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Background: Although methods to overcome difficulties associated
with mirror-image conditions have been investigated, the ideal
spatial relationship among the operator line of sight, monitor
location, and camera location remains unclear. Moreover, the best
training method for improving laparoscopic surgical skills under
varying operator line of sight, camera, and monitor positions is
unknown. We aimed to investigate the role of laparoscopic training
under mirror-image conditions in improving surgical efficiency and
whether prior surgical experience affects such training.

Methods: This prospective study was conducted at the Department of
Surgical Oncology, Tokyo University, Japan. Twenty-five surgeons par-
ticipated. Novice (n= 14), trained (n=7), and expert (n=4) participants
performed the simulated task in a box trainer while varying the positional
relationships among the surgeons, camera, and monitor. Five patterns
were repeatedly performed 5 times per day for 4 days over 2 weeks.

Results: The most significant differences in terms of the time
required to complete the task under mirror-image conditions among
the 3 groups were on day 1 (novices: 185.8s, trained: 79.7 s, and
experts: 46.5s, P=0.009). However, after 4 days of training, the
corresponding times did not differ among the 3 groups (26.0, 30.7,
and 23.1s, respectively; P=0.415). Laparoscopic training was suf-
ficiently effective under mirror-image conditions.

Conclusions: Mirror-image surgical conditions provided the most
difficult setting, because surgeons and assistants often became dis-
oriented, and task performance was most degraded. However, just
4 days of training was found to be sufficient to overcome the dif-
ficulties encountered while performing laparoscopic procedures
under mirror-image conditions.
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Laparoscopic surgery is increasingly being used to treat
colon cancer.!:? Patient short-term outcomes after lapa-
roscopic resection for colorectal cancer are better than those
after conventional open resection, with less blood loss and
postoperative pain as well as shorter hospital stays and
faster recoveries. Moreover, randomized trials of colon
cancer treatments have shown that performing laparoscopic
surgery in lieu of open surgery does not reduce overall
survival or disease-free interval rates.38

However, performing laparoscopic surgery remains
technically difficult because it requires special skills using
unfamiliar devices and is performed while the surgeon or
assistant observes a video monitor with little tactile feedback
and limited freedom of movement afforded by the fixed
trocars. One of the challenges of laparoscopic surgery is that
a surgeon or assistant may encounter a situation in which
his/her line of sight does not align along the same axis as
that of the camera and monitor; this can render coordina-
tion during the surgery difficult. For example, if the surgeon
and assistant observe the monitor in front of them during
parts of the procedure involving the rectum, they encounter
circumstances in which the camera and working instruments
are not aligned along the same axis.

The ideal situation is achieving a coaxial image, and
the worst is that the camera is placed on the surgeon’s or
assistant’s opposite side to create a mirror image (reverse
alignment; ie, a paradoxical viewpoint).

There are at least 2 methods that can be used to
overcome the problems associated with mirror-image sit-
uations. The first is related to device use; for example,
Tokunaga et al® suggested that a Broadview camera sys-
tem installed just above the experimental table and capa-
ble of providing a wider view of the internal organs during
laparoscopic surgery could improve surgeons’ perform-
ance under mirror-image conditions. Gill et al'® also
suggested that rotating the view of the monitor for the
assistant by 180 degrees (left-right reversed and upside-
down image) with an image converter or by turning the
camera by 180 degrees improves task performance in
mirror-image situations.

However, devices required for this type of solution are
expensive, which limits their general use in laparoscopic sur-
gery. The second method to overcome problems associated
with mirror-image conditions is to provide adequate training
for these situations. However, there has been no uniform
methodology for providing such training to date.

Hwang et al'! suggested that participation in 30 to 40
laparoscopic colorectal surgeries is needed for the surgeon
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FIGURE 1. A photograph of the laparoscopic box trainer. A, The laparoscopic box trainer. B, A representation of the training system. The
participants hooked 4 metallic rings onto 4 plastic stakes in the square shape by manipulating the laparoscopic instruments.

and assistant to gain adequate surgical skills for working
with a mirror image. Moreover, Gould et al'2 suggested that
acquiring surgical skills when working with mirror images
could improve with laparoscopic experience and training
with mirror-image conditions.

However, there have been no investigations of the
suboptimal spatial relationship between the surgeon’s line of
sight and the direction of the camera, location of the mon-
itor with respect to the surgeons and assistants, and the best
training method for improving laparoscopic surgical skills
while varying the alignments of the surgeon’s line of sight,
camera, and monitor.

Previous studies have only showed that expert laparo-
scopic surgeons perform better than nonexpert surgeons
when working off the laparoscope viewing axis. The effects
of surgical skills training under mirror-image conditions
with varying laparoscopic surgical skills and experience
have not been explored.

Hence, we developed a “training box” model for sig-
moidectomy or anterior resection (ie, left-sided colorectal
surgery) to standardize the operative procedure. We then
performed this study to investigate the influence of laparo-
scopic training under mirror-image conditions on surgical
efficiency and explored whether prior laparoscopic operative
experience influences the outcomes of training under these
varying conditions.

PARTICIPANTS AND METHODS

Participants

Twenty-five surgeons who were used at the Department
of Surgical Oncology in April 2019 at the Tokyo University
participated in this study. The “novice” (n=14), “trained”
(n=7), and “expert” (n=4) groups included participants
with postgraduate year experiences of <10, > 10 and <20,
and > 20 years, respectively.

Materials

All tasks were performed using the laparoscopic box
trainer (Innomedics Medical Instruments Inc., Tokyo, Japan),
laparoscopic forceps (Endopath, Ethicon Endo-Surgery,
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Tokyo, Japan), a monitor (LED Aquos, LC-24K9; Sharp,
Osaka, Japan), and a camera (WAT-250D2; Watec, Yama-
gata, Japan) (Fig. 1A).

Procedure

In the laparoscopic box trainer, the participants
hooked 4 metallic rings with a diameter of 3 cm on 4 plastic
stakes in a square shape (Fig. 1B). The participants could
perform the procedure with either one or both hands using
laparoscopic forceps. The training began by inserting the
laparoscopic forceps into laparoscopic ports and ended once
the fourth ring was hooked onto the last stake [see Video,
Supplemental Digital Content 1, http://links.Iww.com/SLE/
A289, which shows the task performance of the reverse-
alignment condition (pattern 2) performed with difficulty by
a novice surgeon before training and without difficulty by an
expert surgeon after 4 days of training].

The study task was performed with 5 patterns (based
on changing the locations of the operator, camera, and
monitor) as follows (Figs. 2, 3):

In pattern 1, participants stood in front of a monitor
and on the same side of the camera; this corresponded with
abdominal laparoscopic left-sided colorectal surgery proce-
dures under coaxial imaging conditions. The surgeon stood
in front of monitor 1 and on the same side of the camera
(Fig. 3A).

In pattern 2, participants stood in front of a monitor
and on the other side of the camera; this corresponded with
abdominal laparoscopic left-sided colorectal surgery under
mirror-image conditions. The assistant stood in front of
monitor 2 and on the other side of the camera (Fig. 3B).

In pattern 3, participants stood in front of a monitor,
and the camera was positioned to their left; this corre-
sponded with pelvic laparoscopic left-sided colorectal sur-
gery. The surgeon stood in front of monitor 1, and the
camera was positioned on the left side of the surgeon during
parts of the procedure that involved the rectum (Fig. 3C).

In pattern 4, participants stood in front of a monitor,
and the camera was positioned to their right; this corre-
sponded with pelvic laparoscopic left-sided colorectal sur-
gery. The assistant stood in front of monitor 2 and the

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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Monitor 3

Monitor 2

FIGURE 2. Typical setup model for laparoscopic left-sided color-
ectal surgery. The surgeon usually stands on the right side of the
patient, and the assistant stands on the left side. The surgeon and
assistant each have a monitor placed in front of them, and a third
monitor is placed by the patient’s legs.

camera was positioned on the left side of the surgeon during
parts of the procedure that involved the rectum (Fig. 3D).

In pattern 5, participants stood on the other side of the
camera while the monitor was placed on the left side of
participants; this corresponded with abdominal laparo-
scopic left-sided colorectal surgery. The assistant stood on
the left side of the patient and on the other side of the
camera and observed monitor 3 that was in front of the
patient’s legs (Fig. 3E).

Participants practiced each pattern repeatedly 5 times
and completed all of them in 1 day; this training was per-
formed for 4 days over 2 weeks. We then calculated the
average time required to complete each pattern on each day.
The Institutional Review Board approved this study
(2019060NTI), and all participants provided informed con-
sent for their performance data to be used for research
purposes.

Statistical Analysis

Continuous variables were compared using one-way
analysis of variance. Statistical analyses were conducted
using the JMP Pro software version 14 (SAS Institute Inc.,
Cary, NC). A P-value <0.05 was considered statistically
significant.

RESULTS

Table 1 shows the characteristics of the surgeons who
participated in this study. The mean age of participants in
the novice, trained, and expert groups were 33.5, 42, and
49.5 years, respectively. The novice group included one
woman,; the remainder of the participants in all groups were
men. There were no left-handed participants, although the
novice and expert groups each included one ambidextrous
participant.

Figure 4A shows the results of training on day 1. The
time required for completing pattern 1 task, which involved
a coaxial image, was ~12.0 £ 1 s with no significant differ-
ences among the 3 groups (P =0.855). In contrast, the time
required to complete pattern 2 task, a mirror-image sit-
uation, was 46.5s for the expert group; this was ~4 times
longer than the time this group required to complete pattern
1 task. The times required by the trained and novice groups
to perform pattern 2 task were 79.7 and 185.8 s, respectively.
The novice group required the longest time among the 3
groups (P=0.009), taking ~14 times longer than they
needed to complete pattern 1 task.

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 3. Models of training patterns 1 to 5. Setup models of
training patterns 1 to 5 are shown. Figures on the left side show
the training pattern models in this study as follows: orange line,
monitor; light blue box, laparoscopic box trainer; blue arrow,
direction of the positioned camera; and green circle/triangle, the
participant. Figures in the right side show the model for laparo-
scopic left-sided colorectal surgery as follows: orange line, mon-
itor (1 to 3); light blue circle and boxes, the patient; blue arrow,
the direction of positioned camera; and green circle/triangle, the
surgeon or assistant.

The average times required to complete pattern 3 and
pattern 4 tasks were 35.2 and 29.1 s, respectively. Although
the subjects were predominantly right-handed, the times
required to complete pattern 3 and 4 tasks were ~2.3 to 2.5
times as that required to complete pattern 1 task irrespective
of the symmetrical setting. The times required for per-
forming pattern 3 and 4 tasks were not significantly different
among the 3 groups (P =0.458 and 0.416, respectively).

The time required for completing pattern 5 task was
57.7s for all subjects, which was half the time needed to
complete pattern 2 task. In decreasing order, the times
required for the novice, trained, and expert groups to
complete this task were 73.8, 40.1, and 28.6s, respectively
(P=0.020).

Figure 4B shows the results from day 4 of performing
the tasks, and Figure 5 shows the learning curve for lapa-
roscopic surgical training over 4 days. The time for com-
pleting pattern 1 task on day 4 was ~11s for all 3 groups,
indicating no improvement over 4 days of training. The
times required for each group to complete the task were not
significantly different (P=0.143).
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TABLE 1. Characteristics of Surgeons

Novice, Trained, Expert,
n=14 n="7 n=4
Age (y)* 33.5(31-39) 42 (38-43)  49.5 (45-52)
Sex
Male 13 7 4
Female 1 0 0
Surgical experience, 7 (5-8) 14 (10-16)  22.5 (18-25)
years*
Dominant hand
Right 13 7 3
Left 0 0
Ambidextrous 1 0 1

*Median (range).

In contrast, after 4 days of training, the times required
by the novice, trained, and expert groups to complete pat-
tern 2 task decreased by 86%, 61.5%, and 50.3%, respec-
tively (26.0, 30.7, and 23.1 s, respectively, with no significant
difference among the groups; P=0.415). The novice group
showed the most marked benefit of surgical skill training
when working with mirror images among the three groups.

After 4 days of training, the times required for com-
pleting pattern 3 and 4 tasks were reduced by 26.7% and
31.6%, respectively, on an average among all groups. The
effect of training was not as pronounced for pattern 3 and 4
tasks as it was for pattern 2. There were no differences
among the three groups in terms of the effect of training on
completing pattern 3 and 4 tasks (P=0.210 and 0.240,
respectively).

Furthermore, after 4 days of training, there were no
differences among the 3 groups in terms of the time required
for completing pattern 5 task (P =0.868); the time required
for completing pattern 5 was reduced in the novice, trained,
and expert groups by 64.2%, 37.4%, and 25.5%, respectively.
The novice group benefitted the most from training on
pattern 5 task.

The times for completing patterns 2 and 5 tasks did not
differ among the groups (novice, P=0.791; trained, P=0.270;
and expert, P=0.984).

The times the novice, trained, and expert groups
required to complete pattern 2 task on day 4 were 26.0, 30.7,
and 23.1 s, respectively; the corresponding times required to
complete pattern 5 were 26.4, 25.1, and 23.1 s, respectively.
There were no differences among the 3 groups in terms of
the time required for completing the tasks of patterns 2 and
5 on day 4 (P=0.415 and 0.868, respectively).

DISCUSSION

Laparoscopy-assisted colectomy was first reported in
1991,13-15 although it is difficult to perform for transverse
colon cancer; therefore, the port location and procedure with
respect to transverse colon cancer vary across facilities.!®!7
In contrast, the port location and procedure when perform-
ing a sigmoidectomy or anterior resection (left-sided color-
ectal surgery) have now been standardized.>1819

Therefore, we studied the port position and ori-
entations of the surgical team and monitor when performing
general laparoscopic surgery for left-sided colorectal sur-
gery, and showed the benefit of laparoscopic training under
mirror-image conditions. Each participant underwent lapa-
roscopic training involving 5 patterns in a training box for
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FIGURE 4. The average times for completing each task on days 1 and 4. The average times for completing tasks of patterns 1 to 5 on day
1 (A) and on day 4 (B) are shown. Black dots represent the average times, and red horizontal lines within the boxes, the boxes
themselves, and the whiskers represent median, interquartile range, and range, respectively. Continuous variables were compared using

one-way analysis of variance.
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FIGURE 5. Differences in the laparoscopic training learning
curves among the groups over 4 days. Learning curves for lapa-
roscopic training undergone by the novice (A), trained (B), and
expert (C) groups. Error bars represent SD.

4 days over 2 weeks. The setup was devised to simulate
clinical laparoscopic surgery for sigmoidectomy or anterior
resection (left-sided colorectal surgery). We found no sig-
nificant differences between the times required to complete
pattern 3 and 4 tasks on day 1 despite the positions of the
surgical team and monitor being symmetrical. Furthermore,
there were no significant differences on day 4.

Haveran and colleagues showed that the optimal setup is
for the camera to be directly in front of the surgeons while the
monitor is directly across from them. Alternatively, the monitor/
camera could be placed opposite the surgeon’s nondominant
hand.2% Emam et al*! showed that off-optical axis manipulation
is especially impaired when the camera is located on the same
side as the dominant hand because the display angles are
decidedly different from the actual physical angles. In contrast to
prior reports, the participants in our study could use both their
dominant and nondominant hands; therefore, many of them
used their nondominant hand when the camera was positioned
on the nondominant side. Hence, task performance may have
improved when using their dominant hand.

The peg transfer task that is used in the Fundamentals
of Laparoscopic Surgery course offered by the Society of
American Gastroenterologic and Endoscopic Surgeons
(www.flsprogram.org) is often used for laparoscopic training
because it includes basic required manipulations such as
grasping, moving, and releasing.!%1922-24 However, the
simulated laparoscopic task used in this study required
placing metallic rings on plastic stakes on the 4 corners of

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

the monitor (Fig. 1). Performing the task on the 4 corners of
the monitor forced a change in the angle of the forceps;
therefore, participants do not make the same move when
performing the same task. We posited that this model would
improve the effects of laparoscopic training. Despite per-
forming the same task under mirror-image conditions, the
angles of the mirror images varied. We also considered the
tasks that we designed to be adequately representative of
laparoscopic training, because we simulated various
abdominal situations in clinical surgery.

We found no significant differences between the times
required among the 3 groups to perform pattern 1 task on
day 1 despite having different levels of surgical experience.
In contrast, surgeons with experience in laparoscopic pro-
cedures completed pattern 2 task (a mirror-image condition)
more rapidly than did their less-experienced counterparts.
Gould and Frydman!? showed that reverse-alignment sur-
gical skills can be improved with experience and that reverse
image skills are not derived from surgical skills developed
while using a video trainer with forward orientation.
Haveran and colleagues showed that experienced subjects
demonstrated performance that was superior to that of
novice participants under all monitor/camera positions!;
their findings were thus consistent with ours.

Pattern 5 training involves a situation in which the
participants observed the monitor on the participant’s left
side with a mirror image. As with pattern 2, experienced
subjects demonstrated performance that was superior to that
of nonexperienced subjects; the average times the 3 groups
required to complete pattern 5 task were longer than those
required to complete pattern 1 (coaxial condition) task.
However, the average time the 3 groups required to com-
plete pattern 5 task was shorter than that required to com-
plete pattern 2 (mirror-image condition) task. This may be
attributable to most participants being right-hand dominant
when the camera was located on the left side. This result is
also consistent with that of previous studies.?%-2!

We found no differences among the groups in term of the
times required to complete pattern 1 task on day 4 regardless
of the surgical experiences within each group. Furthermore,
there were no differences among the groups in the times
required to complete pattern 1 task on days 1 and 4. This
showed that laparoscopic training did not influence the time
required to complete the procedure under standard forward-
alignment conditions. Holznecht et al*? found that training in
the forward orientation resulted in some improvements in
reverse-alignment task performance; this might simply reflect
an improvement in motor skills and increased familiarity with
the equipment. The reason for this minor discrepancy between
their study and ours may be the difference in the participants’
surgical experiences. The participants of our study had some
experience in laparoscopic surgery; hence, they had attained
surgical skills under coaxial imaging by the time our study was
conducted. In other words, forward-alignment surgical skills
appear to be relatively easily attainable with a few years of
laparoscopic surgical training.

As shown in Figure 2, we depend on the monitor
location during laparoscopic left-sided colorectal surgery at
our facility. On the basis of our results, lymph node dis-
section around the inferior mesenteric artery should be
performed while the surgeons observe the monitor in front
of them, and the assistant also does the same or else observes
the monitor in front of the patient’s legs when undergoing
laparoscopic training under mirror-image conditions. Dur-
ing segments of the procedure that involve the rectum, the
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surgeon and assistant should observe the monitor by the
patient’s legs.

Limitations

The present study had some limitations. First, the expert
groups comprised only 4 surgeons with > 20 years of surgical
experience. Second, we could not investigate the differences
between male and female surgeons because only one woman
participated in the entire study. Third, there were no left-
handed surgeons; only 2 were ambidextrous, and the remainder
were right-handed. Therefore, we could not investigate whether
the surgeon’s dominant hand affected laparoscopic perform-
ance with various monitor setups and camera position angles.
As such, further studies are required.

CONCLUSIONS

We clearly demonstrated that mirror-image surgical
conditions provided the most difficult setting, because sur-
geons and assistants often became disoriented, and task
performance was most degraded. However, our study also
showed that, with only 4 days of practice under mirror-
image conditions, surgeons and assistants can overcome
mirror-image disorientation during laparoscopic left-sided
colorectal surgery with relative ease.
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