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Abstract

Background Neurosurgical training has been traditionally based on an apprenticeship model. However, restrictions on clinical
exposure reduce trainees’ operative experience. Simulation models may allow for a more efficient, feasible, and time-effective
acquisition of skills. Our objectives were to use face, content, and construct validity to review the use of simulation models
in neurosurgical education.

Methods PubMed, Web of Science, and Scopus were queried for eligible studies. After excluding duplicates, 1204 studies
were screened. Eighteen studies were included in the final review.

Results Neurosurgical skills assessed included aneurysm clipping (n=6), craniotomy and burr hole drilling (n=2), tumour
resection (n=4), and vessel suturing (n=3). All studies assessed face validity, 11 assessed content, and 6 assessed construct
validity. Animal models (n=35), synthetic models (n="7), and VR models (n=6) were assessed. In face validation, all studies
rated visual realism favourably, but haptic realism was key limitation. The synthetic models ranked a high median tactile
realism (4 out of 5) compared to other models. Assessment of content validity showed positive findings for anatomical and
procedural education, but the models provided more benefit to the novice than the experienced group. The cadaver models
were perceived to be the most anatomically realistic by study participants. Construct validity showed a statistically significant
proficiency increase among the junior group compared to the senior group across all modalities.

Conclusion Our review highlights evidence on the feasibility of implementing simulation models in neurosurgical train-
ing. Studies should include predictive validity to assess future skill on an individual on whom the same procedure will
be administered. This study shows that future neurosurgical training systems call for surgical simulation and objectively
validated models.

Keywords Surgical; Surgical simulation - Neurosurgical simulation - Neurosurgical education - Neurosimulation -
Residency training - Construct/content/face validity

Introduction
An abstract including some of these findings was presented at
the European Association for Neurosurgical Societies conference Simulation is an educational technique where a trainee
2020. interacts with an environment that either recreates or rep-

licates a real-world clinical scenario in a risk-free atmos-
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synthetic/physical bench models, and virtual reality (VR)
models [21, 30]. Simulation has been rapidly utilised in sur-
gery, especially in high-income countries [65].
Neurosurgical training has been traditionally based on a
model of apprenticeship (“see one, do one, teach one”) [12,
16], where theoretical and practical learning take place in
operating rooms (OR) [28, 30]. However, challenges associ-
ated with this apprenticeship system include financial con-
straints of the healthcare system and teaching in the OR
[40], restrictions on working hours [14], worsening patient
outcomes [52], and limited clinical exposure and operation
opportunities due to increasing ethical and medico-legal
constraints [20, 55]. Neurosurgeons perform a mean number
of 223 cases a year, which are widely varied and unique in
technical competence [23]. Together with the restrictions on
training hours, trainees might not encounter a similar proce-
dure often, limiting opportunities for surgical training. This
has been exacerbated by the COVID-19 pandemic, as seen
by a marked reduction in elective and non-essential neuro-
surgical cases and redeployment of neurosurgeons to the
intensive care unit, overwhelming even affluent healthcare

)

systems [26, 56, 62, 67]. This has further reduced opportuni-
ties to perform neurosurgical procedures, impacting training
[10]. Therefore, it is more relevant now than ever to continue
developing simulation models to not only allow trainees to
repeatedly perform procedures in a controlled environment,
but also remotely (Fig. 1).

Medical simulation serves as an alternative for time-effec-
tive acquisition of skills [2, 21, 22], with the resultant shift
of learning curve away from the patient [2, 21]. Simulation
allows trainees to learn from and make errors in a safe envi-
ronment as incorrect or technically demanding tasks can be
performed to completion [17, 21, 30]. The efficacy of simu-
lation on acquisition and development of technical skills is
shown by improvement of objective performance metrics
when skills learned from simulator-training are translated
into the OR [16, 17, 21]. However, medical and surgical
simulations must be evaluated as educational tools. Evalua-
tion of simulation models is based on subjective and objec-
tive validation [68]. Face and content validity are types of
subjective validity, evaluated by questionnaires. Face valid-
ity examines the realism of a simulator and difficulty level
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similarity in comparison to real training tasks, whilst con-
tent validity assesses the model’s effectiveness during a spe-
cific skill training to improve participants’ techniques [68].
Whilst these are subjective methods, construct validity is an
objective method that considers the ability of a simulator to
differentiate levels of skill competence [22, 47].

Previous reviews have explored developing neurosurgi-
cal simulation-based training [16, 30, 49], discussing the
strengths and limitations of various simulation models.
Simulations included in the reviews are also mostly limited
to either physical or virtual reality simulators, showing that
there is a gap in literature in assessing an extensive variety
of simulator types. Furthermore, the type of neurosurgical
procedures included is random, limiting our understand-
ing of which neurosurgical skill or procedure can be best
simulated by a specific simulator type. The ultimate goal
of simulation is to ensure that skills learnt from the simu-
lator can be transferred to the OR, inadequately explored
in these reviews. Important work on simulation models is
underway but current studies examining surgical simulation
methods do not have a comprehensive approach to apply-
ing validation methods to assess simulator models. Whilst
there is early cause for simulation to develop surgical skills,
there is a gap in literature in establishing the use-case and
quantifying the impact of surgical education on surgical skill
acquisition and improvement.

This study, therefore, aims to reduce the gap in literature
by reviewing simulation models in neurosurgical education
and training for specific neurosurgical procedures: burr hole
incision/craniotomy/craniectomy, aneurysm clipping, vessel
suturing, skull-based tumour resection using face, content,
and construct validity. These 4 skull-base neurosurgical pro-
cedures were chosen from documental analysis as they were
most extensively evaluated in literature. These neurosurgi-
cal procedures are also part of the neurosurgical curriculum
guidelines set by national associations including the Con-
gress of Neurological Surgeons, American Association of
Neurological Surgeons, General Medical Council, and Royal
Australasian College of Surgeons.

Materials and methods
Search strategy

A comprehensive search was performed in PubMed, Web
of Science, and Scopus, in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines up until September 2019 using prede-
fined search terms. Search terminology for PubMed has been
listed in Appendix 1. Identified abstracts and full-text papers
were reviewed by two independent reviewers (SC, SD)
against predefined inclusion and exclusion criteria to assess

eligibility using Covidence® software [30]. A third reviewer
(RR) resolved any discrepancy that occurred between the 2
authors after full-text screening. Our protocol has been pub-
lished on PROSPERO under number: CRD42020141703.

Assessment of eligibility

Retrospective and prospective observational studies, ran-
domised controlled trials, and case series that reported
simulations used in skull-based neurosurgery education
and/or training with reported outcomes were included.
Case reports, systematic reviews, and articles written in
languages other than English were excluded. Articles men-
tioning participants from any specialty and training level
using the neurosurgical simulation models were included in
the study. Articles that mentioned any neurosurgical simula-
tion model for 4 such neurosurgical procedures (burr hole
incision/craniotomy/craniectomy, aneurysm clipping, vessel
suturing, and tumour resection) were selected. Studies that
reported measurable outcomes with validated assessment
tools of skill acquisition were included. Simulation models
that did not report haptic feedback were excluded.

Data extraction

A pre-designed excel sheet was used to extract and organ-
ise data into categories by two independent authors (SC,
SD). Data extracted included study characteristics (name
of first author, year of publication, title, name of journal,
study design), population characteristics, model characteris-
tics (type of neurosurgical skill, neurosurgical subspecialty),
and outcome evaluation (type of assessment tool, reported
outcomes relating to face, content, and construct validity)
(Tables 1 and 2).

Quality assessment

The Medical Education Research Study Quality Instrument
(MERSQI) was used for a methodological evaluation of
included studies [18, 53]. MERSQI is a reliable tool created
for the critical appraisal of medical education research [18,
63]. The maximum number of points scored on the MERSQI
scale is 18 points.

This tool evaluates study design, sampling, data type,
validity of evaluation, data analysis, and study outcomes.
The MERSQI tool was used due to the high validity of this
tool, assessed using 3 criteria. These included correlating
global quality ratings from 2 independent experts in medi-
cal education research, examining the association between
MERSQI scores and the impact factor of the publishing jour-
nal, and performing a simple linear regression to measure
the association between MERSQI scores and citation rate
and impact factor. This assessment found that total MERSQI
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scores were highly correlated with the median quality rat-
ing of the 2 independent experts (p =0.73) and agreement
between the 2 experts was excellent (ICC, 0.80; 95% CI,
0.49-0.85). The scores were significantly associated with
a high 3-year citation rate and journal impact factor [53].

Results

A total of 1507 publications were initially identified across
all searched databases. After removal of duplicates, 1204
studies were identified for title and abstract screening. Of
these, 208 studies were eligible for full text screening and
18 studies were included in the final review (Fig. 2). Gen-
eral characteristics of the study and the type of simulation
and procedure are presented in Table 1. Model characteris-
tics assessed by face, content, and construct validity can be
found in Table 2.

The studies conducted by Belykh et al. (2016) [12] and
Belykh et al. (2017) [13] potentially used the same cohort
to assess neurosurgical skills on the placenta. Despite this
overlap, Belykh et al. (2016) [12] assessed vessel suturing,
and Belykh et al. (2017) [13] assessed aneurysm clipping.
Therefore, both studies were included in this review as the
studies assessed different neurosurgical skills.

Study characteristics
Simulation models

The neurosurgical skills assessed were aneurysm clipping
(n=6) [1, 13, 27, 39, 42, 70], craniotomy and burr hole
drilling (n=2) [19, 46], tumour resection (n=4) [7, 25, 33,
69] and vessel suturing—vascular anastomosis (n=1) [22],
vessel suturing—micro-anastomosis (n =2) [6, 13]. Multiple
neurosurgical procedures assessed by the studies included
aneurysm clipping and craniotomy (n=1) [1] and vessel
suturing and aneurysm clipping (n=1) [22] (Table 1). These
skills were simulated on animal models (n=15), synthetic
models (n=7) [6, 7, 19, 39, 42, 60, 70], and using VR (n=06)
[3, 25, 27, 46, 69, 72]. Animal models included cadavers
(n=2) [1, 22], animal placenta (n=3) [12, 13, 22], and live
rats (n=1) [33].

Model validation

All studies assessed face validity, 11 studies assessed content
validity [1, 3, 7, 22, 25, 27, 33, 39, 46, 60, 69], and 6 stud-
ies assessed construct validity of the models [6, 12, 13, 19,
25, 69]. Assessment of construct validity involved distin-
guishing the improvement of participants at different levels
of experience and expertise. The mean MERSQI score of

included studies was 10.5. Complete results of the MERSQI
tool can be found in Appendix 2.

Sub-group analysis
Aneurysm clipping

Aneurysm clipping in five included studies was simulated by
a cadaver model [1], placenta model [13], 3D printed mod-
els (n=3) [39, 42, 70], and one VR model [27] (Table 1).
Belykh et al., 2017 [13] used the Objective Structured
Assessment of Aneurysm Clipping Skills tool and Aneurysm
Clipping Participant Survey, whilst other studies used either
a 5-point [1, 27, 39] or a 4-point Likert scale questionnaire
[42]. The scale used in all studies indicated that 1 referred
to participants strongly disagreeing with the question, and
the highest value indicating strong agreement.

All studies validated their models using face validity [1,
13, 27, 39, 42, 70] and 3 studies used both face and con-
tent validity [1, 27, 39] (Table 2). All studies conferred on
participants either agreeing or strongly agreeing that the
model was a true simulation of the aneurysm clipping in
a surgical environment. Eighty to ninety-nine per cent of
participants favourably reported that the model realistically
simulated anatomy of aneurysm [1, 39], whilst 89—100% of
participants agreed that simulation models to train aneurysm
clipping should be integrated in neurosurgical training [1,
27, 39]. Content validity was assessed via questionnaires on
the physical aspects of the simulation model. Respondents
ranked their understanding of structure and location of an
aneurysm favourably as either “excellent” or with a median
score of 4.8 out of 5 [42]. Compared to existing models
of live animals for micro-anastomosis training, the models
included were rated as superior by the majority of partici-
pants (97-99%) [1]. Only Belykh et al. (2017) assessed con-
struct validity, showing that the participants with the least
experience scored 0-28 points, whilst the group with the
intermediate experience scored 29-39 and the attending
group was at 40—45 point-intervals using the model [13].

Craniotomy/burr hole drilling

Craniotomy and burr hole drilling were assessed using two
VR models and one synthetic model [19]. The VR models
included a phantom-based training system [46], and a virtual
isomorphic haptic model [72]. Face validity was assessed
by all studies, content validity was assessed in 1 study [46],
and another study used construct validity to assess the profi-
ciency of craniotomy/burr hole drilling among their partici-
pants [19] (Table 1). Using a 5-point Likert scale to assess
face validity, participants found a high median visual and
tactile realism with respondents ranking the tool as “useful”

@ Springer
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Table 2 (continued)

&

Construct

Content

Scale
Face

Reported outcome

Assessment

Participant level, n

Author, year

Springer

NA

All assessors (neurosurgeons)

Comparison of simulator with real

surgery; mean (SD)

5-point Likert scale

(Face: 5
4
2

Face: Questionnaire

Content:

Neurosurgery residents

De Oliveira et al.,

evaluated the residents’

exactly like,
very similar, 3 =similar, Aneurysm clipping: 4.0 (0.43)

little similarity, 1 =not

(PGY4), 3

2018

performance of aneurysm

Rating by neurosur-

clipping on placenta: 4 (0.0)
Aneurysm clipping on cadaver:

Aneurysm rupture management: 3.3

(0.49)

geons

similar)

4(0.0)
Aneurysm clipping on video:

Real surgery anatomical repro-duction

during simulation: NA

(Content: 1 =not able to
do the task; 2

=poor

1.67 (0.47)

Time in mins to complete the entire

simulation: 34.5 (12.3)

technique (imprecise hand
manoeuvres, not reaching

end target); 3 =reasonable

technique (imprecise hand
manoeuvres proximally,
with end target reached

after many tries); 4

good

technique (precise hands

movements with end target

reached at first)

and “extremely useful” [19]. In terms of construct validity,
the study demonstrated that the novice group experienced
the greatest increase in confidence in performing craniotomy
in comparison to the experienced group [19]. Upon assess-
ment of content validity, the model scored highly on haptic
feedback [46].

Aneurysm clipping and craniotomy

Studies that assessed both aneurysm clipping and cra-
niotomy used VR [3] and 3D printed synthetic models
[60] (Table 1). Both studies validated their models using
questionnaires; Ryan et al. (2016) [60] used a Likert
scale and Alaraj et al. (2015) [3] used a combination of
yes/no dichotomous responses, a Likert scale, and free-
text responses. Alaraj et al. (2015) [3] evaluated both
face validity and content validity, whereas Ryan et al.
(2016) [60] only considered face validity. Both studies
found high ratings for “usefulness” and increasing under-
standing of the aneurysm (Table 2). Although the VR
model was rated favourably for its use, it was limited by
haptic realism as only 12% of participants agreed that it
was realistic. Conversely, the patient-derived 3D printed
aneurysm models [60] found higher ratings for realism
of the artery (4.4) with lower ratings for clip application
and bone drilling (4.1). This contrast between the two
models is expected given the haptic realism of the 3D
printed models.

Tumour resection

Tumour resection was assessed on a synthetic model [7],
live rats [33], and two VR models [25, 69]. All studies
used questionnaires to evaluate their models. Gelinas-
Phaneuf et al. (2014) [25] and Vloeberghs et al. (2007)
[69] used 5-point Likert scales. Ashour et al. (2016) [7]
reported a percentage and Jaimovich et al. (2016) [33]
used a rating scale of “excellent”, “good”, and “fair”.
All studies evaluated both face and content validity with
Gelinas-Phaneuf et al. (2014) [25] also reporting con-
struct validity. In Ashour’s study, the synthetic model
was rated > 90% for face validity and > 80% for content
validity (Table 2) [7]. Similarly, realism of the live rat
model was rated highly [33] (Table 2). Content valida-
tion showed all participants upskilling after the use of
the simulator (Table 2). Both studies using VR used the
5-point Likert scale and had favourable ratings for vis-
ual realism. However, the models did not provide faith-
ful sensory realism. In assessing Gelinas-Phaneuf’s VR
model, construct validity revealed a significant difference
between medical students as compared to junior and sen-
ior residents (p < 0.05) but no difference between junior
and senior residents [25].
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Fig.2 PRISMA 2009 Diagram
for included studies

Eligibility Screening Identification

Included

Vessel suturing

Aoun et al. (2015) [16] and Belykh et al. (2016) [12]
assessed end-to-side micro-anastomosis techniques on syn-
thetic and placenta models, respectively (Table 1). Both
assessed face and construct validity. Participants from both
studies agreed that the respective models were suitable in
replicating the real surgical technique. Both studies used
the Northwestern Objective Microanastomosis Assessment
Tool to assess construct validity. The mean NOMAT score
of the untrained group was significantly lower than that of
the trained group in the studies by Aoun et al. (2015) [6]
(p=0.02) and Belykh et al. (2016) [12] (p=0.01).

Tumour resection and aneurysm clipping

De Oliveira et al. (2019) [49] compared a placenta model
with a cadaver model to evaluate vessel suturing and

E PRISMA 2009 Flow Diagram

Records identified through
database searching
(n= 1507)

Records after duplicates removed
(n= 1204)

Records excluded
(n=996)

Records screened
(n=1204)

Full-text articles excluded, with
reasons

Full-text articles assessed (n=188)
for eligibility
(n=208) 55 - Models that did not mention

at least one of the 4 types of
neurosurgical procedures

53 - Wrong outcomes reported
29 - Systematic reviews

17 - Duplicates

8 - Commentary/Editorial

7 - Non-English language

7 - Not a simulation

5 - Models that did not provide
haptic/tactile feedback

4 - Papers that could not be
accessed

4 - Non skull-based neurosurgical
simulation model

1 - Case report

Studies included in
qualitative synthesis
(n=18)

aneurysm clipping skills (Table 1). The study used a ques-
tionnaire for face validity and ratings by neurosurgeons of
the neurosurgery residents’ performance for content validity.
On assessment of face validity, the simulator scored > =4
for microscope and microsurgical instruments handling (5),
bipolar coagulation of bleeding microvessels (5), and aneu-
rysm clipping (4). However, there were lower ratings for
aneurysm rupture management (3.3) and aneurysm neck and
dome dissection (3.8). Regarding content validity, there was
no difference between the ratings received by residents (4)
for the placenta and cadaver model (Table 2).

Discussion
Our systematic review highlighted early evidence of the

feasibility and utility of using simulation models in neuro-
surgical training and education. Existing systematic reviews
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[9, 16, 30, 44, 53, 59] have evaluated the utility and effi-
cacy of simulation models in neurosurgical education and
training. However, to our knowledge, there are no previous
reviews assessing these 4 neurosurgical procedures/skills:
craniotomy/burr hole drilling, aneurysm clipping, vessel
suturing, and tumour resection using face, content, and
construct validity. These are validation methods in medical
education which provide a framework for evaluating the util-
ity of simulation models. The MERSQI tool evidenced the
quality of the studies included being moderate. The strengths
of the included studies were high response rates and appro-
priateness of data analysis, whereas main weaknesses were
failing to evaluate the simulations in more than one institu-
tion, study design, and poor validation of the qualitative and
quantitative tools used for assessment. Face, content, and
construct validity are discussed for all 4 simulation model
types included in our study.

Human cadaver models

Both studies examining cadaver models found high ratings
for face validity [1, 22]. Upon assessment of content valid-
ity, a majority of participants from Aboud et al. (2015) [1]
found cadaveric intraoperative rupture to be realistic and
superior to existing models for cerebral revascularisation.
The cadaveric model outperformed the placental model for
face validity [22] (although no differences were seen in con-
tent validity). Other studies comparing cadaveric models to
physical and haptic simulators have shown they accrue the
highest reported benefit for skill improvement [24]. Cadav-
ers are known to simulate tissue dissection, bleeding, and
pulsation with high fidelity [1, 54]. In line with literature,
our findings demonstrate that cadavers are useful and effec-
tive for cranial procedures and manipulating soft tissues
[57]. Despite their fidelity, cadaver models were the least
commonly found simulation model in this review [1, 22].
This is in keeping with the decreasing prevalence of cadaver
models in surgical training owing to high costs, low cadaver
availability, and ethical issues [22, 49, 57].

Animal/tissue models (placenta)

Similar to cadavers, all three studies using animal or tissue
models found favourable results for face validity. Placenta
models [13, 22] successfully discriminated between com-
petence levels, whilst the live rat models confirmed skill
improvement after practicing with the model [22, 33]. Our
results are consistent with literature findings that tissue and
animal models are favoured due to neuroanatomical and
neurovascular similarities [44]. Specifically, the large- and
small-necked aneurysms present in placenta have been an
excellent model in simulating microsurgical skills such as
aneurysm clipping [41]. Furthermore, the resemblance of

@ Springer

brain tumours in rats to that in humans has served as a use-
ful model for neuro-oncology procedures [38]. However, the
paucity of animal models in our study reflects the downward
trend of using animal models due to issues of animal rights,
ethical concerns, and difficulty in procuring large numbers
of animals [8, 54, 61].

Virtual reality (VR)

Six studies used VR models [3, 25, 27, 46, 69, 72]. Our
study revealed favourable ratings for face validity compar-
ing the appearance of the VR models to real surgery reveal-
ing the benefits of the model for anatomic understanding.
However, participants of all six VR studies reported low
haptic fidelity (Table 2). Therefore, haptic sensation was a
key limitation to the success of VR models in our study,
similarly found in robotic surgery where a lack of haptics
limited surgical skill development [48]. Nevertheless, actua-
tors, which apply force-feedback, are improving with rapid
response times. This includes electroactive polymers, pie-
zoelectric, electrostatic, and subsonic audio wave surface
actuations that allow for improved sensory feedback [35,
73]. With the advancement of computer graphics, the visual
realism of VR simulations continues to further improve and
allows for realistic anatomical representations [9, 59]. Over-
all, VR models provide performance metrics that have been
strongly correlated to skills in the OR [9, 36].

Synthetic models

Synthetic models (non-flesh) are traditionally low-fidelity
simulations [9] used for fine motor specific skills such as
suturing [6], tumour resection [7], aneurysm clipping [39,
42, 70], and burr holes [19, 60]. Synthetic models that simu-
lated aneurysm clipping had high face validity and content
validity in improving understanding of structure of the aneu-
rysm in relation to the parent artery [39]. Similarly, syn-
thetic models simulating craniotomy had high face validity
(=4) on a Likert scale [19] and provided most benefit to
the novice group compared to experienced group [19], an
objective indicator to favour the model. Ashour et al. [7] also
showed significant skill improvement (94%). This is simi-
larly reflected in literature where synthetic simulators have
shown to translate skills from simulations to surgical per-
formance [5, 29, 41]. Compared to aforementioned models,
synthetic models have low overall costs [49, 71], are easily
handled (avoiding the regulations around animal or cadav-
eric tissue) [49], and provide a safe, controlled environ-
ment. Potential limitations include the lack of repeated use
of models, increased cost of synthetic models and the lack
of realism compared to human cadaveric or animal models
[9]. Despite this, advancements in 3D printing technology
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allows for increasingly realistic and readily available simula-
tion models. This makes training more accessible without
significant financial investment.

COVID-19 and simulation models
in neurosurgery

Development of novel learning modalities such as virtual
reality, tele-simulations, and synthetic models have been
accelerated during the COVID-19 pandemic [31]. However,
many simulation models in neurosurgery are expensive and
nascent in development. Nevertheless, there is a pressing
need for these models due to the concerns of surgical train-
ing education which includes being exposed to fewer cases
with complex operative techniques and limited patient inter-
action [44, 62, 66].

Based on our review and current literature findings on
residents’ concerns of surgical training in the pandemic,
synthetic models, due to their visual and haptic realism, are
the most convenient forms of simulation models to be used
safely in remote settings. However, with the rapid advent of
technology spurred on by the pandemic, VR models using
haptic feedback technologies show promise. Despite the ana-
tomical and haptic realness of cadaver and animal models,
there is a downward trend in their use given procurement
costs, storage, and ethical issues. This is reflected in our
review where VR and synthetic models were most com-
monly used, with only two and three studies using cadaver
or animal models, respectively.

These findings provide significant benefits for remote
training in lower- and middle-income countries where max-
imising efficiency of surgical training is essential given over
95% of the population lacks access to basic surgical care
[43]. These countries face barriers to incorporate simulated
training including high costs, finding an appropriate training
environment, and storage of cadaveric and animal material
[15]. However, development of virtual learning platforms,
remote tele-simulation [34], and the development of low-
cost high-fidelity VR platforms [4, 50] could broaden oppor-
tunities for education. Our findings showed that synthetic
and virtual platforms have been used to simulate key neuro-
surgical procedures, further demonstrating their applicability
in low- and middle-income countries.

Strengths and limitations

Limitations of this review must be considered, many of
which are related to restrictions in medical education
research and the associated ethical barriers. Additionally,
there is no consensus on the gold standard to assess medi-
cal and surgical education outcomes. Construct validity has

been perceived by few validity theorists to be “the whole of
validity from a scientific point of view” [58]. However, only
five studies assessed construct validity, whilst most studies
included assessed face and content which are considered to
be “subjective”.

A major limitation of our paper is the lack of inclusion
of predictive validity, considered an “ultimate” assessment
to establish validity of an educational tool [47]. On post
hoc analysis, we found that none of the included studies
evaluated predictive validity. Predictive validity refers to the
accuracy of prediction made by a model or test to confirm
the future skill of an individual on whom the same model or
test will be applied [47, 64]. However, assessing predictive
validity is logistically impractical as it requires long-term
follow-up. Furthermore, there is a lack of literature assessing
simulation models according to the various validity types,
possibly attributed to a lack of medical education tools in a
surgical setting. This is also echoed by a recent systematic
review [51] which calls for a prevalent use of validity scor-
ing methodology to assess simulation tools and translation
of these models in the OR. Additionally, there is a paucity of
studies addressing all 3 validity scales to assess simulation
models. Due to the heterogeneity in research methodology,
study design, and types of outcomes reported, a meta-anal-
ysis was not conducted. This reveals the need for objective
validation methodology for simulation methods.

However, the paper also had several strengths; according
to our knowledge, this review is the first to address 4 major
neurosurgical skills using various modalities of training,
assessed by face, content, and construct validity. Existing
reviews that discussed neurosurgical skills using face, con-
tent, and construct validity only cover a specific neurosurgi-
cal procedure or model type [11, 51]. Therefore, our review
is the first to review these skills using an appraised method
of validating simulation models. Furthermore, strong con-
sensus in the literature shows the MERSQI tool as a robust
tool of choice for critical appraisal of the medical education
research included in this study [18, 63].

Future work should aim to develop a standardised
approach to assessing neurosurgical simulation tools using
face, content, and construct validity. Currently, there is a
lack of consistent reporting of objective validation methods.
A review of 83 studies on surgical simulation reported 60%
targeted construct validity, 24% targeted concurrent valid-
ity, and 5% looked at predictive validity [47]. Similarly, our
review found that although a majority of included studies
reported subjective validation methods such as face (n=18),
and to a lesser extent, content validity (n=11), there was
a relative lack of reporting construct validity (n=6). We,
therefore, propose developing a simulation assessment
template, which incorporates both subjective and objective
validation assessments, adapted for various neurosurgical
skills identified in this review. This will allow simulation
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sites to collect adequate data to validate their models whilst
saving them from time-intensive work to build new validity
questionnaires for every simulation model.

Additionally, further work should examine how to facili-
tate the collection of data on predictive validity. Establishing
predictive validity for simulators is essential given that the
goal of simulation is the improved ability in the OR. This
must therefore be assessed in studies evaluating simulation
tools. However, doing this remains difficult for researchers
to implement in practical terms. Possible options that may
facilitate this are a digital survey form or a mobile app for
surgeons or their supervisors to assess in-theatre perfor-
mance that can then be compared to the simulator score.

Conclusion

This review assessed neurosurgical simulation models
using face, content, and construct validity, and reported an
increased use of simulation models in neurosurgical training.
Whilst synthetic models are currently the most convenient
and practical, especially during the COVID-19 crisis, VR
models were found promising due the visual realism and
improved haptic feedback technology. This also provides
neurosurgical educators tools and assessment methods for
simulation.

Although surgical simulation models receive generally
positive feedback from trainees, comparing results among
different studies were limited by the heterogeneity among
studies. Moreover, studies examining simulation methods
seldom use objective validation methods such as construct
and predictive validity. Future work should examine how
to facilitate the collection of objective validity, and aim to
create a simulation assessment template that can be adapted
for various neurosurgical simulation models.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00701-021-05003-x.
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Comments

The authors should be commended for their effort and for drawing
attention to the face, content and construct validity elements of simulation
studies in neurosurgery. As in most surgical specialties, hundreds of
various training tricks and techniques are published, ranging from simple
exercises to highly complex simulators. Simply publishing a concept
paper on a simulation idea is no longer sufficient. In the absence of
validation studies, the question must always be: Why is this particular
simulator/training technique necessary? Also, without validation studies,
most of these simulators are no more than very expensive toys that give a
training programme a “high-tech” edge.

This review further exposes the most important and likely the most
painful aspect of validation studies: none of them assesses predictive
validity. Predictive validity refers to the ability of a simulation to lead
to improved skill intra-operatively and ultimately lead to better patient
outcomes. While it is evident that training alone can improve skill,
a scientific manuscript claiming the validity of a certain technique
claims improved skill and patient outcomes through training with that
particular technique/simulator. The question is whether this effect
relates to the simulator or technique itself or simply to the fact that
one trains more. Until better studies appear, one must remain skeptical
of different kinds of simulators that have not been validated and we
must not lose sight of the fact that predictive validity in neurosurgical
simulators is abysmal.

Victor Volovici.
Rotterdam, The Netherlands.
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