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Abstract

Background. Laparoscopic surgery requires a different
set of skills than traditional open surgery. The acquisi-
tion of basic laparoscopic skills may help novices when
learning laparoscopic procedures. This study tested the
hypothesis that the combination of virtual reality and
box trainers leads to better basic laparoscopic skill
acquisition than either method alone or no training.
Methods: A randomized control trial involving preclin-
ical medical students with no prior operative experience
was performed. The students were grouped according to
four training methods: virtual reality training, inanimate
box training, a combination of both, and no training
(control). The pre- and posttraining scores for four skills
in the porcine laboratory were the metrics chosen for
this study.

Results: A total of 65 students participated in this study.
There were no differences among any of the pretraining
scores (p > 0.05). The posttraining times differed be-
tween the four groups. Post hoc analyses showed sta-
tistically significant differences (p < 0.05) between the
participants trained with both trainers and the control
subjects.

Conclusions. Our data demonstrate that the combina-
tion of virtual reality training and inanimate box train-
ing leads to better laparoscopic skill acquisition than
either training method alone or no training at all.
Optimal preclinical laparoscopic training should incor-
porate both virtual reality trainers and inanimate box
trainers.
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It is well recognized that laparoscopic surgery requires a
different set of skills than open surgery [1, 2, 5, 6, 9, 14,
21, 24, 26, 28]. This set of skills is helpful in overcoming
the initial challenges of laparoscopic surgery, including
lack of depth perception, translation of three-dimen-
sional (3D) factors into a 2D environment, altered
tactile sensation, limited degrees of freedom, long
instrumentation, fulcrum effect, and different eye—hand
coordination. Training in an inanimate laboratory is
recommended and helpful for beginning laparoscopists
[1,3,9, 14, 15, 19, 21, 22, 25, 27, 28]. The best method of
training, however, has not yet been well established. The
two basic types of training devices are virtual reality
trainers and inanimate box trainers. These are both well
established trainers that aid in the training of basic
laparoscopic skills [7, 10, 11, 13, 14, 17, 28].

With the limited resources of most training pro-
grams, surgical educators need data to help determine
the type of trainers to which resources should be
dedicated. Previous investigations comparing virtual
reality trainers with inanimate box trainers demon-
strate conflicting results [8, 20, 29]. One study suggests
that virtual reality training is better for laparoscopic
skill acquisition than inanimate Dbox training [8].
Unfortunately, the study participants were lower-level
residents whose previous operative experience (both
actual and observational) may not have been similar.
In addition, only 19 residents had their operative
metrics evaluated. No control group was included in
this study.

Another investigation involved medical students.
However, the study involved only 24 study students [20]
and had no control group. The findings show that both
the virtual reality training group and the inanimate box
training group performed better than the control group
after training. No consistent differences between the
virtual reality training group and the box training group
were noted.
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Table 1. Training tasks for virtual reality

. Acquire and place

. Transfer and place

. Tranversal

. Withdraw and insert

. Diathermy

. Manipulate and diathermy
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Table 2. Training tasks for box trainer

Skill 1D Placing pegs on a peg board with
the dominant hand
Skill IN Placing pegs on a peg board with the
nondominant hand
Skill 2D Transferring pegs from one hand to another
and then to the peg board, starting first
with the dominant hand
Skill 2N Transferring pegs from one hand to another
and then to the peg board, starting first
with the nondominant hand
Skill 3 Placing a pipe cleaner through a tube
Skill 4 Placing a probe through three different colored rings
Skill 5 Progressing from one end of the rope to the other

A more recent study involving 46 preclinical students
and a control group demonstrated that virtual reality
training was a better training method than box training
[29]. None of these investigations compared the combi-
nation of both trainers with a single trainer alone.

We undertook the current investigation to test the
hypothesis that the combination of virtual reality
training and inanimate box training leads to better basic
laparoscopic skill acquisition than single-device training
or no training.

Materials and methods

Only preclinical medical students were enrolled in this study. An
institutional review board exemption was obtained from the institution
for this study. We used two training devices: the Minimally Invasive
Surgery Trainer—Virtual Reality (MIST-VR; Medical Education
Technologies, Inc., Sarasota, FL, USA) and the Laparoscopic Train-
ing Simulator (LTS 2000; Realsim Systems, LLC, Albuquerque, NM,
USA). Both of these trainers have been shown to train laparoscopic
skills [7, 10, 28].

The MIST-VR device consisted of all the computer, software, and
handles received from the manufacturer. For the LTS 2000, we used
disposable laparoscopic graspers and dissectors. In addition, a lapa-
roscope, light source, and monitor were required.

The trainees were randomized into four groups: group A (MIST-
VR [VR]), group B (LTS 2000 [BT]), group C (both MIST-VR and
LTS 2000 {both]), and group D (no training [control]). For the ran-
domization, four cards marked A, B, C, and D, respectively, were
placed into a brown bag. A card was picked for each student, and he or
she was placed in the group indicated on the card. The card was re-
placed in the bag, and the procedure was continued until all the stu-
dents were assigned a group.

Group A was designated MIST-VR, and so forth, before ran-
domization. Randomization occurred before the training session. No
attempt was made to match the students for gender, age, or any other
characteristic. All the groups except the control group trained for the
same total time. Each student underwent ten 20-min sessions (i.c., a
total of 200 min per student). The students who trained on both
trainers spent 10 min on the MIST-VR and then 10 min on the LTS
2000 in each session. The tasks practiced on the MIST-VR (module 1)
and the LTS 2000 are displayed in Tables 1 and 2. Formal instruction
was given to all the students before the training sessions. The

Table 3. Objective and subjective scoring of the laparoscopic tasks
during the pre- and posttest

Task 1. Placing a piece of bowel in retrieval bag

Objective scores

Time

Errors of dropped bowel or perforated bowel
Subjective scores (1-100)

Use of both hands

Tissue handling

Overall

Task 2. Performing a liver biopsy

Objective scores

Time

Errors of bowel injury or dropping tape
Subjective scores (1-100)

Use of both hands

Tissue handling

Biopsy-site hemostasis

Overall

Task 3. Placing a stapler on the bowel
Objective scores
Time
Errors of incorrect placement, bowel injury, or inclusion of
other tissue in stapler
Subjective scores (1-100)
Use of both hands
Tissue handling
Overall

Task 4. “Running” the bowel
Objective scores
Time
Errors of bowel injury or dropping tape
Subjective scores (1-100)
Use of both hands
Tissue handling
Overall

instruction included video clips of an actual patient video as well as a
video of the tasks to be tested.

Before and after the training, all the students were tested in a
porcine laboratory. The tasks used were designed to represent portions
of commonly performed laparoscopic procedures [12]. These four
separate tasks as well as the objective and subjective scoring are dem-
onstrated in Table 3. The students were given a taped demonstration of
each task a week before undergoing the test. Each task was timed, and
errors were assessed. For all the students, subjective scores were given
by one examiner for each task. The examiner, although present during
the test, was blinded to the group represented by each student. An
overall subjective score of 100 meant that the student could easily
perform the task with no assistance at all, whereas 90 indicated that the
student could perform the task with minimal assistance, 70 indicated
that the student could perform the task but with great assistance, and 0
meant that the student could not complete the task.

The tissue-handling scores were graded from 100 (appropriate
handling of tissue with no concern for injury), to 90 (appropriate
handling of tissue with minimal concern for injury rarely), to 80
(appropriate handling of tissue with some concern for injury rarely), to
70 (appropriate handling of tissue with some concern for injury
sometimes), to 50 (appropriate handling of tissue with major concern
for injury sometimes), to 0 (appropriate handling of tissue with major
concern for injury at all times).

The subjective scores for the use of both hands were graded from
100 (used both hands effectively always), to 90 (used both hands
effectively most of the times), to 70 (used both hands effectively
sometimes), to 50 (used both hands effectively rarely), to 0 (used both
hands effectively never). Nonparametric (Kruskal-Wallis) tests with
post hoc analysis (Dunn multiple comparison posttest), Wilcoxon
matched pairs test, and the chi-square test were used for statistical
apalysis as appropriate (GraphPad InStat Version 3.05, San Diego,
CA, USA).
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Group n Task 1 Task 2 Task 3 Task 4

VR 17 26.1 = 1145 108.2 &+ 49.5 s 489 £ 252s 106.3 = 37.7s
Box training 14 19.9 £ 10.6s 874 £ 40.5s 52.0 £ 3255 1059 + 46.4 s
Both 18 205 £9.1s 69.4 £+ 30.5s 451 £ 172s 89.9 + 35.0s
Control condition 16 279 £ 1145 158 £ 152.0s 58.6 £ 52.7s 204.5 £ 176.1 s
p Value For all groups <0.003 <0.02 NS < 0.01

Post hoc p values NS (all) NS for VR vs BT, NA NS for VR vs BT,

both, control; NS for
BT vs both, control;
<0.05 for both vs control

both, control; <0.05 for
BT vs both, control;
<0.01 for both vs control

VR, virtual reality training; NS, not significant; BT, box training
# Data presented as mean + standard deviation

Table 5. Subjective scores for task 4°

Group VR (range) BT (range) Both (range) Control (range)
Tissuc Handling® 79.1 (45-95) 82.5 (65-95) 84.2 (65-100) 62.8 (10-90)
Overall® 81.8 (45-95) 84.5 (65-9 84.8 (65-98) 66.3 (10-90)
VR, virtual reality training; BT, box task training
* Data presented as mean (range)
B p<0.005 for both vs control
¢ p<0.03 for all groups
Results Table 6. Total mean errors per trainee for each task

. . . Group VR BT Both Control
This study involved 65 students. All students were either
first- or second-year students who had no prior opera-  Task | 0.0 0.0 0.0 0.2
tive or laparoscopic experience. Table 4 depicts the %zt g 8-2 8'3 8-3 8-3
number of students in each group. The mean age for 1,0 4 0.5 04 02 13

each group was as follows: group A (24 + 2 years),
group B (25 + 3 years), group C (25 £ 2 years), and
group D (24 £ 2 years). There was no statistically sig-
nificant between-group difference in mean age. Gender
distribution did not differ significantly between the
groups: group A (males 47%; females 53%), group B
(males 38%, females 63%), group C (males 50%, females
50%), and group D (males 64%, females 36%). There
were no statistically significant differences among any of
the pretraining scores (times, errors, or subjective scores;
p > 0.05).

The posttraining times are shown in Table 4. All the
tasks except task 3 showed a statistically significant
difference in times between the groups. Further post hoc
analysis showed statistically significant differences be-
tween the students who trained with both trainers and
the control group for all the tasks except tasks 1 and 3 (p
< 0.05). The posttraining times were shorter for the
students who trained with both trainers and those who
trained with either virtual reality or box training alone
for tasks 2 and 4.

The subjective scores demonstrated no differ-
ences except those for task 4 in both tissue handling
(p < 0.005) and overall skill (p < 0.03; Table 5). The
errors were similar for all the tasks between all the
groups in the posttraining session (Table 6). Because
our error rates were low, it was not surprising that no
differences were seen between any of the training
groups.

VR, virtual reality training; BT, box training

Discussion

Our data reinforce the known fact that laparoscopic
trainers do improve basic laparoscopic skills. The com-
bination of both box trainers and virtual reality trainers
seems to result in the best basic laparoscopic skill
acquisition. Ideally, a complete laparoscopic inanimate
training laboratory should include both box trainers and
virtual rcality trainers.

Both trainers have pros and cons. Table 7 reviews
the advantages and disadvantages of both inanimate
box trainers and virtual reality trainers. Although other
reports compare various devices for the training of
laparoscopic skills [8, 20, 29], the current study is unique
in several ways. First, our study population consisted of
true novices. They were medical students who had no
prior laparoscopic or surgical experience. In addition,
they were preclinical medical students, and thus did not
even have the opportunity to view laparoscopic surgery.
Other studies have used “‘novice surgeons’ or residents.
One disadvantage with using “novice surgeons’ or res-
idents is that it is hard to standardize their true prior
experience. On the other hand, this may be seen as
weakness of our study because technical skills practice
should ideally follow adequate knowledge acquisition.
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Table 7. Advantages and disadvantages of laparoscopic skill trainers

Virtual reality trainer

Relatively Expensive

Self-contained module

Automated recording of data

Data easier to collect

Data on time, error, and economy of movement available
Easier to train and record individual hand performance [[4]
Sophisticated metrics

Provides instant objective and validated metrics

Educates hand—eye—foot coordination

No haptic feedback

Limited handle design

Requires less manpower

Tasks dependent on software

Less interesting/realistic [16]

Inanimate box trainer

Relatively inexpensive

Requires more instruction

Manual recording of data

Data harder to collect

Data on time and error only

Difficult to train and record individual hand performance [14]
Metrics not well established/difficult to obtain
Provides limited objective metrics

Educates hand—eye coordination only

Haptic feedback

May use any equipment handle

Requires more manpower

Unlimited tasks

More interesting/realistic (16]

Second, our study used a control group. Occasion-
ally, students, especially novices, will learn by just a
simple pretest. The current study design took that into
consideration by having a control group. More impor-
tantly, the effects of a group being trained with a com-
bination of a virtual reality trainer and an inanimate box
trainer have not been previously explored. Our belief is
that, ideally, any basic laparoscopic skills training
facility should have a combination of these devices
[14, 16]. The data from the current study support this
notion.

When subjecting our data to a post hoc analysis, we
found that only the combination of the two trainers
showed any statistically significant difference in relation
to the control group. However, it is easy to note there
were differences between either the virtual reality train-
ing group or the inanimate box training group and the
control group. Although our sample size was relatively
large, to determine differences between all four groups,
our sample size or measured effect needed to be even
larger. In addition, only task 4 (“running the bowel”)
demonstrated significant differences in subjective scores.
We believe this is because task 4 was one of the longer
tasks, allowing the evaluator more opportunity to grade
the participants. Unfortunately, it also may be true that
our subjective grading may not have been robust enough
to discriminate subtle differences between the subjective
scores for the other tasks.

It is difficult to ascertain why students who used both
training devices did better on their laparoscopic skill
acquisition. Some students may learn better in a more
high-tech learning environment (i.e., virtual reality),
whereas others may learn better in a more traditional
learning environment (i.e., inanimate box training).
Combination therapy is certain to educate both types of
students. Furthermore, training may be considered
mundane or boring after a while, and two different
devices may capture the attention of students longer,
which would further facilitate laparoscopic skill acqui-
sition. In fact, our previous investigation demonstrated
that many participants found a box trainer more real-
istic and interesting than virtual reality trainers [16].
Whatever the reasons, a combination of virtual reality
trainers and inanimate box trainers resulted in better
laparoscopic skill acquisition.

This study had some limitations. First, our sample
size could have been larger. However, the number of
participants in this study was larger than in most other
studies investigating laparoscopic training. With a small
sample size, other confounding factors may have been
involved, although our groups had similar gender and
age characteristics. Furthermore, the tasks chosen for
the metrics in the porcine model may resemble the tasks
on one trainer rather than the other. Because neither
trainer demonstrated better skill acquisition than the
other, this does not seem to be the case.

Second, we did not determine the point at which
novices would have sufficient skill to perform certain
tasks laparoscopically. In other words, training time
(not level of achievement) was used to determine when
training was complete. Our training time of 200 min
may or may not have been sufficient for students to be
trained appropriately. Specifying the training time on
these devices may not be the best method of training.

. Instead, a certain proficiency to be reached should

determine how much trainees need to train. However,
the whole purpose of our report is to compare two dif-
ferent training devices.

Our error level was low, which may suggest that our
tasks were not sufficiently complex or that our definition
of error was not subtle enough. In addition, we used a
relatively simple form of metrics (time, error, and sub-
jective scores). More sophisticated metrics exist, such as
the Objective Structured Assessment of Technical Skill
(OSATYS) [4, 18, 23]. However, we believe that for the
purposes of this study, our choice of metrics was suffi-
cient to ascertain some differences between the training
groups. Unfortunately, no standard metrics for testing
surgical skill (laparoscopic or open technique) have been
well developed, accepted, and validated in an animate
model,

This study investigated only technical skill. True
laparoscopic skill, like any surgical skill, involves judg-
ment, knowledge, and technical skill. These are not
developed with trainers alone, but also with a laparo-
scopic curriculum that uses trainers as the building
blocks for basic technical skill. Without reinforcement
of the technical skills during procedures (whether in
actual patients, cadavers, or animal models), training of
a technical skill does not truly serve the ultimate goal of



training residents or surgeons in laparoscopic proce-
dures. This study did not investigate true laparoscopic
skills in actual patients. These would be difficult to
ascertain in a test for medical students.

Our study demonstrates that the combination of
virtual reality and inanimate box trainers lead to better
basic laparoscopic skill acquisition. Practically, it is
difficult for many training programs to provide or ob-
tain appropriate funding and resources for both types of
trainers. Ideally, however, any complete laparoscopic
skill laboratory should include both types of trainers.

Acknowledgments. The authors acknowledge the technical assistance
of Mrs. Courtney Bishop in the preparation of this article.

References

1. Ali MR, Mowery Y, Kaplan B, DeMaria EJ (2002) Training the
novice in laparoscopy. Surg Endosc 16: 1732-1736

2. Champion JK, Hunter J, Trus T, Laycock W (1996) Teaching
basic video skills as an aid in laparoscopic suturing. Surg Endosc
10: 23-25

3. Derossis AM, Brothwell J, Sigman HH, Fried GM (1998) The
effect of practice on performance in a laparoscopic simulator. Surg
Endosc 12: 1117-1120

4. Faulkner H, Regehr G, Martin J, Reznick R (1996) Validation of
an objective structured assessment of technical skill for surgical
residents. Acad Med 71: 1363-1365

S. Figert PL, Park AE, Witzke DB, Schwartz RW (2001) Transfer of
training in acquiring laparoscopic skills. J Am Coll Surg 193: 533
537

6. Gallagher AG, McClure N, McGuigan J, Crothers I, Browning J
(1999) Virtual reality training in laparoscopic surgery: a pre-
liminary assessment of minimally invasive surgical trainer virtual
reality (MIST VR). Endoscopy 31: 310-313

7. Grantcharov TP, Kristiansen VB, Bendix J, Bardram L,
Rosenberg J, Funch-Jensen P (2004) Randomized clinical trial of
virtual reality simulation for laparoscopic skills training. Br J Surg
91: 146-150

8. Hamilton EC, Scott DJ, Fleming JB, Rege RV, Laycock R,
Bergen PC, Tesfay ST, Jones DB (2002) Comparison of video
trainer and virtual reality training systems on acquisition of lap-
aroscopic skills. Surg Endosc 16: 406411

9. Harold KL, Matthews BD, Backus CL, Pratt BL, Heniford BT
(2002) Prospective randomized evaluation of surgical resident
proficiency with laparoscopic suturing after course instruction.
Surg Endosc 16: 1729-1731 )

10. Hasson HM, Kumari NV, Eekhout J (2001) Training simulator
for developing laparoscopic skills. JSLS 5: 255-265

11. Madan AK, Frantzides CT (xxxx) Substituting virtual reality
training for inanimate box trainers does not decrease laparoscopic
skill acquisition. JSLS In Press

12. Madan AK, Frantzides CT, Park WC, Tebbit CL, Kumari NVA,
O’Leary PJ (2005) Predicting baseline laparoscopic surgery skills.
Surg Endosc 19: 101-103

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

213

. Madan AK, Frantzides CT, Sasso L (2005) Laparoscopic baseline

ability assessment by virtual reality. J Laparoendosc Adv Surg
Tech A 15: 13-17

. Madan AK, Frantizdes CT, Shervin N, Tebbit CL (2003)

Assessment of individual band performance in box trainers com-
pared to virtual reality trainers. Am Surg 69: 1112-1114

. Madan AK, Frantzides CT, Tebbit CL, Park WC, Kumari NVA,

Shervin N (2004) Evaluation of specialized laparoscopic suturing
and tying devices. JSLS 8: 191-193

. Madan AK, Frantzides CT, Tebbit CL, Quiros RM (2005) Par-

ticipant’s opinions of laparoscopic trainers during basic laparo-
scopic training courses. Am J Surg 189: 758-761

. Madan AK, Frantzides CT, Tebbit CL, Shervin N, Quiros R

(2005) Self-reported versus observed scores in laparoscopic skills
training. Surg Endosc 19: 670-672

. Martin JA, Regehr G, Reznick R, MacRae H, Murnaghan J,

Hutchison C, Brown M (1997) Objective structured assessment of
technical skill (OSATS) for surgical residents. Br J Surg 84: 273—
278

. Mori T, Hatano N, Maruyama S, Atomi Y (1998) Significance of

“hands-on training” in laparoscopic surgery. Surg Endosc 12:
256260

Munz Y, Kumar BD, Moorthy K, Bann S, Darzi A (2004)
Laparoscopic virtual reality and box trainers: is one superior to the
other? Surg Endosc 18: 485-494

Pearson AM, Gallagher AG, Rosser JC, Satava RM (2002)
Evaluation of structured and quantitative training methods
for teaching intracorporeal knot tying. Surg Endosc 16: 130-
137

Peters JH, Fried GM, Swanstrom LL, Soper NIJ, Sillin LF,
Schirmer B, Hoffman K (2004) Development and validation of
a comprehensive program of education and assessment of the
basic fundamentals of laparoscopic surgery. Surgery 135: 21—
27

Reznick R, Regehr G, MacRae H, Martin J, McCulloch W (1997)
Testing technical skills via an innovative “bench station” exami-
nation. Am J Surg 173: 226-230

Rosser JC, Murayama M, Gabriel NH (2000) Minimally invasive
surgical training solutions for the twenty-first century. Surg Clin
North Am 80: 1607-1624

Rosser JC, Rosser LE, Savalgi RS (1998) Objective evaluation of a
laparoscopic surgical skill program for residents and scnior sur-
geons. Arch Surg 133: 657661

Rosser JC, Rosser LE, Savalgi RS (1997) Skill acquisition and
assessment for laparoscopic surgery. Arch Surg 132: 200204
Scott DJ, Bergen PC, Rege RV, Laycock R, Tesfay ST, Valentine RJ,
Euhus DM, Jeyarajah DR, Thompson WM, Jones DB (2000)
Laparoscopic training on bench models: better and most cost
effective than operating room experience? J Am Coll Surg [91:
272-283

Seymour NE, Gallagher AG, Roman SA, O’Brien MK, Bansal VK,
Andersen DK, Satava RM (2002) Virtual reality training improves
operating room performance: results of a randomized, double-
blinded study. Ann Surg 236: 458-464

Youngblood PL, Srivastava S, Curet M, Heinrichs WL, Dev P,
Wren SM (2005) Comparison of training on two laparoscopic
simulators and assessment of skills transfer to surgical perfor-
mance. J Am Coll Surg 200: 546-551



