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A B S T R A C T

Introduction: Modern technologies are increasingly applied in neurosurgical resident training. To date, no data are
available regarding how frequently these are used in the training of neurosurgeons, and what the perceived value
of this technology is.
Research question: The aim was to benchmark the objective as well as subjective experience with modern- and
conventional training technologies.
Material and methods: The EANS Young Neurosurgeons Committee designed a 12-item survey. It was distributed to
neurosurgical residents and board-certified neurosurgeons between 6th of February and April 13, 2022.
Results: We considered 543 survey responses for analysis. Most participants (67%) indicated not having gained
any training experience with modern technology. Most (40.7%) indicated lack of any modern or conventional
training technology. Cadaver training was available to 27.6% while all modern training technology to <10%.
Participants from countries with high gross domestic product per capita had more access to modern training
technologies (p < 0.001). The perceived value of the different technologies was highest for hands-on OR training,
followed by cadaver lab. The value of these was rated higher, compared to all modern technologies (p < 0.001).
enen).
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Abbreviation

AR augmented reality
CI confidence interval
EANS European Association of Neurosurg
FLANC Federaci�on Latinoamericana de Soc
GDP Gross domestic product
OR operating room, odds ratio
SD standard deviation
USD US Dollar
VR virtual reality
YNC Young Neurosurgeons Committee
YNN Young Neurosurgeons Network
Discussion and conclusion: Our survey reveals that cadaver labs are used more frequently than modern technologies
for today's neurosurgical training. Hands-on training in the operating room (OR) was rated significantly more
valuable than any conventional and modern training technology. Our data hence suggest that while modern
technologies are well perceived and can surely add to the training of neurosurgeons, it remains critical to ensure
sufficient OR exposure.
ical Societies
iedades de Neurocirugía
1. Introduction

Recently, modern techniques like augmented reality (AR), virtual
reality (VR) and other simulator-based models, are being increasingly
applied in the highly technologized field of neurosurgery. These products
have found their use not only in operative planning and execution of
surgery (Tabrizi and Mahvash, 2015; Hussain et al., 2020; Kockro et al.,
2000; Yan et al., 2021), but also increasingly in the context of training
and teaching of residents (Lohre et al., 2020; Shuhaiber, 2004; Bernardo,
2017; Zoli et al., 2022; Zoia et al., 2020). The use of new technologies in
neurosurgery offers immense potential. However, financial factors on the
developer side also play an essential role. As a result, the market supply of
products based on these technologies is increasing without the benefits
being fully understood. For surgery in general – and neurosurgery in
particular – this always means examining the clinical benefit and ne-
cessity of the new technology. To date, no data are available regarding
the clinical utility of these technologies, also due to their current ongoing
development and validation process (Ghaednia et al., 2021; Petrone
et al., 2022).

The use of new technology should have a positive influence on the
current surgical workflow and ultimately on the treatment of the patient
in terms of quality, efficiency, and safety. Moreover, the use of the
technology should ideally help improve patient outcome. On the other
hand, the use of new equipment or technology must not be a gimmick
that distracts from the actual task at hand. In the regional context, the
relationship between availability of resources and the resulting benefit
must also be specifically considered. The market currently offers an
increasing number of technologies and devices, especially intended for
neurosurgical training. For example, AR and VR offer the possibility to
simulate and train surgical procedures in a safe environment. These
products and others such as artificial simulator-basedmodels for the head
and spine are intended to represent as real a scenario as possible. This
would allow training with continuous uninterrupted availability and at a
lower cost compared to conventional methods like cadaver training. Still,
these training technologies are limited for neurosurgery by their
restricted simulation of physical sensibility and correlation to the real
scenario in the operating room (OR) (Ghaednia et al., 2021).

Currently, there is no data in the literature on how often such tech-
nologies are used in neurosurgical training. Likewise, it is unclear how
valuable these technologies are considered in comparison to cadaver
2

training or classical “hands-on training” in the OR. To answer these
questions, the EANS Young Neurosurgeons Committee (YNC) initiated a
12-item survey, directed at neurosurgical residents and board-certified
neurosurgeons.

2. Methods

2.1. Web-based survey and distribution

A 12-item web-based survey was designed using the SurveyMonkey
platform (https://www.surveymonkey.com). Participants were asked to
fill in 12 questions, of which the first questions contained demographic
information of the participants. Five questions addressed the frequency
and applicability of different training methods and technologies, as well
as the subjective evaluation of each technology. The complete survey can
be found as Supplemental Table 1. Survey results were checked for du-
plicates and missing data.

The survey was distributed between February 6, 2022 and April 13,
2022 via Email to all registered EANS members, as well as to registered
FLANC members. Moreover, we used our personal networks to col-
leagues, friends, and national societies to promote the survey among the
neurosurgical community.

2.2. Statistical analysis

All statistical analyses and generation of all graphs were performed
using StataSE 15 (StataCorp. 2017. Stata Statistical Software: Release 15.
College Station, TX: StataCorp LLC). For the analysis as a function of gross
domestic product (GDP) per capita for each country, we use the Inter-
national Monetary Fund's database from April 2022 (International
Monetary Fund, 2022). Descriptive statistics were employed, describing
the responses as count (percent) and mean [standard deviation (SD)].
Graphical illustrations of results were used to explore relationships. We
used logistic regression to analyze influence of co-variables on dichoto-
mous questions. To compare the subjective value of different training
technologies against the “gold standard” (hands-on training in the OR)
and against each other, we used paired-sample t-tests. For purpose of
analysis, AR/VR-based or simulation-based training methods are referred
to as “modern training methods”, while cadaveric training is referred to
as “conventional trainingmethod”. Results were considered significant at
p-values < 0.05.

3. Results

3.1. Survey responses

The estimated number of neurosurgeons who were invited to respond
to the survey were 7148. We received 556 responses (response rate ¼
8%), of which one was excluded for missing relevant data, and twelve
were removed as duplicate. Finally, a total of 543 survey responses ere
considered for analysis.

3.2. Demographics and characteristics of participants

All demographic data are summarized in Table 1. The mean age of
participants was 37.5 years (SD 9.7, range: 23–76). The female (n¼ 121)
to male (n ¼ 421) ratio was 1:3. The majority of participants were from
one of the EANS member states (n ¼ 398, 73%). The countries with
highest response rates were Mexico (n¼ 96, 18%), followed by Italy (n¼

https://www.surveymonkey.com


Table 1
Demographic data of n ¼ 543 survey responders. Results are expressed as
count (percent) or mean (standard deviation). * Missing data in 4 partici-
pants (0.7%). ** Achieved or expected. *** A detailed list of participating
countries is provided in the appendix, but most responses came from
Mexico (n ¼ 96, 18%), Italy (n ¼ 78, 14%), Spain (n ¼ 60, 11%), Germany
(n ¼ 31, 6%), Romania (n ¼ 26, 5%) and Switzerland (n ¼ 24, 4%).

Age in years* 37.5 (9.7)

Sex
Female 121 (22.3%)
Male 421 (77.6%)
Missing 1 (0.2%)

Year of board-certification**
1977–1999 27 (5.0%)
2000–2004 19 (3.5%)
2005–2009 27 (5.0%)
2010–2014 68 (12.5%)
2015–2019 109 (20.1%)
2020–2024 198 (36.5%)
>2025 75 (13.8%)
Missing 20 (3.7%)

Continent***
Europe 398 (73.3%)
North America 5 (0.9%)
Latin America 120 (22.1%)
Asia 11 (2.0%)
Africa 6 (1.1%)
Missing 3 (0.6%)

Position
Resident in neurosurgery 207 (28.1%)
Board-certified neurosurgeon 335 (61.7%)
Missing 1 (0.2%)

Type of hospital
University hospital 384 (70.7%)
Non-university public hospital 105 (19.3%)
Private hospital 52 (9.6%)
Missing 2 (0.4%)

Total: N¼543 (100%)

Fig. 1. Shows a bar chart with the answers to the question whether the par-
ticipants have already trained with modern technologies such as virtual reality,
augmented reality or simulators. Of all respondents (n ¼ 543), 33% answered
“yes” to this question, 67% answered “no”.
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78, 14%), Spain (n¼ 60, 11%), Germany (n¼ 31, 6%), Romania (n¼ 26,
5%) and Switzerland (n¼ 24, 4%). Responses derived from 207 residents
(38%) and 335 board-certified neurosurgeons (62%). The participant's
average year of (intended) board-certification was 2017 (SD 8.4; range
1977–2031). Most participants indicated working at a university (aca-
demic) hospital (n ¼ 384; 71%), followed by non-university hospital (n
¼ 105; 19%) and private practice (n ¼ 52; 10%).
Fig. 2. Box plots represent the evaluation of the relationship between the
availability of modern training technologies in each hospital and GDP per capita
for each country. Paired t-test analysis revealed a highly significant (p < 0.001)
association of high GDP per capita as a positive predictor of the availability of
advanced training modalities. The figures display the median with 25th and
75th percentile (box) of GDP per capita of countries, the upper and lower
adjacent values (whiskers) and outliners (dots). T (538) ¼ -5.40, p < 0.001; n
¼ 540.
3.3. Current application of modern training technologies

Fig. 1 illustrates that the majority (n ¼ 365, 67%) of survey partici-
pants indicated not having gained any training experience with modern
technology, such as AR, VR or surgical simulators. The rates of partici-
pants that were trained using modern training technologies were 30% for
the categories of board-certification between 1977 and 1999, 42% be-
tween 2000 and 2004, 30% between 2005 and 2009, 26% between 2010
and 2014, 35% between 2015 and 2019, 37% between 2020 and 2024
and 25% > 2025. Neither the participant's age (OR 0.99, 95% CI
0.97–1.01, p ¼ 0.26) nor the year of (intended) board-certification (OR
0.99, 95% CI 0.89–1.11, p¼ 0.970) were significantly associated with an
affirmative answer to this question.

The relationship of the availability of modern training technologies
and the GDP per capita available in each country was evaluated using
paired t-test. Fig. 2 shows a mean GDP of 43371 USD (SD 31555) for the
availability of advanced training technologies. Without the availability of
modern technologies, the mean GDP was 28700 USD (SD 24237; p <

0.001). Of note, higher GDP per capita was also significantly correlated to
the availability of cadaver training (p < 0.05).

Table 2 contains the available in-house training technologies. N ¼
221 (40.7%) participants indicated having no training technologies, n ¼
150 (27.6%) cadaver training, and less than 10 or 5% any modern type of
3

training technology.
Fig. 3A and B depict the rate of participation in training courses

within the last three years, either as trainee or faculty. Note that most
(71%, n ¼ 384) reported having attended a training course using “con-
ventional methods”, while the minority (38%, n¼ 204) attended courses
using “modern training technologies”.
3.4. Subjective evaluation of modern training technologies

On a scale from 0 - not valuable at all, 1 - little valuable, 2 - somewhat
valuable, 3 - valuable, 4 - very valuable, to 5 - extremely valuable, par-
ticipants considered “hands-on” training in the operation room (OR) as



Table 2
Responses to the question, which techniques are offered in-house for training
(multiple responses were possible). Results are presented as count (percent). * A
detailed list of other training modalities is provided in the appendix.

None 221 (40.7%)
Augmented or virtual reality (AR/VR; e.g., Surgical Theater,
HoloLens, etc.)

54 (9.9%)

Virtual reality (VR)-based simulators (e.g., Dextroscope,
Neurotouch, etc.)

26 (4.8%)

Spinal model-based simulators (e.g., Realspine, etc.) 41 (7.6%)
Cranial model-based simulators (e.g., Brainbox, etc.) 53 (9.8%)
Cadaver training 150 (27.6%)
Others* 32 (5.9%)
Total: N¼543

(100%)

Fig. 3. A: Bar graphs, illustrating that 71% (n ¼ 384/543) of the survey re-
spondents have participated in a training course using conventional training
methods (such as cadaver training) within the last three years, either as par-
ticipants or faculty. Fig. 2B: However, only the minority (n ¼ 204, 38%)
participated in a training course that employed modern training methods (such
as VR/AR-based or simulator-based models). There was one respondent with
missing data for both questions. VR: virtual reality; AR: augmented reality.

Fig. 4. Box plots containing the subjective evaluation of the different training
modalities (Augmented or Virtual Reality, VR Simulator, Spine Model Simula-
tors, Cranial Model Simulators, Cadaver Training, Hands-on Training in OR).
The rating is ordinally distributed (from 0 - not valuable at all, 1 - little valuable,
2 - somewhat valuable, 3 - valuable, 4 - very valuable, to 5 - extremely valuable).
Respondents rated “hands-on” OR training highest compared to all other mo-
dalities (p < 0.001), and cadaver training scored higher than all other modern
training modalities (p < 0.001; paired t-tests). The figures display the median
with the 25th–75th percentile (box), the upper and lower adjacent values
(whiskers) and outliers (dots).
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most valuable (mean 4.74, SD 0.66), followed by cadaver training (mean
4.47, SD 0.84), cranial model simulator (mean 3.59, SD 1.11), spinal
model simulator (mean 3.68, SD 1.14), AR and VR (mean 3.51, SD 1.08),
and VR simulator (mean 3.40, SD 1.12) (Fig. 4). Compared to the “gold
standard” hands-on training in the OR, all training technologies scored
4

lower (p < 0.001). There were also highly significant differences, when
comparing each of the modern training technologies to the conventional
cadaver training (p < 0.001).

4. Discussion

New technologies in the field of VR and AR as well as simulator-based
models are becoming increasingly used in surgery, not only for surgical
planning and execution but also for training and education (Bernardo,
2017; Rehder et al., 2016; Cannizzaro et al., 2022). This survey maps the
current use of modern training technologies in neurosurgery with com-
parison to conventional training technologies. Strikingly, our survey re-
veals that no in-house training opportunities are available at all in about
41% of survey participants. Secondly, the use of conventional training
technologies such as cadaver training still seems to dominate for both
in-house training and training at courses. Third, participants consider
“hands-on” training in the OR as considerably more valuable than any
other type of conventional or modern training technology – and the
modern training technologies are evaluated less favorably, compared to
conventional cadaver training.

We were surprised to see that the expected steep increase in use of
modern training technologies among younger (vs. older) colleagues or
those with recent & future board-certification was not evident from our
data. Besides the progressive development of new training technology,
there is some literature supporting the notion that due to several factors –
among them working time restrictions and distribution of departmental
caseload across more trainees in the past decade (Stienen et al., 2016a,
2016b) - trainees’ exposure to live surgery decreases, while the use of
modern training technologies increases in parallel (Stienen et al., 2020).
This development is likely to result in less well-trained future surgeons,
with the development and implementation of modern technology in
neurosurgical training supported to compensate or at least attenuate this
effect (Stienen et al., 2016c). Considering the overall low use of, and
hence limited experience with these – partially very advanced and so-
phisticated technologies – in neurosurgery today, maybe the true value
was not well visible from our data. It would have required an even larger



F.C. Stengel et al. Brain and Spine 2 (2022) 100929
survey sample, including more responses from higher income countries
with the available financial resources to afford these modern training
technologies, to truly estimate their value in training.

Modern training technology is usually integrated in training courses
first, where trainees and faculty alike can gain experience with the
technology and appreciate its value, before eventually considering pur-
chasing for in-house training at their own department. According to our
survey, almost 40% have gained experiences with modern training
technology over the past 3 years, a rate which is still 30% lower when
compared to conventional cadaver training. To date, comprehensive data
on the frequency of use of modern technologies in surgical training are
not available, which also applies to other surgical disciplines. In litera-
ture, especially concerning orthopedics and general surgery, the focus is
on the evaluation of safety and quality as well as the benefit of different
training technologies (Chen et al., 2020; Bresler et al., 2020; Passman
et al., 2007; Huri et al., 2021; Vaughan et al., 2016; Mabrey et al., 2010;
Müller and Bockholt, 1998; Skertich et al., 2021; Verhey et al., 2020;
Sankaranarayanan et al., 2021). According to the data from our survey,
modern training technology still seems to be used much less compared to
conventional training methods. Nevertheless, our data do not give us the
possibility of comparison to other surgical specialties and hence make
generalization difficult. The fact that most modern training technologies
are relatively new, while in a rapidly progressing developmental process
and sometimes even more expensive than dedicated cadaver prepara-
tions, possibly accounting for their currently low frequency of use. For
the international comparison, especially between countries with high
and low financial resources, we tested the correlation of GDP per capita
of the respective countries with the availability of modern training
methods. A high GDP was found to be a positive predictor for the
availability of modern training technologies. This result is not surprising
if we consider the high initial costs of the modern training technologies.
In contrast, whether the respondent had participated in a course with
modern training technologies in the last 3 years or had been trained with
modern training technology did not demonstrate any statistical associa-
tion to the GDP. On the other hand, there was also a significant associ-
ation (p < 0.05) between the GDP per capita and the availability of
cadaver training in the respective hospitals. Even though the relationship
between the GDP per capita and availability of cadaver training was less
impressive than with the modern training technologies, the effect of a
country's financial resources on the ability to train residents outside the
OR is evident. However, the frequency of use does not answer whether a
training technology is relevant or not.

Therefore, we designed the next part of the survey to be a subjective
evaluation of the respective training methods. Unsurprisingly, practical
training on a patient in the OR was indicated as the most valuable
method, and a large body of pro- and retrospective data supports that
“hands-on” neurosurgical training for many basic and advanced pro-
cedures is safe (Stienen et al., 2014, 2015; Joswig et al., 2016a, 2016b,
2017a, 2017b; Maldaner et al., 2018; Vasella et al., 2019; Ebner et al.,
2010). Coming closest to the goal of the “real OR scenario” and most
authentic training situation influences the perceived value of a training
method. On average, the conventional training method “cadaver lab”
received the second highest rating. Differences between the
gold-standard (training in the OR) and all other training methods were
highly statistically significant (p< 0.001). Interestingly, respondents also
considered the conventional cadaver lab training as superior to all
modern training technologies. An objective and comparable evaluation
of the different training technologies in terms of performance and gain of
surgical skill is still pending. Despite the subordinate average evaluation
compared to the gold-standard, individual consideration of the modern
training technologies indicated high degrees of value for many re-
spondents. Considering the technology-related limitations, specific ad-
vantages of the respective techniques also become apparent. Despite the
mediocre ratings in this survey, modern training technologies will surely
be important components of future neurosurgical training.
5

4.1. Strengths and limitations

This survey provides the first figures on the frequency of use of
various modern and conventional training technologies. The data can
serve as a reference for further studies and questions in this context.
Furthermore, the survey gives a first impression of the subjective eval-
uation of the different training technologies, which can be compared to
the gold standard of training in the OR. The results are relevant for the
industry, for residency program directors and those involved in health
politics.

The limitations of this work relate mainly to the nature of data
collection. In this type of survey, voluntary, non-incentivized participa-
tion and subjective evaluation lead to bias. Furthermore, a low survey
response rate in general and relatively low participation from high GDP
countries leads to methodologically limited assessability and bias in the
results. The low response rate from North America, Asia and Africa also
complicates the analysis in an international comparison and does not
allow generalization to these regions.

5. Conclusions

This EANS Young Neurosurgeons survey reveals that cadaver labs are
still used more frequently than AR/VR or other surgical simulators
available for neurosurgical training. Hands-on training in the OR was
rated significantly more valuable than any conventional or any modern
training technology. Our data suggests that while different training
technologies are well perceived and can surely add to the training of
neurosurgeons, for neurosurgeons and residents alike, it remains critical
to ensure sufficient OR exposure.
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