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Abstract

Background: Recent advances in laparoscopy both in human and veterinary medicine have looked at means of
being less invasive by using single-port access surgery as opposed to multiport access surgery. The glove port has
gained popularity as a cost-effective alternative to commercially available single-port access devices. The primary
aim of this study was to compare the glove port to the SILS™ port in a simulator model using the first two MISTELS
(McGill inanimate system for training and evaluation of laparoscopic skills) tasks (peg transfer and pattern cutting).

Methods: Twenty-two novices were enrolled in this experimental study. Each participant had 60 min to practise
both MISTELS tasks using two-port laparoscopy. Thereafter participants performed both tasks using the glove and
SILS™ port with scores being calculated based on task completion time and errors. Higher scores were indicative of
better performance. Participants were assigned into two groups with the starting order of the single ports being
randomly selected. A self-evaluation questionnaire with three questions was completed by each participant after
testing, rating each port.

Results: Significantly (p < 0.05) higher scores were achieved using the glove port compared to the SILS™ port when
performing both tasks. The glove port was subjectively evaluated as easier to use with more manoeuvrability of the
instruments than the SILS™ port.

Implications of the study: The glove port’s improved manoeuvrability and ease of use make it a cost-effective
alternative to the SILS™ port, for use in single-port laparoscopic veterinary surgery.
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Backround
The SILS™ port (Medtronic Austria GmbH) is a com-
mercially available hourglass-shaped, single-access port
that is made from an elastic polymer. It contains four
openings: one for insufflation and three for trocars of 5–
12mm in size as shown in Fig. 1 [1, 2]. The glove port is
a laparoscopic single-incision port that is made with an
ALEXIS® wound protector retractor (Applied Medical,

Salzburg, Austria) to which a set of sterile gloves is at-
tached, and slim trocars are placed through holes made
in the fingers of the glove [3–8] as shown in Fig. 1.
The glove port was first described in 2009 and 2010 in

various human urological [9], general surgical [5, 10],
and gynaecological procedures [11]. Since its inception,
various modifications have been made, such as replacing
the ALEXIS® wound retractor with a flexible ring [4], or
making 2.5–3 mm holes in the glove fingers and directly
inserting the instruments rather than using trocars [6].
This glove port was developed for use in developing
countries as a cost-effective alternative to commercially
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available single-port access devices [4, 9, 12, 13]. More
recently, the glove port has also been described for
paediatric appendectomies [13]. In veterinary surgery,
the glove port has been described in elective canine
laparoscopic-assisted ovariohysterectomies [8] and in ca-
nine pyometra cases [7].
One advantage of the SILS™ port and glove port is

their compressibility, allowing a snug fit to the abdom-
inal wall via a 2–3 cm mini laparotomy. This in turn re-
duces carbon dioxide leakage [3] and likely slightly
compensates for the triangulation difficulties compared
to more rigid single-access port devices [1]. This rela-
tively simple insertion technique without prior insuffla-
tion may also reduce the risk of iatrogenic complications
associated with Veress needle, direct trocar insertion,
and Hasson entry techniques [14, 15].
Minimally invasive surgery (MIS) has become the

standard of care in many human surgical procedures

[16, 17]. Laparoscopy, however, requires specific hand -
eye coordination and depth perception skills, which are
quite different from the skills learnt in conventional
open surgery [18–23]. In order to improve the safety of
patients undergoing laparoscopic procedures, much em-
phasis has been placed on developing and validating
simulation-based training models in the past two de-
cades [17, 24, 25].
The fundamentals of the laparoscopic surgery (FLS)

programme were first introduced in 2004 by the Society
of American Gastrointestinal Endoscopic Surgeons in
the form of an educational programme designed to teach
and assess skills unique to laparoscopy [18, 19, 24, 26–
29]. The manual skills component of the FLS
programme encompasses five tasks with an objective
scoring system, which is better known as MISTELS (Mc-
Gill inanimate system for training and evaluation of lap-
aroscopic skills) [18, 19, 24, 27–29]. In 2009, the
American board of surgery made successfully complet-
ing an FLS programme a standard requirement for resi-
dents sitting their qualifying examination [29]. Similarly,
in veterinary surgery, a veterinary assessment of laparo-
scopic skills (VALS) programme using MISTELS has
been developed to assess and effectively evaluate skills
[22, 25, 30].
More recent advances in laparoscopy both in human

and veterinary medicine have looked at means of being
even less invasive by using single-port access surgery
(SPAS) as opposed to multiport access surgery [31–34].
Reducing the number of incisions and trocar insertions
into the abdomen not only reduces patient morbidity
but also improves cosmesis [1, 3, 4, 12, 33]. SPAS is,
however, more technically challenging due to increased
instrument collisions both inside and outside the abdo-
men due to their common entry point, known as “sword
fighting” [35] and the difficulty in triangulation [3, 31,
32, 36]. To this end, multiple specifically manufactured
single-access devices have been developed for commer-
cial use, such as the EndoCone™ and S-Ports (Karl Storz
Endoscopy), the GelPoint Access System (Applied Med-
ical Inc.), the SILS™ port (Medtronic), Triport (Olym-
pus), and AirSeal (SurgiQuest) to name but a few [2, 3].
Specially designed articulating and rotating instruments
have also been produced to help overcome the triangula-
tion and ergonomic difficulties associated with single-
port surgery [2, 3, 37].
In a recent experimental study at this institution, the

manoeuvrability of scopes and instruments within three
different single-port access systems (SPAS) was com-
pared [38]. The EndoCone™, SILS™ port, and glove port
were alternately placed in an acrylic box with a 10mm
endoscope and a 5 mm laparoscopic instrument [38]. A
motion analysis system with 20 cameras was used to
track the motion of different combinations of either the

Fig. 1 The left of the image is the SILS™ port and to the right of the
image is the glove port. An ALEXIS® wound protector retractor is
attached to a glove with slim trocars placed through holes made in
the fingers of the glove
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endoscope alone or the endoscope and the instrument
inside the three SPAS [38]. The area of manoeuvrability
was defined as the conic section seen by the endoscope
[38]. The authors found the area of manoeuvrability to
be significantly higher when using the glove port (2.161
cm2) compared to the SILS™ port (867 cm2) or Endo-
Cone™ (87 cm2) [38].
The primary aim of this study was to compare the

glove port to the SILS™ port using the task scores
achieved by novices in a simulator model when perform-
ing the first two MISTELS tasks (peg transfer and pat-
tern cutting). Our hypothesis was that due to the
improved manoeuvrability afforded by the glove port
[38], the tasks scores achieved for both exercises would
be higher using this port when compared to the SILS™
port.

Methods
Participants
Ethical approval for the study was requested from the
institutional review board of the Medical University of
Vienna, prior to commencement of the study. The re-
view board stated that ethical approval was not required
for this study. Written consent to participate in the
study and permission to publish the results in accord-
ance with data protection laws was obtained from each
participant. Twenty-two participants were voluntarily
enrolled in the project. Included participants were either
veterinary surgeons working at the University of Veter-
inary Medicine Vienna or veterinary students in their
final year of study. To be included participants had to be
novices which was defined has having no prior experi-
ence in performing laparoscopic surgical procedures.

Instrumentation and simulator
This experimental study was performed in a dedicated
room with two laparoscopic box trainers, each set up
with a high-definition camera connected to a single
computer monitor Fig. 2. The box trainer with two ac-
cess ports is the official VALS box trainer [39, 40] with a
skin frame constructed from durable Neoprene and two
pre-incised holes for trocars. The other simulator box
was built specifically for this experiment. The built box
trainer was fitted with a square laparo-abdominal pad
(limbs and things, Bristol, UK) into which a 2.5 cm
diameter centred hole was cut to fit the single-access
port devices. The centred hole could accommodate ei-
ther the SILS™ port (Medtronic, Austria GmbH) or the
glove port see Fig. 3.
The modified glove port was based on the one de-

scribed by Khiangte et al. [4] and its assembly closely
followed the descriptions by Becher-Deichsel et al. [7]
and Bydzovsky et al. [8]. Briefly, an XS ALEXIS™ (Ap-
plied Medical, Salzburg, Austria) wound retractor was

attached to a size 6 ½ surgical glove (Vasco OP sensitive;
B. Braun Melsungen AG, Melsungen, Germany). The
inner ring of the wound retractor was placed through
the centred hole and the outer ring was then rolled in-
wards until the retractor remained taut. Three 5 mm
holes were made in the index, middle, and little fingers
of the glove and three 5 mm cannulas (SILS™ port, Med-
tronic, Austria GmbH) were then secured into these
holes using an elastic tie cut from another size 6 ½ glove.
The wrist part of the glove was then secured over the
outer ring of the wound retractor [7].
Each single-access port was fitted with three 5 mm re-

usable cannulas (Medtronic, Austria GmbH) [7, 8, 31,
36]. Two straight 5 mm laparoscopic grasping forceps
(Karl Storz Endoskop, Austria GmbH) were used for the
peg transfer task [17, 31, 32, 41]. A pair of straight 5 mm
grasping forceps and a pair of straight 5 mm

Fig. 2 Official VALS box trainer on the right of the image and single
access port box trainer with attached SILS™ port on the left of
the image
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laparoscopic scissors (Karl Storz Endoskop, Austria
GmbH) were used for the pattern cutting task [22, 25,
30, 32]. The third cannula was left empty during both
tasks.

MISTELS tasks
Each participant had an initial training session during
which a video was shown on youtube.com: the FLS ex-
panded video tutorial Series; Task 1-Peg Transfer [42]
and Task 2- Pattern Cut [43]. A proctor (US) answered
any further questions and was responsible for all the
testing and calculation of scores for each participant.
All participants had 60 min to practise the two MIST

ELS tasks using the two-port VALS laparoscopic box
trainer as seen in Fig. 2. Criteria for inclusion in the
study included completion of both tasks within a 600 s
cut-off time using the conventional two-port model. No
prior practice using the single-access ports (glove port
and SILS™ port) was permitted before testing began. The
testing was done in a separate box trainer with a single-
access port as seen in Figs. 2 and 3. The order in which
the exercises were performed using the single ports
(SILS™ or glove port) was randomised, i.e., 11 partici-
pants (group 1) started with the glove port followed by
the SILS™ port, and the other 11 participants (group 2)
started with the SILS™ port followed by the glove port.
The peg board consisted of 12 pegs and six coloured

moveable hollow triangles. On the left hand-side of the

board, the six pegs were aligned in a rectangle, and on
the right the pegs were aligned in a circle (Fig. 4). The
exercise was started with all six triangles on the left-
hand side of the peg board, in the rectangle. The trian-
gles were first picked up with a grasper using the non-
dominant hand, moved mid-air to the dominant hand,
and then placed on the pegs on the right-hand side, on
the circular part of the board. The exercise was then re-
versed, with the triangles being moved from the right
circular part to the left rectangular part of the board.
During the reverse of the exercise the dominant hand
grasper was used to pick up a triangle on the right,
transferred mid-air to the non-dominant hand grasper,
and placed on the left-hand side of the board. The order
in which the triangles were picked up was irrelevant.

Fig. 3 Single access port box trainer with attached glove port

Fig. 4 Top of the image is the Peg Board with 6 colour triangles.
Bottom of the image is the gauze swab attached to a Styrofoam
board by alligator clips
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For the pattern-cutting task, a 10 × 15 cm surgical
gauze swab with a pre-printed 5 cm diameter circle
drawn in the centre was used. This swab was fixed to a
Styrofoam board with alligator clips (Fig. 4). The circle
was cut out using a pair of laparoscopic scissors in the
dominant hand whilst holding the swab under tension
with laparoscopic graspers in the non-dominant hand.

Scoring
The scoring system used was adapted from Chen et al.
2019 [44] and Brown-Clerk et al. 2011 [31] using task
completion time and number of errors.

Scoring for the peg transfer task
The raw score was calculated as follows:

Raw score ¼ f 600 seconds−time to completion in secondsð Þ
− 50 x number of dropped pegs on the first transferð Þ

þ 25 x number of dropped pegs on the second transferð Þg:

A score of zero was given if the task took longer than
600 s to complete. This raw score was then divided by
237 and multiplied by 100 to obtain a normalised score.
The figure of 237 is a predetermined standard value de-
rived from the maximum score achieved by a chief sur-
gical resident in the FLS programme [19, 28, 41].

Scoring for the pattern cutting task
The raw score for the pattern cutting task was calculated
as follows:

Raw score ¼ f 600 seconds−time to completion in secondsð Þ
− %deviation from the pre−marked circle in mm2
� �g

The percentage deviation was calculated by laying out
any excess swab material resulting from cut deviations
outside or inside the perfect circle on graph paper. The
area to the nearest rectangle was then calculated. This
rectangle area was then divided by the circle area to de-
termine the percentage deviation.
A score of zero was given if the task took longer than

600 s to complete. This raw score was then divided by
280 and multiplied by 100 to obtain a normalised score.
The figure of 280 is a predetermined standard value de-
rived from the maximum score achieved by a chief sur-
gical resident in the FLS programme [19, 28, 41].

Self-evaluation
A subjective self-evaluation questionnaire was completed
by each participant following completion of the tasks. In
this questionnaire, each port’s manoeuvrability, task
completion difficulty, and ease of use was rated accord-
ing to a Likert scale from 1 (exceedingly difficult) to 3
(extremely easy) (Table 1).

Statistical analysis
Statistical analysis was performed using the IBM SPSS
v24. Descriptive data are reported as mean and standard
deviation (SD). The assumption of a normal distribution
was tested using the Kolmogorov -Smirnov -test. A gen-
eral linear model was used to analyse the differences in
scores between the two ports where the ports were
added as a within-subject factor. To control for the

Table 1 Self-evaluation questionnaire

Question 1:
How difficult was it to complete the peg transfer task using each port on a scale of 1–3?
Rated: 1 (exceedingly difficult), 2 (neither difficult nor easy), 3 (extremely easy)

1 (exceedingly difficult) 2 (neither difficult nor easy 3 (extremely easy)

SILS™ Port

Glove Port

Question 2:
How difficult was it to complete the pattern cutting task using each port on a scale of 1–3?
Rated: 1 (exceedingly difficult), 2 (neither difficult nor easy), 3 (extremely easy)

1 (exceedingly difficult) 2 (neither difficult nor easy 3 (extremely easy)

SILS™ Port

Glove Port

Question 3:
How difficult was it to manoeuvre the instruments inside each port on a scale of 1–3?
Rated: 1 (exceedingly difficult), 2 (neither difficult nor easy), 3 (extremely easy)

1 (exceedingly difficult) 2 (neither difficult nor easy 3 (extremely easy)

SILS™ Port

Glove Port
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different sequences in the crossover design, the sequence
was added as a between-subject factor. Post hoc tests
were applied using Bonferroni’s alpha correction proced-
ure. The three questions of the self-evaluation question-
naire were analysed using the Wilcoxon signed-rank test
to compare the two ports. A p value of < 0.05 indicated
statistical significance.

Results
Twenty veterinarians and two final year veterinary
students participated in the study. Fifteen participants
were female and seven participants male. Eleven par-
ticipants (group 1) started with the glove port,
followed by the SILS™ port, and the other 11 partici-
pants (group 2) started with the SILS™ port followed
by the glove port.

Peg transfer results
The general linear model showed significant score differ-
ences between the two ports (p = 0.01) and no significant
interaction with the starting order could be found (p =
0.745). Participants achieved higher scores using the
glove port (mean = 138.1; SD = 38.8) compared to using
the SILS™ port (mean = 106.7; SD = 46.8). The mean re-
sults of both groups are summarized in Table 2. Table 3
shows the 95% confidence intervals of the total scores. A
graphic representation of the scores achieved by the par-
ticipants is shown in Fig. 5.

Pattern cutting results
The general linear model showed significant score differ-
ences between the two ports (p = 0.029) and no signifi-
cant interaction with the starting order could be found
(p = 0.098). Participants achieved higher scores using the
glove port (mean = 118.1; SD = 34.3) compared to the
SILS™ port (mean = 99.4; SD = 46.7). The mean results of
both groups are summarized in Table 2. Table 3 shows
the 95% confidence intervals of the total scores. A
graphic representation of the scores achieved by the par-
ticipants is shown in Fig. 6.

Self-evaluation questions
According to the Wilcoxon signed-rank test, for all three
questions the SILS™ port was evaluated as significantly
more difficult to use than the glove port (question 1: p =
0.005; question 2: p = 0.033; question 3: p = 0.035). The
glove port was rated as neither difficult nor easy to use
by most respondents whereas the SILS™ port was most
frequently rated as exceedingly difficult to use by most
respondents. The responses of the participants to the
three questions is depicted in Table 4.

Discussion
In this experimental study, participants were able to
complete both MISTELS tasks in a shorter time and
with fewer errors, i.e., achieve higher scores when using
the glove port compared to the SILS™ port hence we
accept our hypothesis. The lower scores achieved when
using the SILS™ port could be explained by the proxim-
ity of the instruments due to the reduced working space,
as was shown by the reduced area of manoeuvrability in
the study by Haider et al. [38]. Reduced working space
limits the range of motion and the ability to triangulate,
and both circumstances likely cause more instrument
collisions [1, 45] and sword fighting [3, 8, 35]. These in-
creased instrument collisions would likely lead to an in-
crease in errors and prolong the time required to
complete the peg transfer and pattern cutting tasks.
Additionally, in the subjective evaluation of both tasks,

participants rated the glove port as easier to use with
more manoeuvrability of the instruments than the SILS™
port. This is based on the respondent’s answers to the
three questions. For question one, which was related to
the difficulty of completing the peg transfer task, 14/22
respondents evaluated the glove port as neither difficult
nor easy whereas 13/22 respondents evaluated the SILS™
port as exceedingly difficult to use. For question two,
which was related to the difficulty of completing the pat-
tern cutting task, 16/22 respondents evaluated the glove
port as neither difficult nor easy, whereas 18/22 evalu-
ated the SILS™ port as exceedingly difficult to use. For
question three, which was related to the overall

Table 2 Presentation of the normalised scores achieved when performing the peg transfer and pattern cutting tasks using the two
ports

Ports and groups Peg transfer task Pattern cutting task

Ports Groups Mean score Standard deviation Mean score Standard deviation

glove port group 1 119.6 35.1 99.3 32.2

group 2 156.4 34.5 136.7 25.8

total 138.1 38.8 118.1 34.3

SILS™ port group 1 91.9 45.3 94.4 54.1

group 2 121.4 45.5 104.3 39.9

total 106.7 46.8 99.4 46.7
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manoeuvrability of the instruments within each port, 13/
22 respondents evaluated the glove port as neither diffi-
cult nor easy, with 14/22 respondents evaluating the
SILS™ port as exceedingly difficult to use. A similar
questionnaire was used in the study by Brown-Clerk
et al. [31]. In that study conventional two-port laparos-
copy was rated as the easiest to use by participants,
followed by the GelPoint system in second place [31].
The authors of that study also concluded that the Gel-
Point (single port) system appears to be the easiest sys-
tem for novices to use and that it performed similarly to
two-port laparoscopy [31]. Some similarities exist be-
tween the GelPoint and the glove port systems in that
both constructs consist of an ALEXIS® wound retractor
through which instruments are introduced. This may in

part have contributed to the improved scores seen in
our study.
Interestingly, no significant interaction between the

starting order could be found. Participants consistently
achieved higher scores using the glove port when com-
pared to the SILS™ port, irrespective of the starting order
in which they were being used.
We allowed participants to practise both tasks using

two-port laparoscopy whereas no prior practice was
allowed using either of the two single-access ports. We
reasoned that due to the inclusion of novices and the
known unique challenges associated with laparoscopy,
such as the use of long instruments which amplify
tremors, the limited range of motion due to placing in-
struments through trocars and ports, and the lack of

Table 3 Mean scores and confidence intervals for both tasks

Peg transfer Mean Standard error 95% confidence interval lower limit 95% confidence interval upper limit

glove 138.1 7.4 122.6 153.5

SILS™ 106.7 9.7 86.5 126.9

Pattern cutting Mean Standard error 95% confidence interval lower limit 95% confidence interval upper limit

glove 118.1 6.2 105.1 131.0

SILS™ 99.4 10.1 78.2 120.6

Fig. 5 Box plot graph of the peg transfer task comparing the normalised scores achieved by the 22 participants using both the glove port and
the SILS™ port. The Y-axis represents the normalised scores. The boxes represent values between the first quartile (Q1) and the third quartile (Q3).
Whiskers ranging from Q1 to the minimum and from Q3 to the maximum. The bold line shows the median. The first box plot on the X-axis
represents the glove port and the second box plot represents the SILS™ port. The p-value indicates the significance of the difference between
the two ports using the general linear model
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optical depth perception [18, 22, 30], task completion
would be made more difficult. Part of our inclusion cri-
teria was that participants needed to be able to perform
each task within a ten-minute cut-off time using conven-
tional two-port laparoscopy. Single-incision laparoscopic
surgery has been shown to be more technically challen-
ging than conventional laparoscopy in a simulator model
[32, 36]. In another study by Santos et al. [34], the learn-
ing curve for single-incision laparoscopy (using the peg
transfer and pattern-cutting tasks) was longer than two-
port laparoscopy when novices were tested. Another fac-
tor in this decision was that the primary objective of this
study was to compare the task scores between the glove
port and SILS™ port.
The scoring system using task completion time and

number of errors for the peg transfer task was adapted

from Chen et al. [44] and Brown-Clerk et al. [31]. The
scoring system used for the pattern cutting task was the
same as that used by Kilkenny et al. [41]. The scoring
systems are adaptions from the original FLS scoring
system used for human laparoscopic surgeons [19, 27,
28]. The official FLS programme and previously pub-
lished veterinary studies use a 300 s cut-off time for
testing the MISTELS tasks [19, 22, 25, 28, 41, 44].
The decision to allocate a ten-minute cut-off time ra-
ther than a five-minute cut-off in this study was
threefold. Firstly, all participants were inexperienced
in laparoscopic surgery. Secondly, single-port laparos-
copy is more challenging with a steeper learning
curve than standard two-port laparoscopic surgery [3].
Thirdly, we assumed that there would be significant
loss of data or exclusion of participants had a 300 s

Fig. 6 Box plot graph of the pattern cutting task comparing the normalised scores achieved by the 22 participants using both the glove port
and the SILS™ port. The Y-axis represents the normalised scores. The boxes represent values between the first quartile (Q1) and the third quartile
(Q3). Whiskers ranging from Q1 to the minimum and from Q3 to the maximum. The bold line shows the median. The first box plot on the X-axis
represents the glove port and the second box plot represents the SILS™ port. The p-value indicates the significance of the difference between
the two ports using the general linear model
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cut-off time been used. The publication by Brown-
Clerk et al. [31] also used a 600 s cut-off time and
this study also included novices.
A limitation of this study was using a mounted

camera in the box trainer rather than having an
operator-driven camera as was used in the experimen-
tal model by Santos et al. [34]. Having an additional
instrument would likely have led to even more instru-
ment collisions and further reduced the available
working space in the single-port access devices. This
would have mimicked the intra-operative situation
more closely, but it would have required an additional
experienced proctor to operate the camera for each
participant. We tried to negate the impact of this
limitation somewhat by adding a third cannula to
both single-port access devices. We recognise that an
empty cannula does not wholly simulate the effect of
a cannula housing an instrument, but we reasoned
that the restriction in movement by an empty cannula
would still be more than if the port hole had been
left empty.
Straight laparoscopic graspers and shears rather than

articulated instruments were used to perform both
MISTELS tasks on the single-port platforms. Articu-
lated instruments have been developed to ease the use
of single-access port surgery by providing intracorpor-
eal triangulation, decreasing instrument crowding and
allowing a more ergonomic positioning of the hands
[3]. In the publication by Santos et al. [34], neither the
static articulating instruments nor the dynamic articu-
lating instruments were associated with improved per-
formance or a shorter learning curve when compared
with straight instruments, when used to perform the
first two MISTLES tasks in a simulator model. Straight

laparoscopic instruments have been used successfully
with the SILS™ port in animals undergoing laparoscopic
ovariectomy [1, 46], laparoscopic-assisted gastropexy
[46], and laparoscopic-assisted intestinal surgery [14].
Straight laparoscopic instruments have also been used
in canines with a modified glove port undergoing an
elective laparoscopic-assisted ovariohysterectomy [8]
and a laparoscopic-assisted ovariohysterectomy for pyo-
metra [7].
The findings of this study show that novices can

achieve significantly higher task scores when performing
the first two MISTELS tasks using the glove port com-
pared to the SILS™ port. This cohort of participants also
subjectively rated the glove port as easier to use with
more manoeuvrability of the instruments in comparison
to the SILS™ port.

Implications of the study
The glove port’s improved manoeuvrability and ease of
use make it a cost-effective alternative to the SILS™ port,
for use in single-port laparoscopic veterinary surgery.
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