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�Introduction

Surgical training has changed at a rapid rate over the last 
few decades. Introduction of minimally invasive surgery 
has bought new dimensions but simultaneously has intro-
duced new challenges, including tactile feedback, haptics, 
and two-dimensional vision [1]. Surgical training has 
moved toward competency-based assessment both outside 
and inside the operating room. These competencies have 
been defined by training governing bodies such as the 
Accreditation Council for Graduate Medical Education 
and the American College of Surgeons [2]. Several stan-
dard-setting, competency-based curricula focusing on 
cognitive knowledge, surgical skills, and nontechnical 
skills have been launched. Future direction of the 
American College of Surgeons Division of Education 
includes expansion of mastery-based training and valida-
tion of knowledge and skills using specific standards and 
benchmarks [2]. A number of relatively new assessment 
methods and tools have been developed, psychometrically 
tested, and successfully implemented for formative and 
summative assessments of surgery residents. These 
include Objective Structured Assessment of Technical 
Skills (OSATS) [3], Global Operative Assessment of 
Laparoscopic Skills (GOALS) [4], Patient Assessment 
and Management Examinations (PAME) [5], and 
Objective Structured Clinical Examinations (OSCE) [6]. 
Major progress has been made with regard to assessment 
of residents in skills laboratories, remediation of deficien-
cies, and evaluation of operating room readiness of resi-
dents [7].

�Simulation Training

The implementation of work time directives in most parts 
of the world has limited the amount of time a trainee can 
spend in the hospital and acquire skills, which were tradi-
tionally learned in the operating room through a classical 
apprenticeship model [8]. Economic, social, cultural, and 
legal constraints are some of the other reasons that have 
limited the opportunities for a trainee to acquire some of 
the core skills in the operating room. This has led to an 
ever-increasing demand for use of simulation in laparo-
scopic surgery as an alternative. Laparoscopic surgery is 
particularly well suited to technical skills training as it 
requires a skill set based on instrumentation, depth percep-
tion, and fine motor control [9]. The need for preliminary 
training outside of the operating room is underscored by 
the fact that many surgeons feel inadequately prepared to 
perform complex surgeries, including laparoscopic proce-
dures, after completing residency training. Simulation 
training has become a standard pathway for laparoscopic 
surgery training. Simulation may be useful in learning and 
assessing certain skills in a controlled and safe environ-
ment as it has shown to decrease the error rates in surgery 
and improve patient care [10]. It has been suggested that 
simulation-based training allows for the development of 
the “pre-trained novice,” an individual who has been 
trained to the point where many psychomotor skills and 
spatial judgments have been automated, allowing them to 
focus more on learning operative strategy and how to han-
dle intraoperative complications, rather than wasting valu-
able operating room time on the initial refinement of 
psychomotor skills. With adequate pre-training, the trainee 
can gain maximum advantage from the supervised oppor-
tunities for training in the operating room or endoscopy 
suite [11]. It has the advantage of repeated practice outside 
the operating room before a surgeon performs surgery on 
the real patient. However, simulator training is limited 
because of its predictability and lack of random stimuli 
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that can challenge the learner to process perceptual cues. A 
systematic review of skills transfer concluded that surgical 
simulation-based training seems to be transferrable to the 
operating room; however, most studies have not used com-
parable simulation-based training methodologies [12]. 
Simulators are usually sufficient to teach novice learners 
simple tasks of low fidelity. The most valuable metric that 
simulation-based training can provide is the measurement 
of error [11].

�Concept of Mental Training

Mental training – mental imagery, referred to as “visual-
izing” or “quasi-perceptual experience” – has been shown 
in some studies to be an effective tool to enhance perfor-
mance in surgery. Mental practice has been defined as the 
“cognitive rehearsal of a task in the absence of overt physi-
cal movement” [13]. Wraga defined it as “an internal rep-
resentation that gives rise to the experience of perception 
in the absence of the appropriate sensory input” [14]. Most 
studies have reported that it produces larger changes in 
learning than no practice, but smaller changes in learning 
than physical practice [15]. It has been shown in some sit-
uations to be more effective than physical practice [16]. 
This is attributed to the fact that mental imagery activates 
similar neural processes to those used in actual perfor-
mance of a given skill [17]. However, for mental practice 
to be most effective, the subject must be familiar with the 
task itself before the imagery takes place. Sirigu et al. have 
tried to quantify mental imagery by asking subjects to 
mentally rehearse a finger opposition sequence to the 
increasing pace of metronome. Subjects had to indicate 
maximal speed at which they could mentally perform these 
movements and compared it to maximal speed of executed 
finger opposition sequence [18]. The posterior parietal, 
premotor, and supplementary motor cortexes have all been 
implicated in motor imagery. These regions are also 
engaged in planning and preparation of movements, sug-
gesting a neural overlap between imagery and motor plan-
ning and preparation [19]. In addition to a detailed 
description of the procedure, mental training for surgery 
requires that the procedure must first be broken down into 
its so-called nodal points, the necessary structural motor 
components that must be performed in sequence. The fol-
lowing four kinds of mental training sessions can be dis-
tinguished [20]:

External observation training  The trainee observes a 
model while it is performing the movement to be learned.

Subvocal training  The trainee calls up a clear visual image 
of the movement through external or internal self-talk.

Internal observation training  The trainee visualizes him-
self or another person from the outer perspective performing 
the movement he or she wants to practice.

Ideomotoric training  The trainee imagines the movement 
from the inner perspective. He visualizes himself executing 
the movement and tries to feel it, including as many sensory 
aspects of the process as possible.

�Factors Affecting Mental Training

Some of the earlier research in mental training demon-
strated that the reaction time, which increases with com-
plex tasks, goes down with specific mental training tasks 
[21]. Stransky et al. showed that skills gained by mental 
training can be cross-transferred to other tasks and can be 
generalized to laparoscopic skills [22]. Based on their 
study, they recommended the use of simple computer- or 
paper-based mental rotation training instead of more 
expensive materials to enhance certain aspects of surgical 
performance of trainees. Various factors such as duration 
and frequency of the session and the influence of individ-
ual differences on psychological characteristics, such as 
trait and state anxiety, have been shown to moderate the 
effect of mental practice [23]. Shane et al. investigated the 
ability for gamers and non-gamers to become proficient 
on simulated surgical tasks [24]. They found that all par-
ticipants eventually achieved proficiency but gamers 
required less time to reach this goal. Gopher et al. com-
pared the flight performance of participants who either 
did or did not previously undergo 10 hours of video game 
experience. They found a transfer of skills from the video 
game to flight performance. Further, individuals that had 
video game training performed significantly better in test 
flight. Feltz suggested that short duration mental practice 
may produce larger effect sizes than long duration mental 
practice [15]. A recent study from Kremer et al. suggested 
that above some minimum, the amount of mental practice 
does not affect the outcome [25]. The study had some 
limitations, including small power and heterogeneous 
groups.

�Effect of Mental Training in Elite Performers

A surgeon usually has to use intuitive and analytic skills in 
making decisions. Both these skills rely on previous experi-
ence and actions, which have worked in the past. Malcom 
Gladwell made the concept of the 10,000-hour rule popular 
in his book Outliers. It hypothesized that there is consis-
tency across fields of a minimum required logged hours of 
performance before a skill can be mastered. However, mere 
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logging of hours is not enough  – it has to be deliberate 
practice, which will optimize improvement and has been 
shown to be more effective in optimizing motor perfor-
mance than unguided practice [26]. Deliberate practice has 
been used to acquire and maintain skills necessary to be a 
master in various fields. Sports athletes have traditionally 
used mental training before the event to enhance perfor-
mance [27]. Experienced athletes structure individual stim-
uli into chunks of relevant information based on similar 
patterns they have seen before [28]. These chunks of infor-
mation are a way of encoding large volumes of meaningful 
data, which can be related to previous experiences and out-
comes. Elite performers’ visual patterns show that they 
focus on fewer cues, albeit for longer. By contrast, novices 
tend to have rapidly changing visual attention as they 
attempt to pick up as much information as possible. 
Similarly, an expert laparoscopic surgeon locks the target 
and rarely switches gaze. Essentially, an expert is able to 
ignore all the useless information around him. There is evi-
dence that mental training plays an important role in many 
professional and recreational activities, and researchers 
have used spatial training to directly improve such skills. 
Visual imagery focuses on external aspects, with special 
reference to the relation of body and environment, whereas 
motor imagery focuses on internal states of movement, 
such as dynamics and force production [29]. Whereas 
images can probably refer to all senses, dynamic images of 
the motor act focus typically on kinesthetic or visual infor-
mation. Participants are able to distinguish both processes, 
kinesthetic and visual, and also imagine features from other 
modalities such as acoustic input. However, that does not 
imply that they occur only in one sensory modality isolated 
from the others.

In the sports domain, athletes often use more than one 
modality when reporting their images. For example, a base-
ball batter might see the ball being released from the pitcher 
(visual), feel his muscles in his upper arm as he gets ready to 
swing (kinesthetic), and then hear the “crack of the bat” 
(auditory) when he makes contact with the ball. What this 
means is that athletes can practice physical skills without 
actually performing them in practice or competition. 
Experienced musicians might report acoustic, tactile, and 
kinesthetic information from their images. Indeed, many 
people can switch between modalities either voluntarily or 
when obliged by task instructions [29].

�Effect of Mental Training in Surgery

Arora et al. under the guidance of Darzi developed a mental 
practice training script to enhance mental imagery of lapa-
roscopic cholecystectomy [30]. They performed their study 
in two phases. In the first phase, an image script was devel-

oped; in the second phase, the script was validated. For 
script development, three experienced surgeons (who each 
performed >100 laparoscopic cholecystectomies) were 
recruited from a teaching hospital, and each surgeon was 
interviewed using a cognitive “walkthrough” for the proce-
dure. Specifically, the surgeons were instructed to imagine 
they were performing a laparoscopic cholecystectomy and 
to report the visual, cognitive, and kinesthetic cues they 
experienced throughout. Finally, the findings (steps and 
cues for laparoscopic cholecystectomy) from all three inter-
views were merged to create a single mental practice script. 
The cues were color-coded as an additional mnemonic 
prompt to elicit imagery. In the second phase of their study, 
20 subjects (10 experienced surgeons >100 laparoscopic 
cholecystectomy, 10 novice surgeons <10 laparoscopic cho-
lecystectomy) were recruited from two teaching hospitals 
using convenience sampling. Each subject underwent men-
tal practice training. Ability to practice this procedure men-
tally was assessed before and after mental practice training 
with a modified version of a validated questionnaire (mini-
mum score, 8; maximum score, 56) adapted from Cumming 
et  al. [31]. The questionnaire assessed various aspects of 
mental script, including level of confidence in performing 
the task, knowledge of the procedure, the ease with which 
visual imagery could be used to see the performance, the 
ease with which kinesthetic imagery could be used to feel 
the performance, and the general readiness to perform the 
procedure. Both experienced (48 before mental practice vs. 
53 after MP; p = 0.007) and novice (15 before mental prac-
tice vs. 42 after mental practice; p = 0.005) surgeons dem-
onstrated significant improvement in global imagery score 
after mental practice in their study. The same group of 
researchers using a randomized controlled trial demon-
strated the effect of improved imagery on actual perfor-
mance [13]. They randomly assigned two groups of 
participants with comparable baseline skills to either mental 
practice or control group. Each participant performed 1 lap-
aroscopic cholecystectomy per day on a full procedural 
simulator for 5 days (sessions). Before each session, each 
participant within the intervention group underwent mental 
practice training using a validated mental practice script 
developed from the previous study [30]. The primary out-
come measure was the quality of performance of each of the 
5 laparoscopic cholecystectomies performed by all partici-
pants. These were video-recorded and blindly assessed by 
two experienced laparoscopic surgeons and rated using the 
generic Objective Structured Assessment of Technical Skills 
(OSATS)-based global rating scale. This is an extensively 
validated scale consisting of seven items, each scored on a 
five-point Likert scale [32]. The imagery for the mental 
practice group was significantly superior to the control 
group across all sessions, and improved imagery signifi-
cantly correlated with better quality of performance. 
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Immenroth in a randomized controlled trial showed that 
mental preparation is more effective than additional practi-
cal training or no additional training in laparoscopic chole-
cystectomy in surgeons with limited experience [33]. In 
addition, mental training was regarded by trainees as a valu-
able tool in their education.

�Summary

Despite multiple studies conducted on mental training, there 
are certain limitations to all the research done. It is difficult 
to evaluate some of the earlier reviews and meta-analyses 
because they combined traditional mental practice studies, 
which did not have an imagery component with studies 
employing imagery. Most studies have used elite athletes 
who are highly motivated for excellence. The results may 
not be generalized to a different population.

The new approaches to redesigning training should con-
tinue to build on the advances that have been made in sur-
gery training in recent years. Surgical and procedural skills 
training courses, delivered through dedicated skill labora-
tories and using various simulation-based approaches, are 
becoming accepted adjuncts to traditional patient-based 
training models. The onus of acquiring new skills and 
applying it in the real situation still depends on the trainee. 
Some trainees can acquire these skills at a much faster pace 
than their peers. There is a lot of evidence in the literature 
supporting the use of mental training to enhance perfor-
mance. Recently it has been used in surgery. This cognitive 
rehearsal is cheaper than practical training. Once the trainee 
has the skills, he or she can carry out the mental training on 
his or her own. However, mental training cannot and should 
not replace practical training. Surgical steps must be bro-
ken down in nodal points, which the trainee must learn and 
practice mentally to enhance performance. This book has 
been based on the concept of nodal points, and every proce-
dure has been divided and subdivided into multiple nodal 
points. Once the trainee is familiar with the nodal points, 
then surgical steps can be practiced mentally to enhance 
performance.
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