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A novel device designed to improve the operability of energy devices
with foot pedals in endoscopic surgery: the Foot-Site Monitor
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Abstract

Purpose We developed the “Foot-Site Monitor” (FSM) to permit easy identification of multiple foot pedals of energy devices
in endoscopic surgery. The purpose of this study was to evaluate the effectiveness of the use of the FSM.

Methods Using a training box, 20 surgeons performed a task consisting of pressing foot pedals with and without the FSM.
The time from showing a color on a PC monitor to pressing the foot pedal that corresponded to this color (defined as the
completion time), and the distance of the movement of the tip of the surgeon’s forceps from the beginning to the end of the
task (defined as shaking of the forceps) were measured.

Results The use of the FSM was associated with significantly reduced shaking of the forceps (1.95 vs. 2.47 mm; p =0.014),
and a tendency toward a shorter completion time (1.39 vs. 1.51 s; p=0.053).

Conclusions The use of the FSM in endoscopic surgery contributes to reduced shaking of the forceps and may shorten the

operative time.
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Introduction

Endoscopic surgery has recently come into wider use in the
treatment of thoracic and abdominal diseases. One reason for
this change is the development of endoscopic device tech-
nologies such as monopolar, ultrasonically activated, and
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bipolar or vessel sealing devices. The use of these energy
devices (EDs) is beneficial for use in endoscopic surgery
[1-15] due to their potential to reduce operative times [3, 9,
11-14] and blood loss [8]. With the development of EDs,
there has been a parallel increase in human—machine (sur-
geon—ED) interfaces, in the form of hand switches or foot
pedals. Multiple interfaces in endoscopic surgery result in
complicated and uncomfortable maneuvers, particularly
when multiple foot pedals are used, which may lead to unin-
tended movement of the surgical forceps in the surgeon’s
hands because the surgeon is looking for the correct foot
pedal. This extends the operative time and may cause organ
injury organs. Thus, there is a need for surgeons to be able
to identify foot pedals in a simple way. For this purpose, we
developed the “Foot-Site Monitor” (FSM) as a novel device
to allow the simple use of multiple foot pedals in endoscopic
surgery. The purpose of this study was to evaluate whether
the FSM is beneficial for the stability of surgical forceps
while controlling foot pedals and whether its use contributes
to reducing the operative time.
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Methods

The FSM was developed as a camera unit with a wide-angle
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Fig. 1 The Foot-Site Monitor was developed as a novel peripheral
device for use during endoscopic surgery

lens and an integrated light source. A real-time image is
taken by the camera and fed to a monitor (Fig. 1). In the clin-
ical setting, the camera is placed by the foot pedals and the
monitor is positioned near the endoscopic monitor (Fig. 2).
A surgeon can identify the position of the foot pedals by
looking at the monitor without the need to look down or
change position.

Twenty surgeons with different levels of experience in
endoscopic surgery at National Cancer Center Hospital East
agreed to participate in the study. The number of participants
included in the study determined the study size. Using a
training box, each surgeon performed a task consisting of
pressing a foot pedal with and without the FSM. An over-
view of the experiment is shown in Fig. 3. The FSM camera
was placed close to four foot pedals and the FSM monitor
was positioned near the endoscopic monitor. The area of
each foot pedal was 100 X 60 mm and each had a differ-
ent color. The distance between the foot pedals was 60 mm,
which was equal to the transverse diameter of each foot
pedal. One of the four foot pedal colors was shown on the PC
monitor, and the surgeon pressed the corresponding pedal.
The endoscopy monitor was used to measure the movement
of the forceps during this process. Each surgeon practiced
this procedure five times with and without the FSM, and
then the real experiment was performed ten times in the
same manner. The color shown on the PC monitor and the
use or non-use of the FSM were randomized for each foot
pedal press to minimize the selection bias.

Two measurements were made: the time from showing
a color on the PC monitor to pressing the foot pedal of the
same color (completion time), and the distance of movement
of the tip of the forceps during this time (tip movement). The

Fig.2 Clinical positioning of
the Foot-Site Monitor (FSM).
a The monitor of the FSM is
placed near the endoscopic
monitor. b The camera of the
FSM with illumination is posi-
tioned close to the foot pedals.
¢ The surgeon could see both
the endoscopic monitor and the
FSM in the same view
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Fig.3 Overview of the study. a, b The procedure used in the study. ¢ Plotting paper was placed on the bottom of the training box to measure the

movement of the tip of the forceps

completion time was measured by a microcontroller posi-
tioned between the foot pedals and the PC monitor (Fig. 4).
The tip movement was measured in a video recorded by the
endoscopy system. Plotting paper was placed on the bot-
tom of the training box to measure this distance (Fig. 3c).
Shaking of the forceps was calculated with the following
formula: (vertical tip movement of the right forceps + verti-
cal tip movement of the left forceps + horizontal tip move-
ment of the right forceps + horizontal tip movement of the
left forceps)/4. The tip of the forceps was placed in a stable
position for each participant, in order to eliminate individual
variability in the position of the tip, which minimized bias
in shaking of the forceps. With regard to the pressing of the
pedal, the surgeon is free to choose which foot should be
used to press the pedal in clinical practice; thus, the proto-
col of this study did not prescribe the use of the right or left
foot or both feet. The mean completion time and the shaking
of the forceps were calculated for each participant. These
continuous variables were compared between procedures
with and without the use of the FSM by a Wilcoxon signed
rank test. All statistical analyses were performed using the
SPSS software program (SPSS, version 22; IBM Statistics,
Chicago, IL, USA). p values of <0.05 were considered to
indicate statistical significance.

This study was reviewed by the Institutional Review
Board (IRB) of National Cancer Center Hospital, Chiba,

Japan, which determined that it did not require ethical
approval (No. NCC6000-009). The report of the work
adheres to the STROBE guidelines for an observational
study, and the study was carried out in accordance with
the 1964 Declaration of Helsinki and its later amendments.

Results

The mean completion times and shaking of the forceps for
20 participants (male, n=18; female, n=2) are shown in
Table 1. The median career length as a surgeon was 8 years
(range 6-15 years). Eighteen participants (90%) used the
bilateral feet to press the pedal; two used only one foot.
Of the 20 participants, 13 (65%) had a shortened comple-
tion time and 15 (75%) had reduced shaking of the forceps
with use of the FSM. With the use of the FSM, the median
completion time was shortened by 0.12 s and the median
shaking of the forceps was reduced by 0.52 mm. The use
of the FSM significantly reduced shaking of the forceps
(1.95 mm, range 0.48-4.60 vs. 2.47 mm, range 0.90-4.60;
p=0.014) and tended to be associated with a decreased
completion time (1.39 s, range 0.91-2.29 vs. 1.51 s, range
0.92-2.63; p=0.053).
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Fig.4 Method of measuring the completion time
Tablg 1 Characteristics of the Participants Experience Use of the foot Completion time (s, mean) Shaking of the forceps
participants and the results of (years) (mm, mean)

the experience

FSM(-) FSM(+) FSM(-) FSM(4)

1 8 Unilateral 0.9156 0.9085 1.05 1.75
2 15 Bilateral 1.6850 1.2590 2.30 2.85
3 6 Bilateral 2.3679 1.6608 2.15 1.08
4 6 Bilateral 1.5363 1.3902 393 4.60
5 6 Bilateral 1.2367 1.1736 2.13 2.03
6 6 Bilateral 1.5014 1.3096 3.08 2.93
7 8 Bilateral 1.0037 1.0305 2.63 2.95
8 8 Bilateral 1.2438 1.2468 3.27 2.28
9 9 Bilateral 1.3601 1.3534 2.08 1.98
10 7 Bilateral 1.1649 0.9634 2.08 0.98
11 10 Bilateral 1.3508 1.4829 3.80 2.83
12 11 Bilateral 1.6495 1.2817 2.05 0.85
13 10 Bilateral 1.8183 1.405 1.33 0.48
14 6 Bilateral 1.2525 2.0548 1.38 1.50
15 Bilateral 1.6415 1.2514 4.60 1.70
16 Bilateral 1.4224 14611 2.10 1.68
17 8 Unilateral 1.8771 1.6037 2.55 1.55
18 10 Bilateral 1.4248 1.5552 3.30 2.80
19 7 Bilateral 2.6272 2.2993 2.63 1.70
20 9 Bilateral 1.1346 1.1506 0.90 0.58
p value 0.053 0.014

FSM Foot-Site Monitor
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Discussion

The FSM was developed to facilitate the easy identifica-
tion of multiple foot pedals of EDs used in endoscopic
surgery. The results of this study indicate that the use of
the FSM significantly reduced shaking of the forceps and
tended to reduce the time required to press the pedal.

Recent advances in EDs and forceps have markedly
changed endoscopic surgery, and the appropriate use of
these instruments enables effective and safe endoscopic
surgery. This usage includes the delicate manipulation of
EDs and forceps during endoscopic surgery. Several stud-
ies have examined methods to improve the manipulation of
these laparoscopic devices. Matsunaga et al. showed that
the use of 3D images enables the more accurate use of lap-
aroscopic forceps in comparison to the use of 2D images
[16]. Rashid et al. found that a robotically assisted laparo-
scopic system offers improved accuracy in comparison to
laparoscopy for trainees [17]. Such systems are not always
available, but the improved accuracy of surgical manipula-
tion is always important for precise and safe surgery.

For the delicate control of EDs, the devices need to
be consistent with the surgical techniques and user-
friendly during endoscopic surgery, which requires a
good surgeon-device interface. In robotic systems that
assist or control the devices or endoscope, various types
of human—machine interface have been suggested, such as
remote hand switches [18], instrument-mounted joysticks
[19], foot pedals [20], voice recognition [21], head/face
control and instrument tracking, and the effectiveness of
each of these interfaces has been examined. The EDs in
endoscopic surgery mainly involve the use hand switches
or foot pedals as human-machine interfaces. Surgeons use
different devices in endoscopic surgery, but only simple
foot motion is possible because of the requirement for deli-
cate maneuvers of the bilateral hands and concentration
of the eyes on the endoscopic monitor. Thus, the devel-
opment of an operative peripheral device with improved
user-friendliness with regard to foot pedals is important
for improving the operability of EDs.

The FSM was developed to avoid misdirected pressing
of the foot pedals, to avoid the surgeon dropping from
having to drop his or her eyes from the endoscopic moni-
tor while pressing the foot pedals, and to reduce shaking
of the tip of the forceps. In our experience in the use of
the FSM prevents the surgeon from having to look down
from the laparoscopic monitor when pressing the foot
pedals, and significantly reduces shaking of the forceps
tip. These results suggest that the use of the FSM could
avoid harm to patients in endoscopic operations, includ-
ing electrosurgery-related adverse events, such as surgical
burn and bowel injuries [22]. The time required to press

the foot pedal also tended to be reduced when using the
FSM. This indicates that the use of the FSM can shorten
the total operative time, since the foot pedals are pressed
many times in a single endoscopic surgery. In this study,
18 participants used the bilateral feet to press the pedal,
while two used only one foot. This difference may have
affected the results. However, in clinical practice, each
surgeon should be free to use either foot or both feet, based
on the ease of operation, and for this reason the study pro-
tocol did not prescribe the use of a particular foot or both
feet. Furthermore, the results obtained when one foot or
both feet were used did not seem to differ to a statistically
significant extent.

There are some possible problems associated with the
introduction of this device into clinical practice. The size of
the monitor of the FSM is smaller than that of a laparoscopic
monitor, and this difference in size may affect the surgeon’s
vision. Also, the use of the FSM by the laparoscopic surgeon
may be associated with lower limb fatigue, which Nishi-
moto et al. found to be significant during an operation [23].
However, if the smooth pressing of the foot pedal with the
use of the FSM can be achieved in clinical practice, this
fatigue may be decreased. An ergonomic assessment was
not performed in this study, and a further study is needed to
evaluate the ergonomics of the FSM.

The present study was associated with several limitations.
First, it had a single-center design and a relatively small
study population. Second, the experience of the surgeons,
especially in endoscopic surgery, may have affected the
results, but we did not evaluate this effect. Third, most par-
ticipants used the bilateral feet to press the pedal, while two
used only one foot. The use of one foot or both feet was not
restricted in the study, and the surgeon’s choice might have
affected the results. Finally, this was a simulated study, and
a clinical study is required to evaluate the use of the FSM in
endoscopic surgery. Despite these limitations, the findings
suggest that the use of the FSM as a novel operative periph-
eral device may improve the outcomes of endoscopic surgery
by increasing the stability of the forceps and reducing the
total operative time. Furthermore, this study can serve as a
model for general endoscopic surgeons because participants
with various levels of experience were included.
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