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Abstract
Background: We evaluated the effectiveness of five training
methods—four structured and one unstructured—for teach-
ing intracorporeal knot tying.
Methods: Forty-three graduate students without prior lapa-
roscopic experience were randomly assigned to one of five
training groups, and their performance in 10 intracorporeal
knot tying trials was evaluated, using time to complete a
knot as the outcome measure.
Results: The average knot tying times for the four structured
groups were significantly faster than the unstructured group
(p < 0.0001). Among the four structured groups, the Mini-
mally Invasive Surgical Trainer—Virtual Reality (MIST-
VR) and the box trainer drills showed the most rapid im-
provements. The MIST-VR improved average suturing time
from trial one to trial two (p � 0.05), the box trainer drills
group improved from trial one to trial four (p � 0.01), and
the other two groups showed slower improvements. Statis-
tically significant correlations were observed between
scores on MIST-VR tasks and average knot tying times (r >
0.7, p < 0.05).
Conclusion: Structured training can be useful for the devel-
opment of laparoscopic skills. MIST-VR is a valuable part
of this training, particularly in the objective evaluation of
performance.

Key words: Objective assessment — Structured training —
Laparoscopic training — Surgical skills — Virtual real-
ity — Knot tying

Since its introduction in the late 1980s, minimally invasive
surgery has become the standard procedure for a variety of
surgeries, including cholecystectomy, hernia repair, appen-
dectomy, Nissen fundoplication, and other advanced proce-
dures. Laparoscopic cholecystectomy has been shown to

result in less pain and shorter hospital stays than the open
method, although overall complication rates are not signifi-
cantly reduced [11]. This is due in part to the significantly
higher rate of complications among the first patients treated
by a surgeon, suggesting that surgeons must progress along
a learning curve before laparoscopic procedures can be done
proficiently [41]. This learning curve is partially a result of
the unnatural environment in which minimally invasive sur-
gery is practiced. Challenges facing the laparoscopic sur-
geon include the loss of important depth cues due to the use
of a two-dimensional display monitor, loss of tactile or hap-
tic feedback due to the nature of laparoscopic instruments,
and the “fulcrum -effect” created by the insertion of the
instruments through the abdominal wall, which causes the
instrument tips to move in the opposite direction as the
surgeon’s hand [9, 14] Investigators have explicitly demon-
strated these learning curves using simplified psychomotor
tasks that mimic some of the skills required for laparoscopic
surgery [8, 36].

The traditional Halstedian apprenticeship model of “see
one, do one, teach one” is no longer adequate to train sur-
geons, since good laparoscopic skills cannot be developed
by merely watching an expert [16, 17]. Laparoscopic pro-
ficiency is only realized after sufficient practice in the mini-
mally invasive environment. To this end, a variety of ap-
proaches have been developed to teach laparoscopic skills
outside of the operating room; these methods include prac-
ticing on animal models or artificial tissues, training boxes,
and virtual reality simulators. Although live animal models
are currently the most realistic training environment avail-
able outside the operating room, they present financial and
ethical problems and are illegal in many countries [46].
Artificial tissues are useful for practicing basic surgical
skills, but the scope of activities that can be learned from
their use is limited [45]. Due to these limitations, surgical
instructors have looked for other methods to teach mini-
mally invasive surgery skills.

Developing laparoscopic skills in training boxes has
been shown to be effective, and this approach is used in a
number of training programs. Rosser has developed a courseCorrespondence to: R. M. Satava
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that first develops basic skills using three coordination drills
and then teaches the advanced laparoscopic skill of intra-
corporeal suturing [36]. He demonstrated that residents
could be taught to suture as well as experienced surgeons in
a 2 1/2 day program and emphasized the importance of
training outside of the OR operating room (OR) [35]. Fried
et al. developed the MISTELS (McGill Inanimate System
for Training and Evaluation of Laparoscopic Skills) pro-
gram, which includes seven drills based on skills used in
laparoscopic surgery and scores performance based on
speed and accuracy. They showed that MISTELS scores
correlate with surgical experience, thus demonstrating the
construct validity of the program [9]. They went on to show
that practice improved performance in four of seven tasks,
scores improved over a 2-year period in residency training
and there was a strong correlation between MISTELS
scores and performance in an in vivo model, further vali-
dating the program [7, 8, 12]. Practicing in box trainers has
been shown to be an effective way to develop basic lapa-
roscopic skills, although no study to date has attempted to
show that these skills can be transferred to the operating
room, in part due to the difficulty of assessing surgical skill.

Although it has been estimated that judgment comprises
75% of a successful operation and technical skill 25%, this
latter factor has traditionally been overlooked in the evalu-
ation of surgical trainees [32]. Reznick et al. have developed
and validated OSATS (Objective Structured Assessment of
Technical Skill for Surgical Residents) to objectively assess
surgical technical skill. This exam consists of six 15-min
tasks that evaluate basic surgical skills, such as bowel anas-
tomosis and T-tube insertion, and can be performed on ei-
ther live animals or at benchtop stations with similar results
[26]. Both task-specific checklists and global rating scales
were shown to be reliable and valid in the evaluation of
residents, since there was high interrater agreement and
scores correlated with level of experience [33]. Training on
the bench stations was also shown to transfer well to per-
forming similar procedures on a cadaver, suggesting that the
skills developed in the simulation lab may transfer to the
OR [1]. Eubanks et al. have developed a similar checklist
approach for the evaluation of laparoscopic cholecystecto-
my, which they demonstrated to be both reliable and valid
[11]. Although both of these evaluation methods have been
shown to be effective, they rely on subjective human ratings
that are subject to inconsistency.

Other investigators have attempted to develop mechani-
cal or computerized techniques to measure surgical skill
more objectively. Motion analysis of surgical tools during
surgery using electromagnetic trackers has been shown to
be a valid measure of surgical skill that is more precise than
simply measuring time to complete a task or subjectively
evaluating performance [39]. Performance on an advanced
endoscopic psychomotor tester (ADEPT) in the training box
environment has been shown to correlate well with the sub-
jective evaluation of operative skill and may also serve as an
aptitude test of surgical ability [24]. Approaches such as
these help to fill the need for objective evaluation of surgi-
cal skill, and in the near future virtual reality (VR) may
provide an even more thorough and flexible mode of sur-
gical evaluation.

The list of potential benefits of realistic VR surgical
simulators is extensive: objective assessment of surgical

skill, decreased risk to patients as surgeons progress along
the learning curve in VR rather than in the OR, simulation
of any type of case or complication imaginable, standard-
ization of residency training regardless of the type of pa-
tients that present to each teaching hospital, experimenta-
tion with new procedures in a safe environment, and the
ability to practice an operation on patient-specific anatomy
prior to the real operation [16, 21, 37, 46]. To date, a variety
of VR surgical simulators have been developed, ranging
from a simple simulation of laparoscopic drills that can run
on a PC [50] to an advanced hepatic surgery simulator that
runs on parallel graphics workstations [25]. So far, they
include simulations of neurosurgery [29, 44], ophthalmic
surgery [38], laparoscopic surgery [2, 27], knee and shoul-
der arthroscopy [23, 40], endoscopic sinus surgery [3, 48],
open abdominal surgery [4] anastomosis [30], bronchos-
copy [5, 10], and intravenous catheter insertion [31, 47].
The realism of these simulators varies greatly depending on
the power—and thus the cost—of the hardware on which
they run. There is a constant balance between visual fidelity,
real-time response, and computing power (cost) that devel-
opers must keep in mind as they design simulators. At this
point, no simulator provides an experience that truly recre-
ates surgery, but experts predict that surgical simulators will
have reached a level of performance where they will be
acceptable as tools for testing and certification by 2005–10
[16].

As virtual reality surgical simulators are developed, they
must be shown to be both instructionally effective—that is,
able to teach the real skills needed for surgery—and valid in
their evaluation of surgical skills. Although many simula-
tors have been developed, only a few have been assessed in
terms of their effectiveness in training and evaluation. Most
of these validation efforts have compared experienced sur-
geons to those with less or no surgical experience to dem-
onstrate construct validity—showing that the simulator is
measuring the skill it is designed to measure. The results
have been mixed, with an anastomosis simulator [28], a
knee arthroscopy simulator [22], an endoscopic sinus sur-
gery simulator [48], and a laparoscopic skills simulator [6]
demonstrating significant differences among users with dif-
ferent surgical experience, whereas other simulators have
failed to discriminate between those with different levels of
ability [31, 40]. Much more than construct validity needs to
be evaluated to show that a surgical simulator is effective. It
must also be shown to have predictive validity (the task
predicts future performance), content validity (the task mea-
sures the content that is desired to be measured), concurrent
validity (performance on the task mirrors performance in
the real environment), and face validity (the simulation re-
sembles the real task). In addition, a simulator must also be
reliable (precise) and instructionally effective (the skills that
are developed transfer to the real environment) [32].

So far, only a limited number of studies have looked
beyond construct validity in their evaluation of surgical
simulators. An IV catheterization simulator was shown to
lack construct and concurrent validity because it could not
differentiate between users of varying experience and the
scores on the simulator did not correlate with ability to start
an IV. It also lacked instructional effectiveness, since train-
ing on the simulator did not lead to improved IV placement
[31]. The Minimally Invasive Surgical Trainer–Virtual Re-
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ality (MIST-VR) laparoscopic simulator has been shown to
possess construct validity, because experienced surgeons
perform better than novices. It is also instructionally effec-
tive for a basic task, since surgeons who trained on MIST-
VR were shown to be better at a laparoscopic cutting task
that those who had not [6, 13]. The issue that is not ad-
dressed by all of these studies is how well training on a
simulator transfers to a complex task performed in surgery.
To evaluate this, we looked at the effect of training with the
Rosser drills and MIST-VR on learning the complex task of
intracorporeal knot tying using a structured method of in-
struction. The performance of those in the structured groups
was also compared to the performance of a group that
learned knot tying in an unstructured fashion.

Materials and methods

Participants

Forty-three graduate level students (average age, 23.7 ± 1.8 years) who had
no previous experience using laparoscopic instruments and were initially
unable to tie an intracorporeal knot in under 600 secs were randomly
assigned to one of five groups, each with a different protocol for teaching
laparosocpic intracorporeal knot tying. The five groups were MIST-VR (n
� 10; age, 24.0 ± 1.3), Box Trainer Drills (n � 8; age, 24.2 ± 1.2),
Self-Practice (n � 8; age, 23.6 ± 1.2), No Practice (n � 8; age, 23.4 ± 3.3),
and Unstructured (n � 9; age, � 22.9 ± 1.5).

Procedure

Subjects were randomly assigned to either one of the four structured train-
ing groups (MIST-VR, Box Trainer Drills, Self-Practice, No Practice) or
the Unstructured group. The structured groups all went through the same
didactic sessions based on Rosser’s knot tying algorithm, the only differ-
ence between them being the type of psychomotor training they received
prior to the timed knot tying trials [36]. The Unstructured group did not
receive explicit training in the knot tying algorithm; functionally, they
represented a group attempting to teach themselves how to tie an intracor-
poreal knot using only observation and basic knot tying principles. Those
assigned to the four structured groups were given a 10-min demonstration
on how to perform an intracorporeal knot by the instructor. Those in the
Unstructured group watched a video of a knot being tied and received no
verbal instruction. All subjects then attempted to place a single intracor-
poreal knot in a foam pad with no further guidance from the instructor. The
subjects who successfully performed the baseline knot in < 600 sec were
removed from the analysis.

The group assigned to MIST-VR (Virtual Presence Ltd., London, En-
gland) performed three virtual reality tasks. The system runs on an HIQ PC
with a 400 MHz Pentium II processor and a three-dimensional graphics
accelerator card (3D Blaster Riva TNT 2 Ultra; Creative Labs, Singapore).
The input device consists of two standard laparoscopic grasper handles
attached to rods that run through gimbals mounted on a steel frame (Im-
mersion, San Jose, CA, USA). The simulated laparoscopic environment
consists of an opaque box with gridlines and is displayed on a l7-in color
monitor. All of the tasks consist of manipulating simple geometric figures
with the instruments. No force feedback is provided to the instruments.
Each subject performed 10 sets of each of the three tasks; all 10 sets are
performed before moving on to the next task. To complete each task, three
repetitions of the drill had to be performed with each hand.

In the first task, Acquire and Place (hard configuration), a sphere must
be grasped with the instrument, placed into a cube, and then released while
still within the cube. The second task, Transfer and Place (medium con-
figuration), requires the subject to grasp the sphere with one instrument,
pass it to the other instrument, and then release it within the cube. The final
task, Traversal (medium configuration), consists of grasping the top of a
cylinder with one instrument and then sequentially grasping lower seg-
ments of the cylinder with alternating instruments until the bottom of the
cylinder is reached.

The system records time to complete the task, economy of motion (total
path taken/optimal path length), and total number of errors. Errors are
recorded for a variety of mistakes, such as collisions between instruments,
dropping the ball outside the cube, or placing the instrument tip into the
wrong segment of the cylinder. Feedback, given to the subjects between
each set, consisted of scores for each of the above categories broken down
into right and left instruments, as well as an overall score that was calcu-
lated by summing time, economy, and error scores. The subjects could
monitor their progress over time because feedback was generated as graphs
that showed both the most recent as well as previous scores. Lower scores
reflect better performance. These three tasks were chosen because they
most closely mirror the drills performed by the Box Trainer Drills group.

The Box Trainer Drills group performed 10 sets of each of the three
drills designed by Rosser et al. [36]. These exercises were all performed in
a laparoscopic trainer (Surgi Trainer; US Surgical Corporation, NorwalK,
CT, USA) using a monitor (Trinitron model no. PVM-1943MD; Sony,
Tokyo, Japan), a telescope three chips, 0°, 10 mm) (Stryker Endoscopy,
Santa Clara, CA, USA), and a medical video camera (model no. 777;
Stryker Endoscopy). Ten sets of each drill were completed before moving
on to the next one. Each drill is timed by the instructor, who also maintains
quality control.

The first drill, the Slam Dunk, requires the nondominant hand to trans-
fer 10 black-eyed peas from the floor of the trainer through a hole in a
cylinder by dropping them from a height of 1 cm above the aperture. The
next drill, the Cobra Rope, requires the subject to pass a 60 × 1/8 in rope
from one hand to the next. The rope has colored bands that are 1 in on
length and 4 in apart, and subjects are only allowed to grasp the rope on
these colored segments. The coiled rope is initially grasped with the non-
dominant hand; the next colored segment is then grasped with the dominant
hand and passed to the nondominant hand. This maneuver is repeated until
the entire length of rope has been traversed. The first two drills were
performed using traditional endograspers (Auto Suture Endo Grasp 5 mm;
US Surgical Corporation). The final drill, the Terrible Triangle, consists of
engaging a curved needle mounted on a grasper (Rosser Signature Series
Needle Holder; Asian Medical Technologies, Kalamazoo, MI, USA) into a
metal loop at the apex of a wooden triangle. The axis of the camera is kept
parallel to the plane of the loop, making it impossible to see both sides of
the loop simultaneously and requiring the subject to locate the opening of
the loop using other depth cues. With the needle in place, the triangle is
transferred across the field to a circular landing pad, where the triangle
must be placed and the needle removed from the loop. Five triangles must
be transferred to complete each set.

Following the initial knot tying trial, the subjects assigned to the Self-
Practice group practiced knot tying for 30 min without receiving any fur-
ther instruction. This task was performed in the trainer on a foam pad,
using the needle holder and grasper. The subjects assigned to the No
Practice group did no further laparoscopic exercises following their initial
attempt to tie a knot. Those assigned to the Unstructured group watched a
video showing two more knots being placed and were also given written
instructions on how to perform a basic instrument tie.

The subjects in the Box Trainer Drills, MIST-VR, and Self-Practice
groups completed their assigned exercises with self-paced intervals be-
tween trials of �5; each set of exercises took ∼30 min of on-task training
time. Subjects were then shown a 20-min CD-ROM that proceeded through
each step of the intracorporeal knot tying process (The Art of Laparoscopic
Suturing.by J. C. Rosser, 1995, New York; (Radcliffe Medical Press). They
were permitted to ask the instructor questions throughout the presentation.
Thereafter, they each placed 10 intracorporeal knots on a foam pad in the
box trainer using the needle holder and grasper [36]. To keep all subjects
on the same cognitive level and prevent failure due to forgetting the knot
tying algorithm, the instructor answered questions and gave instruction
throughout these exercises whenever the subjects were unable to proceed
on their own. Each knot was timed from grasping the suture with the assist
device to the completion of the knot. The Unstructured group did not watch
the CD-ROM and received no guidance from the instructor during their 10
knot tying trials. They had access to any written notes they had taken while
watching the video and to the written instructions on how to perform an
instrument tie.

Statistical analysis

The average knot tying times for each of the 10 timed trials as well as the
average time for all 10 trials were compared using two-factor analysis of
variance (ANOVA) for repeated measures. Contrast comparisons of dif-

132



ferences within each group between baseline and trial one, trial one and
trial two, trial one and trial three, trial one and trial four, and trial one and
trial 10 were made using one-factor ANOVA for repeated measures with
the Scheffe F test. Correlations between scores on MIST-VR and times on
the Rosser drills and average knot tying time were analyzed using the
Pearson product-moment correlation coefficient. The threshold for signifi-
cance for all statistical tests was set at p � 0.05 for a two-tailed test.

Results

The learning curves from the baseline trial through trial 10
for the five groups are shown in Fig. 1. Knot tying times
averaged over the ten trials are shown in Table 1. There
were statistically significant differences between the aver-
age knot tying times for each of the four structured groups
(MIST-VR, Box Trainer Drills, Self-Practice, and No Prac-
tice) and the Unstructured group (p < 0.0001). Statistically
significant differences between the structured groups and
the Unstructured group were also seen for each of the 10
trials. There were no statistically significant differences
among the four structured groups’ average times over 10
trials or average times for any given trial. Table 1 also
shows an analysis of differences between given trials within
each group.

Significant decreases in time suggest that improvement
has occurred in that interval. The greatest improvement was
seen in the early trials, so differences between these trials
were analyzed to determine the rate at which each group
was improving. If there are decreases in time from one trial
to the next, this indicates that improvement is rapid. On the
other hand, if it takes multiple trials to produce a significant
decrease in time, improvement must be slower. All four
structured groups showed statistically significant improve-
ment from the baseline trial to trial 1, whereas the Unstruc-
tured group did not. Only the MIST-VR group showed sta-
tistically significant improvement from trial 1 to trial 2 and
from trial 1 to trial 3. The Box Trainer Drills group showed
statistically significant improvement from trial 1 to trial 4.
The Self-Practice group and the No Practice group showed
no statistically significant improvement between trials 1 and
2, trials 1 and 3, or trials 1 and 4. All four structured groups

showed significant improvement from trial 1 to trial 10. The
Unstructured group showed no significant improvement
throughout the knot tying trials.

Another approach to measure the effectiveness of a
teaching method is to look at variability; decreasing vari-
ability within a group indicates that performance is becom-
ing more consistent. A plot of standard error scores for the
five groups over the course of the 10 trials is shown in Fig.
2. Although variable from one trial to the next, the four
structured groups tended to show decreasing variability over
the course of the 10 trials. In the first five knot tying trials,
the Self-Practice group showed the lowest variability among
the four structured groups, the No Practice group showed
the greatest variability, and the MIST-VR and Box Trainer
Drills groups showed intermediate levels of variability. The
latter half of the trials showed relatively equal variability
among the four structured groups. The Unstructured group’s
variability in the early trials is not comparable to the vari-
ability of the structured groups, since the vast majority of
subjects in the Unstructured group failed to complete the
early knot tying trials within the 10-min time limit. These
subjects were given scores of 600 sec for these trials, and
the high percentage of subjects receiving scores of 600 sec
artificially decreased the variability in the early trials. As
can be seen in Fig. 2, as some subjects learned how to
successfully tie knots in the later trials, the variability in the
Unstructured group increased to very high levels compared
to the structured groups.

To look at how well scores on MIST-VR and times on
the box trainer drills predicted knot tying ability, we calcu-
lated the Pearson product-moment correlation coefficient
between these measures and knot tying times. Correlations
between MIST-VR scores and knot tying times are shown in
Table 2.

Statistically significant correlations were observed only
with the Acquire and Place task. In this case, average error
score, trial 1 time score, and trial 1 error score acted as
strong predictors of knot tying performance. Scores on
Transfer and Place and Traversal do not seem to predict
knot tying performance. Weak correlations with knot tying
times were observed for the Slam Dunk, the Terrible Tri-
angle, and the Cobra Rope drills (r � 0.03–0.66), and these
correlatios were not statistically significant.

Discussion

Structured training is an essential part of learning complex
skills. The differences in performance between the struc-
tured groups and the Unstructured group make it clear that
organized, step-by-step instruction is necessary to become
proficient at the difficult task of intracorporeal knot tying.
Though eight of the nine subjects in the Unstructured group
were able to perform at least one successful intracorporeal
knot in the 10 trials, their performance level was very poor
in comparison to those who underwent structured training.
To teach laparoscopic knot tying, one must develop a struc-
tured training method through task deconstruction and
analysis, ultimately leading to the development of an algo-
rithm that allows the task to be completed consistently and
without difficulty. This study used Rosser’s knot tying al-
gorithm, which has been shown to be effective in teaching

Fig. 1. Learning curve comparing baseline through trial 10.
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residents and experienced surgeons [35, 36]. The task was
taught using both a CD-ROM shown to be effective in trans-
ferring cognitive knowledge and one-on-one instruction,
with subjects reporting that both didactic approaches con-
tributed to their learning [34]. The effectiveness of this al-
gorithm has been validated, since students with no laparo-
scopic experience became proficient at intracorporeal knot
tying in a few hours using this training method.

To our knowledge, the effects of performing coordina-
tion drills prior to learning a complex laparoscopic task such
as intracorporeal knot tying have never been studied in a
controlled experiment. There were no significant differ-
ences among the average knot tying times for the four struc-
tured groups, although the MIST-VR and Box Trainer Drills
groups demonstrated more rapid improvement in the early
knot tying trials. This finding suggests that the psychomotor
skills developed in drills prior to the knot tying trials facili-
tated the early learning of the skill of laparoscopic knot
tying, although they did not result in an increase in perfor-
mance level at trial 10. Although 10 trials were used in this
study for comparability with other studies, it appears that
the learning curves had largely flattened out by trial 6.

Not surprisingly, all four structured groups showed sig-
nificant improvement from the arbitrary baseline time of
600 secs to trial 1. This indicates that the training consisting

of the CD-ROM and guidance from the instructor resulted
in significant improvements in performance even for the No
Practice group, which did not perform any coordination
drills prior to knot tying. In looking at how improvement
continues beyond trial 1, only the MIST-VR group and the
Box Trainer Drills group showed statistically significant
improvements from trial 1 to trial 4. This suggests that the
psychomotor skills developed prior to knot tying led to
more rapid improvement of knot tying skills. The MIST-VR
group also showed statistically significant improvement
from trial 1 to trial 2 and from trial 1 to trial 3, indicating
that this group improved the most rapidly early in the trials.
The Self-Practice group did not show statistically signifi-
cant improvement from trial 1 to trial 4, suggesting that the
early part of this group’s learning curve was relatively flat.
It may be that this group did not demonstrate greater im-
provement in the early trials because the subjects had al-
ready progressed down the learning curve during the prac-
tice session prior to the timed trials. This is reflected in the
Self-Practice group tying the fastest average knots in the
first five trials. The No Practice group failed to show sig-
nificant improvement even from trial 1 to trial 4; thus, their
rate of improvement in the early trials was slower than both

Table 1. Analysis of knot tying learning curves

Group

Average
Knot Time
(sec)

Baseline vs trial 1 Trial 1 vs trial 2 Trial 1 vs trial 3 Trial 1 vs trial 4 Trial 1 vs trial 10

Scheffe
F value p value

Scheffe
F value p value

Scheffe
F value p value

Scheffe
F value p value

Scheffe
F value p value

MIST-VR (n � 10) 184.3 ± 71.5 3.71 0.001 2.08 0.05 3.55 0.001 2.68 0.01 6.43 0.0001
Box Trainer Drills (n � 8) 201.4 ± 51.7 2.11 0.05 1.42 n.s. 1.34 n.s. 2.61 0.01 4.47 0.0001
Self-Practice (n � 8) 153.6 ± 50.2 8.99 0.001 0.54 n.s. 1.15 n.s. 1.14 n.s. 2.64 0.01
No Practice (n � 8) 209.0 ± 77.7 2.65 0.05 0.31 n.s. 0.61 n.s 0.90 n.s. 3.29 0.01
Unstructured (n � 9) 448.4 ± 120.5 0.05 n.s. 0.03 n.s. 0.01 n.s. 0.17 n.s. 0.23 n.s.

n.s., not significant

Fig. 2. The mean number of seconds taken by the five groups to tie an
intracorporeal knot during the baseline and subsequent 10 trials.

Fig. 3. The standard error scores for the five groups during the baseline
trial and the subsequent 10 knot tying trials.
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the MIST-VR group and the Box Trainer Drills group. By
the end of the trials, the No Practice group performed at the
same level as the other three structured groups. Thus, it
appears that this group developed the psychomotor skills
required for knot tying throughout the course of the 10
trials.

The No Practice group demonstrated the greatest vari-
ability among the structured groups in the first five trials,
which suggests that training in the laparoscopic arena prior
to learning knot tying was beneficial. The greater variability
in this group indicates that in the early trials some subjects
in this group were successfully learning knot tying while
others were struggling. Performing psychomotor training
prior to knot tying apparently led to more consistent learn-
ing throughout the MIST-VR, Box Trainer Drills, and Self-
Practice groups. This may be a result of the training having
substantially leveled the differences in psychomotor skills
among the subjects prior to knot tying, which led to less
variable knot tying times.

It is surprising that by the later trials the No Practice
group reached the same level of performance as the groups
that had received some type of training prior to knot tying.
It appears that the CD-ROM, which teaches knot tying in a
step-by-step manner, combined with one-on-one instruction
in this technique can lead to success in learning how to tie
knots, even without prior laparoscopic training. Knot tying
is a complex task that requires cognitive learning of the knot
tying algorithm as well as psychomotor skills. Even though
the box trainer drills and MIST-VR can improve psycho-
motor skills, they obviously do not transfer the knowledge
of the algorithm that is required to tie intracorporeal knots
successfully [13, 19, 20]. This knowledge is clearly vital to
learning how to tie knots, since the Unstructured group did
not receive structured training in this method of knot tying
and failed to learn how to tie them proficiently. It may be
that cognitive learning is responsible for most of the im-
provement seen over the course of 10 trials, so that better
psychomotor skills are not detectable simply by comparing
average knot tying times. Although the psychomotor skills
developed by performing the MIST-VR tasks and the box

trainer drills led to greater improvement early in the learn-
ing process, the fact that the No Practice group was per-
forming at the same level as the other groups by trial 10
suggests that these skills can be developed throughout the
process as well.

Studies have shown that MIST-VR is an effective tool
for developing the psychomotor skills required for laparos-
copy [6, 13, 19, 20]. This study suggests that the skills
developed on MIST-VR transfer to a complex laparoscopic
task at least as well as the skills developed using the box
trainer drills. MIST-VR also has the advantage of being able
to be used by one individual without any assistance in hold-
ing the laparoscope or moving the objects used in the drills.
Another very important feature of MIST-VR is its ability to
objectively evaluate laparoscopic skills automatically, even
in the absence of an instructor.

Previous studies have shown that MIST-VR is capable
of discriminating between experienced surgeons, surgical
residents, and individuals with no surgical experience [15,
43]. This study has shown that within a population of sur-
gically naı̈ve individuals, scores on particular MIST-VR
parameters appear to be able to predict future laparoscopic
success (as measured by ability to learn how to tie an in-
tracorporeal knot). This result supports the findings of an
earlier report showing that a subject’s performance on
MIST-VR could be predicted by the score obtained on the
first trial [6]. These findings suggest that MIST-VR could
be used both as an achievement test for practicing and train-
ing surgeons as well as an aptitude test for those considering
surgery as a career. It appears that individuals possess vary-
ing levels of a number of skills that contribute to laparo-
scopic ability, and that MIST-VR is able to roughly deter-
mine their potential for laparoscopic success. Clearly, a
large database of MIST-VR scores would have to be ob-
tained before it could be useful as an aptitude test.

Now that a variety of training tools for laparoscopic
surgery have been developed, their place in the surgical
curriculum needs to be defined. The traditional surgical
training model is a relatively unstructured one in which
residents are expected to learn through observation and
gradually develop skills as they get the opportunity to prac-
tice them. Our research, in concert with that of other inves-
tigators, suggests that such an unstructured approach is not
effective for learning laparoscopy [16]. Instead, basic psy-
chomotor skills should be developed first to provide a foun-
dation for the acquisition of specific laparoscopic skills.
Medical students and residents should initially develop ba-
sic skills using box trainer drill stations or virtual reality
simulators, which have been shown to be effective in im-
proving skills and are easy to use [35]. Once this foundation
has been laid, surgical skills can be developed using task-
specific drills such as MISTELS. These drills train for skills
used in laparoscopy, such as clip application, ligating loop
placement, mesh placement over a defect, and intracorpo-
real and extracorporeal suturing [9]. Box trainer versions of
these drills are as effective as performing the drills in live
animal models, so these drills also have the benefits of low
cost and high accessibility [12]. After residents have be-
come proficient in these skills essential to laparoscopy, they
can proceed to learning different procedures in the animal
lab. To maximize the effectiveness of this expensive train-
ing environment, residents must have already developed

Table 2. Correlations between MIST-VR performance and average knot
tying time

MIST-VR
parameter

Correlation
coefficient t value p value

Acquire and place task
Average economy 0.056 0.16 n.s.

Average time 0.37 0.29 n.s.
Average errors 0.764 3.35 0.01

Trial 1 economy 0.54 1.81 n.s.
Trial 1 time 0.81 3.88 0.005
Trial 1 errors 0.729 3.01 0.017

Transfer and place task
Average economy 0.37 1.13 n.s.

Average time −0.091 −0.25 n.s.
Average errors 0.171 0.49 n.s.

Traversal task
Average economy 0.319 0.95 n.s.

Average time −0.12 −0.31 n.s.
Average errors 0.35 1.06 n.s.

n.s., not significant
All analyses were for nine degrees of freedom.
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laparoscopic skills using inanimate models, so that the focus
in the animal lab can be on learning specific procedures. For
greatest effectiveness, these procedures should be taught in
a structured manner prior to working in the animal lab. Once
proficiency in the animal lab has been demonstrated, train-
ees should be ready to proceed to the OR with confidence in
their ability to perform the procedure for which they have
trained. For such a program to be effective, both faculty and
trainees need to devote significant amounts of time and
effort to the endeavor.

The importance of a structured curriculum with objec-
tive evaluation cannot be overemphasized. This study con-
firms the significance of the structured didactic lessons,
such as the Rosser CD-ROM and live lectures. Throughout
this program, objective feedback is essential so that both
faculty and residents can evaluate performance and prog-
ress. Although both box trainer drills and MISTELS can be
scored objectively, they cannot be measured precisely. The
most objective evaluation tool currently available for mea-
suring precision and economy of motion and accurately
identifying errors is MIST-VR [13, 50].

Because it employs motion analysis, MIST-VR offers a
much more precise and comprehensive evaluation of basic
laparoscopic skills than can be measured by timing drills in
box trainers. The benefits include an objective analysis of
errors and economy of motion, two parameters that cannot
be assessed accurately by an observer. Residents and faculty
can monitor their progress on MIST-VR easily with real-
time feedback and playback, and remedial training aimed at
correcting specific deficiencies can be given to those who
are not progressing well. It is possible that the number of
residents who have difficulty becoming proficient at lapa-
roscopy could also be reduced if evaluation tools like
MIST-VR and ADEPT can be shown to be effective in
screening out surgical candidates who lack the intrinsic abil-
ity to become good laparoscopic surgeons [24]. Objective
assessment of performance in the animal lab and the OR is
also essential. It can be accomplished through checklist
evaluations for various procedures, as proposed by Eubanks
et al. [11]. Therefore, we believe that a combination of
structured training and objective evaluation would improve
the effectiveness of laparoscopic training significantly.

Box trainers can be very effective in laparoscopic train-
ing, but the types of tasks they can simulate is limited. Even
though basic skills can be taught in these trainers, more
complex tasks, such as entire operations, cannot be simu-
lated with a useful degree of realism. It is here that virtual
reality trainers clearly have the potential to fill a void. Vir-
tual organs and instruments would make it possible to per-
form entire “operations” without ever touching a patient.
Since these tasks will be very specific—so specific that a
given patient’s anatomy can be modeled for practice—
training in this environment should transfer very well to the
operating room. Current limitations to realistic simulators
include a shortage of funding to purchase high-end equip-
ment and simulation software. Studies in the aerospace in-
dustry have shown that training on flight simulators signifi-
cantly reduces the amount of flight time needed to learn a
given skill and that total training time can actually be re-
duced by using simulators [18]. There is no reason to doubt
that virtual reality surgical simulators will ultimately lead to
similar results, so long as their development is encouraged.

In the meantime, it is essential to continue the development
of standardized objective measures of performance and a
structured curriculum that these simulators can then incor-
porate.
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