
Surgical Expertise in Neurosurgery: Integrating
Theory Into Practice

The development of technical skills is a major goal of any neurosurgical training pro-
gram. Residency programs in North America are focused on achieving an adequate level
of training to produce technically competent surgeons. The training requirements and
educational environments needed to produce expert surgeons are incompletely
understood. This review explores the theoretical implications of training technical skills
to expertise rather than competency in a complex field such as neurosurgery. First, the
terms technical expertise and technical competency are defined. Definitions of these
qualities are lacking in all surgical specialties. Second, the assessment of technical skills
of neurosurgeons are investigated using an expert performance approach. This
approach entails the design of tasks that can capture the level of expertise in a repro-
ducible manner. One method to accomplish this involves the use of novel simulators
with validated performance metrics. Third, the training of technical skills using simu-
lation is studied in the optic of developing training curricula that would target the
development of expertise rather than simple competency. Such curricula should
include objective assessments of technical skills, appropriate feedback, and a distrib-
uted schedule of deliberate practice. Implementing a focus on the development of
expertise rather than simple competency in surgical performance will lead to innovative
developments in the field of neurosurgical education. Novel technologies, such as
simulation, will play important roles in the training of future expert surgeons, and
focused technical skills curricula with a sound theoretical basis should guide the
development of all such programs.
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E
ver since humans have been performing
surgical treatments on their peers, a high
degree of competency has been a reasonable

expectation by both the patient and society.
Recently, the assessment of technical skills com-
petency has brought the critical topic of expertise
to the forefront. This review addresses technical
skills expertise in the domain of neurosurgery to
advance the designs of research programs dedi-
cated to improving the training, assessment, and
certification of “expert” surgeons. First, the def-
initions of technical skills expertise in surgery are
explored. There is a growing concern that exper-
tise, as defined by surgeons, is only a representa-
tion of competency. The lack of clear definitions
is presented and the consequences of this issue are

discussed. The assessment of surgeons’ skills,
primarily technical skills, are reviewed in the
context of an expert performance approach to
expertise. As defined by Ericsson and Charness,1

expert performance is a laboratory technique that
could allow the assessment of the extent of
expertise in a context that is as close as possible
to the real tasks. Multiple tools to assess technical
skills of surgeons were designed and validated in
the past 2 decades, and their results are reviewed.
The evidence relating expert performance and
surgical simulation are discussed and the training
of neurosurgeons to achieve an “expert” level of
technical performance reviewed. The literature
outlining the path to expertise in surgery is
appraised in the context of a theoretical training
curriculum focusing on the combination of expert
performance assessment, deliberate practice, and
simulation in neurosurgery.
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A DEFINITION OF EXPERTISE?

Beginning in the late 19th century, surgeons were trained and
assessed in a prolonged and organized fashion under the
supervision of senior doctors.2 This novice/expert apprenticeship
program is the dominant method of training surgeons.3 New
technologies, society’s pressure, and a host of external constraints
such as lawsuits and reduced residents’ working hours have
resulted in a review of this model of teaching.2,4 It is now
becoming increasingly difficult to practice one’s surgical skills on
patients without having reached a certain level of “expertise.”
Most authors agree that new methods of training are required,
but a fundamental (unanswered) question remains: Are the
current training programs supposed to train surgeons to an
“expert” or to only a competent level of performance?

In 1990, a report discussing the perception of expertise in
medicine used indicators of expertise such as years of experience,
specialty board certification, and/or academic rank or responsibil-
ity.5 It is evident that these criteria are poorly correlated with
superior clinical performance. An example of such failure of these
indicators to capture expertise involved peer-nominated diag-
nostic experts that did not objectively perform better than novices
on standard cases.6 A systematic review that analyzed the number
of years in practice along with clinical performance found
a negative correlation, suggesting that more experience can be
paradoxically associated with lower clinical performance.7 These
findings outline the lack of consensus in what constitutes an
“expert” physician or surgeon and the difficult task of objectively
evaluating performance.

A precise definition of expertise in neurosurgery is needed. The
current literature predominantly focuses on the theme of surgical
“competency” rather than surgical “expertise.”8 This theme prefer-
ence, originating from the growing importance of competency-based
assessment programs, has become the favored method of
evaluation by training programs. Definitions of surgical
competence usually involve 2 aspects: the technical skills and
the “other skills.” The latter skills have been outlined by 2 major
groups in North America: the Royal College of Surgeons and
Physicians of Canada and the Accreditation Council on
Graduate Medical Education in the United States. These 2
organizations have highlighted aspects such as professionalism,
communication skills, medical expertise, and collaboration skills
as important “other skills.”9,10 A recent and very comprehensive
definition of competence states that surgical competence
encompasses knowledge and technical and social skills to solve
familiar and novel situations to provide adequate patient care.8

This definition focuses, interestingly, on “adequate” rather than
“excellent” patient care as a goal.

To evaluate competency, 2 general approaches can be used: the
behaviorist approach, in which specific behaviors are rated, and the
holistic approach, in which many aspects are combined and
evaluated. Bhatti and Cummings8 have concluded that the
holistic approach is probably the best way to assess competency,
but also the most difficult because of the lack of defined

methodologies to measure “other skills.” This review concentrates
on a behavioristic approach because technical skills are measur-
able behaviors.
Confusion is apparent when patients and doctors define surgical

competency. For a researcher and a neurosurgical training pro-
gram, competency is more than just passing an examination.8 For
the patient and family, competency is the complex set of “skills”
that contribute to an excellent outcome. The definition of expert
and expertise can vary from specialty to specialty and even within
1 surgical specialty. Is a consensus definition of expertise therefore
possible and to what extent would such a definition affect the
training of neurosurgeons and, ultimately, patient care?
With regard to patient care, the report “To Err Is Human”11

concluded that more than 98,000 deaths are caused by medical
errors each year and that the majority of these errors were
preventable. After the introduction of laparoscopic cholecystec-
tomy, studies showed that surgeons who performed fewer than 30
laparoscopic cholecystectomies had a fivefold increase in bile duct
injury.12 This prompted the general surgical community to
reevaluate training methods and to develop box-trainer simu-
lations and virtual reality (VR) simulators.2 In most general
surgery studies, technical competency was usually defined as the
number of procedures performed. Many neurosurgical proce-
dures are not as stereotypical and as easily classified as those of
general surgery. In neurosurgery, there may be significant
variability in the surgical approach used to deal with a specific
operative lesion. This inherent variability may be the result of not
having the necessary phase III data that can be used to evaluate
the short- and long-term patient outcomes of different operative
approaches. This leads to a major problem when one tries to
define technical competency in a specific operative intervention.
To remedy this problem, a group of authors state that clear
benchmarks for every operation should be available and
developed to minimize complications and improve results.2 This
process is inherently difficult and needs to be implemented for all
neurosurgical procedures. No clear operational definition of
technical competency/expertise in neurosurgery can, at present,
be outlined.
A major assumption in most studies regarding expertise in

medicine is that novices will inevitably become experts with
enough practice. Mylopoulos and Regehr13 argue that routine
expertise can be achieved this way, but a more accurate
representation of expert performance probably relates to adaptive
expertise. Routine experts are akin to skilled technicians in their
specific domain, but they lack the training to face novel problems.
Adaptive experts stretch the boundaries of their own limits by
using flexible and creative means to solve complex and
unexpected situations. A qualitative study on this topic involving
undergraduate medical students identified that students believed
that it was beyond the scope of their training to acquire
innovative thought processes.14 The reasons for these ideas are
unclear, but this issue needs to be addressed if adaptive expertise
is to be a reasonable goal of neurosurgical training. Surgical
expertise is best described as an adaptive expertise because, like
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pilots, neurosurgeons are trained to deal with complex situations
involving unplanned and life-threatening events.15

The assumption behind all these issues is that understanding
what is required to be an expert and how experts achieve a level of
expertise will allow the development of training programs that
enable more neurosurgical residents and practicing neurosurgeons
to become “experts” and maintain their expertise.16 How the
CanMeds competency or the Accreditation Council on Graduate
Medical Education core competencies model help achieve the
goal of increasing neurosurgical technical expertise needs further
study.

EXPERT PERFORMANCE IN SURGERY:
CURRENT EVIDENCE

Expertise can be represented by the ability to reproduce
consistently superior performance on a given task, on demand.17

This task, when it represents the essence of what an expert does in
a given field, can be used in the expert performance paradigm. It
is the researchers’ chore to ensure that the task truly represents
points of expertise in the domain and not just associated
epiphenomena.18 The issue of experience, instruction, and
expertise has been extensively studied by the group led by
Ericsson over the past 2 decades.1,17,18 To achieve a high level of
expertise, experts need to master multiple technical factors,
including the techniques involved in their specialty and have the
motivation to pursue the development and continued develop-
ment of expertise in these techniques.17-19 Failure to continue to
improve and develop these techniques with time results in
a significant loss of performance (Figure 1). Ericsson17,20 has
proposed, that an expert performance scheme could (and should)
be adaptable to surgery. Research methodologies assessing expert
performance are best carried out in constrained environments, be
it a laboratory or an operating room. One must find a task that
represents with high fidelity an arena where the expert will give

a constant superior performance and that this superior perfor-
mance is actually derived from the alleged expertise.20

The current literature on the assessment of superior perfor-
mance in surgery involves technical skills pertaining to specific
surgical procedures. Simulator studies have investigated surgical
technical performance out of the operating room setting, but rarely
“other skills.”21 An objective assessment of technical skills has
always been a goal of any neurosurgical training program. These
assessments are carried out to ensure that their students have
adequately mastered the different techniques required for their
specific specialty. An extensive study has shown that checklists fail
to measure differences between various levels of expertise.22

Checklists only discriminate expertise up to a certain point, after
which intermediate experts score as well as experienced surgeons.
This was in contrast to global rating scales that maintained their
ability to differentiate levels of expertise over a larger range.22,23

The design of most studies on this topic involves an expert-novice
design to obtain various forms of validity of the tool being
tested.24 To integrate any technique or new technology into
a formal training curriculum, it must be proved that training is
useful and appropriate. A well-established series of validation
steps needs to be undertaken: face, content, construct, and
concurrent validity. Face and content validity determine that
a technology is realistic and targets training skills that are required
to be trained. Construct validity establishes that the scores
obtained correlate with actual operative technical skill by
discriminating experts from novices. This enables novices to
practice and train in the technology until they reach the
performance of an expert. The final step, concurrent validity,
is particularly important should that technology be used for
assessment as it demonstrates that the skills acquired during
training reflect performance in the operating room. Reznick’s
group developed a tool to measure the performance of trainees
and experts in the field of general surgery. This tool, the
Objective Structured Assessment of Technical Skill (OSATS),
has been shown to be both valid and reliable in multiple
studies.25-27 However, the OSATS was never validated in
neurosurgery, leading to the possibility of inaccurate assessments
if used without proper validation in neurosurgical studies. A
group from McGill University designed another tool to evaluate
the performance of experts and novices during live laparoscopic
surgery. This tool, the Global Operative Assessment of Laparo-
scopic Skills, has also been shown to be valid and reliable.28 A
variety of others scales have been developed for other surgical
specialties, including ophthalmology, gastroenterology, and ear-
nose-throat surgery.29-31 There is currently no validated tool of
this kind in neurosurgery. A current project, the Global
Assessment of Intraoperative Neurosurgical Skills, is trying to
addresses this issue in neurosurgery.32 Global Assessment of
Intraoperative Neurosurgical Skills uses the same principle of
expert-novice comparison to validate the tool. A major limitation
in designing such a tool is the definition of what constitutes an
expert in neurosurgery. Finding the appropriate tasks that allow
an accurate assessment of the full extent of expertise of a subject

FIGURE 1. Two trends for the development, maintenance, and decay of medical
performance as a function of time, experience, and instruction. Adapted with
permission Ericsson KA. Acad Med. 2004;79(10 Suppl):S70-S81. Copyright �
2004, Association of American Medical Colleges.
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in the operating room is a complex problem. A number of skills
besides technical expertise influence the performance of any
neurosurgical procedure. The evaluation of the many technical,
cognitive, and social contributions that affect overall global
performance is difficult. For example, brain tumors can be
removed using multiple techniques, the majority of which have
no randomized, controlled data to help determine whether one
technical approach is equal or superior to another.

Evaluations of performance need to be carried out by experts to
achieve the highest level of validity and reliability. Both OSATS
and Global Operative Assessment of Laparoscopic Skills used
expert reviewers to rate performance.26,28 This produced a level of
reliability high enough to be used in high-stake evaluations.28

Rating such scales can be carried out during the procedure itself
or a posteriori using recorded video. It is critically important to
train the raters before using the tool to achieve a higher level of
interrater reliability.33 Finally, using video recordings can shorten
the evaluation time required per trainee, with a mean reduction
to 15 minutes for 1 evaluation.34 Assuming that every novice will
become an expert gives rise to the possibility that testing simple
tasks will lead to “the risk of narrowing the definition of expertise
to performance of the mundane.”13 The designer of such
assessment tools must then ensure the complex representativeness
of the task involved. This will not only lead to increased face
validity of the task but to a closer agreement between the
laboratory task and the actual operating room experience.

Using Simulation to Reach Expertise

This section discusses assessment and training of surgeons on
simulators using the expert performance approach cognizant of the
differences between real operations and simulated ones. First,
a patient’s surgical lesion presents a variety of individual
characteristics that are currently difficult to integrate into
a simulator or a laboratory setting, although patient rehearsal is
being developed.19 However, the simulated task needs to be as
“lifelike” as possible to remain within the boundaries of an expert
performance approach.17 A simulated task is by nature con-
strained, but this has advantages when one evaluates different
individuals because it ensures comparability. The transfer of
competency/expertise from the simulator to the operating room

needs to be carefully evaluated. Simulators can be physical
models,35 augmented reality models, such as ProMIS,36 or
complete VR models.37,38 A variety of simulators are being
developed in the field of neurosurgery.38-41 Simulators allow
trainees to practice without risks to the patient in a safe
environment and remove the stress of the operating room
environment from the task.2 The question of the optimal site and
setup for a neurosurgical simulation center is not known, but it
would seem reasonable that such simulators be housed in
locations that are easily accessible to residents. To maximize
resident, staff, and researcher interaction, the Neurosurgical
Simulation Research Centre at the Montreal Neurological
Institute and Hospital, which includes a variety of simulators
and resident work stations, was located near a patient care area,
a short distance from the hospital operating rooms (Figure 2).
There are theoretical advantages to high-fidelity simulators.

Using Ericsson’s expert performance approach of Ericsson and
Charness,1 the closer one gets to the essence of expertise in a given
field, the better are the insights concerning the differences
between novices and experts. This is supported by a randomized
study that has shown that a task-specific simulator yielded better
results on specific suturing tasks in laparoscopic anatomises than
training in basic suturing tasks.42 High-fidelity simulators have
not been analyzed in cost-effectiveness studies, and focused
research is necessary to justify the cost of development and use.
The designers of simulation training curricula need to develop
cost-efficient training programs by providing more than just
simple technical skills on simulators because “learning how to
carry out a surgical procedure, after the core skills have been
mastered, is overwhelmingly a cognitive and not a technical
task.”43

A major limitation of assessing expert performance on a simu-
lator arises when only “part-tasks” are used. It has been
demonstrated that superior performance using “part-tasks” can
be attained independently without showing superior performance
when the whole task is analyzed.18 Moving a simulated ring from
peg to peg in a VR laparoscopic environment is not actually
evaluating expertise but merely a component of the psychomotor
skills required to achieve superior performance during live
surgery. Conversely, a simple 2-dimensional crown preparation
VR simulator in dentistry was able to differentiate experts from

FIGURE 2. The Neurosurgical Simulation Research Centre at the Montreal Neurological Institute and Hospital demonstrating
NeuroTouch virtual reality neurosurgical simulators and research environment. On the right, prototype and box-trainer on right.
In the center, NeuroTouch with 3-dimensional stereoscopic viewer, haptic feedback, real-time bimanual simulation, TV systems ,
and multiple computer work stations are all integral parts of the Center’s systems.
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novices.44 The aviation industry uses “almost real” to train pilots.
Tasks are effectively complete, and part-tasks are not practiced
because the actual cockpit is used and not a simplification of the
instruments needed to pilot the plane.45 Developing patient-
specific reconstruction for training and rehearsal is a future goal of
VR surgical simulators,19 but its full integration into a virtual
neurosurgical operating room will take time. Some systems are
currently trying to integrate patient-specific data, notably during
aneurysm clipping simulation on the Dextroscope46 and tumor
resection on the NeuroTouch.19

Simulated tasks and performance metrics on such tasks need to
be validated before being integrated into a training curriculum.
Kneebone47 has outlined a conceptual framework of such
a program integrating simulation. He postulated that simulation
in this context must attain 4 goals: (1) deliberate practice in a safe
environment, (2) availability of expert tutors who can effectively
scaffold and enhance the teaching material, (3) authentic
simulation that fits in a community of practice, and (4) an
environment that takes into account the emotional component of
learning. These 4 theoretical goals have not been adequately
addressed and evaluated regarding simulation surgical training.
Currently, most performances on simulators are evaluated using
performance metrics generated by computer systems. All VR
simulators use different metrics that are not standardized across
companies, making meaningful comparisons between simulators
difficult.19,36,48-50 Even with reliable metrics, some studies have
failed to show consistent construct validity, further limiting their
use in a training curriculum.50 Future VR simulators should use
novel, specific, and quantifiable metrics that can be thoroughly
assessed for both construct validity and reliability before
widespread adoption.

The expert performancemodel outlines that laboratory/simulated
tasks need to be constrained to ensure repeatability and objective
assessment.18 Once expert performance is achieved on the
simulator, one should determine whether this expertise will
improve the performance of the surgeon during “real” surgeries.
Recent randomized, controlled trials and meta-analyses have
addressed these issues.51-55 Data from these studies show that
expert performance on a VR simulated task is associated with
improved levels of performance using both pig models56 and actual
“live” human surgeries.55

Simulators in neurosurgery can be used to explore 2 questions
that relate directly to the question of neurosurgical expertise. First,
how do expert neurosurgeons actually perform neurosurgical
operations? Can questions such as what visual, tactile, and/or
other cues are expert surgeons using during the technical
components of their operations be assessed using simulation
technology? Second, with the proper simulation tools and
curriculum can the goal of neurosurgical training programs be
shifted from teaching to competence to teaching to expert level? A
number of new simulation systems are being developed in the area
of neurosurgery.19,38,40,57,58 A new project, NeuroTouch, is
currently under development at the National Research Council of
Canada.19,38,59 The goal of this project is to develop a VR

neurosurgical simulator in 3 dimensions with haptic feedback
(Figure 2). The usefulness of this or other simulators in the
assessment of expert performance and resident training remains
to be defined.

A Training Curriculum Targeting Expertise: Is It
a Possible Goal?

An expert performance approach to studying neurosurgical
technical expertise should be transferable to a training curriculum.
Because the literature on the topic primarily involves general
surgery, a number of assumptions will need to be made to
incorporate these research results into the development of
neurosurgical curriculum. First, the theory of expert performance
is a general theory, with possible applications in a variety of fields,
including neurosurgery.17 Second, deliberate practice will be
a sine qua non requirement in such a program.20 Third, experts
will be assumed to be highly competent neurosurgeons for the
sake of the discussion because no consensual definition exists as to
what an expert neurosurgeon is. Fourth, feedback is an essential
building block of such a program.20 Finally, such a training
program should use current adult learning theories to achieve
maximal efficiency.60

The pressure to change the training curriculum, focusing on
surgical skills, is an important issue faced by all neurosurgical
residency training committees.61 There are no reasons to prevent
simulation from playing a major role in the neurosurgical
education of trainees, focused on improving their technical skills
acquisition.62 The use of simulation in a curriculum “should be
driven by educational imperatives and not by technological
innovation.”43 Objective assessment of technical skills is possible
to a high degree of validity and reliability in surgery, with some
data being developed for neurosurgery (Gélinas-Phaneuf et al.
2013, unpublished work).63 Initial studies involving medical
students and neurosurgical residents were conducted in a pilot
validation study using a NeuroTouch tumor resection scenario
and demonstrated face, content, and construct validity in
a competitive setting.63 At present, studies are being conducted
using “expert” neurosurgeons in noncompetitive settings to
increase our understanding of expert neurosurgical performance.
Hence, the first requirement of an expert performance approach
to assess and train neurosurgeons is possible because tasks (eg, the
removal of an intracranial meningioma or metastasis) can be
objectively measured in terms of performance. Deliberate practice
in an expertise-oriented curriculum is essential. Multiple
publications have consistently demonstrated that expert perform-
ers in a variety of fields have more than 10 years of purposeful
practice to achieve an international level of expertise.20 In the
field of surgery, innate talent has not been clearly demon-
strated,61 and contradictive studies have associated higher the
correlation of visuospatial skills to “expert” surgical performance
remains unclear.64-66 Deliberate practice paradigms will need to
be incorporated into the design of any curriculum whose goal is
to train to specific levels of expertise. Ericsson20 demonstrated
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that deliberate practice is a purposeful, goal-oriented method that
one uses to improve one’s performance. It is not inherently
pleasant, and it requires on the order of 10,000 hours to reach an
international level of performance. In neurosurgery, this level of
expertise may not be acquired until neurosurgeons reach their 40s
or early 50s (Figure 3). A recent commentary67 calculated that
10,000 hours of deliberate practice are reached after approxi-
mately 6.9 years of training in neurosurgery. In Canada, this is
the time equivalent to a regular training program and 1 additional
year of fellowship. A critical question, however, has not been
addressed: how much of the time in the hospital and operating
room can actually be termed deliberate practice as opposed to the
daily tasks of being a resident? If a neurosurgical training program
goal is to use deliberate practice to improve performance, then
simulation may be a reasonable technology to achieve this goal.
Simulation allows a resident time to practice both routine and
critical technical skills using a goal-directed expert performance
approach.

How to Incorporate Simulation Into Such a Curriculum?

Most surgical skills are natural extensions of directed psycho-
motor tasks. The model of skill acquisition described by Fitts and
Posner68 is the most widely cited in surgery.4 This model
describes 3 stages of skill acquisition. The first stage involves
cognitive acquisition in which an individual learns the multiple
steps required to achieve the performance. Mistakes are frequent
during this stage, and it represents the base of the learning curve.
The second stage is called the associative stage, and it results in
a gradual improvement of the performance. Mistakes are rarer,
and this is represented as the rapid increase in skill on a learning
curve. The last stage, the automatic stage (or plateau) is theorized
to represent the accomplishment of enough practice to perform
the task while freeing substantial amounts of cognitive inputs.
This model raises a number of issues. First, authors disagree on

the need to achieve automaticity. Proponents of the Fitts and
Posner model have shown that dual-task possibilities of experts in
surgery are increased when the task is automated.69 Also, the
practice time required to achieve automaticity is variable from
one individual to the next, greater than 100 repetitions on
a simulator in 1 study.70 Ericsson17,20,71 argued that automaticity
is counterproductive to the achievement of expertise. He
suggested that once a task has reached automaticity, additional
practice will not improve the performance but will only maintain
the previous level of proficiency. This phenomenon has been
named arrested development, and deliberate practice has been
hypothesized to be 1 method to counter this roadblock to
acquiring new skills72 (Figure 4). The debate on automaticity in
learning a psychomotor task is still open, but the current evidence
seems to point to a fusion of these 2 opposing views. Basic
psychomotor skills can and should be automatized, but the whole
performance paradigm should always have the ability to be
improved through deliberate practice.
Simulated tasks have been shown to be helpful when designing

a curriculum that implements the theoretical learning concepts
previously outlined. A general surgery group integrated simulated
tasks addressing the 3 stages of the Fitts and Posner model into the
design of a competency-based curriculum.73 They demonstrated
that the design of such a curriculum is feasible when assessing tasks
of different levels of complexity, and proficiency in difficult tasks
improved after training on easier ones. This may have resulted from
partial automatization of the task. This group also demonstrated
that VR whole task simulation of laparoscopic cholecystectomy had
construct validity.74 Dunphy andWilliamson60 reviewed various
models of expertise in medicine, surgery, and nursing. They
combined the Fitts and Posner model with Vygotsky’s zone of
proximal development model,75 resulting in a conceptual system
that seems intuitively correct. This new template has 4 stages,
with the first 3 stages similar to those of Fitts and Posner but
adding the ideas of outside regulation during the first stage and
self-regulation in the second stage, ideas taken from Vigotsky’s

FIGURE 3. A model demonstrating the gradual increase in surgical performance
as a function of age, before, during, and after neurosurgical residency training.
The competence and expert levels are indicated by the horizontal dashed lines.

FIGURE 4. Experts progress continuously by avoiding routine
automaticity and maintaining a schedule of deliberate practice.
The second curve can represent automaticity as leading to ar-
rested development when the participant stops deliberate
practice. Adapted with permission Ericsson KA. Acad Med.
2004;79(10 Suppl):S70-S81. Copyright � 2004, Association
of American Medical Colleges.
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zone of proximal development model in which the teacher serves
as a scaffold. This model possesses the possibility to “regress” in
stages, allowing for more deliberate practice.60 Because feedback
is essential in a deliberate practice model, an understanding of
the individual components of performance that would be helped
by feedback is important.19,72 Without knowledge of the critical
steps of a surgical procedure, it is difficult to give objective
feedback tailored to a specific individual task.19,20 Cognitive task
analyses have a definite role to play in determining the required
steps in a specific surgical procedure.76 The type of feedback
provided is important. Expert verbal feedback leads to more
retention of a skill than simple computer printouts of
performance.77 This may be an issue during self-practice on
simulators, but regular feedback from the teacher during formal
training sessions could compensate for this deficiency.78 The
schedule of such practice is also important. There is evidence
that distributed practice over time is more useful for long-term
retention than massed practice.79 When a distributed curriculum
was compared with nondistributed practice controls, this showed
benefits on performance if distributed practice was scheduled.80

A curriculum aimed at achieving long-term expertise should thus
allow for regular, preferably at least weekly, training sessions with
expert feedback.81 The role that script-based mental rehearsal in
the acquisition and maintenance of neurosurgical technical skills
needs to be further defined and could play an important role in
resident teaching.82

The training of technical skills is only 1 component of
a surgical curriculum. The development of multiple other skills
is required to train a competent/expert neurosurgeon. This can
prove difficult to implement in an expert performance fashion
because measuring objectively some of those skills, like pro-
fessionalism, communication, and “other skills,” is either very
complex or not yet available. Pilot studies in crisis situation
management in the operating room show promise in the
training of those important “other skills.”82 The aviation
industry program called “NOTECHS” (NOn-TECHnical
Skills), which can assess these skills in an operating room
environment, has achieved variable levels of reliability in the
different domains assessed.83

Is Expertise a Final Endpoint?

The personal advantages of being an expert neurosurgeon are
not always obvious, and the monetary incentives are minimal in
current Canadian/American society.84 What are the known and
novel methods that can be used to measure and improve the
competency of residents and practicing neurosurgeons to a more
expert level of performance? Continued learning after graduation
is paramount in any expertise model. Limiting oneself to only
automatized operating skills may result in arrested skills
development and decreased ability to deal with unexpected
and rare life-threatening intraoperative events.72 Training solely
on simulators is also a concern because “simulated” expertise is
not the desired endpoint, only a means to an end. Deliberate

practice using simulators may arm the trainees with appropriate
surgical skills before they enter the operating room, hopefully
resulting in (1) decreasing surgical errors and improving patient
outcomes; (2) shortened learning times to master complex
neurosurgical procedures; and (3) a lifelong interest in main-
taining and augmenting their surgical skills.

CONCLUSION

The concept of surgical expertise has been explored in this
review with the intent of developing a neurosurgical curriculum
based on solid theoretical assumptions. The current literature on
the subject is limited but can guide decisions when designing
neurosurgical training programs. First, a clear consensual defini-
tion of expertise (or a high degree of competency) should be
determined to guide future research. Expert neurosurgical perfor-
mance needs to be measured in realistic situations and used as the
goal in neurosurgical teaching. Deliberate practice and feedback
should be the cornerstone of any such program. High-fidelity
neurosurgical simulators and validated performance measurement
tools should help propel neurosurgical research and training to
accomplish the goal of training to expert surgical performance
(Gélinas-Phaneuf et al. 2013, unpublished work).63 Time will tell
whether neurosurgeons of the future will be more “expert,”
whichever definition is used.
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