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Evaluation of a 3D system based on a high-quality
flat screen and polarized glasses for use by surgical
assistants during robotic surgery
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ABSTRACT

Introduction: One of the main benefits of robotic surgery is the surgeon’s three-dimensional (3D) vision system. The
purpose of this study is to evaluate the efficacy of 3D vision using a flat screen and polarized glasses for surgical skills
during robotic surgeries. Materials and Methods: In an experimental model, six surgeons performed three surgical tasks
with laparoscopic devices using a standard 2D and a flat-screen 3D model with polarized glasses. Performance times
were compared between two-dimensional (2D) and 3D vision for each task. The surgeons also graded the efficiency of
the 3D system, on a subjective scale of 0-100. Results: Performance times for task 1 (seven holes) and 2 (elastic bands)
were significantly reduced by 84% and 56% using 3D compared with a 2D system and experienced surgeons performed all
three tasks faster in 3D than 2D. The surgeons reported the polarized glasses were comfortable to wear and direct vision
was seldom affected. Conclusions: The use of 3D visualization seems to improve the efficiency of surgical skills during

INTRODUCTION

Three-dimensional (3D) vision offers the advantage
of improved depth perception and accuracy in the
performance of robotic or laparoscopic surgery,
particularly for complex surgical tasks such as
suturing.!!! These are critical procedures; for instance,
in urological surgery, partial nephrectomy requires
efficient suturing to control blood loss and minimize
renal artery clamping time **! while prostatectomy
requires delicate anastomoses between the bladder and
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robotic surgery and reduce performance time for characteristic surgical procedure tasks.
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urethra to prevent injury to the urethral sphincter muscle and
decrease the risk of urinary incontinence post-operatively.™

To accomplish these essential surgical tasks, good vision
and motor skills are important, and depth perception is
particularly necessary for accurate discrimination and
recognition.”! The da Vinci Robot System’s true 3D imaging
system is considered to be one of the major advantages of
robotic surgery.' However, unlike the surgeon who uses the
da Vinci’s 3D visual console, the surgical assistants working
at the patient’s side in most cases have to depend on two-
dimensional (2D) images projected onto a flat screen monitor
and have to rely on indirect cues for depth perception.

We have recently adopted a new 3D system using a flat high-
quality screen and polarized glasses for the da Vinci system.
In this study, we evaluated the impact of 3D vision on surgical
performance using this 3D system with experimental tasks
and subjective questionnaires.

MATERIALS AND METHODS

To evaluate the efficacy of a 3D system using polarized
glasses for robotic or laparoscopic surgery, two experiments
were performed: (1) Three surgical procedure-related tasks
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were evaluated and (2) a subjective questionnaire was
administered for evaluation of the 3D system using polarized
glasses during robotic prostatectomy. A 3D control unit
(Skyjet, Kobe, Japan) was used to display images on a
3D monitor with the da Vinci S surgical system (Intuitive
Surgical Inc., Sunnyvale, CA). The standard 2D monitor
with the da Vinci S system was used for the 2D system.
Six surgeons participated in the study, three experienced
and three novice surgeons. The experienced surgeons had
performed 52 cases, 70 cases and 63 cases of laparoscopic
surgeries, respectively (mean cases: 61.7) as chief surgeon.
Novice surgeons were residents and had no experience of
laparoscopic surgery as a chief surgeon and had no experience
of robotic surgery. They had only dry box training.

Fxperiment 1

The six surgeons performed three different laparoscopic
tasks. Each surgeon performed each task with both the
polarized glasses for 3D system and without polarized glasses
for the standard 2D system (figure 1). In task 1, 3-0 Monocryl
suture was passed through seven holes (upper-right side
numbered holes). In task 2, nine small elastic bands were
transferred from one cylinder to others. In task 3, suturing
was performed using 3-0 Vicryl passed through nine dots.
Performance times of these three tasks were recorded and
compared statistically. In addition, performance time was
compared between the experienced surgeons and novice
surgeons.

Fxperiment 2

The da Vinci 3D signals were projected onto the flat screen
through polarizing filters during robotic prostatectomy.
The assistants wore polarized glasses for the flat screen
3D monitor throughout the robotic prostatectomy. Six

Figure 1: Experimental surgical procedure-related tasks. Panel a: 3-0 Monocryl
was passed through seven holes (task 1). Panel b: Nine small elastic bands
were transferred from one cylinder to others. Panel c: Continuous suture using
3-0 Vicryl through eight holes
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assistants were enrolled and questioned using a subjective
scale of 0-100 about the 3D system for surgery. The original
questionnaires were as follows:
1. Advantages
a. How would you rate the vision?
b. Was 3D visualization helpful in improving your
efficiency?
2. What problems did you face?
a. Weight of the device.
b. Disturbing your sight.
c. Eyestrain.
3. Overall satisfaction

Statistical analyses

Statistical analysis was conducted with the XLSTAT
(Addinsoft, New York, USA) using the Student’s t-test.
Statistical significance was established at P < 0.05.

RESULTS

Experiment 1

All surgeons had significantly less performance time
for tasks 1 (holes) and 2 (elastic bands) using 3D
imaging with polarized glasses compared with the 2D
system; however, the experienced surgeons also showed
significantly less performance time for task 3 (suturing)
in 3D compared to 2D [Table 1]. Novice surgeons showed
significantly less performance time compared with
2D only for task 1 and task 2 [Table 1]. In comparison
between experienced and novice surgeons, experienced
surgeons showed significantly less performance time in
all three tasks than novice surgeons using the 3D system
even though only suturing was significantly better for
experienced surgeons than novice surgeons using the
2D system [Figure 2].

Table 1: Mean performance time in three tasks (seven holes elastic
bands suturing)

Experiment 2D 3D % P value
change
Task 1: Seven holes
All 537.2+98.8* 88.0+9.5 83.6  <0.001
Experienced surgeons 520.1+119.0 82.5+6.2 84.3  <0.001
Novice surgeons 554.2+73.8 93.4£9.2 83.1 <0.001
Task 2: Elastic bands
All 182.8+26.2 80.9+13.0 55.7  <0.001
Experienced surgeons 188.4+18.4  72.1+8.2 61.7 <0.001
Novice surgeons 177.2+31.9 89.7+10.8 49.4  <0.001
Task 3: Suturing
All 161.5+61.4 145.5+69.5 9.9 0.348
Experienced surgeons  104.6+17.6  81.5£24.4  22.1 0.006
Novice surgeons 218.5+23.1 209.6x24.8 41 0.316

2D = Two-dimensional, 3D = Three-dimensional, *All times in second
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Figure 2: Comparison between experienced surgeons and novice surgeons for
task 1 (hole), task 2 (elastic band) and task 3 (suturing). Experienced surgeons
(black bars) showed significantly faster performance times in all three tasks
compared to novice surgeons (white bars) using the three-dimensional system
(P < 0.001) even though only suturing (P < 0.001) was significantly better with
experienced compared to novice surgeons using the two-dimensional system

Fxperiment 2

All surgeons reported subjective advantages of using the 3D
system. The 3D system received a score of 87.7 and visual
improvement using the glasses was rated 88.0 on a 0-100
scale. The scores for disadvantages of wearing the glasses
during surgery such as weight of the device, disturbing
your sight and eyestrain were not high suggesting that the
surgeons found the polarized glasses comfortable to wear
and direct vision was seldom influenced. The final question
about overall satisfaction was given a score of 89.5 [Table 2].

DISCUSSION

The lack of depth perception and spatial orientation when
using 2D imaging is a recognized limitation of laparoscopic
surgery in comparison with open surgery.” This directly
affects surgical performance, operative time, morbidity
and patients’ post-operative quality-of-life.®! 2D vision
uses monocular cues to compensate for the lack of depth
perception. They include motion parallax through movement
of the laparoscope, relative position and size of instruments
and anatomic structures, shading of light and dark and
texture grading.[*1%

Conversely, 3D vision offers the advantage of improved depth
perception and accuracy comparable to open surgeries.!"
Visual performance and motor skills are a function of depth
perception allowing improved discrimination and recognition
of targeted organs and their parts.”) The separate input from
two viewpoints allows for summation on a cortical level and
perceived improvements in resolution with 3D imaging.!'?
Acuity has been improved by 10% using binocular vision.!"

Indian Journal of Urology, Jan-Mar 2014, Vol 30, Issue 1

Table 2: Subjective evaluation for 3D system by assistants using
the questionnaire of 0-100 score

Questions Scores
Advantages
How would you rate the vision? 87.7%7.1
Was 3D visualization helpful in improving your 88.0+10.1
efficiency?
What problems did you face
Weight of the device -19.2+7.9
Disturbing your sight -7.5£6.1
Eyestrain -24.247.9
Overall satisfaction 89.5+5.4

The benefits of using 3D have translated to the field of robotic
surgery as well. A significant improvement in performance
parameters for tasks and lower error rates were found when
operators used the stereoscopic mode of the da Vinci robotic
system.!'¥ Anatomic drills were completed 65% faster!!
and the time to perform the task was significantly shorter
in the group that used a 3D view.'® Independent of the
biomechanical advantages of the da Vinci robot system, 3D
vision was found to improve performance times by 34-46%
and reduce error rates by 44-66% for both inexperienced
residents and experienced laparoscopic surgeons.®

The data presented here showed that surgical-related task
performance with 3D visualization using the da Vinci camera
and 3D control unit is superior to 2D visualization. Experienced
surgeons’ performances were improved in all three tasks even
though novice surgeons’ performances were improved in only
task 1 and 2, suggesting that task 3 (suturing) as a more delicate
technique could be accomplished better using 3D vision by
experienced surgeons. This fact may be informative since
suturing time during surgery affects operation outcome.!'”? Our
data showed that experienced surgeons had better outcomes
in all three tasks only with 3D vision, not 2D, suggesting that
teaching in the 3D system may have learning curve benefits
for surgical education. We interpreted this result as follows:
Experienced surgeons were familiar with suturing but not with
the other tasks (seven holes and elastic bands) because the latter
two tasks were not actually necessarily done in real laparoscopic
surgery. However experienced surgeons are considered to
have better laparoscopic techniques than novices; therefore,
our results with the 3D system reflected this difference of
experience and laparoscopic technique between the two groups
more than 2D system especially in the tasks of seven holes and
elastic bands which experienced surgeons never do in real
surgery. Taken together, our interpretation regarding benefit
of 3D is that it helps both experienced and novice surgeons
and experienced surgeons may have more merit even if they
had no direct experience of those techniques.

Ramanathan et al. reported that the use of 3D visualization
improved the assistants’ efficiency during robotic surgery.!'®
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They used a head mounted device which may potentially
cause discomfort owing to the weight of the device. We
used polarized glasses and a 3D flat screen without any
head tracking device. This had the additional benefit of
allowing several surgical assistants and visitors to view
the stereoscopic images at the same time. According to
the subjective questionnaire evaluation, this system seems
to work well for surgeons. Its utility as a teaching aid for
prospective robotic surgeons and medical students should
also be explored.

We would like to emphasize the study limitations.
First, number of subjects may be too small for definitive
conclusions. Next, relating to the first limitation, the number
of surgeons who were questioned about using polarized
glasses during robotic surgery may also not be enough for
definitive conclusions. These problems will be overcome
in our future work. Third, no evaluation and comparison
between 2D and 3D surgical assistants’ vision during real
surgeries was performed in this study. However, our data
show the efficacy of using a 3D vision system for surgeons
during surgery in vitro and in vivo and provide a basis for
recommending the 3D system for use in clinics.

CONCLUSIONS

3D vision using a new 3D flat screen system with polarized
glasses for the da Vinci system showed improved performance
times for surgery-related tasks and was not associated with
significant disadvantages for the users. Because this system
provides high quality 3D vision simultaneously for surgeons, it
has the potential to be used as a teaching aid for robotic surgery.
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