SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

Novel Surgical Skill Evaluation with Reference
to Two-handed Coordination

Uemura, Munenori
Department of Advanced Medical Initiatives, Graduate School of Medical Sciences, Kyushu
University

Sakata, Kazuhito
Department of Surgery and Science, Graduate School of Medical Sciences, Kyushu University

Tomikawa, Morimasa
Department of Advanced Medical Initiatives, Graduate School of Medical Sciences, Kyushu
University

Nagao, Yoshihiro
Department of Advanced Medical Initiatives, Graduate School of Medical Sciences, Kyushu
University

i

https://doi.org/10.15017/1523961

ARG : BEESEHE. 106 (7), pp.213-222, 2015-07-25. BEIEF&
N—=2 3

HEFIBAMR



Fukuoka Acta Med. 106(7) : 213—222, 2015 213

Original Article

Novel Surgical Skill Evaluation with Reference
to Two-handed Coordination

Munenori Uemura?, Kazuhito Sakata?’, Morimasa Tomikawal’, Yoshihiro Nacao?,
Kenoki Onucmal’, Satoshi Iewi®, Tomohiko Axamnosur’ and Makoto Hasmzome!3)

1>Department of Advanced Medical Initiatives, Graduate School of Medical Sciences,
Kyushu University, Japan
2>Department of Surgery and Science, Graduate School of Medical Sciences,
Kyushu University, Japan
3>Dej)an‘ment of Advanced Medicine and Innovative Technology,
Kyushu University Hospital, Japan

Abstract

Introduction : We evaluated the differences in instrument manipulation skills between expert
laparoscopic surgeons and novices.

Methods : Six expert surgeons who had performed more than 500 laparoscopic surgeries and one
skilled instructor at Kyushu University Training Center for Minimally Invasive Surgery, and 20
medical students who had experienced no laparoscopic surgery were enrolled. A new skill assessment
task was designed using zippers on an unstable, mobile platform in a box trainer. The examinees were
asked to close the zippers, while trying to avoid moving the platform. The path lengths of the tips of the
instruments and of the platform were measured, and the performance time was also recorded. Surgical
skill score was calculated from the correlation between the path lengths of the instruments and that of
the platform, in addition to the performance time.

Results : The path lengths of the tips of both instruments and of the platform were significantly shorter
in the experts than in the novices (all p < 0.05). The performance time was also significantly shorter
for experts than novices (p < 0.05). The surgical skill score was significantly higher for experts than
novices (p < 0.01).

Conclusion : The differences in the instrument manipulation skills between expert laparoscopic
surgeons and novices could therefore be evaluated using our surgical skill scoring system.

Key words : Clinical skills, Laparoscopic surgery, Two-handed coordination skills

. perception and the translation of two-dimensional
Introduction ) : . . .
(2D) video images into a three—dimensional (3D)

Laparoscopic surgery has many advantages
over open surgery, including less postoperative
scarring, a shorter recovery period and better
cosmetic outcomes'’. However, surgeons need to
acquire specific laparoscopic surgery skills to
safely and accurately perform these procedures.
These skills include eye-hand coordination, depth

working field.

The identification and assessment of specific
components of these skills would be useful for
effectively teaching laparoscopic surgery skills.
These skills include hand-eye coordination, depth
perception, translation of 2D video images into a
3D working field and the ability to maneuver
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instruments well with both hands. Identification of
specific components of these skills can help to
assess the specific skills of expert surgeons, and
can help with the effective teaching of laparosco-
pic surgery skills. In this study, we focused on the
ability to maneuver instruments well with both
hands, using a newly designed assessment and
training task.

Various training simulators for laparoscopic
surgery skills have been developed2>3>. Surgical
skills are typically evaluated by measuring the
path lengths of the tips of surgical instruments

Y6 and experi-

using magnetic tracking sensors
enced surgeons are generally able to perform
tasks with shorter path lengths than inexperi-

3-8, Although previous studies

enced operators
have included the assessment of two-handed
skills among several other assessed skills, no
previously described methods of assessing lapar-
oscopic surgery skills were designed to specifical-
ly assess the ability to maneuver instruments well
with both hands, which is not discussed as often as
other components of surgical skill® =7, Therefore,
we aimed to develop a method for specifically
evaluating the ability to maneuver instruments
well with both hands during laparoscopic surgery.
Our novel method was designed for both the
assessment and training of two-handed coordina-
tion skills.

Materials and Methods

Subjects

Six expert surgeons who had each performed
more than 500 laparoscopic surgical procedures
and one skilled instructor at Kyushu University
Training Center for Minimally Invasive Surgery
(expert group) and 20 medical students who had
not performed any laparoscopic surgery (novice
group) were enrolled in this study. Each group
included one left-handed person. Participants
were given informed consent by staff of the
Kyushu University Training Center for Minimally
Invasive Surgery and voluntarily agreed to
participate.

Skills Assessment Task

We designed a new task for evaluating laparos-
copic surgery skills (Fig. 1). A module consisting
of five zippers attached to an unstable, mobile
platform made from a plastic plate, such as a CD
case, was placed inside a laparoscopic box trainer,
so that it could slide easily within the box trainer
while an examinee was preforming an assessment
task. A six degrees-of-freedom (DOF) magnetic
tracking sensor was mounted to the center of the
platform (Fig. 1a, 1b), below the working space for
the task. Each zipper was oriented in a different
direction on the platform and was fixed to the
mobile platform. The task module measured 60
mm X 60 mm X 15 mm (Fig. la), which is
suitable for use in ordinary training boxes (e.g.
Karl Storz)”. The examinees were asked to close
the zippers using dissection forceps in both hands,
while trying to avoid sliding the platform within
the box. A six DOF magnetic tracking sensor was
mounted on the tip of each dissecting forceps (Fig.
1c, 1d).

Examinees were asked to perform two tasks.
First, they were asked to trace the pattern of the
zippers in the air above the zippers, without
touching the zippers to provide control trajectory
data, in the specified order (Nos. 1 to 5, Fig. 1b)
(task 1). Second, they were asked to close the open
zippers in the specified order (task 2), while trying
to avoid movement of the platform within the box.

Data Collection

The data collected included the performance
time, the path lengths of the tips of the instru-
ments in tasks 1 and 2, the path lengths of the
platform in tasks 1 and 2 and the correlation
between the path lengths of the platform and the
instruments.

The distances between the tracker and the
sensors were measured using the magnetic
tracking system®?, and the data were used to
calculate the path lengths. We defined the ideal
path length of each examinee as the path length of
task 1, and the actual path length of each
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6 DOF sensor coil

/

Fig. 1 A new laparoscopic surgical skills assessment system for two-handed coordination using a magnetic tracking

system (DOF, degrees of freedom)

a. A module consisting of five zippers was attached to an unstable, mobile platform made from a plastic plate, such as
a CD case, so that it could slide easily within the box trainer while an examinee was preforming an assessment task.
The task module measured 60 mm X 60 mm X 15 mm, which is suitable for use in ordinary training boxes.

b. A six degrees—of-freedom (DOF) magnetic tracking sensor was mounted to the center of the platform, below the
working space for the task. Each zipper was oriented in a different direction on the platform and fixed to the mobile

platform.

c. An overview of the task. A magnetic 3D tracking system was set on the top side of the training box.
d. A six DOF magnetic tracking sensor was mounted on the tip of each dissecting forceps.

examinee as the path length of task 2. We defined
the path length of this task as the value resulting
from the subtraction of the path length in task 1
from the path length in task 2. The path length of
the platform (ds) and the path length of the
instruments (d;) were both calculated. The
correlation between ds and d; was then compared
between the expert and novice groups. The
subjects were not informed of the types of data
being collected.

Statistical Analysis

The measurements were compared between
the expert and novice groups using Student's ¢-
test, and the correlations between ds and d; were
compared using a simple linear regression
analysis. The correlation coefficient (R? value)
between ds and d; was compared between the
two groups. The analyses were performed using
the R statistical software program (R Develop-
ment Core Team, 2014). Statistical significance
was set at p < 0.05.
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Fig. 2 The data collected during the evaluation task. The values are expressed as the means *
SD (Plain bar, novice group ; shaded bar, expert group)
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Fig. 3 The correlations between the path length of
the platform (ds) and the path length of the
instruments (d;) in the expert and novice
groups. The path lengths were calculated by
subtracting the absolute path length in task
1 from the absolute path length in task 2.
The correlations were compared between
the expert and novice groups. The correla-
tions are expressed as the R? values. (Plain
marker, solid line novice group ; shaded
marker, dashed line expert group)

Results

Fig. 2 shows the performance time, path length
of the tips of the instruments, and path length of
the platform in the expert and novice groups. The
mean performance time was significantly shorter
in the expert group than in the novice group (52.8
+ 21.3svs. 8.5+ 31.3s;p<0.01). The path

length of the tips of the instruments was
significantly shorter in the expert group than in
the novice group for both the right hand (1397 .4
+ 267.5 mm vs. 1759.2 £ 604.3 mm ; p < 0.05)
and the left hand (1008.5 £ 169.1 mm vs. 1355.3
+ 300.9 mm ; p < 0.01). The path length of the
platform was significantly shorter in the expert
group than in the novice group (173.8 = 71.4.
mm vs. 285.7 = 115.4 mm ; p < 0.01).

Fig. 3 shows the correlations between the ds
and d; in the expert group (R%= 0.92, p < 0.01)
and the novice group (R%= 0.75, p < 0.01).

Assessment of the Tasks and Analysis of

the Ability to Maneuver Instruments with

Both Hands

The correlation between the ds and d; was
significantly higher in the expert group than in
the novice group. As the number of procedures a
surgeon has performed is regarded to be one of
the best indicators of surgical skill!? 12,
surgeons who have performed many procedures
are generally considered to be expert513>. As all of
the surgeons in this study were considered to be
experts, we considered that other surgeons would
approach this expert correlation as they gained
experience. A surgical skill score to assess the
ability to maneuver instruments well with both
hands was therefore developed using the correla-
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Fig.4 Anillustration of values used to calculate the
skill score using the correlation function of
the expert group.

tion between the ds and d; in the expert group.
The surgical skill score, S, consisted of two
evaluations : 1) the movement of the forceps and
the task plate and 2) how quickly the surgeons
completed the task. A perfect score was 100. S
was calculated as follows :

51250% (SFSSO)

P

ST=50% (S7r<50)
A

Sr was a skill score for maneuvering the
instruments, including the forceps and the mobile
platform, calculated using [ (the distance from
the intersection of the correlation function line
and a perpendicular line from the shortest path
length of the tips of the instruments in the expert
group, to the intersection with the y-axis) and /p
(the distance from the intersection of the correla-
tion function line and a perpendicular line, to the
intersection with the y-axis) (Fig. 4). Sr was a
skill score for performance time to complete the
task, calculated using Tz (the fastest time in the
expert group) and 7p (the performance time of

the examinee).
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Fig. 5 The scores for two-handed coordination skills,
calculated using the correlation function of the
expert group. The values are expressed as the
means * SD (Plain bar, novice group ; shaded
bar, expert group)

The correlation function for the expert group
was used to determine the regression line for
calculating S; (slope, 0.40 ; intercept, -0.60
coefficient of determination, 0.92 ; Fig. 3).

As expected, the surgical skill score, S, for
assessing the operator’s ability to maneuver
instruments well with both hands was significant-
ly higher in the expert group than in the novice
group (61.1 £ 21.9 vs. 40.3 £ 15.7; p < 0.05 ;
Fig. 5).

Discussion

Surgeons need to acquire specific skills to safely
and accurately perform laparoscopic surgery
procedures. These skills include hand-eye coor-
dination, depth perception, translation of 2D video
images into a 3D working field and the ability to
maneuver instruments well with both hands. The
identification of specific components of these skills
can help to assess the specific skills of expert
surgeons, and help with the effective teaching of
laparoscopic surgery skills. In this study, we
focused on the ability to maneuver instruments
well with both hands, using a newly designed
assessment and training task.
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When eating, we coordinate hand movements
to accomplish tasks such as using a knife and fork
or chopsticks and a rice bowl, and each hand
usually has a different role. We usually do not
consciously recognize the specific components of
our hand movements while we are eating, because
both hands are proficient in their roles. A similar
situation applies to performing laparoscopic
surgery. For example, the dissection of a vessel
involves picking up and holding the tissue with
one hand and cutting the vessel using an electric
scalpel with the other hand. Although the surgeon
can grasp a vessel or operate an electric scalpel
with one hand, successful achievement of this task
involves the ability to maneuver instruments well
with both hands. The surgeon can apply suitable
tension to the vessel with one hand to avoid tissue
injury, and can adjust the angle of the scalpel with
the other hand. Galna and Sparrow reported that
good bimanual motor coordination allows partici-
pants to perform the same workload with a
) Hofstad et al. also

mentioned that bimanual dexterity measures the

reduced metabolic cost

ability to control both instruments simultaneous-
ly, which requires a high level of control of the
nondominant as well as the dominant hand'®.
Spaun et al. reported that bimanual coordination
tasks have the shortest performance times, and
are easier to learn using an open surgery
paradigm in endoscopic surgery16>. Our results
support the above reports and suggest that one of
the most important skills for performing laparos-
copic surgery is the ability to maneuver laparos-
copic instruments well with both hands.

The present task was designed such that the
difficulty of closing a zipper using only one hand,
and the ability to maneuver instruments well with
both hands, played an important role in closing the
zippers on the mobile platform. We consider this
task to be suitable for assessing the ability to
maneuver laparoscopic instruments well with
both hands, because the correlation between the
path lengths of the platform and the instruments
was much higher in the expert group than in the

novice group. The correlation between the path
lengths of the instruments and the platform was
shown by a regression line in the expert group,
which might indicate that surgeons become more
proficient with regard to the ability to maneuver
instruments well with both hands as their
experience increases. We used these findings to
develop a score to assess the ability to maneuver
instruments well with both hands, which we refer
to as “two-handed coordination skills”.

The number of procedures a surgeon has
performed is generally considered to be one of the
best indications of surgical skill, and surgeons who
have performed many procedures are considered
to be experts. Experiences enable surgeons to find
strategic solutions when faced with difficult
surgical situations, and are able to manage
difficult procedures using their advanced technic-
al skills. This report presents a newly designed
task and describes a new scoring system for the
assessment of two-handed coordination skills'”.
Most previous studies of laparoscopic surgery
skills compared expert surgeons who had per-
formed many procedures with novices who were
medical students or residents”'®, and found that
the expert group performed better than the
novice group in skills evaluation tasks. Some of the
most commonly measured parameters using
virtual reality simulators are the performance
time, path lengths of the tips of the instruments,

19)~22) In our

errors and performance scores
study, the performance time and the path lengths
of the tips of the instruments were used to
evaluate the suitability of the task to assess the
laparoscopic surgical skills, and these parameters
were also found to be useful, as in the previously

reported studies!®20023)

1%, reported on skills training

Yamaguchi et a
for laparoscopic surgery, and suggested that
improvement of the technique of the non-domi-
nant hand was particularly important. They found
that the novice group improved the skills of their
non-dominant hand more than the expert group.

Our newly developed task can train both hands,
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and may be useful for improving surgical skills.

In conventional open surgery, the surgeon can
directly palpate and manipulate the tissues with
his or her hands, can observe the internal organs
of the patient, his own hands and the instruments,
can manipulate the tissues in the surgical field
using his hands and the surgical instruments and
can obtain direct feedback. During laparoscopic
surgery, the surgeon’s vision is limited by the
laparoscope and by manipulation of the tissues
with the instruments. Ohuchida et al®’. and
Uemura et al®. reported differences in the hand
motions of laparoscopic surgeons using 2D and 3D
displays. Subjects who used 3D displays had
significantly better movements of both hands, and
better depth perception, than those who used 2D
displays. Training for two-handed coordination
skills could reduce the effects of a lack of depth
perception during laparoscopic surgery.

During dissection, surgeons use both hands to
manage the positions of the organs ; during
suturing, both hands are needed to manage the
positions of the needle and suture material. Two-
handed coordination is therefore considered to be
an important basic skill for laparoscopic surgeons.

Improvement of laparoscopic surgery skills can
be aimed at specific core skills, such as psychomo-
tor skills, hand-eye coordination or the translation
of 2D images into 3D perception%)%)m. Careful
evaluation of the highly complex skills required
for laparoscopic surgery can help surgeons to
improve their skills® =3V Our study describes a
score for the assessment and training in two-
handed coordination skills. We would eventually
like to establish similar systems for the assess-
ment of other skills essential for laparoscopic
surgery, and to integrate these scores to assess
overall laparoscopic surgery skills to provide an
objective assessment of the suture ligature
method for the laparoscopic intestinal anastomo-
sis model, as in a previous report32>.

To make it more convenient for laparoscopic
surgeons to use this system, it will be necessary to
omit the magnetic tracking system. This 1is

because the tracking system is too expensive for
daily use and too bulky, with a heavy magnetic
generator and plugged cables, making it less like
an actual surgery. A possible answer is to use an
image processing system to track the forceps in
both hands instead of using the magnetic tracking
sensors. In conclusion, the differences in the
Instrument manipulation skills between expert
laparoscopic surgeons and novices could be
accurately evaluated using our surgical skill
scoring system, and this scoring system might
therefore become useful for laparoscopic surgery
training in the near future.
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