount of
accuracy, regardless of the intervention used.

4 Discussion

The pilot study sought to assess a very basic surgical procedure
(i.e., an aponeurotomy by cutting the outermost skin layer to move
the muscle back and inserting an outlet drainage tube through the
skin from the surgical site) that medical students are required to
learn during their surgical curriculum and whether learning through
TP-POV (ie., traditional video lecture) would produce different
learning outcomes from learning through FP-POV (i.e., non-
traditional immersive VR learning). The results showed that both
TP-POV and FP-POV groups completed the surgical procedure
motor skills on the cadaver within approximately ~33 min duration,
with no statistical differences observed between each group. Despite
the groups being similar, the distribution for the FP-POV group
duration to complete the surgical technique had more participants
that completed the procedure 2 mins faster. Whether this finding
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TABLE 1 Statistical analyses of the participant’s surgical procedural skill proficiencies on the cadaver.

Surgical content Individual surgical Levene's test for Independent samples t-test Hedge's G
area content area equality of variance (one-tailed) t-stat and correction
F-stat and p-value p-value
Incision Choice of instruments Fo1) = 5411 p = 0.030* t(10) = 1.000 N/A
p =0.170 n/s
Holding instruments F21) = 0.015 p = 0.903 n/s t21) = 0.062 N/A
p = 0476 n/s
Straight incision line ¥ kS ¥
Single attempt to cut along the line F21) = 0.242 p = 0.628 n/s t2y = —0.249 N/A
p = 0403 n/s
Dissection Use of Mayo/Metz scissors/ F1y = 0.041 p = 0.841 n/s ten = 0.224 N/A
tweezers p=0413n/s
Dissection movement Fa1) = 30.130 p = 0.001*** tay = -1.915 G = -0.736
p = 0.041%
Placement of the autostatic Fo1) = 1.943 p = 0.178 n/s t1) = 0.677 N/A
retractor p=0253n/s
Exposure of aponeurosis Fo1) = 4419 p = 0.048* tayy = —1.000 N/A
p =0.169 n/s
Drain Interior to exterior positioning F21) = 0.591 p = 0.451 n/s ty = —0.380 N/A
p = 0.354 n/s
Corner of skin hooked/drain outlet F21) = 0.015 p = 0.903 n/s t21) = 0.062 N/A
placement p = 0476 n/s
Single-attempt installation Fy = 12.554 p = 0.002*** tan = —1.483 N/A
placement p = 0.083
trend n/s
Drain section at the correct length F(21) = 1.000 p = 0.329 n/s t21) = 1.003 N/A
p=0.164 n/s
Appropriate fixation F21) = 0.351 p = 0.560 n/s ty = —0.421 N/A
p=0339n/s
Tension test Fon = 1.881 p = 0.185 n/s tar) = —2.295 G =-0923
p=0016"
Closing Closing in two planes Fa1y = 1.943 p = 0.178 n/s tny = 0.677 N/A
p=0253n/s
Quality of production of a F21) = 0.059 p = 0.811 n/s t21) = 0.339 N/A
subcutaneous stitch p =0.369 n/s
Overlock loop F1) = 6.465 p = 0.019** t(14.164) = 0.888 N/A
p=0.195n/s
Number of stitches suitable for ¥ ¥ k2
dermal overlock
Esthetic quality Fo1) = 1.491 p = 0.236 n/s t(21) = -0.839 N/A
p =0.206 n/s
Resistance of the suture to the F(21) = 1.130 p = 0.300 t1) = —0.839 N/A
traction of the banks p = 0.305

*Note: rows are denoted with [#] as there were no standard deviations between either groups to conduct a proper independent samples t-test as both groups performed identically.

would be sustained in a larger sample-size and whether it would be
reproduced (i.e., as estimated with a sample size of n = 24 per each
group using G*Power; Kang, 2021) remain to be elucidated. Previous
studies indicated the benefits of a surgical efficiency savings
duration, which may contribute to the surgical OR efficiency,
planning, and scheduling concerns that remain in the field
(Dreyfus et al,, 2020; Lee et al.,, 2019; Ugur et al., 2016; Wu and
Aufses, 2012; Macario, 2006) to move the surgeon on to other

Frontiers in Virtual Reality

patients in need sooner. Whether the findings from the present pilot
study corroborate with the surgical efficiency warrants further
investigation. The present data show emerging trends of time
savings in the FP-POV immersive VR group on the surgical
procedure, which, even as a pilot study, appear to be consistent
with the findings observed on learning acquisition of the lumbar
puncture surgical procedural motor skills using the VR software/
application (Ros et al., 2021), in which the FP-POV VR intervention

frontiersin.org


https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://doi.org/10.3389/frvir.2024.1408092

Neuwirth et al.

100-[“

75

=
==

50

25

Tension test [——t— - ¥

ic retractor
Overlock loop

Aesthetic quality e ————

Resistance of the suture to the traction of.

Dissection Movemen ! | } *
Appropriate fixation —————————

of the
Exposure of the aponeurosis

Holding Instruments
Straight incision line

% Correct
o
Single attempt to cut along line | —————————r

Choice of Instruments
Interior to exterior positioning
Corner or skin hooked/drain outlet.
Closing site in 2 planes
Quality of production of a subcutaneous. jE——————

Drain section at the correct length r———————————

Single attempt installation pl

P1

Use of Mayo/Metz Scissors/Tweezers m———

Number of stitches suitable for dermal.

Dissection Drain
Training Curriculum

Incision Closing

oTP-POV mFP-POV

FIGURE 4

10.3389/frvir.2024.1408092

* %k
40 34,09
g 30 230
g 2 16.67
5 833 934 5¢
g 10 5.30 5.68 -
QO -
[-T1)
=
£ 0.76 0.76
5_10 3.03 -4.04
g 9.09 985 9.85 _10.61
20
g 2121
-30
40 2 3
2222 |ge5g wE eSS 5% |85 88 2%
558£ |ggg% (22w gé |[EE28E% ¢
| = < _— b
EEEE lFiEf |siicf [Sizice
2235 % éz.g& geagzgs |sg8358§E
Swi% |E55: 5255 EF |z2582+%2
sEBe |£5E&5 [§8Ez2¢ w8 £
-g”g“ @ 2 0 s 3 & = ] ©
EREE |52 2 $§58 % g2 2z &
§= 25 [EA&E |25 £ ¢ Es 3 3
S |2 sE |53E3 ©® 3§ 2
R o i -2 b=
5 |2 54 |28 § & 3
a |2 £ g 2 s 8 g 2 9
“ 8 g 2 5 3 3 o1
s & 2 2R & E §
g M 5 @ 5 2 2
5 Z &
£ E
S 3
© &
Incision Dissection Drain Closing

Training Curriculum

Individual curriculum components that were evaluated for assessing the proficiency of the surgical procedural motor skills that were demonstrated

on the cadavers from the third-person point-of-view (TP-POV) and the first-person point-of-view (FP-POV) groups (A) and the virtual reality (VR) percent
learning differences showing the influence of VR on the curriculum (B). The data show that in the dissection chapter module, the FP-POV group had a
perfect dissection movement (p = 0.041%), (A, B) and that in the drain chapter module, a 34% greater proficiency (p = 0.016**) (A, B) was seen when
compared to TP-POV on the tension test. The green bars indicate VR-induced learning enhancements, whereas the red bars indicate VR-induced
learning deficits. Data are presented as the mean + SEM with p < 0.05 * and p < 0.01** symbolic notations.

resulted in a faster lumbar puncture. However, a larger sample size is
required to confirm and validate these early trends and observations,
along with a replicability study to be certain.

Furthermore, it is important to note that both the TP-POV
and the FP-POV groups were able to complete the four surgical
chapter modules (i.e., incision, dissection, drain, and closing)
with nearly identical proficiency (Figure 3). The following
proficiencies were demonstrated by the participants after
completing the surgical procedure on the cadaver as a first
attempt at practicing the required motor skills: incision
(~87% accuracy), dissection (~79.5% accuracy), drain (69.5%
accuracy), and closing (~74% accuracy). Thus, despite the
similar performances in proficiency, there was still room for
motor skill improvement between both groups in the overall
scoring of the surgical procedural techniques demonstrated by
the participants. Thus, it is conceivable that the participants may
have benefitted from a repeated-measures assessment/
evaluation design in implementing the surgical procedural
motor skills on the cadavers to fully assess a learning or
proficiency curve to fully evaluate the degree by which FP-
POV accelerates learning in this case, as shown and reported
in the literature. However, the literature is scant and is lacking
examples on repeated-measures design. Perhaps, this may pose a
unique opportunity for the FP-POV VR literature to begin
exploring ways to build more concrete educational and
pedagogical assessment truly capture these
differences in learning performances with additional memory

tools to
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retention probes than the typical isolated single assessment of
the contrived skill when performed.

In order to further investigate the emerging trend in the overall
proficiency difference in the drain area of the curriculum, a more
scrutinized analysis was conducted on the individual curricular
components of the assessment scoring tool used to evaluate the
participants’ surgical procedural motor skills used on the cadaver. It
was observed that there was increased performance in the single-
attempt installation placement of the drain and the tension test, with
the latter reaching significance (p < 0.01**; Figures 4A, B). This is an
important finding as even though this was a very basic surgical
procedure for medical students to learn, it is critical that when they
implement the tension test that it is done so properly so that it holds
its placement, does not get misaligned, or worse, the drain retracts
back into the patient (i.e., which is rare). Notably, the FP-POV group
also faced some challenges with ensuring that the drain section was
at the proper length (ie., -21.21% reduction, but it was not
statistically significant). Whether this observation of the FP-POV
group would reduce or enhance in error remains to be elucidated,
but it is important to note that from a surgical perspective, the
tension test for the drain is more critical than then length. The main
concern with the drain tension test over the length is the possibility
of it, post-operatively, being accidentally displaced or removed when
a nurse is cleaning the area, renewing a cast or bandaging near it.
However, in the case when a drain might be surgically placed for
extra ventricular drainage (Ros et al, 2020a), this could be
potentially life threatening if the tension was improper or
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compromised. Thus, depending on the placement of the drain, the
risk can be quite different, and it is important that its tension and
placement are correctly done for all other subsequent medical care
that follows. If this tension test is done improperly, it can lead to a
surgical error in the OR, prolong the surgery, reducing the ability for
the surgeon to move on to the next patient, and perhaps have to re-
operate on the patient to re-open the surgical site, further
complicating the patients’ medical situation. Thus, the finding
that the FP-POV superficially was able to increase the proficiency
(i.e., measured by % correct surgical procedural skills observed on
the cadaver) by nearly 34% is substantial for a first attempt at
demonstrating the competency of the technique. These findings also
support the idea that future studies may need to incorporate a
repeated-measures design to ensure proficiencies are optimally
achieved and sustained to reduce the surgical risks and errors in
the OR, as outlined above.

Similarly, in the dissection area of the curriculum, the individual
component of the dissection movement was shown to be significantly
improved by FP-POV (p < 0.05*; Figures 4A, B) when compared to
that with TP-POV, with nearly a 25% increase in performance that
achieved 100% proficiency when evaluated on the cadaver. This is a
noteworthy finding as it shows that the FP-POV pedagogical
intervention produced an accelerated form of clean and accurate
surgical incisions and opening in a single attempt. This finding
corroborates with the FP-POV pedagogical intervention, also
showing 100% proficiency on the single attempt to install the
placement of the drain in the drain area of the curriculum. Thus,
the FP-POV pedagogical intervention increased the maximal
proficiency of 100% on the surgical dissection movements and the
drain placement on the first attempt, which was not observed in the
TP-POV group. The only other assessment measures that reached
the maximal 100% proficiency was the use of a straight incision line
to make the surgical site in the incision area of the curriculum and
the number of stitches suitable for the dermal overlock in the closing
area of the curriculum. It is important to note that having a straight
incision line is a very important aspect of any surgery as it involves
not just the cleanliness of the surgical entry point but also would be
equally important to have a clean suture site. Interestingly, both the
TP-POV and the FP-POV groups, given the importance of this step
of the surgical procedure demanded the most of their attention.
Alternatively, both the TP-POV and the FP-POV groups’ perfect use
of the proper number of stitches could be attributed to the silicone
skin model aspect of the curriculum in which the participants were
trained prior to being randomly assigned to either the TP-POV or
the FP-POV groups. Thus, what can be attributed clearly to the
pedagogical learning differences in FP-POV immersive VR is the
learning acquisition of the necessary motor skills required to
properly conduct the surgical dissection movement and drain
placement with 100% proficiency in the first attempt at
implementing this surgical technique on a cadaver. This FP-POV
enhanced learning acquisition of the motor skills required for the
surgical procedure corroborates with prior FP-POV studies (Ros
and Trives, 2023; Maret et al., 2022; Ros and Neuwirth, 2020;
Neuwirth and Ros, 2021; Ros et al., 2020a; Ros et al., 2020b; Ros
et al,, 2017). In addition to the participants’ competency to learn in
FP-POV, they were also able to evidence proficiency in the practice,
efficiency, and cleanliness of the procedural motor skills consistent
with the mirror neuron theory (Fan and Luo, 2022; Choi et al., 2020).
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Additionally, there was statistically significant improvement in the
dissection movement and the tension test, even with a small sample
size in the present pilot study.

5 Conclusion

The present pilot study sought to evaluate differences in fourth-
year medical students’ procedural surgical skill learning outcomes
between TP-POV and FP-POV on surgically implanting a
subdermal drain in a cadaver. The findings from the pilot study
showed that the FP-POV and the TP-POV produced similar
procedural motor skill proficiencies as learning outcomes, with
an emerging trend approaching significance for the drain area of
the curriculum potentially favoring the FP-POV group (Figure 3).
From the surgical curriculum on the incision, dissection, drain, and
closing techniques, differences between the two groups were
observed in the dissection and the drain techniques. In particular,
in the dissection techniques, the FP-POV group had a perfect
dissection movement (p = 0.041%; Figure 4A), and in the drain
techniques, the FP-POV group had a greater proficiency on the
tension test (p = 0.016**; Figure 4A). What also became apparent
from the present pilot study’s findings were the VR learning
differences by way of VR-induced learning enhancements and
VR-induced learning deficits. The FP-POV showed significant
learning enhancements in drain curriculum for the dissection
movement (+25%) and the tension test (+34.09%; Figure 4B).
There were also trends of VR-induced learning enhancements for
single-attempt installation placement for the drain curriculum.
Conversely, although there were no statistically significant VR
learning deficits, data were trending downward for the drain
curriculum for the drain section length (-21.21%) and for the
closing curriculum for the overlock loop (—10.61%; Figure 4B). All
other data below 10% were negligible for interpreting whether the
VR-induced enhancement or deficit was remarkable from the data
obtained in the present pilot study.

The implications from the present pilot study’s findings suggest
that 4-year medical students can benefit from some critical procedural
learning skills through FP-POV. Additionally, the increased precision
in the dissection movement can serve to reduce scaring, offer patients
a cleaner surgical incision with less complications and post-surgical
intervention, and can offer a better area to work with in the rare event
that another surgical incision may be needed to re-open or re-address
the same or additional surgical interventions to the same area. The
other benefit of the FP-POV was a more accurate tension test for the
surgical drain, which, in terms of patient follow-up care, can be the
most likely to have complications. These two core findings from this
pilot study offer valuable insights for medical programs to pay more
careful attention to these two areas of their practicum trainings, in
which they assess these procedural skills in medical students. If FP-
POV can be added to the curriculum, it may help compliment what
medical programs are already doing in the curriculum and further
serve to reduce surgical procedural complications that might
otherwise have higher rates of error from medical students.
Additionally, this concern may be circumvented if medical
programs offer the FP-POV options earlier in the curriculum
(ie, in the first- or second-year medical student cohorts), as
opposed to the fourth-year medical student cohorts, in which the
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present pilot study assessed. It is conceivable that if these FP-POV
educational interventions were deployed earlier in the curriculum, the
medical students could have more procedural knowledge and
feedback through which they can further master these surgical
skills through increased proficiency and reduced errors. These
findings should be considered in the context for medical educators
and researchers to consider for both modifying the future curriculum
and further exploration in research that replicates and validates the
findings found herein with larger sample sizes.

The present pilot study is not without limitations. First, the
sample size was based upon the size of the fourth-year medical
student cohort and the individuals that decided to volunteer for
this extracurricular experience. After gaining new knowledge that
there are benefits from the FP-POV experience when learning this
procedure, it will increase the recruitment for a follow-up study with
more medical students. The voluntary nature of the fourth-year
medical students may have a prior learning history well-acclimated
to video lecture-based learning than VR, which might explain why
there were areas with reduced proficiency (Figure 4B red bars), but it is
important to note that they were not statistically significant. Perhaps,
future studies introducing these FP-POV surgical training techniques
earlier in the first-year medical student curriculum may prove useful
in accelerating more mastery of the surgical techniques. Conceivably,
if there are hypothetically eight surgical learning modules in a
traditional surgical training curriculum and FP-POV immersive
VR can accelerate learning and proficiency in these techniques,
then starting earlier with FP-POV immersive VR may permit
more surgical techniques to be added to the conventional surgical
training curriculum. This would have the advantage of medical
schools having more graduates upskilled with more technical
experiences and ability to take on additional OR surgical tasks,
challenges, or medical complications when they move on to
residency and/or employment in the medical and allied healthcare
sectors. This type of training would also be predictive of increasing
both the proficiency and efficiency in the OR, serving to reduce
indirect and direct costs, reduce overlapping surgeries, and create
more ease in scheduling flow through while also improving patients’
surgical and post-surgical outcomes. This could also serve to reduce
the inherent surgical fatigue when the surgeon themselves has to move
from patient-to-patient.

However, the latter remains to be tested, but it is within reason to
speculate, given the abundance of work on VR in the medical field on
increasing such efficiency. Whether an efficient surgeon that saves time
between surgeries and reduces their own fatigue versus a surgeon that
saves time between surgeries and the OR schedules more surgeries for
them to conduct in a given day is a real possibility that may make an
assessment of this factor less practical; in particular, as the surgeries
might vary when considering medical emergencies and the surgeon’s
area(s) of specialty. Therefore, the use of FP-POV may prove quite
beneficial for medical students’ training in any stage of their medical
school year in their program. Notably, earlier pedagogical intervention
would be better. Additionally, the present study’s design evaluated the
differences in surgical curriculum learning between the FP-POV and
TP-POV groups. However, considering having the choice between
these two groups for the medical students to elect which option they
would prefer to choose was not explored in the present pilot study.
Future work could investigate whether such a comparison matters or
what additional effects it might cause on the medical student’s learning
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outcomes as different VR displays may cause such learning differences.
Moreover, future comprehensive comparisons conducted on a larger-
scale study could also consider differences in medical student
learning immersion vs. shifting between a TP-POV and a FP-
POV. However, these critical points were beyond the scope of
the present pilot study, but they are not without merit to note as
limitations that will guide the commencement of future explorations
in these areas. More work will be required in these areas to further
advance knowledge in the field to best guide educators and
researchers seeking to use VR in pedagogical and meaningful
ways to support the next generation of medical doctors and
surgeons on cadaver-based curricular procedural skill training.
Regarding the latter point, VR has been used over the last 20 years
in a variety of cadaver-based surgical trainings regarding dissecting
cavernous sinus (Qian et al,, 2018), reverse total shoulder arthroplasty
(Crockatt et al., 2023), temporal bone dissection (Zhao et al., 2011),
laparoscopic surgical training (Draper and Constantin, 2022; Van
Bruwaene et al., 2015; Sharma and Horgan, 2012), comparisons
between digital and virtual dissections of cadavers (Van Dijck,
2008), skeletal anatomy (Koucheki et al.,, 2023; Chen et al,, 2020;
Gonzalez Izard et al., 2017), musculoskeletal anatomy (Gonzalez Izard
et al, 2017; Codd and Choudhury, 2021), and acetabulum reaming
(Pelliccia et al., 2020), to name a few. These VR training modules have
even begun to compare stereoscopic value (Brewer-Deluce et al,
2021), immersive VR (Kurul et al, 2020; Stepan et al., 2017),
augmented VR (Uruthiralingam and Rea, 2020), and augmented
VR and HoloLens-based augmented VR (Vergel et al., 2020), but
the verdict remains unclear as each VR application offers different
solutions for different educational and research needs (Zhao et al.,
2020b). Notably, VR-based teaching has begun to live up to its
prediction to be a pedagogically significant tool for the twenty-first
century (Hoffman and Vu, 1997). However, the unique ability to
blend VR to teach cadaver dissections during the COVID-19
pandemic (Miltykh et al, 2023; Nakai et al, 2021; Choi et al,
2020) offered the field invaluable insight with byproducts that have
currently pressured universities to consider more timely technology-
based cost-effective VR solutions to overcoming the more cost
prohibitive maintenance and storage of cadavers (McMenamin
et al., 2018; Neuwirth et al., 2018a), which places other universities
at pedagogical and other resource (dis)advantages to teach their
students. Since VR anatomy has been globally identified to be
comparable with traditional teaching methods (Raheem et al,
2023; Kolla et al., 2020; Erolin et al., 2019; Yiasemidou et al., 2018;
Fairén Gonzédlez et al, 2017; Codd and Choudhury, 2021) but
provides arguably greater procedural knowledge over conceptual
knowledge gains (Ros et al., 2020b; Neuwirth and Ros, 2021; Ros
et al,, 2021), this outcome serves to create more advantages and
possibilities to close educational learning gaps for students, even at the
surgical training levels in medical schools. Taken together, the
growing body of literature in medical student training of
traditional cadaver dissections is swiftly expanding in broad ways
that utilize VR-based pedagogy in several dissection training modules
to support curricular learning while causing a modern paradigm shift
in the ways medical and surgical students are to be trained. Previous
studies that piloted the use of VR on cadaveric dissections showed
enhanced procedural learning in first-year medical students’
understanding of anatomy (Darras et al., 2019). The present pilot
study added to the literature on the advantages of immersive FP-POV
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VR procedural learning training in conducting more accurate
dissection incisions and improved performance in conducting the
tension test for installing a subdermal drain on cadavers, all of which
collectively seek to enhance the quality of the medical student’s
procedural skillsets of conducting surgical techniques prior to
being able to work on a living patient through VR-based
pedagogical interventions.

However, as educators, physicians, surgeons, and researchers
alike embark on this continued journey in integrating several VR
applications into the medical school curriculum, there appears to
be a gap in the field directed towards clear educational learning
outcomes and an assessment from VR interventions. Therefore, it
is the collective authors’ opinions that immersive FP-POV VR
should be used with a repeated-measures design with a validated
assessment tool to help refine the several different approaches
that are being developed in VR for medical school student
learning outcomes (i.e., especially, procedural motor skills).
This is important as medical students will have the critical
responsibility for caring for patients in the future. Currently,
the board examinations, completion of residency, or multiple
residencies are used to validate well-trained physicians and
surgeons, but perhaps, there might also be a place for
immersive FP-POV VR along this learning competency and
proficiency continuum and ongoing continuing educational
credits/units across different medical areas of specialty. These
findings offer unique training opportunities to be considered
when designing future VR curriculum with the suggested use of
repeated-measures designs on the procedural surgical skills to
assess learning curves and their potential translations in reducing
operating room errors, costs, planning and scheduling times, and
overlapping surgeries, thereby positively contributing to a more
efficient and safer OR surgical experience for the staff and
patients in the near future.
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Appendix below with their total number of points that can be earned to
demonstrate the competency and proficiency of the
Procedural surgical skill assessment evaluation tool for  surgical skill.

implementing the skillset on a cadaver. Each section is listed

Surgical content area Individual surgical content area Individual Total
area area
points points
Incision Choice of instruments 1 4
Holding instruments 1
Straight incision line 1
Single attempt to cut along the line 1
Dissection Use of Mayo/Metz scissors/tweezers 2 5
Dissection movement 1
Placement of the autostatic retractor 1
Exposure of aponeurosis 1
Drain Interior to exterior positioning 2 9
Corner of the skin hooked/drain outlet placement 1
Single-attempt installation placement 1
Drain section at the correct length 1
Appropriate fixation 2
Tension test 2
Closing Closing in two planes 1 12
Quality of production of a subcutaneous stitch 3
Overlock loop 3
Number of stitches suitable for dermal overlock 1
Esthetic quality 3
Resistance of the suture to the traction of the banks 1

*Note: points can be easily converted into % correct by dividing the number of points earned divided by the total number of points and then multiplied by 100. This can be done for the overall
points, the point for the overall area, and the individual component areas.
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