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Abstract

Introduction Improvements of surgical visualization add value to the quality of clinical routine and offer the opportunity to
improve surgical education of medical staff. The aim of this study was to determine whether otorhinolaryngology trainees
gain additional comprehension of the anatomical structures and the surgical site when 3D visualization is used.

Methods Data were collected from ENT trainees of microsurgical courses of the middle ear, inner ear and lateral skull base
at four university ENT departments (Charité (Berlin), Martin Luther University Halle-Wittenberg (Halle/Saale), Ludwig
Maximilian University (Munich) and Rostock University Medical Center). Participants were asked to complete a question-
naire assessing the subjective value of identical surgical field visualization in 3D for surgeon and observer.

Results A total of 112 participants completed the questionnaire. The majority of participants stated a high additional value
of 3D visualization compared to 2D visualization, with 75% fully agreeing to the statement that 3D visualization of the
surgical field is superior to perceive the anatomical topography and structures compared to 2D representation. Participants
encouraged the storage of data in online learning platforms.

Conclusion The results show that 3D visualization with identical imaging for surgeon and observer is a useful tool in teach-
ing of microsurgery. It addresses perception of anatomical topography and structures as well as conception of the surgical
workflow.

Keywords E-learning - 3D visualization - Medical education - 3D evaluation

Introduction

Electronic learning implements computer-assisted methods
including digitally available educational material such as
online courses or videos and is used increasingly in medi-
cal education [1, 2]. Teaching materials available in elec-
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international setting. Their value needs to be evaluated under
the aim of further improvement. Not only for students but
also for physicians, international exchange of knowledge
may improve the assessment of new methods and mutual
assistance. Anatomical education is challenging for both,
resident and teachers, especially in microscopic and fine
structure surgery. Traditionally, anatomy and surgical steps
are taught in theoretical lectures with or without augmenta-
tion by various media. In addition, students and residents
observe common surgeries during their clinical period.
Traditional lectures lack the opportunity of interactive par-
ticipation. Interactive computer-based methods in combina-
tion with practical teaching have been shown to have a great
potential in general anatomy education [3]. Recent reviews
conclude that digital education tools are considered to be a
useful instrument for medical education purpose and are not
inferior to traditional lectures [4, 5]. Successful combination
of both, digital and interactive tools and the knowledge of
experienced teachers, is required to guarantee a good under-
standing of the anatomical structures and applying anatomi-
cal knowledge in clinical decisions [6]. Additionally, it has
been found that 3D imaging facilitates the understanding of
spatial information and anatomical orientation [7, 8]. 3D
models gain importance in multiple disciplines to assist sur-
gical training and anatomic comprehension [9-15]. Izard
et al. concluded that 3D visualizing is a very helpful tool to
learn surgical steps especially under the aspect of repetition
[16]. The aim of this study was to determine whether par-
ticipants of courses for microsurgery in otology gain addi-
tional comprehension of the anatomical structures and the
surgical situs when a visualization is used which provides
identical views for surgeon and observer in 3D. In this study,
a fully digital surgical microscope was used to assess the
additional value of 3D visualization for the understanding
of otosurgery.

Methods

Data were collected from participants attending microsur-
gical courses of the middle ear, inner ear and lateral skull
base at four university ENT departments: Charité (Berlin),
Martin Luther University Halle-Wittenberg (Halle/Saale),
Ludwig Maximilian University (Munich) and Rostock Uni-
versity Medical Center, (Table 1). In each course, live sur-
geries of the middle ear, inner ear and lateral skull base
were transmitted from the surgical theater to the lecture hall
or from a senior surgeon’s microscope during the temporal
bone courses. A digital surgical microscope (ARRISCOPE,
ARRI Medical GmbH, Munich, Germany) with the capabil-
ity to transmit a high-resolution 3D image was used. The
image frame, size and surgical field overseen was identical
for surgeon and observers. The live images were presented
to the trainees on 65-inch 3D displays (LG 65EF9509, LG
Electronics, Seoul, Republic of Korea). The displays were
positioned in a way, that all participants had a direct view
on the screens without any viewing angle distortions. All
participants of the course observed the surgical procedures
with passive (polarized) 3D glasses (Schleiter & Jauernig,
Hamburg, Germany) in real-time audio-visual transmission.
At the end of each course, participants were asked to com-
plete a questionnaire assessing the subjective value of 3D
visualization. The questionnaire included six questions con-
cerning the comprehension of the anatomy and the surgical
steps compared to 2D visualization, the additional value of
surgical courses when 3D visualization was used, the subjec-
tive complaints and satisfaction observing surgery via 3D
glasses and the usefulness/opportunity of storing surgical
videos for of e-learning access (see supplementary material
for original questionnaire). Answers were presented using
a 5-point Rating scale (Likert scale) (full agreement=>5
points; agreement =4 points; indecisive =3 points; rather
no agreement =2 points; no agreement= 1 point).

Table 1 Participating departments and course type. Further, the number of participants completing the questionnaire at the individual courses is

given

Date Location Course type Participants
2020, January 17-18 University Medical Center “Charité”, Berlin Live Surgery 5

2019, March 4-6 Martin Luther University Halle-Wittenberg (Halle/Saale) Live Surgery 33

2017, March 20-23 Martin Luther University Halle-Wittenberg (Halle/Saale) Live Surgery 11

2018, March 13-16 University Medical Center “Ludwig Maximilian University”, Munich Temporal Bone Course 10

2017, April 01-06 University Medical Center “Ludwig Maximilian University”, Munich Temporal Bone Course 10

2015, April 21-24 University Medical Center “Ludwig Maximilian University”, Munich Temporal Bone Course 15

2018, March 12-14 University Medical Center “Otto Korner”, Rostock Live Surgery 28
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Results

Data were available from seven microsurgical courses of
the middle ear, inner ear and lateral skull base in four
cities (Berlin, Halle, Munich, Rostock, all Germany)
between 2015 and 2020. A total number of 112 partici-
pants completed the questionnaire. A total of 112 partici-
pants answered question 1, 4, 5 and 6, 111 participants
answered question 2, and 110 participants answered ques-
tion 3 (Table 2). Figure 1 shows an overview of the par-
ticipants responses. Eighty-four participants (75%) fully
agreed (5 points) to the statement that 3D visualization
of the surgical field was superior to perceive the anatomi-
cal topography and structures better compared to 2D rep-
resentation. Twenty-four participants (21.4%) agreed (4
points), 3 participants (2.7%) were indecisive (3 points),
and 1 participant (0.9%) rather disagreed (2 points) to this
statement (Fig. 2a).

Seventy-four participants (66.7%) fully agreed (5
points) to the statement that 3D visualization supported
to follow the course and preparation of the surgical field
compared to 2D representation. Twenty-eight participants
(25.2%) agreed (4 points), 6 participants (5.4%) were inde-
cisive (3 points), and 3 participants (2.7%) rather disa-
greed (2 points) to this statement (Fig. 2b).

Seventy-three participants (66.4%) fully agreed (5 points)
to the statement that the possibility to see the surgical field
as a co-viewer in 3D provided additional value for surgical
courses. Thirty-two participants (29%) agreed (4 points), 4
participants (3.6%) were indecisive (3 points), and 1 par-
ticipant (1%) rather disagreed (2 points) to this statement
(Fig. 2¢).

Fifty-three participants (47.3%) fully agreed (5 points)
to the statement that the possibility to see the operation
live via 3D video transmission at home would add value
to online distance learning courses. Thirty-five partici-
pants (31.2%) agreed (4 points), 19 participants (17.0%)
were indecisive (3 points), 4 participants (3.6%) rather

Table 2 Descriptive statistics of Statement 1 5 3 4 5 6

the participants’ answers to the

individual questions Participants () 112 111 110 112 112 112
Minimum 2.0 2.0 2.0 1.0 1.0 1.0
25% percentile 43 4.0 4.0 4.0 4.0 4.0
Median 5.0 5.0 5.0 4.0 5.0 5.0
75% percentile 5.0 5.0 5.0 5.0 5.0 5.0
Maximum 5.0 5.0 5.0 5.0 5.0 5.0
Range 3.0 3.0 3.0 4.0 4.0 4.0
Mean 4.7 4.6 4.6 4.2 4.3 4.3
SD 0.05 0.07 0.06 0.09 0.08 0.10

Fig.1 Overview of the partici- [ Full agreement [ Agreement [ Undecided Il Rather no agreement Il No agreement

pants’ answers to the individual

questions (1-6). N indicates the

number of participants answer- Question 1 (n = 112)

ing the individual questions.

Bars indicate the distribution of

agreement from full agreement Question 2 (n = 111)

(white bar) to no agreement

(black bar) in percent
Question 3 (n = 110)

Question 4 (n = 112)

Question 5 (n = 112)

Question 6 (n = 112)

25 50 75 100
% of respondents
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disagreed (2 points), and 1 participant (0.9%) disagreed
(1 points) to this statement (Fig. 2d).

Fifty-eight participants (51.8%) fully agreed (5 points)
to the statement that 3D video data of a surgery should be
archived for self-study and made available online for reg-
istered users. Thirty-nine participants (34.8%) agreed (4
points), 11 participants (9.8%) were indecisive (3 points),
3 participants (2.7%) rather disagreed (2 points), and 1
participant (0.9%) disagreed (1 points) to this statement
(Fig. 2e).

@ Springer

Sixty-three participants (56.2%) fully agreed (5 points)
to the statement that they had no problems such as indis-
position, dizziness or headaches watching 3D films and
videos. Twenty-nine participants (25.9%) agreed (4
points), 10 participants (8.9%) were indecisive (3 points),
5 participants (4.5%) rather disagreed (2 points), and 5
participants (4.5%) disagreed (1 points) to this statement
(Fig. 2f).
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Discussion

Today, the majority of microsurgical procedures are car-
ried out using conventional optical surgical microscopes
allowing a stereoscopic view using binocular vision
through the microscope. The disparity of the eyes gener-
ates two retinal pictures that are recombined into a 3D
vision by the brain. Most microscopes are mounted with
a beam splitter providing an additional monocular view
for trainees or surgical assistants. In some cases, they are
mounted to a camera that enables other observers to follow
surgery on a separate screen. Nevertheless, it is known,
that, even in subjects that miss the ability of stereovision,
binocular vision is advantageous when learning surgical
skills [17]. Improvements of surgical visualization not
only add value to the quality of clinical routine but also
offer the opportunity to improve the surgical education
of medical staff. These findings were encouraged by the
results of this study where the majority of participants
rated an overall improvement in their comprehension of
the course content when providing the opportunity of
3D-visualization. Evaluating the students’ subjective per-
ceptions of learning is regarded as an useful indicator of
teaching success and becomes part of educational resource
development [18, 19]. Particularly in microsurgery, precise
work and detailed anatomical knowledge is mandatory.
Tools for an efficient and safe training of the surgical steps
and the microsurgical environment are needed. The aim
during training and teaching is to improve the compre-
hension of anatomical details, distances and orientation
between microstructures within the surgical field and the
individual surgical proportions of the surgical site together
with the sequence of surgical steps for the observer. As a
result of this study, it is worthwhile to transfer an image
equal to the surgeon’s view onto large displays that feature
3D visualization for teaching purposes. This enables train-
ees to follow the surgery with a view identical to that of
the surgeon. It has been shown that stereo vision improves
the ability to perform tasks using a surgical microscope
or surgery simulator [19]. By providing additional textural
information about the anatomical structures, an improve-
ment of knowledge about morphological and pathological
information is assumed and offers the option of repeti-
tional learning [16]. Technical advancements offer assis-
tance to help students, residents or fellows develop new
skills. Fully digital microscopes bear multiple opportuni-
ties to add value to surgical routine and assist the visuali-
zation for other observers.

E-learning has gained importance over the past years,
especially under the aim of internationally uniform stand-
ards [20, 21]. Modern concepts that implement digitization
into the curricular ENT education of students show an

overall high interest and positive acceptance of the topic
[22]. Nevertheless, the format of e-learning requires a
good conceptualization in order not to exceed a critical
information content [23]. In this study, broad and compre-
hensible conceptualization was approached by the genera-
tion of high-resolution video material and its displaying on
65-inch screens led to high user satisfaction is this study. A
recent survey reported high demands on surgical instruc-
tion videos [18]. This task is easily achievable when using
the record function of the digital microscope. Surgery
may be recorded and uploaded to educational databases.
However, the importance of high-quality teaching mate-
rial needs to be considered. The present study addresses
both, the additional value of 3D visualization and the
availability of e-learning material. Seventy-five percent
of the participants fully agreed to the superiority of 3D
compared to 2D visualization concerning the perception
of anatomical topography and structures. Additionally,
3D visualization was rated to support the ability to fol-
low the course and preparation. Furthermore, the partici-
pants encouraged the availability of educational databases.
These findings are in accordance with the recent literature
addressing the applicability and evaluation of additional
modern education instruments for students and residents
that aim to improve their performance in practice [24-26].
Using more realistic assessments may add value to existing
teaching methods. For future structuring of surgical educa-
tion, the advantages of 3D visualization should be utilized.
Potential disadvantages such as the costs of the equipment
and the requirements for data transfer or storage need to
be opposed to the value of safe and fast comprehension of
anatomy and procedures.

This study has several limitations: First, the participants
were not tested for their ability of stereo vision. Neverthe-
less, it can be assumed that the high questionnaire scores
and the low scores for discomfort when using 3D glasses
indicate that at least the majority of participants owned the
ability of stereo vision. Furthermore, a control group hav-
ing 2D vision only was not tested. Since data were obtained
from educational courses, the high standards did not allow a
study design with a control group. For this reason, the ques-
tionnaire was designed to ask questions about the subjective
benefit from 3D visualization only. Nonetheless, for a sub-
stantial part of the participants 2D monitors were available at
the individual practice sites giving the opportunity to discuss
individual findings while preparing the temporal bone speci-
men. Thus, a direct comparison of 2D- and 3D visualization
was principally given. Further studies on the effectiveness
of 3D visualization for teaching should use protocols with
randomized study groups for 2D and 3D visualization. The
groups could be tested for prior knowledge. A catalog of
learning objectives and target parameters should be defined.
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Conclusions

The results show that 3D imaging with identical view for
surgeon and observer is a useful tool in microscopical
surgery education in terms of perceiving the anatomical
topography and structures and in understanding the surgical
workflow. 3D visualization and e-learning access of surgical
videos need to be encouraged.
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