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Abstract Introduction Simulation in neurosurgery is a growing trend in medical residency
programs around the world due to the concerns there are about patient safety and the
advancement of surgical technology. Simulation training can improve motor skills in a
safe environment before the actual setting is initiated in the operating room. The aim
of this review is to identify articles that describe Brazilian simulators, their validation
status and the level of evidence (LoE).
Methodology This study was conducted using the Preferred Reported Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines. A search was performed in
the Medline, Scielo, and Cochrane Library databases. The studies were evaluated
according to theMedical Education Research Quality Instrument (MERSQI), and the LoE
of the study was established according to the classification system of the Oxford Centre
for Evidence-Based Medicine (OCEBM), which has been adapted by the European
Association of Endoscopic Surgery.
Results Of all the studies included in this review, seven referred to validated
simulators. These 7 studies were assigned an average MERSQI score of 8.57 from 18
possible points. None of the studies was randomized or conducted in a high-fidelity
environment. The best evidence was provided by the studies with the human placenta
model, which received a score of 2b and a degree of recommendation of 3.
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Introduction

The reduction of the working hours of residents in the United
States and Europe has made simulation training a reality in all
surgical specialties.1 Simulation allows residents to acquire a
skill quicker and more safely before they go into the real
scenario of the operating room.2 A recent meta-analysis has
shown the benefits of simulation for motivated individuals
who receive feedback for their performance.3

While simulation training has just started in Brazil and is
taking its first steps, simulators in other countries are devel-
oping as new technologies are now emerging. Simulations are
being done on synthetic models, using virtual reality and 3D
printing,4–6 rather than human cadavers and live animals.
There is now the possibility of pathology-specific training
with an educational purpose and preoperative planning.7,8

Simulation training in neurosurgery has become even
more important because one error can lead to devastating
consequences for the patient. Kirkman et al demonstrated
the benefits of simulation in the first systematic review of
simulation in neurosurgery.9 However, most of the simu-
lators demonstrated were expensive and so would be costly
if they were used in Brazilian neurosurgery simulation
laboratories.

The objectives of this systematic review are: 1. To identify
studies that describe simulation methods developed by
Brazilian neurosurgeons. 2. To determine the quality of the
study, the validation status, the level of evidence (LoE) and
the degree of recommendation.

Material and Methods

This study was conducted by using the approved guidelines
of the Preferred Reported Items for Systematic Reviews and
Meta-Analysis (PRISMA).10

Inclusion and Exclusion Criteria
Articles describing validated and non-validated simulators
for neurosurgical training were included in this review,
while studies describing simulators for lumbar puncture,
central venous access and rhizotomy procedures were ex-
cluded. Articles that were not written in either English or
Portuguese were also excluded.

Information Sources and Search
A search in the databases at Medline, Scielo and Cochrane
Library was performed and the studies took place between
January 1, 1998, and September 29, 2018. The search terms

Conclusion Brazilian simulators can be reproduced in the different laboratories that
are available in the country. The average MERSQI score of Brazilian studies is similar to
the international average score. New studies should be undertaken to seek greater
validation of the simulators and carry out randomized controlled trials.
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Resumo Introdução A simulação em neurocirurgia é uma tendência crescente em programas
de residência médica em todo o mundo devido às preocupações que existem sobre a
segurança do paciente e o avanço da tecnologia cirúrgica. O treinamento com
simulação permite aprimorar as habilidades motoras em um ambiente seguro antes
de partir para o cenário real na sala de cirurgia. O objetivo desta revisão é identificar
artigos que descrevam simuladores brasileiros, determinar o status de validação e nível
de evidência (LoE).
Metodologia Esse estudo foi realizado utilizando o Preferred Reported Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines. Foi realizado uma busca nas
bases de dados Medline, Scielo e Cochrane. Os estudos foram avaliados de acordo com
o Medical Education Research Quality Instrument (MERSQI) e o LoE foi estabelecido de
acordo com o Oxford Centre for Evidence-Based Medicine (OCEBM) adaptado pela
Associação Européia de Cirurgia Endoscópica.
Resultados De todos os estudos incluídos nessa revisão, sete se referiam a simula-
dores validados. Estes receberam uma pontuação MERSQI média de 8,57 de 18 pontos
possíveis. Nenhum dos estudos foi randomizado ou conduzido em ambiente de alta
fidelidade. A melhor evidência foi fornecida pelos estudos com a placenta humana que
recebeu uma pontuação 2b e um grau de recomendação de 3.
Conclusão Os simuladores brasileiros podem ser reproduzidos nos diferentes labo-
ratórios disponíveis no país. O escore médio do MERSQI de estudos brasileiros é
semelhante a pontuação média de estudos internacionais. Novos estudos devem
buscar maior validação dos simuladores e maior nível de evidência com ensaios clínicos
randomizados.
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used were “neurosurgery,” “spine surgery” and “simulation
training” as these were found to provide the largest number
of articles. A more specific search was then performed after-
wards using the terms “skill transfer,” “skill retention,” “motor
performance” and “haptics.”This allowed the researcher tofind
other supplementary studies.

Studies Selection and Data Collection
Articles approved in the inclusion criteria were submitted
to evaluation of their abstracts, according to the PRISMA
protocol. Duplicate papers, conference publications and
articles that were not related to neurosurgery or surgery
simulation were all excluded. The selected studies were
submitted to a full-text evaluation. Articles that did not
describe or validate simulators were also excluded. Studies
with patient-specific planning simulators were considered
simulators. Only studies by the main Brazilian authors were
selected. The relevance tests were performed by two
authors, and the study inclusion was done when consent
had been obtained from both of them. When there was any
disagreement, a third author defined the selection.

Collected Data
The data extracted from each study was categorized accord-
ing to the type of simulator, the neurosurgical subspecialty
addressed, the type of procedure, the validation of the
simulator, the Medical Education Research Study Quality
Instrument (MERSQI)11,12 (►Table 1), and the (LoE of the
study , according to the classification system of the Oxford
Centre for Evidence-Based Medicine (OCEBM), adapted by
the European Association of Endoscopic Surgery13,14

(►Table 2 and 3).
The simulators were categorized according to their neu-

rosurgical subspecialty: vascular, functional, pediatric,
spine, skull base, oncology, trauma, and basic neurosurgery.
The results were then tabulated, and the simulators from
each neurosurgical field grouped. The type of validation of
the simulator was classified, according to the definitions of
McDougall and Van Nortwick et al1 (►Fig. 1). All the studies
were evaluated for the LoE, and the studies’ quantitative
analysis also received a MERSQI score.

Results

Selected Articles
Our search strategy found 512 articles. After the duplicates
and articles that were not published in either English or
Portuguese had been excluded, 494 remained for the screen-
ing of the title. After this stage, 191 articles were submitted
to the abstract evaluation. Two authors agreed on the selec-
tion of 19 papers for a review of the full text version, out of
which 15 were selected for inclusion in this systematic
review (►Fig. 2).

Characteristics of the Selected Studies
The neurosurgery fields that had the largest number of
simulation studies were the vascular and pediatric, with 4
(26.66%) studies each. The most described simulator type

was the human placenta (33.33%), followed by 3D printed
simulators (26.66%), and the synthetic simulators (20%). Only
one study (6.66%) reported the use of virtual ormixed reality.
Eleven studies (73.33%) had the resident’s skill training as
their main purpose and 4 (26.66%) had patient-specific
simulation. The most simulated neurosurgical procedure
was ventricular neuroendoscopy (20%). ►Table 4 shows
the relationship between the type of simulator that was
used for each simulated procedure.

Study Quality and Level of Evidence
Of all the studies included in this review, 7 (46.66%)
referred to simulators that were validated. These studies
were evaluated according to the MERSQI score and they
presented an average score of 8.57 from 18 possible points
(►Table 1). The studies with the highest scores were the
models in the human placenta (MERSQI 12 to 8.5). No
study was randomized to the control group. No studies
were conducted in a high-fidelity environment. Only one
study demonstrated the skill transfer from the simulator to
the surgical center.15 The studies with the best evidence
were the models in the human placenta, which received a
score of 2b and a degree of recommendation of 3
(►Table 5).

Data Synthesis

Validated Simulation Models
Of the 15 studies included in this systematic review, 7
(46.66%) had at least 1 type of validation. The most used of
these were construct and face validity, which occurred in 4
studies (57.14%). Three studies (42.85%) showed content
validity, 2 (28.57%) concurrent validity, and 1 (14.28%)
presented predictive validity. Vascular neurosurgery was
the area that had the highest number of validated studies.

Non-Validated Simulation Models
Eight studies (53.33%) were not validated. Four of them
(50%) were related to patient-specific simulation. A descrip-
tive study using the placenta was subsequently validated in
further studies. The area of pediatric neurosurgery was the
one that presented the most non-validated studies
(►Table 6).

Vascular Neurosurgery
Four studies were presented, with three of them being
validated and one descriptive. The human placenta was the
only type of simulator that was described for vascular
neurosurgery simulation. It was used in the four mentioned
studies. These studies received the highest scientific evi-
dence and the highest MERSQI score. The descriptive study
demonstrated the potential of the placenta for simulation in
vascular neurosurgery16 (LoE—3, level of recommendation
[LoR]—4). The studywith the highestMERSQI score (12) used
the placenta to demonstrate the transfer of skills that are
acquired in the simulator to help with the neurosurgical
procedure15 (LoE 2b, LoR 3). The validated intracranial-
intracranial (IC-IC) bypass model presented the possibility
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of performing several different bypass techniques17 (MERSQI
8.5, LoE 2b, LoR 3). The placenta was also used to demon-
strate how useful it is in simulating endovascular proce-
dures18 (MERSQI 9.5, LoE 3, LoR 4).

Pediatric Neurosurgery
Four studies were presented for simulation in pediatric
neurosurgery, but none of themwere validated. Two studies
were used for patient-specific simulation. Ghizoni et al

Table 1 Medical Education Research Quality Instrument score for validated simulators

Items of the scale
(possible points)

Sub items of the scale (points if present) Number of
studies (%)

Mean

Study design (3) Single group cross-sectional or single group posttest only (1) 4 (57) 1.28

Single group pretest and posttest (1.5) 2 (28)

Nonrandomized, 2 groups (2) 1 (14)

Randomized controlled trial (3) 0.00

Sampling (3) Number of institutions studied:

1 (0.5) 4 (57) 0.5

2 (1) 2 (28)

3 (1.5) 1 (14)

Response rate, %:

Not applicable

< 50 or not reported (0.5) 7 (100)

50–74 (1) 0.00

>75 (1.5) 0.00

Type of data (3) Assessment by study participant (1) 4 (57) 1.85

Objective measurement (3) 3 (42)

Validity of evaluation
instrument (3)

Internal structure:

Not applicable

Not reported (0) 3 (42) 1.14

Reported (1) 4 (57)

Content:

Not applicable

Not reported (0) 3 (42)

Reported (1) 4 (57)

Relationships to other variables:

Not applicable

Not reported (0) 3 (42)

Reported (1) 0.00

Data analysis (3) Appropriateness of analysis:

Data analysis inappropriate for study design or type of data (0) 3 (42) 2.57

Data analysis appropriate for study design or type of data (1) 4 (57)

Complexity of analysis:

Descriptive analysis only (1) 3 (42)

Beyond descriptive analysis (2) 4 (57)

Outcomes (3) Satisfaction, attitudes, perceptions, opinions, general facts (1) 4 (57) 1.21

Knowledge, skills (1,5) 3 (42)

Behaviors (2) 0.00

Patient/health care outcome (3) 0.00

Total score 8.57
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demonstrated the use of 3D printing in both planning and
preoperative simulation in three cases of craniosynostosis.19

Coelho et al performed the patient-specific simulation for an
encephalocele on the face using a multimaterial 3D print.
This was later replicated in surgery.20

Coelho et al presented two studies with the same simula-
tor (ASPEN) that was developed for the simulation of cranio-
synostosis and ventricular neuroendoscopy.21,22 The studies
of pediatric neurosurgery were evaluated with a LoE of 3 e a
LoR of 4.

Neurosurgical Oncology
Two studies were included with simulators to remove brain
tumors. Both of these simulators were validated. Oliveira et al
described the use of the human placenta to simulate micro-
surgery for an intracranial tumor.23 (MERSQI 9.5, LoE 2b, LoR
3). Filho et al described and validated a synthetic simulator
called SinusModelOto-RhinoNeuroTrainer (S.I.M.O.N.T.)24 for
the simulation of neuroendoscopy for the resection of a
ventricular tumor (MERSQI 9.5, LoE 2b, LoR 3) and access to
the base of the skull.

Spine
Two simulators were described for the spine. One simulator
underwent validation and the other was a patient-specific
simulation description. Coelho et al described and validated a
simulator to perform lumbar spine procedures, such as
arthrodesis and laminectomy.25 They used the mixed reality
that combines virtual reality with the synthetic model
(MERSQI 5.5, LoE 3, LoR 4). Paiva et al described the patient-
specific simulation with a 3D printed model for surgical
planning of a corpectomy and removal of a complex tumor
in the cervical spine26 (LoE 3, LoR 4).

Basic Neurosurgery
There was no validation for any of the three studies that
were related to the basic procedures of neurosurgery.
Drummond-Braga et al described the use of a coconut fruit
as a simulator for cerebrospinal fluid leak avoidance during
craniotomy for residents of the first year.27 Ferreira et al
described a method that is used for dilation of the ventric-
ular system in cadavers to simulate ventricular endosco-
py.28 Grillo et al presented the creation of a phantom used

Table 2 Modified levels of evidence classification for validation
studies, adapted from the Oxford Centre for Evidence-Based
Medicine classification by the European Association of Endoscopic
Surgeons (Carter et al, 2005)

Level of
evidence

Criteria

1a Systematic reviews (meta-analysis) containing at
least some trial of level 1b evidence, in which
results of separate, independently controlled trials
are consistent

1b Randomized controlled trial of good quality and of
adequate sample size (power calculations)

2a Randomized trials of reasonable quality and/or of
inadequate sample size

2b Nonrandomized trials, comparative research
(parallel cohort)

2c Nonrandomized trials, comparative research
(historical cohort, literature controls)

3 Nonrandomized, non-comparative trials,
descriptive research

4 Expert opinions, including the opinion of Work
Group members

Table 3 Levels of recommendation for training models, adapted
from theOxford Centre for Evidence-BasedMedicine Classification
by the European Association of Endoscopic Surgeons (Carter et al,
2005)

Level of
evidence

Criteria

1 Based on one systematic review (1a) or at least two
independently conducted research projects
classified as 1b

2 Based on at least two independently conducted
research projects classified as level 2a or 2b, within
concordance

3 Based on one independently conducted research
project level 2b, or at least two trials of level 3,
within concordance

4 Based on one trial at level 3 or multiple expert
opinions, including the opinions of Work Group
members (e.g., level 4)

Fig. 1 Types of validity. Definitions from McDougall et al; van Nortwick et al.30,31 Translated by Aydin et al.1 Current Status of Simulation and
Training Models in Urological Surgery: A Systematic Review. DOI: 10.1016/j.juro.2016.01.131.
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Fig. 2 Preferred Reported Items for Systematic Reviews and Meta-Analysis flow diagram.

Table 4 Type of simulator used for training in each neurosurgical procedure

Subspeciality Procedure Human
Placenta

Synthetic
Model

3D
Printing

Mixed
Reality

Corpse Fruit

Neurovascular Vascular microsurgery x

Intracranial bypass x

Angiography/ Endovascular x

Microsurgery aneurysm x

Neuropediatric Neuroendoscopy x

Craniosynostosis x x

Meningocele x

Neuroncology Microsurgery for tumor x

Neuroendoscopy x

Spine Arthrodesis x

Corpectomy x

Basic
Neurosurgery

Craniotomy x

Anatomy x

External ventricular
drain/neuroendoscopy

x
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for neurosurgical training and preoperative planning.29 All
the studies in this area were classified according to their
LoE, which was 3, and the LoR, which was 4.►Table 7 shows
a summary of each study’s main characteristics.

Discussion

The Brazilian studies that underwent validation presented
an average score of 8.56 points in the MERSQI. This value
approximates the score described in the systematic review
by Kirkman et al in 2014 (9.21 points).8 The worst scores
were received by validation topics that related to study
designs and the number of institutions involved.

Fewof the studies on simulationwere able to demonstrate
the transfer of skills from the simulator to the surgical room.2

However, in 2018, Oliveira et al were able to demonstrate the
transfer of an acquired ability in simulations of vascular
microsurgery in the placenta to the real scenario in aneu-
rysm surgeries. It was the only Brazilian study that described
predictive validity.15

The highest LoE found was 2b and the best grade of
recommendation was 3. This demonstrates the lack of a
randomized blind study in Brazilian simulators. When
analyzed in conjunction with the MERSQI score, the indica-
tion is that further Brazilian studies in simulation should be

performed that search for randomization with control
groups and multicentric studies.

The majority of the studies were of vascular and pediatric
subspecialties. The most simulated procedures had the
greatest demand for manual skills, such as vascular micro-
surgery and recent technological evolution, such as ventric-
ular endoscopy. The least frequently simulated were
functional neurosurgery and neurotrauma.

Among the non-validated simulators, the use of patient-
specific or pathology-specific simulators is noteworthy. These
simulators were used to provide education about specific
conditions found in neurosurgery, as well as preoperative
planning and rehearsal in complex cases. Three-dimensional
printing was the most described type of simulation used for
this purpose. Craniosynostosis surgery was the most simulat-
ed patient-specific procedure described.

This systematic review had its limitations. The main ones
being the different forms of methodology of each study, and
the different groups of evaluated participants and heteroge-
neous simulators. Perhaps the greatest limitation was the
difference in the quality of the studies and the fact that most
simulators lack a validation instrument.

Future research should focus on the creation of high-
fidelity simulators that are accessible to the resident physi-
cian and could be introduced to neurosurgical training

Table 5 Level of evidence of validated studies

Author MERSQI LoE LoR Simulated Procedure Type of Validation

Oliveira M. M. R. 2018 12 2b 3 Aneurysm clipping Predictive and competition

Oliveira M. M. R. 2018 8.5 2b 3 Bypass Competition and construct

Oliveira M. M. R. 2015 9.5 3 4 Endovascular Construct, content and face

Oliveira M. M. R. 2014 9.5 2b 3 Microsurgery tumor Construct, content and face

Grillo F. W., 2018 5.5 4 4 Craniotomy Content

Filho F. V. 2011 9.5 2b 3 Neuroendoscopy Construct and face

Coelho, G. 2018 5.5 3 4 Arthrodesis Construct and face

Abbreviations: LoE, level of evidence; LoR, level of recommendation; MERSQI, Medical Education Research Study Quality Instrument.

Table 6 Level of evidence of non-validated studies

Author LoE LoR Simulated procedure

Coelho, G. 2014 3 4 Neuroendoscopy

Ghizoni E. 2017 3 4 Craniosynostosis

Oliveira M. M. R. 2014 2b 3 Vascular microsurgery

Paiva W. S. 2007 3 4 Spine tumor

Coelho G., 2014 3 4 Craniosynostosis

Ferreira C. D., 2014 3 4 Neuroendoscopic

Coelho, G. 2017 3 4 Meningocele

Drummond-Braga B. 2016 3 4 Craniotomy

Abbreviations: LoE, level of evidence; LoR, level of recommendation.
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laboratories throughout Brazil. Further validated and ran-
domized studies should be performed to define the ideal
simulators that could truly fit in every level of Brazil’s
residency skill training program.

Conclusion

The MERSQI score of the Brazilian studies resembles the
international average. The LoE and the degree of recommen-
dationofmost of thepublished articles is still low.Newstudies
should pursue a further validation of the simulators and hold
randomized trials with a control group. There is a lot of
creativity, simplicity and technology involved in Brazilian
simulators. Most of them can be reproduced at the skill
training laboratories that are available in the country.
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