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Abstract
Surgical training is changing: one hundred years 
of tradition is being challenged by legal and ethical 
concerns for patient safety, work hours restrictions, the 
cost of operating room time, and complications. Surgical 
simulation and skills training offers an opportunity 
to teach and practice advanced skills outside of the 
operating room environment before attempting them on 
living patients.
    Simulation training can be as straight forward as using 
real instruments and video equipment to manipulate 
simulated “tissue” in a box trainer. More advanced, 
virtual reality simulators are now available and ready for 
widespread use. Early systems have demonstrated their 
effectiveness and discriminative ability. Newer systems 
enable the development of comprehensive curricula and 
full procedural simulations.
    The Accreditation Council of Graduate Medical 
Education’s (ACGME) has mandated the development 
of novel methods of training and evaluation. Surgical 
organizations are calling for methods to ensure the 
maintenance of skills, advance surgical training, and to 
credential surgeons as technically competent.
    S imulators in the ir current form have been 
demonstrated to improve the operating room performance 
of surgical residents. Development of standardized 
training curricula remains an urgent and important 
agenda, particularly for minimal invasive surgery. 
An innovative and progressive approach, borrowing 
experiences from the field of aviation, can provide the 
foundation for the next century of surgical training, 
ensuring the quality of the product. As the technology 
develops, the way we practice will continue to evolve, to 
the benefit of physicians and patients.

© 2006 The WJG Press. All rights reserved.

Key words: Surgery; Training; Certification; Skills; 
Simulation; Curriculum

Roberts KE, Bell RL, Duffy AJ. Evolution of surgical skills 
training. World J Gastroenterol 2006; 12(20): 3219-3224

 http://www.wjgnet.com/1007-9327/12/3219.asp

INTRODUCTION
“See one, do one, teach one” is one way to paraphrase 
what has been the traditional teaching method of  surgical 
education in the operating rooms of  the United States for 
over a hundred years. This longstanding dogma is being 
increasingly challenged by legal and ethical concerns for 
patient safety, 80-h work week training restrictions, the 
cost of  operating room time, and surgical complications. 
The emerging field of  surgical simulation and training 
offers an opportunity to teach and practice laparoscopic 
skills outside of  the operating room environment. There 
is enormous potential to address patient safety, risk 
management concerns, OR management, and work hours 
requirements with more efficient and effective training 
methods. The current goal of  simulator training is to help 
trainees acquire the skills needed to perform complex 
minimally invasive surgical procedures prior to practicing 
them on living patients. For abdominal surgeons, minimally 
invasive surgery primarily involves laparoscopic techniques. 
The concept of  minimally invasive surgery also applies to 
thoracic, gynecologic, head and neck surgery, orthopedics, 
or any other field where the size of  the incisions and the 
degree of  injury to the patient can be minimized with 
advanced techniques and equipment.
    Novel methods of  developing these skill sets are 
necessary because it is becoming increasingly clear that 
minimally invasive surgery requires a completely different 
skill set from the one used in traditional, open surgery[1-3]. 
Here spatial relationships and associated psychomotor 
skills are necessary to manipulate surgical instruments 
on a two-dimensional video screen in an actual three-
dimensional operative field[4,5]. Developing ambidextrous 
skills in the small intraabdominal space, handicapped by 
instruments that have limited degree of  freedom[6], while 
compensating for difficult camera angles and the fulcrum 
effect[7] often seems to be an overwhelming task for 
novices in the field of  laparoscopic surgery. Unfortunately, 
even with the restrictions on work hours, we are now 
teaching residents at least two ways of  performing each 
procedure, essentially doubling the skills that have to be 
learned over a five year residency. 
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    Over the last few decades laparoscopic procedures 
have evolved from diagnostic laparoscopy[8] to advanced, 
more complex procedures. It is now routine for minimally 
invasive techniques to be used for bariatric, colonic, and 
advanced foregut procedures. These more advanced 
procedures require highly developed psychomotor skills. 
The surgeon’s anatomic awareness must be developed in 
concert with the ability to safely achieve exposure and 
identify and control important structures. To assist with 
the critical components of  many advanced operations, 
specialized equipment is available and commonly used. 
These instruments require a great deal of  expertise in order 
to be used effectively and safely. Anecdotal reports have 
described significant complications related to the incorrect 
use of  such equipment[9,10]. These developments have not 
gone unnoticed. The Food and Drug Administration (FDA) 
has now inserted itself  into the training debate by requiring 
the development of  a simulator-based training program 
(and that physicians demonstrate competence on the 
device) before approving a novel vascular stenting device. 
This ruling, in April of  2004, represents the first mandate 
by the FDA to require simulation training[11] without fully 
established or accepted data proving the validity of  this 
approach. Similar requirements at the federal level for 
other advanced devices and skills sets are likely to follow. 
Payer-mandated and hospital-based credentialing for 
procedures and equipment is undoubtedly not far behind. 
    Surgeons who teach and train advanced procedures 
must now help develop methods of  training and evaluation 
that truly establish procedural based competency. The 
tools are being developed and it is up to physician-
educators to maximize their potential and set the standards 
for excellence. In a healthcare environment focused on 
evidence-based medicine and outcomes data, surgeons 
should set the standards rather than have them imposed 
by outside interests. The bar has already been set; the 
Accreditation Council for Graduate Medical Education 
(ACGME) now requires that program directors provide a 
statement attesting to the competency of  every graduating 
Chief  Surgical resident[12]. Many tools are now available 
to help with this task. The technology exists to continue 
to improve the realism and scope of  training devices. 
Standardizing training routines and the effectively 
integrating systems for evaluation and credentialing is 
becoming a realistic goal. Below we will review currently 
available training and evaluation devices for laparoscopic 
surgery and discuss current future implications for training 
curricula for surgical residents. 

BOX TRAINERS
This type of  surgical s imulator uses real surgical 
instruments and equipment including video monitors, 
cameras, and laparoscopes (Figure 1). It is an opaque box 
that approximates the size of  the adult human abdominal 
cavity. Slits are prefabricated on the anterior surface of  
the box, through which trocars (access ports) may be 
placed. An attached flexible arm acts as a camera holder. 
Laparoscopic instruments are then inserted through the 
ports and into the box. Various targets are manipulated 
inside the box, with visual information relayed through a 

video source and display comparable to that used in most 
operating theatres. Tactile feedback is limited, as it is in 
laparoscopic surgery, by the instruments used. The use of  
real instruments and equipment is clearly the strength of  
these systems. However, the drills developed lack the face 
validity offered by other systems; the instruments may be 
real, but the “tissues” used clearly are not. 
    Many drills have been developed for use on these 
trainers. These drills traditionally involve movement and 
coordination exercises using peg boards or small objects 
such as beans or sugar cubes. Suturing skills are practiced 
using standard sutures and needles through plastic drains 
or other simulated tissue. Cadaveric tissue specimens can 
be placed inside the box to improve the realism of  some 
tasks, particularly suturing. Practicing skills and tasks in 
the box trainer that resemble parts of  real operations has 
been shown to stimulate the learning of  psychomotor 
skills[13]. The physical sensory feedback conferred via the 
instruments in a box trainer is equivalent to that of  surgery. 
The feel of  the instruments on the surfaces of  tissue, 
the pressure on closing a handle, and the compliance of  
compressed structures evokes feedback sensations called 
haptics[14]. This sensory feedback is one of  the important 
attributes of  the box trainer simulator. 
    Low acquisition cost is another key attribute of  these 
devices. This makes the box trainer the most widely 
available training system. Its cost and availability have 
helped establish this type of  simulator as one of  the most 
validated systems in surgical training and evaluation. The 
use of  these trainers has been well documented as part of  
the McGill Inanimate System for Training and Evaluation 
of  Laparoscopic Skills (MISTELS)[15]. This system has 
been extensive studied and validated and has evolved into 
the Society of  Gastrointestinal and Endoscopic Surgeons 
(SAGES) Fundamentals of  Laparoscopic Surgery (FLS) 
course and evaluation system[1]. The FLS course combines 
an interactive CD-ROM educational tool that emphasizes 
basic principles of  laparoscopic surgery with training drills 
for the box trainer.
     The box trainer provides the backbone of  the FLS 
evaluation tool. The FLS exam combines a written exam 
with a timed and scored laparoscopic skills evaluation 
in the box trainer. The tasks used for laparoscopic skill 
evaluation are peg transfer, pattern cutting, placement of  
a ligating loop, intracorporeal and extracorporeal knot 

Figure 1  Typical Box trainer with real surgical instruments and equipment 
including a video monitor, camera, and laparoscope.
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tying[15,16]. SAGES is currently recommending that all 
senior residents demonstrate laparoscopic skill competency 
by taking this exam. An examination fee is charged and, 
currently, the exam is only offered at six North American 
testing centers. The exam can also be taken at the yearly 
American College of  Surgeons (ACS) Clinical Congress 
and the SAGES annual meeting. 
    The need to take a box trainer-based exam at a 
specialized test center demonstrates the major disadvantage 
of  this system. The measurement of  performance and 
objective evaluation of  skills, or metrics, requires an 
independent teacher/evaluator[17]. For FLS, objective 
evaluation is performed with trained test proctors who 
time performance and apply penalties to the performance 
based on standardized criteria[18,19]. These criteria have not 
been published or made widely available, limiting the use 
of  this validated evaluation system to only the approved 
test centers. As such, the FLS system is not useful as a 
routine evaluation tool for individual residency programs.

ANIMAL MODELS 
These simulators involve the use of  a live, anesthetized 
animal. This is the most realistic, non-patient environment 
for laparoscopic training. The abdomen in the porcine 
model is comparable in size to the adult human, with much 
of  the foregut anatomy similar to that of  the human[20]. 
Performing a cholecystectomy in this model provides 
tactile feedback in an environment where technical errors 
and complications such as gallbladder perforation or 
common bile duct injury can occur without consequence 
to a human patient[21]. Likewise, the canine model is 
frequently used to practice colon surgery. Animal models 
also enable trainees to work together as a team on an 
operation, providing additional insight into setting up an 
operative case. 
    As useful as animal labs are, there are many reasons why 
they are not fully integrated into most surgical curricula. 
Ethical issues regarding the use of  animals for training and 
studies are not to be discounted, but for most programs 
the cost issues are prohibitive. There are substantial 
costs associated with maintaining specialized facilities 
and providing appropriate staff[22]. In some institutions, 
including our own, these facilities have been converted 
into an inanimate skills training lab.

VIRTUAL REALITY SIMULATORS 
Virtual reality (VR) surgical simulators are the latest and 
most promising development in the area of  surgical 
simulation. Sophisticated computer software has been 
developed in an attempt to replicate critical skil ls 
required for laparoscopic surgery and, in some cases, 
entire procedures. Many of  these simulators provide a 
more believable practice environment than traditional 
box trainers, hence providing higher face validity. These 
trainers can be set up to record and save accurate and 
objective data for individual performance on specific tasks. 
The metrics of  most devices can be customized, setting 
pass/fail criteria. These features present the opportunity 
for a trainee to practice independently on their own time 

as part of  a structured curriculum. 
    The performance records make it possible for the 
educator to evaluate the performance of  a laparoscopic 
task in an easy accessible format, to track the progress of  
an individual, and to compare a trainees results to peers 
and an expert standard[6,23,24]. Virtual reality simulators 
are also available for technically challenging tasks such 
as upper and lower endoscopy, endoscopic retrograde 
cholangiopancreatography (ERCP), hysteroscopy, and 
cystoscopy[24-28]. Objective measurements such as the 
time to complete a task, economy of  hand motion, 
dexterity, and instrument path length can be easily 
used as assessment tools to document the progress of  
laparoscopic skills. The software of  new VR simulators 
can be adjusted to create more difficult tasks or different 
levels of  difficulty of  the same task. Software updates have 
the potential to provide new drills or procedures which can 
be simulated using the same hardware. In an attempt to 
replicate the biggest advantage of  box trainers and make 
the simulations as real as possible, several VR simulators 
now offer built in haptics, or force feedback, as an option 
on their systems. These systems, while intriguing, have not 
yet been shown to significantly contribute to training[29] but 
do significantly contribute to the cost of  the devices.
    Currently the following VR simulators are commercially 
available as training platforms for laparoscopic surgery: 
Proced icus MIST [30], Hapt i ca ProMIS [31] , METI 
SurgicalSIM, Simbionix Lap-Mentor and Surgical Science 
LapSim[32]. The two most widely used VR simulators are 
described in more detail below. The Procedicus MIST 
(Minimally Invasive Surgical Trainer), the most recent 
version of  the MIST-VR (Mentice AB, Gothenburg, 
Sweden), uses a desktop computer with an interface 
similar to two laparoscopic instruments[7]. Twelve different 
tasks designed to improve hand-eye coordination and to 
stimulate psychomotor skills constitute the basis of  this 
system. The complexity of  these tasks ranges from basic 
grasping targets to transferring them between instruments 
to performing these tasks with an increased difficulty level, 
including the use of  diathermy[33]. Recent updates to the 
system have incorporated suturing and knot tying drills. 
The MIST system remains the most extensively validated 
virtual reality training system. Seymour et al[34] demonstrated 
that surgical trainees who practiced a diathermy task to an 
expected level of  performance performed faster and with 
fewer errors in excising the gallbladder off  the liver. 
    The LapSim system (Surgical Science, Göteborg, 
Sweden) (Figure 2) also consists of  laparoscopic 
instr uments (VLI interface, Immersion Medica l , 
Gaithersburg, MD) connected to a desktop computer 
(Figure 2). Similar to the MIST, the LapSim focuses on 
basic laparoscopic skills and suturing. Newer software 
modules incorporate complex diathermy and bowel 
manipulation. The LapSim system has different modules 
mimicking different tasks in the abdominal cavity 
focusing on camera navigation, instrument navigation, 
coordination, grasping, cutting, clip applying and more 
advanced modules like suturing and “running the small 
bowel.” The simulator records data on multiple parameters 
for each module including “pass/fail,” tissue damage and 
excess instrument motion[35,36]. All of  the various data 
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sets are easily accessible and downloadable with the latest 
software release. This same software allows a teacher to set 
up specific drills and tasks as part of  a curriculum for each 
trainee. All the metrics of  this system are customizable. 
Likewise, performance exams can be tailored to skill level 
or individual requirements. Performance on the LapSim 
system has been demonstrated to distinguish expert and 
novice skill levels. This establishes construct validity for 
this system[36]. Specific skills transfer to the operating room 
has not yet been demonstrated.

FULL PROCEDURAL SIMULATORS
Ful l procedura l s imula tors g o beyond the bas ic 
laparoscopic training of  their predecessors and are 
designed to recreate the specific anatomy allowing the 
practicing of  all skills necessary to perform a particular 
operation. There are a variety of  simulators available for 
endoscopic sinus surgery, bronchoscopy, endovascular 
surgery, gastrointestinal endoscopy, and laparoscopic 
procedures such as cholecystectomy and inguinal hernia 
repair[37-40]. Many of  these simulators are part of  a 
computer-based virtual reality platform. The hernia repair 
simulator is a physical model simulator[39].
    The potential advantage of  full procedure simulators 
over basic skills simulators is obvious. A well designed 
full procedural simulation should teach skills, anatomy, 
and the nuances of  a complete surgical procedure in 
an environment where errors can be made without 
consequence. A full procedure simulator will not replace 
basic skills drills but will help bridge the gap to the 
operating room. For instance, in a laparoscopic total 
extraperitoneal hernia repair (TEP) even an experienced 
surgeon might encounter difficulties during repair due to 
the different approach and the unusual view of  the inguinal 
anatomy. A full procedural TEP-simulator in the training 
of  surgical residents resulted not only in improvement of  
operative performance but with their new understanding 
the residents were also more willing to recommend this 
procedure to patients requiring an inguinal hernia repair[39].

TRAINING OF SURGICAL RESIDENTS
In 1999 the Accreditation Council of  Graduate Medical 
Education (ACGME) endorsed the concept of  six core 
competences which every physician should demonstrate: 
Patient care, medical knowledge, practice-based learning 
and improvement, interpersonal and communication 
skills, professionalism, and systems-based practice[41]. 
These competencies are now the basis of  individualized 
evaluations in most residency training programs. These 
competencies do not directly address the acquisition of  the 
extensive technical skills required for qualified surgeons 
or other practitioners of  technical specialties. However, 
these skills are included across most of  the competencies 
and one goal of  the ACGME initiative is for training 
programs to develop novel and accurate measures of  these 
competencies in practice. In 2001, a survey confirmed that 
the vast majority of  program directors in general surgery 
are in favor of  surgical training outside the operating room 
to augment and complement hands-on experience with 

real patients[42]. The discrepancy between the demand for 
guidelines for laparoscopic simulator training for surgical 
residents and the application of  these methods is telling. 
Curriculum development and validation of  these methods 
is now of  the utmost priority. 
    The first nationwide curriculum aiming to address this 
need is described in the FLS program[1]. This program 
is available for purchase by individual programs but is 
primarily designed as an independent evaluation tool. 
The FLS curriculum does not provide a mechanism 
for purchasing programs to internally evaluate resident 
performance or recommend distinct training guidelines. 
In addition, the FLS was deliberately designed to not 
include virtual reality computer simulators because of  the 
acquisition costs involved and the lack of  standardization 
and complete validation studies[1]. SAGES intends the 
FLS to become the standard for evaluation of  basic 
laparoscopic skill acquisition but FLS may have limited 
long-term appeal if  it does not incorporate virtual reality 
technology as it evolves.
    To justify the steep acquisition costs, the validity and 
reliability of  new teaching and evaluation tools must be 
supported by convincing studies before their widespread 
acceptance can be expected. Up until now, most skill 
evaluation for laparoscopic training and, in fact, surgery 
training in general, has been based on subjective evaluation 
and recommendation, a system that has been criticized 
for its lack of  validity[43]. More recently simulation 
systems are being used in some training programs for the 
objective assessment of  individual technical performance 
and as a supplement to the traditional evaluation[18,44-46]. 
An important aspect of  a valid training system is that 
novices show an improvement of  their skills over time. 
This has been demonstrated in multiple studies to be 
correct for the MISTELS, and more recently, for the VR-
simulators[32,34,36,47]. Interestingly, some studies seem to 
support the work hours mandates. VR simulators have 
been used to demonstrate a decrease in psychomotor skills 
in residents subjected to sleep deprivation from a night 
of  trauma call. Although the time to complete the tasks 
was unchanged, the number of  errors was increased[48]. 
Another interesting study shows that alcohol intoxicated 
medical students perform worse in a VR simulator and 
regain their capabilities once sober[49]. The conclusions 
of  these studies are quite serious and they rely on the 

Figure 2  The LapSim virtual reality system: The laparoscopic VLI interface with a 
PC-based desktop computer.
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discriminative validity of  the simulator used to assess 
differing performance.
    Despite strong evidence supporting the use of  surgical 
simulators in minimally invasive training of  surgical 
residents, the learning curves to acquire psychomotor 
skills are relatively unknown within the field of  surgical 
simulation. It is reasonable to think that “distributed 
practice” or frequent, repeated training provides longer 
term skill acquisition versus “massed practice”, or intense 
short term training[50]. In a study evaluating the learning 
curve in laparoscopic skill training, different learning 
curves existed for surgeons with different laparoscopic 
backgrounds[24]. Much remains to be learned in determining 
the most efficient methods of  expanding psychomotor 
skills. Contributing factors need to be identified and 
evaluated to determine the specific types of  exercises that 
lead to improved performance in the operating room. The 
optimum practice time and requirements for continued 
practice need to be delineated.

MAINTENANCE OF SKILLS AND CREDENTIALING 
OF SURGEONS
As technologies and procedures evolve, newer techniques 
may require addit ional special ized ski l ls. How do 
hospitals, practices, other physicians, and patients ensure 
that surgeons possess the requisite skills to perform 
these procedures safely and deal with intraoperative 
complications? How do we ensure the surgeons retain the 
skills to maintain a high level of  practice? These questions 
surfaced before the advent of  laparoscopic abdominal 
surgery and persist today with greater urgency because 
of  the requirements and demands of  modern practice[51]. 
The American Board of  Surgery (ABS) is considering an 
objective skills proficiency examination to supplement the 
current knowledge-based and judgment assessments that 
comprise the surgery Qualifying and Certification exams. 
A completely objective, reproducible, and universally 
accepted evaluation tool is currently lacking, but it is likely 
that such a system will be developed and implemented 
in our practice lifetime. Similar to the aviation industry, a 
surgeon’s skills at handling a difficult or emergent problem 
could be assessed. An exam could incorporate assessment 
of  judgment and anatomic awareness. This exam could 
be employed for ongoing assessment of  skill level at 
predefined intervals, much like the current recertification 
exam system. Patients entrust their lives to surgeons 
who rely on their judgment, visual and psychomotor 
skills. In this aspect, surgeons share common ground 
with airline pilots and it seems logical that surgeons, too, 
should be involved in an established method of  acquiring 
and maintaining their high level technical skills. Surgical 
simulators will likely become an indispensable tool to 
these ends. The standards and performance expectations 
for such a system should be designed and validated by 
surgeons and surgeon-educators to ensure the exams are 
fair and reproducible. 

The surgery of the future
Surgical simulators have the potential to be much more 

than tools for training and evaluation. As the technology 
continues to develop, the high standards required for 
appraisal and certification should allow future generations 
of  simulators to also be used for operative planning. 
Complex operations will be planned and practiced in a 
virtual reality environment based on three dimensional 
imaging technologies imported into the device. This will 
be enabled by the same technology that allows us instant 
access to high-resolution computed tomography (CT) 
and magnetic resonance imaging (MRI) at our desktops 
today. After a surgeon has sufficiently practiced the virtual 
procedure, he would then perform the actual operation in 
the patient with significantly less operative morbidity, or 
perhaps with augmented-reality computer guidance[52]. The 
potential benefits to the patient are enormous. 
    In conclusion, surgical skills training is undergoing 
a dramatic transformation. Modern technology and 
training techniques, combined with external pressures 
and mandates are forcing surgeon-educators to rethink 
previously held principles. Simulators in their current 
form can facilitate the improvement of  laparoscopic skills 
and operating room performance of  surgical residents. 
Development of  standardized training curricula for 
surgical residents remains an urgent and important agenda, 
particularly for minimal invasive surgery. An innovative 
and progressive approach, learning from the experiences 
of  the field of  aviation, can provide the foundation for 
the next century of  surgical training. As the technology 
develops, the way we practice will continue to evolve, to 
the benefit of  physicians and patients.
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