Surgical Endoscopy (2024) 38:4633-4640 :
https://doi.org/10.1007/500464-024-10972-y Y

2024 SAGES ORAL q

Check for
updates

Educational value of a novel telestration device for surgical
coaching—a randomized controlled trial

Mohamed Saif Hameed' - Parmiss Kiani' - Priyanka Kugamoorthy' - Caterina Masino’ - Nastasia Kujbid' -
Simon Laplante’2. Allan Okrainec’? - Amin Madani'? - Andras B. Fecso '

Received: 22 April 2024 / Accepted: 28 May 2024 / Published online: 24 June 2024
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2024

Abstract

Introduction Communication is fundamental to effective surgical coaching. This can be challenging for training during
image-guided procedures where coaches and trainees need to articulate technical details on a monitor. Telestration devices
that annotate on monitors remotely could potentially overcome these limitations and enhance the coaching experience. This
study aims to evaluate the value of a novel telestration device in surgical coaching.

Methods A randomized-controlled trial was designed. All participants watched a video demonstrating the task followed
by a baseline performance assessment and randomization into either control group (conventional verbal coaching without
telestration) or telestration group (verbal coaching with telestration). Coaching for a simulated laparoscopic small bowel
anastomosis on a dry lab model was done by a faculty surgeon. Following the coaching session, participants underwent a
post-coaching performance assessment of the same task. Assessments were recorded and rated by blinded reviewers using
a modified Global Rating Scale of the Objective Structured Assessment of Technical Skills (OSATS). Coaching sessions
were also recorded and compared in terms of mentoring moments; guidance misinterpretations, questions/clarifications by
trainees, and task completion time. A 5-point Likert scale was administered to obtain feedback.

Results Twenty-four residents participated (control group 13, telestration group 11). Improvements in some elements of the
OSATS scale were noted in the Telestration arm but there was no statistical significance in the overall score between the two
groups. Mentoring moments were more in the telestration Group. Amongst the telestration Group, 55% felt comfortable that
they could perform this task independently, compared to only 8% amongst the control group and 82% would recommend
the use of telestration tools here.

Conclusion There is demonstrated educational value of this novel telestration device mainly in the non-technical aspects of
the interaction by enhancing the coaching experience with improvement in communication and greater mentoring moments
between coach and trainee.
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The increasing use of Image Guided Surgery (IGS), e.g., lap-
aroscopy, for its numerous benefits to patients in the hands
of skilled surgeons has made the need for effective training
crucial [1]. Surgical coaching has always been challenging;
especially in IGS. The learning curve for trainees tends to
be greater and more arduous as the surgical field cannot be
directly visualized or palpated. Instructions, directions and
information are typically communicated verbally which can
be time sensitive due to rapidly changing field of view lead-
ing to confusion and misinterpretation [2]. This might affect
outcomes [1] as well as educational value for the trainee.

In recent years, significant advancements in virtual reality
(VR) and augmented reality (AR) technologies have cata-
lyzed their adoption across various domains beyond their tra-
ditional confines in gaming and research. This has attracted
the attention of surgeon educators who have been studying
the application of this novel technology as a tool in surgical
education. Many VR and AR simulation platforms capable
of telestration exist and are being studied for their applica-
tion in surgical education [3-5] from basic surgical skill
training [6] to minimally invasive surgical training [3-5].

The aim of this study was to explore the educational value
of a novel telestration device in [1] technical skill acquisi-
tion, and [2] subjective experience of the trainees.

Materials and methods
Trial design

Institutional ethics board approval was requested and
received prior to initiation of this randomized controlled
trial. CONSORT guidelines were used for reporting the trial
[7]. The trial was designed with 2 parallel arms and a 1:1
allocation ratio. All current surgical trainees (post graduate

Fig. 1 Top left: The standard
dry lab model is prepared as
shown. Top right: stapling
step: the participant creates
the small bowel anastomosis
using the laparoscopic stapler.
Bottom left: suturing step: the
participant closes the common
enterotomy with using a 2.0
silk suture with a taper needle,
in a continuous fashion. Bot-
tom right: cutting of the suture
marks the completion of the
task
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year 1-5) at our Institution were eligible to participate in
the trial. An email invitation about the study was sent out
to all residents by the research coordinator. The study was
performed in the research dry lab of the institution.

Study task

The study task was the performance of a laparoscopic small
bowel anastomosis on a standard dry lab model prepared
by the research team. The model was prepared as shown
(Fig. 1-top left). The following laparoscopic instruments
were provided: a bowel grasper, a pair of needle drivers, a
stapler, a Maryland grasper and scissors. The stapler, Endo
GIA™ Ultra Universal Stapler (Medtronic, Minneapolis,
MN, USA) was preloaded and kept ready with one cartridge
(45 mm) for each time the task had to be performed. Follow-
ing the creation of the small bowel anastomosis the common
enterotomy was closed using a 25 cm long 2.0 silk suture
(Fig. 1-bottom right), in a continuous fashion. The study
task was performed three times at points [A], [B], and [C] as
shown in Fig. 2. First as a Baseline assessment, second dur-
ing the coaching session and third during the repeat assess-
ment following the coaching session. In the control arm of
the study the coaching session consisted of verbal guidance
to complete the task. In the intervention arm (telestration)
the coaching session consisted of verbal guidance with the
addition of the telestration platform.

The telestration device

The MDN-Pen (Fig. 3), developed along with Haply Robot-
ics Inc. (Montreal, CA) is an augmented reality platform
capable of annotations on real time video feeds and insert-
ing virtual surgical instruments into live video feeds for the
purpose of surgical coaching [8] (Fig. 4).
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Participant is shown a prerecorded video of the task which
they have to perform

NI

[A] Baseline Assessment: Participant performs the task by
themselves. Video feed is recorded

N\

Randomization: Participant is allotted to one of the two
arms of the study

\Z

[B] RCT Arms (Video and Audio is recorded)

Telestration Arm: Verbal

+Telestration

I 10 min Break |
\Z

[C] Post Coaching Assessment: Participant performs the

same task again by themselves . Video feed is recorded

Control Arm: Verbal
Coaching only

[ Feedback Survey and debrief |

Fig.2 A schematic diagram of the various steps in the trial

Measurements

Video recordings (laparoscopic view only) of the Baseline
and Post Coaching task performance were de-identified for
bias mitigation. Furthermore, no audio recordings were cap-
tured during the Baseline and Post Coaching assessments.
Two blinded raters were given the videos to rate. The assess-
ments were rated using a modified Objective Structured
Assessment of Technical Skills (OSATS) scoring system
where the “Use of an assistant” component was not evalu-
ated as it did not apply to this task [9, 10]. Both raters rated

Fig.3 The MDN-Pen
Button 2

Button 3

USB - C Port —

Trigger Switch

Laparoscopic Instrument-like Handle -

Buttonl —

all the videos and an average of the two ratings was used for
statistical analysis.

During the coaching session, both video and audio feeds
from the room were captured and analyzed by the research
team. The video feed was used to gather objective data such
as time taken for various steps of the task. The audio feed
from the room and the video feed were used to collect quali-
tative data on mentoring. Described as mentoring moments,
these included questions asked by the participants and clari-
fications given by the coach. Finally, after completion of the
Post Coaching session, the participants were given a feed-
back survey with questions to be answered using a 5-point
Likert scale.

Statistical analysis

Randomization was done using the Clinical Trial Randomi-
zation Tool from the National Cancer Institute (NIH, USA
available at https://ctrandomization.cancer.gov/tool/).

IBM® SPSS® Statistics (IBM Inc., NY, USA) was used
for performing independent sample 7 tests and paired ¢ tests
on the performance data.

Results

Twenty-four residents participated in the study (11 male and
13 female). There were 11 in the telestration group and 13
in the control group respectively. There were 11 junior resi-
dents (PGY1 and PGY2) and 13 Senior Residents (PGY?3,
PGY4 and PGY)5). Tables 1 and 2 show the non-technical
results of the coaching sessions. During the coaching ses-
sions, the audio feed recordings of three participants within
the control group failed but the objective metrics derived
from the video feed analysis were still possible; adjusting
the group sizes accordingly in Table 1.

Tracker

Additional Features

Bluetooth communication
at SOHz refresh rate

Rechargeabel Battery

ON /OFF Switch
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Fig.4 Figure shows the coach on the right using the MDN-Pen tel-
estration device in their right hand and annotating on the screen for
the participant on the left

Table 1 Mentoring moments

T=Telestration group [11]; No  Mean  Std. deviation p

C=Control group [10]

ST guidance misinterpretations
T 11 045 0.820 0.206
C 10  0.10 0.316

ST clarification requests
T 11 0.55 0.934 0913
C 10 0.60 1.265

ST questions
T 11 0.64 0.924 0.094
C 10  0.10 0.316

SU guidance misinterpretations
T 11 0.64 0.809 0.726
C 10 0.80 1.229

SU clarification requests
T 11 245 2.876 0.084
C 10  0.70 1.160

SU questions
T 11 1.82 2272 0.308
C 10 1.00 1.155

ST Stapling task, SU suturing task

There was no statistically significant difference in the
mean Baseline assessment scores (modified OSATS scores
out of a maximum possible score of 25) of the telestra-
tion and control groups; 20.50 (SD +0.393) and 20.62
(SD +3.04), respectively. Post Coaching OSATS scores were
also not significantly different between the two groups (tel-
estration group 21.41, SD+3.12 and control group 23.85,
SD +2.94, p=0.064) Table 3.

In Table 4 the mean change within the control group
from Baseline to Post Coaching significantly improved in
all parameters of the OSATS except in “Respect for tissue”.
In the telestration group the mean change from Baseline to
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Table 2 Time taken for the coaching session

T=Telestration No Mean Std. deviation p

group;

C=Control

group

Stapling task time
T 11 241 86 0.530
C 13 222 52

First knot time
T 11 373 120 0.141
C 13 300 111

Avg time per suture
T 11 191 58 0.392
C 13 172 48

Suturing task time
T 11 1433 381 0.599
C 13 1352 357

Stapling and suturing time
T 11 1674 402 0.534
C 13 1574 365

Time between tasks
T 11 49 24 0.189
C 13 37 16

Total task time
T 11 1722 406 0.487
C 13 1611 359

Objective measures of time taken to complete various steps in the
task

Post-coaching significantly improved in the “Knowledge of
instruments” (p =0.004).

In Table 5, within the control group, junior residents
showed a significant improvement in “Instrument han-
dling” from a mean of 3.00 (SD 0.41) to 3.71 (SD 0.64)
[p=0.035]. Senior residents showed significant improve-
ments in “Knowledge of instruments” from a mean of 4.10
(SD 0.58) t0 4.92 (SD 0.20) [p=0.011]. “Flow of operation”
from a mean of 3.58 (SD 0.58) to 4.42 (SD 0.20) [p=0.011]
“Knowledge of specific procedure” from a mean of 3.42 (SD
0.74) to 4.58 (SD 0.38) [p=0.005] and Total OSATS scores
from 21.10 (SD 3.37) to 25.75 (SD 1.37) [p=0.014]. Within
the telestration group (Table 6), Junior residents showed a
significant improvement in “Knowledge of instruments”
from a mean of 3.87 (SD 0.48) to 4.50 (SD 0.41) [p=0.069].

The results of the feedback survey were generally posi-
tive for both groups, as shown in Table 7 Participants were
asked to answer the questions using a 5-point Likert scale of
agreement. Satisfaction (Strongly agree and Agree) with the
telestration system varied from 91 to 64% on the questions
asked. The subjective measure of confidence was consider-
ably higher among the participants of the telestration group
compared to the control group.
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Table 3 OSATS scores (telestration group vs control group): [base-
line OSATS]—a comparison of the baseline scores of the 2 groups;
[post coaching scores]—a comparison of the outcome scores of the

2 groups; and [change in score]—a comparison of the improvement
within each group

Baseline OSATS Post coaching OSATS Change in score

T=Telestration group; No Mean Std. deviation p Mean Std. deviation P Mean Std. deviation p

C=Control group

Respect for tissue
T 11 3.45 0.52 0.98 3.55 0.69 0.71 0.09 0.58 0.79
C 13 3.46 0.92 3.65 0.72 0.19 1.22

Time and motion
T 11 3.27 0.82 0.41 2.95 0.88 0.07 -0.32  0.56 0.01
C 13 3.04 0.56 3.62 0.79 0.58  0.93

Instrument handling
T 11 3.18 0.46 0.69 3.45 0.47 0.10 027 0.52 0.28
C 13 3.27 0.56 3.81 0.52 0.54  0.66

Knowledge of instruments
T 11 4.00 0.39 0.30 4.36 0.39 0.01 036  0.32 0.24
C 13 4.19 0.48 4.77 0.26 0.58  0.53

Flow of operation
T 11 3.55 0.57 0.61 3.55 0.69 0.09 0.00  0.50 0.03
C 13 3.42 0.57 4.00 0.54 0.58  0.70

Knowledge of specific procedure
T 11 3.05 0.82 0.56 3.55 0.65 0.16 0.50  0.77 0.45
C 13 3.23 0.70 4.00 0.89 0.77 093

OSATS
T 11 20.50 2.87 0.93 21.41 3.13 0.06 091 2.03 0.09
C 13 20.62 3.04 23.85 2.94 323 4.04

Table 4 Change in scores on the 5 individual categories of the OSATS from baseline (pre-coaching) to post coaching within the control group

and within the telestration group

Changes in OSATS scores within the groups

Control group

Telestration group

N Mean Std. deviation )4 N Mean Std. deviation P
Respect for tissue (post coaching) 13 3.6538 0.71835 0.58 11 3.5455 0.68755 0.617
Respect for tissue (baseline) 34615 0.92334 3.4545  0.52223
Time and motion (post coaching) 3.6154  0.79461 0.05 2.9545  0.87905 0.089
Time and motion (baseline) 3.0385 0.55758 32727  0.81742
Instrument handling (post coaching) 3.8077  0.52195 0.01 34545 047194 0.111
Instrument handling (baseline) 3.2692  0.56330 3.1818  0.46221
Knowledge of instruments (post coaching) 47692  0.25944 0 43636 0.39312 0.004
Knowledge of instruments (baseline) 4.1923  0.48038 4.0000 0.38730
Flow of operation (post coaching) 4.0000  0.54006 0.01 3.5455  0.68755 1
Flow of operation (baseline) 34231  0.57177 3.5455  0.56809
Knowledge of specific procedure (post coaching) 4.0000 0.88976 0.11 3.5455 0.65017 0.058
Knowledge of specific procedure (baseline) 3.2308  0.69568 3.0455  0.82020
OSATS (post coaching) 23.846 2.9396 0.01 21.409 3.1290 0.169
OSATS (baseline) 20.615 3.0356 20.500 2.8723
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Table 5 A comparison of the change in OSATS scores of the control group participants; junior residents and senior residents taken separately

Control group Junior residents

Senior residents

N Mean Std. deviation P N Mean Std. deviation P
Respect for tissue (post coaching) 7 3.43 0.45 0.62 6 3.92 0.92 0.26
Respect for tissue (baseline) 3.64 0.85 3.25 1.04
Time and motion (post coaching) 3.29 0.91 0.41 4.00 0.45 0.04
Time and motion (baseline) 2.93 0.61 3.17 0.52
Instrument handling (post coaching) 3.71 0.64 0.04 3.92 0.38 0.24
Instrument handling (baseline) 3.00 0.41 3.58 0.58
Knowledge of instruments (post coaching) 4.64 0.24 0.09 4.92 0.20 0.01
Knowledge of instruments (baseline) 4.29 0.39 4.08 0.58
Flow of operation (post coaching) 3.64 0.48 0.28 442 0.20 0.01
Flow of operation (baseline) 3.29 0.57 3.58 0.58
Knowledge of specific procedure (post coaching) 3.50 0.91 0.32 4.58 0.38 0.01
Knowledge of specific procedure (baseline) 3.07 0.67 342 0.74
OSATS (post coaching) 22.21 3.00 0.29 25.75 1.37 0.01
OSATS (baseline) 20.21 2.93 21.08 3.37

Table 6 A comparison of the change in OSATS scores of the telestration group participants, junior residents and senior residents taken sepa-

rately

Telestration group Junior residents

Senior residents

N Mean Std. deviation P N Mean Std. deviation P
Respect for tissue (post coaching) 4 3.38 0.85 0.18 7 3.64 0.63 0.28
Respect for tissue (baseline) 3.63 0.63 3.36 0.48
Time and motion (post coaching) 2.63 0.85 0.06 3.14 0.90 0.32
Time and motion (baseline) 3.00 1.08 3.43 0.67
Instrument handling (post coaching) 3.38 0.25 0.06 3.50 0.58 0.41
Instrument handling (baseline) 3.00 0.41 3.29 0.49
Knowledge of instruments (post coaching) 4.50 0.41 0.02 4.29 0.39 0.08
Knowledge of instruments (baseline) 3.88 0.48 4.07 0.35
Flow of operation (post coaching) 3.50 0.71 0.64 3.57 0.73 0.74
Flow of operation (baseline) 3.38 0.63 3.64 0.56
Knowledge of specific procedure (post coaching) 3.50 0.91 0.09 3.57 0.53 0.41
Knowledge of specific procedure (baseline) 2.50 0.41 3.36 0.85
OSATS (post coaching) 20.88 3.71 0.07 21.71 3.03 0.56
OSATS (baseline) 19.38 3.35 21.14 2.61

Discussion

The study results show a general trend towards an improve-
ment in technical performance with coaching in both
groups. There is significant improvement in some catego-
ries of the OSATS, which is promising. Senior residents
improved in more areas than junior residents. The engage-
ment between the coach and participant was greater as
well as the duration of the coaching sessions were longer
in the telestration group. Subjectively the participants in
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the telestration group felt much more comfortable and con-
fident about their ability to perform the task.

Effective communication and coaching strategies for
guidance in image-guided surgery, such as laparoscopy are
crucial [11]. Telestration as a tool for surgical education is
here to stay and currently there are many different systems
being studied which show promising initial results. Head
Mounted Displays (HMDs) with AR such as the STAR [5]
which requires the HMD, along with large touchscreens
showed that students while being guided by the system
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Table 7 The responses “Agree” and “Strongly Agree” have been grouped together as positive responses
Feedback survey results in percentages Telestration group Control group
Positive  Neutral Negative Positive Neutral Negative

Comfort and confidence

1. I feel comfortable performing this task independently 55 9 36 8 38 54

2. I feel confident of performing this task at a level comparable to my peers 82 18 85 15
Quality [telestration group only]

3. I experienced no video lag 64 9 27 n/a

4. I could see the telestration markups clearly 91 9

5. The quality of the telestration features was acceptable 73 9 18

6. I would recommend the use of telestration tools for this coaching activity = 82 18
Learner self-assessment

7.1 was comfortable receiving feedback 100 100

8. I was comfortable seeking feedback 100 92 8

9. I feel that this coaching session can improve my operative performance 100 100

10. I feel that this coaching session can improve patient outcomes 100 85 15

11. I feel that this coaching session made me more cognizant of operative 100 100

steps for this task

Educational value

12. Coaching is an effective adjunct to my professional development 100 100

13. Coaching improves communication between surgeons 100 100

14. Coaching facilitates the acquisition of skills 100 100

15. Coaching facilitates intraoperative decision making 100 100

16. Coaching allows me to get additional feedback on my performance 100 100

17. Coaching improves overall surgical performance 100 100

“Disagree” and “Strongly Disagree” have been grouped together as negative responses

performed better than those who read a set of instructions.
This study evaluated the results of sessions which were
coached by the mentor. Another system, the iSurgeon which
uses a camera to capture the trainer’s hand movements and
overlay it on the operative field on the screen, has shown
good results too. Here multiple sessions were evaluated, and
all the sessions were done under supervision of the coach
[4]. These studies have demonstrated that additional use of
telestration results in better communication.

The MDN-Pen AR platform; a handheld annotation tool,
uses mostly commercially available hardware which draws
overlays on the laparoscopic monitor. This study focused on
the communication and interaction between the participant
and the coach, retention of knowledge by the participant, and
the educational value of an additional coaching tool. In this
study there was a trend towards improvement in performance
and the comfort and confidence of participants who were in
the telestration group was much higher.

The results of this study need to be interpreted by keeping
in mind some of its limitations. The sample size was rela-
tively small and the close repetition of the tasks themselves
might’ve introduced additional bias This trial accounted
for some of the existing challenges of resident’s availabil-
ity and recruitment, therefore it was designed as a one-time

appointment with the participants being required to perform
the same task repeatedly. Multiple coaching sessions and
post-coaching sessions were not feasible due to time and
resource constraints. Fatigue might have been a confounding
factor with some residents coming in at the end of a long day
while others may have come on an off day. Prior experience
of performing the task could have been another significant
factor. Despite the limitations, this study demonstrates the
educational value of coaching and the addition of a telestra-
tion device. Residents' perception and the increased engage-
ment demonstrates this value. Future research is needed with
larger sample sizes and in settings other than the simulator
lab (e.g., operating room) to further demonstrate the added
value of coaching using a telestration device.

Conclusion

Telestration is a valuable tool for surgical coaching. It
helps in filling gaps in communication between the partici-
pants and the coach by increasing engagement. It leads to
increased comfort and confidence among the participants in
their abilities to perform the tasks. Studies on its value in
coaching beyond the lab; the feasibility of using this in the
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operating room, with larger sample sizes, and with probably
more follow-up training and practice sessions would eluci-
date the value of telestration more clearly.

Declarations

Disclosures Mohamed Saif Hameed, Parmiss Kiani, Priyanka Kuga-
moorthy, Caterina Masino, Nastasia Kujbid, Simon Laplante, Allan
Okraine, Amin Madani, and Andras B. Fecso have no conflicts of inter-
est or financial ties to disclose.

References

1. Buia A, Stockhausen F, Hanisch E (2015) Laparoscopic surgery:
a qualified systematic review. World J Methodol 5(4):238-254.
https://doi.org/10.5662/wjm.v5.i4.238 . PMID:26713285;PMCID:
PMC4686422

2. Budrionis A, Hasvold P, Hartvigsen G, Bellika JG (2016) Assess-
ing the impact of telestration on surgical telementoring: a rand-
omized controlled trial. J Telemed Telecare 22(1):12—17. https://
doi.org/10.1177/1357633X15585071

3. Wild C, Lang F, Gerhduser AS et al (2022) Telestration with
augmented reality for visual presentation of intraoperative tar-
get structures in minimally invasive surgery: a randomized con-
trolled study. Surg Endosc 36:7453-7461. https://doi.org/10.1007/
s00464-022-09158-1

4. Cizmic A, Miiller F, Wise PA, Hiberle F, Gabel F, Kowalewski
KF, Bintintan V, Miiller-Stich BP, Nickel F (2023) Telestration
with augmented reality improves the performance of the first ten
ex vivo porcine laparoscopic cholecystectomies: a randomized
controlled study. Surg Endosc 10:7839-7848. https://doi.org/10.
1007/s00464-023-10360-y

5. Rojas-Muiioz E, Cabrera ME, Lin C, Andersen D, Popescu V,
Anderson K, Zarzaur BL, Mullis B, Wachs JP (2020) The System

@ Springer

for Telementoring with Augmented Reality (STAR): a head-
mounted display to improve surgical coaching and confidence in
remote areas. Surgery 167(4):724-731. https://doi.org/10.1016/j.
surg.2019.11.008

6. Neves Lopes V, Dantas I, Barbosa JP, Barbosa J (2022) Telestra-
tion in the teaching of basic surgical skills: a randomized trial. J
Surg Educ 79(4):1031-1042. https://doi.org/10.1016/j.jsurg.2022.
02.013

7. Schulz KF, Altman DG, Moher D (2010) CONSORT statement:
updated guidelines for reporting parallel group randomised trials.
BMJ. https://doi.org/10.1136/bmj.c332

8. Kiani P, Dolling-Boreham R, Hameed MS, Masino C, Fecso A,
Okrainec A, Madani A (2024) A usability ergonomics and edu-
cational value of a novel telestration tool for surgical coaching.
JMIR. https://doi.org/10.2196/preprints.57243

9. Martin JA, Regehr G, Reznick R, MacRae H, Murnaghan J,
Hutchison C, Brown M (1997) Objective structured assess-
ment of technical skill (OSATS) for surgical residents. Br J Surg
84(2):273-278. https://doi.org/10.1046/j.1365-2168.1997.02502.x

10. Niitsu H, Hirabayashi N, Yoshimitsu M, Mimura T, Taomoto J,
Sugiyama Y, Murakami S, Saeki S, Mukaida H, Takiyama W
(2013) Using the Objective Structured Assessment of Technical
Skills (OSATS) global rating scale to evaluate the skills of sur-
gical trainees in the operating room. Surg Today 43(3):271-5.
https://doi.org/10.1007/s00595-012-0313-7

11. Gjeraa K, Spanager L, Konge L, Petersen RH, @stergaard D
(2016) Non-technical skills in minimally invasive surgery teams:
a systematic review. Surg Endosc 30(12):5185-5199. https://doi.
org/10.1007/s00464-016-4890-1

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.5662/wjm.v5.i4.238.PMID:26713285;PMCID:PMC4686422
https://doi.org/10.5662/wjm.v5.i4.238.PMID:26713285;PMCID:PMC4686422
https://doi.org/10.1177/1357633X15585071
https://doi.org/10.1177/1357633X15585071
https://doi.org/10.1007/s00464-022-09158-1
https://doi.org/10.1007/s00464-022-09158-1
https://doi.org/10.1007/s00464-023-10360-y
https://doi.org/10.1007/s00464-023-10360-y
https://doi.org/10.1016/j.surg.2019.11.008
https://doi.org/10.1016/j.surg.2019.11.008
https://doi.org/10.1016/j.jsurg.2022.02.013
https://doi.org/10.1016/j.jsurg.2022.02.013
https://doi.org/10.1136/bmj.c332
https://doi.org/10.2196/preprints.57243
https://doi.org/10.1046/j.1365-2168.1997.02502.x
https://doi.org/10.1007/s00595-012-0313-7
https://doi.org/10.1007/s00464-016-4890-1
https://doi.org/10.1007/s00464-016-4890-1

	Educational value of a novel telestration device for surgical coaching—a randomized controlled trial
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Materials and methods
	Trial design
	Study task
	The telestration device
	Measurements
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




