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Purpose: Hand-eye discordance during laparoscopic colon surgery is an obstacle to the assistant. We 
evaluated the usefulness of a 180° rotatable laparoscopic monitor for the colorectal surgery assistant to 
overcome hand-eye discordance.
Methods: Twenty-six residents of the department of surgery (novice group, n=13; experienced group, n=13) 
participated in this study. They performed grasping a ring and transferring it to standing bars on a 
laparoscopic training kit under the conventional view and a 180° rotated monitor view. We defined 
successful performance when this procedure was completed in 3 minutes.
Results: The number of successful performance was higher under the 180° rotated monitor view than 
under the conventional view monitor (6.88±2.79 vs. 0.92±0.80, p<0.01). Under the 180° rotated monitor 
view, the experienced group had a higher number of successful performances than the novice group 
(8.31±2.59 vs. 5.46±2.26, p=0.009). However, no statistically significant difference was found between the 
two groups under the conventional view (1.23±0.93 vs. 0.62±0.51, p=0.091).
Conclusion: This study shows the usefulness of a 180° rotated monitor view to overcome hand-eye 
discordance, which adversely affects the laparoscopic performance of the colorectal surgery assistant.
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ORIGINAL ARTICLE

INTRODUCTION

Since the first reported laparoscopic colon resection in 1991,1 
laparoscopic equipment and techniques for colon surgery have 
undergone rapid evolution. Currently, laparoscopic surgery has 
become the mainstream operation for colonic resection because 
of the several advantages of short-term surgical outcomes owing 
to its minimal invasiveness and acceptable long-term oncological 
outcomes.2-4 In Korea, especially, the rate of laparoscopic surgery 
for colorectal disease reached up to approximately 70% in 2013.5 

The cooperation of operators and assistants in laparoscopic 

surgery is important for successful surgery. In the conventional 
laparoscopic surgery, the surgical assistant plays a role in per-
forming the appropriate counter-traction when the tissue is 
dissected by the surgeon. For doing this, the operative field of 
view projected on the video monitor must be as comfortable for 
the assistant as the surgeon.6 However, the same view appears 
on both monitors even if the operator and assistant stand facing 
each other and look at their monitors such as left hemicolectomy, 
anterior resection, or low anterior resection. This creates hand-eye 
discordance, which causes surgical difficulty for an assistant.7-9

The basic image on the monitor should be set for the operator. 
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Therefore, the scopist must stand in the same direction as the 
operator to show the operative field, and the laparoscopic camera 
cannot rotate to fit the vision of the surgical assistant. Instead, we 
thought that a 180° simple rotation of the monitor for the assis-
tant might offer a comfortable vision for hand-eye coordination 
during surgical assistant. Based on this idea, we designated this 
study to investigate the usefulness of a 180° rotated monitor view 
for the operative assistant in laparoscopic colorectal surgery.

MATERIALS AND METHODS

This study was conducted for two periods, 2015 and 2019, at 

Yeungnam University Medical Center. The training residents of 
the department of surgery during these periods participated in 
the study. A laparoscopic training kit that consisted of the stan-
dard laparoscopic instruments was used for this study (Fig. 1). We 
used a laparoscopic camera and monitor used in actual surgery. 
The monitor was a device that can rotate 180° around the center 
of the screen. We created a situation similar to that of the assis-
tants in actual laparoscopic colon surgery as follows: The scopist 
inserted the laparoscopic camera into the center of the training 
kit to show standing bars in a f loor of training kit. A participant 
stood on the opposite side of the scopist and performed a simple 
laparoscopic procedure using a common laparoscopic training 
kit (Fig. 2A). In this situation, the view that this participant sees 
is called the conventional view, which is the view set for the op-
erator standing on the opposite side of the assistant. We rotated 
the monitor 180° around the center of the screen. A 180° rotated 
monitor forms a reversed image of the conventional view (Fig. 
2B). We called this view the 180° rotated monitor view. 

The participant received a request for the procedure, which 
consisted of laparoscopic grasping and transferring red and blue 
rings on standing bars in a training kit. The procedure consisted 
of three steps. The first step was to grasp the ring on the f loor. 
As the second step, each color ring is brought to the specified bar 
position. The third step was to place the ring in the bar exactly 
to the bottom. This is for evaluating the ability of the counter 
traction from the right position to the right direction and right 
depth, the assistant’s ability required in actual surgery.

The situations under the conventional view and 180° rotated 
monitor view were analyzed by comparing the number of suc-
cessful performances for 3 minutes in the final test. We mea-

A B

Fig. 2.Fig. 2. Laparoscopic procedure used 
in the study. (A) This is the conventional 
view observed by this participant. (B) 
Process underlying the 180° rotated-
monitor view. As we can see from the 
positions of the yellow and blue arrows 
and laparoscopic instruments, the view 
was changed by rotating the laparo-
scopic monitor.

Fig. 1.Fig. 1. Laparoscopic training kit used in the study.
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sured time using a standardized stopwatch by the research team 
from when two laparoscopic graspers were visible on the video 
monitor. The procedure was performed twice (one practice and 
one final test) under the conventional and 180° rotated monitor 
view.

The numbers of successful performances for each view and 
the performances under both views were compared between the 
two groups. The comparative analysis consisted of the Wilcoxon 
test and Mann-Whitney U test. The values are expressed as 
mean±standard deviation. A p value of <0.05 was considered sta-
tistically significant. The statistical analysis was performed using 
the IBM SPSS version 22.0 (IBM Co., Armonk, NY, USA).

This study was approved by the ethics committees of the insti-
tution (IRB No. YUMC 2020-06-024).

RESULTS

Twenty-six residents participated in the study. Sixteen and 10 
residents participated in this study in 2015 and 2019, respectively. 
The participants were dichotomized into the novice and experi-
enced groups according to their resident grade. Table 1 shows the 
number of laparoscopic colorectal surgeries experienced by the 
two groups. The experienced group had more operative experi-
ence than the novice group (31.29±5.00 vs. 5.38±1.20, p<0.01).

The comparison results between the two views were as fol-
lows; the numbers of successful performances in the 180° rotated 
monitor view was higher than that in the conventional view 
(6.88±2.79 vs. 0.92±0.80, p<0.01; Fig. 3).

The comparison results between the two groups were as fol-
lows; the number of successful performances of the experienced 
group was higher than that of the novice group in the 180° 
rotated monitor view (8.31±2.59 vs. 5.46±2.26, p=0.009; Table 
2). The difference in the number of successful performances 
between the two groups was not statistically significant in the 
conventional view (1.23±0.93 vs. 0.62±0.51, p=0.091). The number 
of successful performances in the 180° rotated monitor view of 
the novice group was higher than that in the conventional view 
of the experienced group (5.46±2.26 vs. 1.23±0.93, p=0.009).

DISCUSSION

The laparoscopic view is an important aspect of laparoscopic 
surgery. If the assistant stands in front of the operator, a monitor 
for the assistant and another for the operator are needed. The 
screen of the monitor for the assistant usually shows the same 
image as the operator’s view. However, an image set to the opera-
tor causes hand-eye discordance to the assistant, making it dif-
ficult for the assistant to manipulate the instrument.

Several studies have been conducted on the view for laparo-
scopic surgery.8-13 All these studies demonstrated a limitation of 
the laparoscopic performance of the assistant in the conventional 
view, and mental rotation, digital mirror-image technology, or 
monitor rotation is suggested as an alternative. In the study by 
Gill et al.,12 surgical task performance improved by digitally 
f lipping or inverting the laparoscopic view. However, we report 
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Fig. 3.Fig. 3. Numbers of successful performances in the conventional view 
(blue bar) and 180° rotated monitor view (red bar).

Table 1.Table 1. Numbers of laparoscopic colorectal surgery experienced

Novice  Novice  
group (n=13)group (n=13)

Experienced Experienced 
group (n=13)group (n=13)

pp value value

Right hemicolectomy 4.62±1.06 33.75±4.52

Anterior resection 6.12±1.24 34.13±2.99

Low anterior resection 5.37±0.92 26.00±2.20

Average 5.38±1.20 31.29±5.00 <0.01

Table 2.Table 2. Numbers of successes performance

Experienced Experienced 
groupgroup

Novice  Novice  
groupgroup

pp value value

Conventional view 1.23±0.93 0.62±0.51 0.091a

180°rotated monitor view 8.31±2.59 5.46±2.26 0.009b

p value <0.01c <0.01d 0.009e

a,bComparison of the experienced and novice groups using the Mann-
Whitney U test. c,dComparison of the conventional view and 180° rotated-
monitor view using the Wilcoxon test. eComparison of the conventional 
view of the experienced group and the 180° rotated-monitor view of the 
novice group using the Wilcoxon test.
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a difference in that hand-eye discordance was eliminated by 
changing both the top and bottom and left and right, by rotating 
the laparoscopic view not just up and down or left and right.

The strength of this study lies in the nature of its novelty, to 
the best of our knowledge, no other study has been conducted 
before. On the basis of the results of this study, the 180° rotatable 
monitor may be considered useful for the training of surgical 
assistants in actual laparoscopic surgery. In this setting, residents 
can be trained in laparoscopic surgery in the same way as in 
open surgery. Therefore, open surgery and laparoscopic surgery 
can be performed using the same surgeon and assistant settings. 
Hence, the assistant can perform ergodynamic performance by 
having a comfortable view for himself; therefore, the training of 
residents in laparoscopic surgery can be facilitated.

We found that when the conventional view was created, it be-
came a comfortable view for the assistant as we rotated the scope 
(Fig. 4A). We also found that the rotating monitor itself had the 
same effect (Fig. 4B). Based on this idea, we developed a 180° ro-
tatable monitor and used it in laparoscopic colorectal surgery, al-
lowing the assistant to perform the laparoscopic procedure easily.

In this study, we showed that rotating the assistant’s monitor 
by 180° could facilitate the laparoscopic procedure by removing 
the assistant’s hand-eye discordance that occurred in the conven-
tional view. When the assistants see the conventional view set to 
the operator, the assistants mentally reinvert the image prior to 
attempting manipulations.14-16 This requires longer time to cor-
rect for rotational changes and associated memory scanning.17,18 

Previous studies showed that an average of ≥30 surgical ex-
periences are needed to overcome the hand-eye discordance in 

laparoscopic colorectal surgery.10 In this aspect, the experienced 
group in this study can be said to have overcome the learning 
curve. Nevertheless, in the experienced group, the number of 
successful performances was higher in the 180° rotated monitor 
view than in the conventional view. Furthermore, the number of 
successful performances of the experienced group in the conven-
tional view was lower than that of the novice group in the 180° 
rotated monitor view. This demonstrates that hand-eye discor-
dance can have a significant impact on surgical manipulation, 
even if the learning curve is overcome.

This study has several limitations. First, the number of partici-
pants in the study was too small to make generalizations. Second, 
the results were obtained only from a two-dimensional (2D) 
monitor, not from the currently widely available three-dimen-
sional (3D) monitor. We do not know how the results will differ 
in the 3D monitor, which have advantages over the 2D monitor 
for depth perception and spatial orientation. Third, the research 
period was divided into two because of the supply and demand 
problems of the general surgery residents. Fourth, no application 
was made for actual laparoscopic colorectal surgery. However, 
the strength of this study is that the attempt to rotate the moni-
tor is an original concept that has not been implemented or re-
ported in previous studies; and this concept can be easily applied 
during surgery.

CONCLUSION

This study shows the usefulness of the 180° rotated monitor 
to overcome hand-eye discordance, which adversely affects the 
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Fig. 4.Fig. 4. The effects of the rotating tele-
scope (A) and rotating monitor (B) are 
the same.
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laparoscopic performance of colorectal surgery assistants. Fur-
ther studies with a larger sample size and real clinical studies are 
required to fortify our results.
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