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Abstract: There has been an exponential increase in the utility of mixed-reality (MR) soft-
ware as a tool for medical education and training due to its immersive and interactive
capabilities. Whilst it has been progressively used in surgical training or in simulation
training, there is a significant lack of using it to train the “trainers”. In this single-centre
prospective study, MR technology was used to deliver a dedicated 2-h tutorial in surgical
training to two cohorts of postgraduate students attending a course on clinical research
and education. The Microsoft HoloLens 2 was used to run mixed-reality software capa-
ble of rendering CT scan images of a normal brain, an MRI of a large meningioma, an
abdominal–pelvic CT scan, and a 3D-printed cranioplasty scan. The participants were
then asked to complete a post-usage questionnaire in an anonymous manner. Fourteen
participants attended the teaching session and completed the post-usage questionnaire.
Scores obtained on the User Experience Questionnaire (UEQ) revealed that MR technology
is rated “Excellent” on quality aspects for Attractiveness, Stimulation and Novelty. This
prospective study provides insight into incorporating MR in training the trainers, allowing
them to be equipped with the technology to imparting education to the next generation
across various disciplines.

Keywords: surgical training; mixed reality; postgraduate teaching; medical education;
surgical simulation; anatomy demonstration

1. Introduction
Recent times have seen an exponential increase in the utility of mixed-reality (MR)

software as a tool for education and training. Due to its immersive and interactive capa-
bilities, MR technology offers an immense potential for training surgical trainees, medical
students and healthcare professionals [1–3]. MR technology allows users to simultaneously
visualise a combined “real” and “virtual” environment in real time. Currently, MR software
is supported on a variety of devices, including smartphones and head-mounted devices
such as Google Glass, Microsoft HoloLens, Oculus Rift VR, and the Samsung Gear VR [4].
Several surgical specialties have adopted MR technology in medical training as it offers a
three-dimensional (3D) visualisation of patient-specific anatomy acquired through CT and
MRI images [5]. This provides trainees with an intuitive means of evaluating imaging data
in a 3D manner in conjunction with surgical pathologies [6].

There is increasing evidence to demonstrate that MR technology allows residents,
trainees and students to overcome the limitations of didactic video sessions by offering 3D
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visualisation of structures [7,8]. This in turn facilitates better comprehension of anatomy
and enhances skill progression [9]. Furthermore, MR technology is a cost-effective modality
that can be adopted with relatively low preparation requirements when compared to other
more expensive hands-on simulation models [10].

However, these studies provide little information on whether future trainers can be
trained to incorporate this MR platform in their education curriculums. To make MR-based
training sustainable, it is important to ensure that there are systems set in place where future
trainers are also provided regular training on new technologies and software using MR.

In this study, we evaluated two cohorts of participants who attained a postgraduate
certificate in clinical research and education. The authors demonstrate the ease with which
MR can be introduced in teaching the trainers. The study also showcases that wider
exposure allows the generation of ideas for implementation in different resource settings.

2. Literature Review
Suresh et al. (2022) [11] reviewed 45 studies and assessed the validity rating of

augmented reality (AR) in surgical training. In total, seven of these studies covered
the use of a Microsoft HoloLens across the following specialties: urology, neurosurgery,
gynaecology, general surgery and cardiothoracic surgery. HoloLens-assisted AR received
a strong validity rating for surgical education and training, translating to a considerable
reduction in error rates as well as an improvement in procedural times and economy of
movement. Participants also reported increased self-perceived knowledge and confidence
while enduring a relatively lesser cognitive load during task performance.

Similarly, a randomised control trial (RCT) for orthopaedic training demonstrated
that the use of AR led to a faster learning curve to achieve the same overall level of
competency [12]. These findings have been further corroborated by Sun et al. (2023) [13],
where a review of 13 studies on the application of AR in simulation and training for
hip surgery found it to be an extremely useful tool for pre-operative planning, reducing
procedural times and surgical risk along with intraoperative radiation exposure.

Augmented and mixed reality have also seen a rapid uptake in neurosurgical and
spine training. Bui et al. (2024) [14] reviewed eight studies, including three RCTs, that
evaluated the performance of AR models for teaching procedures to neurosurgical trainees.
These studies simulated procedures such as percutaneous spinal needle placement and
percutaneous lumbar pedicle screw placement. Their results add to the evidence base that
MR/AR technology enhances skill retention, preoperative planning and intraoperative
execution, but that the main current limitation of such educational platforms is a lack of
haptic feedback.

In 2011, Luciano et al. [15] evaluated the use of an AR 3D simulator with haptic feed-
back as a training tool for thoracic pedicle screw placement and observed a 15% mean score
improvement in performance accuracy, denoting the benefit of AR for training junior resi-
dents and surgeons. Moreover, a review by Ghaednia et al. (2021) [16] on the applications
of AR in spine anatomy education found that while the technology potentially increases
learner immersion and engagement, notable drawbacks include headaches, dizziness, and
blurred vision.

Not surprisingly, MR technology has increasingly been adopted across most surgical
specialties. Li et al. (2023) [17] demonstrated higher test scores for residents in vascular
surgery with MR-assisted teaching in comparison to traditional teaching methods. Similarly,
a systematic review on the application of VR/AR in oral and maxillofacial surgery found
13 manuscripts on virtual education and training [18], while Mishra et al. (2022) [19] found
26 studies on virtual neurosurgery training. In 2022, a collaborative study between King’s
College London and Imperial College London involved the creation of a novel MR training
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curriculum for robot-assisted radical prostatectomy. Their results demonstrated that virtual
surgical mentorship could be a feasible and cost-effective alternative to traditional training
methods offering the potential to improve technical skills [20].

As discussed above, while MR’s utility has been well demonstrated in teaching
anatomy, surgical approaches, and interventions for patient care, whether its utility can
be expanded across other aspects of education remains an unanswered question. Training
the trainers (TOT) or residents as teachers (RATs) are often referred to as courses designed
to inculcate the value of teaching amongst the junior trainees and doctors. The aim of
these courses is to teach effective methods of teaching and communication to impart new
knowledge. There is no available research or published articles that demonstrate the utility
of incorporating MR in training the future trainers. The authors queried if the incorpora-
tion of MR in these courses is feasible to allow regular and seamless integration of MR
in education.

3. Materials and Methods
A single-centre prospective study was conducted over a 2-year period at Cambridge

University Hospitals. Two cohorts of students attending a course on postgraduate certificate
on education and clinical research were approached for this study. As part of understanding
new technologies in medicine, a dedicated 2-h period was utilised to introduce the use of
mixed-reality technology in education. The students were not asked to prepare for this
session and no study materials were provided prior to the teaching session.

For this study, a Microsoft HoloLens 2 was used. After a general introduction of
the team’s experience with mixed reality [8], a brief demonstration on the use of mixed-
reality headsets was given for 15 min. The audience was divided into 3 groups due to
the availability of 3 headsets. Two trainers with previous experience in utilising the MR
headsets conducted the session.

One headset was connected to a livestream display of the usage. Computed tomogra-
phy (CT) of a normal brain, magnetic resonance imaging (MRI) of a large meningioma, a CT
of abdomen pelvis, and a 3D-printed cranioplasty scan were displayed using the headset.
Anonymized preoperative computed tomography (CT)/magnetic resonance imaging (MRI)
obtained from 3 patients admitted to the department was used. Consent was obtained
from all patients to utilise their imaging without any identifiers for neurosurgical teach-
ing. The imaging files were uploaded onto the Microsoft Azure Cloud. The images were
anonymized prior to uploading and processing. For the purposes of this study, we used Vir-
tual Surgery Intelligence (VSI, VSI HoloMedicine by apoQlar, Hamburg, Germany) Version
1.9 software. VSI provided the software capability for image rendering. It converted the CT
and MRI files in Digital Imaging and Communications in Medicine (DICOM) standard into
a 3D rendering. VSI did not require the modification of imaging protocols for the rendering
of the images. Hence, this software was used for the purposes of the study to look at the
feasibility of teaching. Interchanging between all 4 images was carried out to allow the
participants to visualise and interact in the mixed-reality environment. The trainees were
then asked to complete a post-usage questionnaire in an anonymous fashion. Due to the
anonymous and voluntary nature of the survey, ethical approval was not needed.

Two questionnaires were provided to the trainees after the session. Trainees were
allowed to provide anonymous responses. A formalised questionnaire was used to evaluate
the possibility of using MR in neurosurgery training (Questionnaire SA). Each question
was scaled from 1 to 7, with 1 referring to strongly disagree and 7 referring to strongly
agree. This questionnaire was adapted from the study by Alfalah (2018) [21] that compared
traditional teaching modalities with VR. To evaluate the trainee feedback in using a MR
platform, the User Experience Questionnaire (UEQ) [22] was employed (Questionnaire
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SB). UEQ 7 is a 26-item 7-point scale to understand the user experience in utilising a
commercially available device. These values are then converted to negative or positive
values, ranging from −3 up to +3. Values between −0.8 and 0.8 represent a neutral
evaluation of the corresponding scale, values > 0.8 represent a positive evaluation, and
values < 0.8 represent a negative evaluation. The authors have previously utilised the same
user feedback in their previous study [8].

4. Results
A total of 14 participants attended the teaching session. All 14 participants answered

the survey questionnaire at the end of the teaching session. Of these, 10 were Surgi-
cal/Foundation Trainee Doctors, whereas 4 belonged to allied health professional roles
(2 clinical nurse specialists and 2 clinical nurse educators).

Didactic teaching was the most frequently selected modality amongst our participants
in terms of their preference for anatomy teaching (Figure 1). Ten out of fourteen participants
had never utilised an MR device in education prior to this session (Figure 2).
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Figure 2. A pie chart representing the pre-existing experience of users interacting with MR-
based devices.



Appl. Sci. 2025, 15, 2403 5 of 11

The authors evaluated users’ experience of the mixed-reality device using the UEQ.
Only 29% of the subjects had previous experience of utilising a MR-based device in their
professional career. Figure 3 reflects the range of mean responses generated by the UEQ
Data Analysis Tool on a scale from −3 (horribly bad) to +3 (extremely good) across the
26-item User Experience Questionnaire. This was conducted in line with the authors’
previous work on understanding resident experience in MR devices [8].
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UEQ analysis was further grouped into pragmatic qualities such as perspicuity, effi-
ciency, and dependability, as well as hedonic qualities such as stimulation and originality.
Pragmatic describes task-related quality aspects while hedonic describes non-task related
quality aspects. Table 1 and Figure 4 reflect the collective mean values attained from a
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score of −3 to +3 for items grouped together into Attractiveness, Perspicuity, Efficiency,
Dependability, Stimulation and Novelty.

Table 1. Mean values for items grouped under Attractiveness, Perspicuity, Efficiency, Dependability,
Stimulation and Novelty.

Scale Mean Comparison to Benchmark Interpretation

Attractiveness 2.11 Excellent In the range of the 10% best results
Perspicuity 1.25 Above Average 25% of results better, 50% of results worse
Efficiency 1.63 Good 10% of results better, 75% of results worse

Dependability 1.59 Good 10% of results better, 75% of results worse
Stimulation 2.20 Excellent In the range of the 10% best results

Novelty 2.02 Excellent In the range of the 10% best results
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Scores obtained on the UEQ revealed that MR technology is rated “Excellent” on
quality aspects for Attractiveness, Stimulation and Novelty. However, it scored “Good” on
Efficiency and Dependability, and only “Above average” in Perspicuity.

The second questionnaire focused on specific aspects of the utility of MR in education.
A radar chart was used to represent the scores. The authors acknowledge that we have
not conducted a serial assessment to see changes in this assessment over time. Given
the nature of the questionnaire, the score was presented as a radar chart. Figure 5A,B
presents the median scores for each of these domains. While a score of 7 was recorded for
just over 50% of outcomes assessed, there were two key areas that highlighted room for
further improvement.

The median score for participant’s subjective rating of their learning curve for the use
of HoloLens MR Technology was 5 out of 7. This ties in with the results from Figure 3
whereby speed of acclimatisation to MR technology was the most poorly scored domain.
In addition to this, the median rating for ease of manoeuvring using the HoloLens slicer
box for anatomy demonstration was 5.5, reflecting room for further improvements.
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5. Discussion
Recent times have seen a gradual shift away from didactic teaching across medical

schools worldwide due to the availability, cost and time restraints of traditional methods [23].
This effect has been further potentiated following the COVID-19 pandemic, which led
to a transition of medical education away from an in-person format towards an online
model [9]. Therefore, concurrent technological advances have prompted the use of VR and
MR software to supplement more traditional methods of [24]. There is well-established
evidence to support that both MR and VR teaching provide high rates of satisfaction and
acceptability as a supplementary education aid [25]. Our group has previously demon-
strated that mixed reality can supplement highly focused teaching in neuroanatomy [8].
However, the question of whether this can be extrapolated to training the trainers to assist
them in using MR in their endeavours remains unanswered.

MR technology provides an immersive experience, providing a platform to utilise
different imaging modalities to view in a 3-dimensional space. The new headsets are
easy to wear, light weight, and has been tried in myriads of non-educational uses [26].
This cross-sectional study provides insights into new user experience when viewing and
manoeuvring more complex anatomical structures. Only 29% of the responders had
previously used an MR device. In a 2-h session of implementing an MR-based device, the
results of the UEQ were encouraging. The attractiveness, stimulation, and novelty were
rated as excellent. To make MR a regular component in teaching, the trainers should not
find the device obstructive or unpleasant to use. The high perspicuity score again reflected
that the instructions to use the MR platform were clear and easy to learn.

The authors acknowledge that there was heterogeneity in the participant background
(doctors, nurses, and allied health professionals) with varying clinical experience preventing
us to generalise the results of this study. At the same time, the heterogenous cohort used
this MR platform to visualise and interact with a set of images that was irrelevant to their
clinical background. Extrapolating both subjective and objective feedback, the results
highlight the ability to implement MR platform in routine teaching environments.

Using our previous experience [8], a modified questionnaire was used in understand-
ing the utility of MR in anatomy teaching. Figure 5A,B provide insights into this. The
interactive nature of the device and ability of the MR platform to provide 360 degrees of
freedom, the participants rated the MR platform very highly where visualisation of the
anatomical structures were concerned. As the authors did not focus on specific anatomical
understanding in this study, we were unable to provide any results if it improved the
understanding of the participants. In Figure 5B, one of the lowest scores was in the learning
curve. This is not unexpected given lack of previous experience. Only 2 h were allocated
for this study, which is likely insufficient to make a user proficient. Furthermore, different
MR devices and software platforms may require different training times. Our study only
presents the results using one platform. Training times may differ and institutions plan-
ning to implement this across different disciplines should take note that additional time is
required to train the trainers in addition to developing content for MR platforms.

Whilst the authors predominantly looked at responses for “anatomical teaching”,
there are multiple other uses of MR. Trainers who may deal with procedures such as
insertion of central venous catheters, arterial lines, and even intubation can put these
devices to use to supplement teaching. By demonstrating the ease of learning in a diverse
group of trainers, the authors highlight the ease with which MR can be introduced into a
learning environment.

The number of publications evaluating the use of MR software in neurosurgery has
exponentially increased within the last decade, primarily in the US, Canada, China and
Germany [27]. While this degree of interest in MR is promising, it is important to evaluate
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whether the intended target audience will be receptive towards using this technology for
education purposes. We acknowledge that our study lacks controls to compare trainers
using other methods of teaching. There is minimal to no literature data available on using
MR in training the trainers. Long term viability of persistent implementation of MR by
trainers remains unassessed in our study. In the second questionnaire, a high median score
of 7 was obtained when trainers were asked if they would like to attend another session
with HoloLens. Our research highlights that along with the utility in learning, this is also a
practical and easy-to-use modality, with trainers willing to adopt the technology despite
the need to wear a head mounted device. This in turn also paves the way forward for
future research on the implementation of MR across various domains.

Use of remote access of the MR technology provides an avenue for its utility in
low-income countries [10]. It allows the trainers to teach the audience through repetition
without requiring use of expensive simulation models or in cases where students are unable
to access training due to geopolitical situations. Some audience verbalised about using
MR-based platform to provide “virtual consults” or provide direct instructions to trainers
without being present physically. The authors acknowledge that the session was too short
to explore the remote connectivity of the MR device. However, the audience expressed
their interest in the utilisation of MR device for remote access.

Subjective feedback from various participants highlighted the potential areas of use of
MR in training. The most highlighted areas were remote learning, remote review of patients
due to resource constraints, informed consent taking, and repetitive learning in absence of
cadavers/stimulation sets. Several participants expressed their interest in research projects
involving MR in education which was positive feedback given the very short training
session utilised.

The course participants acknowledged that even if MR is unable to replace all the
teaching methods, it will supplement training. The lack of cadavers for learning anatomy
remained a great concern amongst the participants (Figure 5B), providing the trainers to
look for other avenues for teaching, making MR attractive.

6. Conclusions
MR has become an attractive modality to be introduced in medical education and

surgical training. However, current literature does not address the feasibility of training the
future trainers in using MR platforms. The study evaluated the feasibility of introducing
training sessions to use MR platforms in training the trainers. In an ever-changing era
of remote learning, and lack of hands on cadaveric or expensive stimulation models, the
positive objective and subjective feedback seen in this study was encouraging. Further
studies are required to understand subject specific utility of MR and its viability in the
long run.
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