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Comparison of a high-definition
three-dimensional digital camera
system with a conventional
state-of-the-art operation
microscope for microsurgical
anastomoses
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Achim von Bomhard?, Markus Nieberler?, Klaus-Dietrich Wolff* & Lucas M. Ritschl*

Since its clinical implementation, microvascular surgery has depended on the continuous
improvement of magnification tools. One of the more recent developments is a high-definition
three-dimensional (3D) digital system (exoscope), which provides an alternative to the state-of-
the-art operating microscopes. This study aimed to evaluate the advantages and disadvantages of
this technology and compare it with its predecessor. The study included 14 surgeons with varying
levels of experience, none of which had used a 3D optical system previously. Six of these surgeons
performed five arterial and five venous anastomoses in the chicken thigh model with both the VITOM
3D exoscope-guided system and the Pentero operating microscope. These anastomoses were then
evaluated for their quality and anastomosis time. The participants and the other eight surgeons,
who had used the digital 3D camera system for microsurgical training exercises and vascular sutures,
answered a questionnaire. The anastomosis time and number of complications were lower with the
conventional microscope. Participants rated the image quality with the conventional microscope as
higher, whereas the field of view and ergonomics were favorable in the digital 3D camera system.
Exoscopes are optics suitable for performing simple microvascular procedures and are superior to
classical microscopes ergonomically. Thus far, they are inferior to classical microscopes in terms of
image quality and 3D imaging.

Microsurgery, especially microvascular surgery, has been implemented in a broad spectrum of surgical disci-
plines. The precondition for its application is always the improvement and diversification of the required materials
and instruments. Specifically, the development of suitable magnification tools is necessary to operate on small
structures precisely. The first records of the discovery and understanding of magnification date back to centuries
before Christ and are linked to names such as Archimedes, Ptolemaeus, or Seneca, describing the phenomena of
the burning glass, magnifying, or refraction features of water! With increasing knowledge and technical equip-
ment over thousands of years, compound microscopes were first constructed by Dutch spectacle makers Jansen
and Lippershey around 1590 and shortly after augmented by adding a third lens'~* This so-called Microscopium
was improved by Hooke and Campani in the seventeenth century and, among other things, was used for the
examination of wounds and scars">*~7 With the desire and need for technical improvement and downsizing
these bulky instruments, further innovations were made throughout the next centuries. Leading characters in
the development of a modern microscope were Zeiss, Abbe, and Leitz. The close affiliation between technical and
physical sciences, together with manufacturing skills, led to the design and development of modern microscopes
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in the late nineteenth century, being manufactured in the so-called Carl Zeiss Werke in Oberkochen, Germany®’
The first recorded application of a monocular microscope for operative procedures in humans was done by
the ear, nose, and throat specialist Nylén in 1921, which was shortly after modified by his head of department
Holmgren by attaching a binocular Zeiss microscope"!®!! Other disciplines, such as ophthalmology and plastic
and reconstructive surgery, followed and adopted the operating microscope. Since then, further adjustments
and modifications were made, improving the magnification and facilitating the utilization of these microscopes.
This desire for even more refinements continues until the present day. Specifically, developments in digital image
processing allow unimagined application possibilities in the field of microsurgery.

A more recent development is a three-dimensional (3D) camera system that has been adopted in multiple
aspects of daily and professional lives. This high-definition visually guided 3D system has cameras outside the
body at a distance of 25-75 cm from the surgical site. Compared with a modern surgical microscope, this digital
3D camera system is characterized by a smaller and more convenient device and allows ergonomically working
with the help of 3D glasses.

In addition to magnification, another big issue in (super-) microsurgery has now been solved, i.e., physiologi-
cal tremors. In vascular and lymphogen anastomoses of the lumina with a diameter of < 1.0 mm, eliminating
physiological tremors facilitates the performance of this demanding procedure. Most recently, robot-assisted
microsurgery has evolved as the final missing puzzle piece in this highly specialized field'>!* Modern robotic
systems such as the “Symani surgical system” do not have optics but are compatible with both classic microscopes
and exoscopes. The concept of robot-assisted surgery in the field of (super-) microsurgery depends on excellent
magnification and image quality, which should ideally be based on digital data that can be transferred to remote
screens/goggles to take full advantage of the remote robotic setup. Especially, for interventions in body cavities
that are difficult or impossible to access by conventional means (skull base, pharynx, etc.), exoscope-based optics
would be the ideal partner for robots. However, reservations remain regarding the exoscope’s image quality and
3D perception compared with the conventional binocular microscope.

This study aimed to evaluate the possible advantages and disadvantages of an exoscope-guided 3D system in
comparison with a state-of-the-art microscope in an in vitro setting and consider the results in the context of
the emerging robotic era in microsurgery (see Fig. 1).

Material and methods
This study included 14 surgeons with varying levels of experience, and none of them had any previous experience
with exoscope-guided microsurgery. Six of them (two advanced and four highly experienced microsurgeons),
who had previously used a standard operating microscope in both research-related and clinical practice, fol-
lowed a standardized surgical procedure, performing a total of 20 end-to-end anastomoses each, which were then
objectively evaluated. The other eight surgeons were considered as microsurgery trainees. They were participants
of a 3-day microsurgery training course or were members of the department of Oral and Maxillofacial Surgery
of the Technical University of Munich, Klinikum rechts der Isar, with basic microsurgical experience levels. They
were given the opportunity to perform microsurgical training exercises and vascular sutures and answered the
same questionnaire given to the former six surgeons.

Each participant received instructions regarding the general properties and various components of the digital
3D camera system, ensuring that they knew how to operate it.

Surgical procedure and analysis. Surgical procedures were performed and evaluated according to a
standardized protocol (see Fig. 2) and according to the legal national legislation without the necessity to obtain

Figure 1. Technologies implemented to visualize the surgical target in microsurgery: (a) The surgical
microscope as a conventional state-of-the-art operation microscope for microsurgical anastomoses, (b) The
exoscope-guided system as a high-definition visually guided 3D system with cameras outside the body at a
distance of 25-75 cm from the surgical site, allowing working conveniently and ergonomically with the help of
3D glasses and a monitor.
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Figure 2. Setup of the study.

an approval by the institutional ethics committee of the Technical University of Munich, Klinikum rechts der
Isar. Six participants performed 10 arterial and 10 venous anastomoses with the operating microscope type
OPMI" Pentero® (served as the reference; INFRARED 800; Carl Zeiss Meditec AG; Oberkochen, Germany) and
the exoscope-guided 3D system (Karl Storz GmbH; Tuttlingen, Germany) in the chicken thigh model using a
10-0 Ethilon suture (10-0 Ethilon®, Ethicon; Norderstedt, Germany)'* All participants used the same microsur-
gical instruments and equipment required for anastomosis (S&T AG; Neuhausen, Switzerland). Refrigerated
chicken thighs (EDEKA Bio WWF Chicken Thigh 1 kg) were obtained in a nearby supermarket and disposed in
an appropriate container after successfully completing the surgical procedures and evaluations.

The time in minutes per arterial and venous anastomoses and the number of sutures performed were reg-
istered, and the time per suture in minutes was calculated. Each of the anastomoses was then randomized and
evaluated independently by a blinded microsurgeon based on its patency and whether the back wall had been
sewn on and the adventitia had been sewn in (see Fig. 3). The patency of the anastomoses was directly related to
whether the posterior wall was sewed on and therefore only recognized when this was not the case.

Questionnaire. Each of the participants was asked to describe their experience with an operating micro-
scope, and their opinions on the two systems were evaluated with a questionnaire consisting of 10-level Likert
scale items (1 =does not apply at all, 10 =fully applies) regarding handling, vision, ergonomics, magnification,
and practicability (Table 1).

Figure 3. Anastomoses of the artery (A) and vein (V) as performed by the participants in the chicken thigh
model. The artery has been opened to evaluate the quality of the sutures and its patency.
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Questions

On a scale from 1 to 10, how experienced are you in the handling/operation of an operating microscope?

The first use of the digital camera 3D system was a challenge for me

Overall handling the operating microscope/digital camera 3D system was very comfortable and easy

Handling the digital camera 3D system came more naturally and easier to me in comparison with the use of an operating microscope

The field of view was acceptable when using the operating microscope/digital camera 3D system

The image quality of the operating microscope and digital camera 3D system is comparable, even at higher zoom levels

On a scale from 1 to 10, how would you describe the contrast/sharpness/definition of the image quality when using the operating microscope/digital camera 3D system?

On a scale from 1 to 10, how would you describe the ergonomics/the overall comfort (sitting position, freedom of head movement, and overview) when using the operating micro-
scope/digital camera 3D system?

It was easy for me to discern between the different tissue layers when using the operating microscope/digital camera 3D system

Being accustomed to the use of the digital camera 3D system and the different optics (monitor instead of a microscope) after having gained some experience with an operating micro-
scope was surprisingly easy

The 3D image of the digital camera 3D system is comparable to the real-life situation and allows handling of the instruments in 3D space

Especially when using a higher zoom level, a noticeable camera lag was disturbing when using the digital camera 3D system

With higher zoom, image quality decreased when using the digital camera 3D system

The achievable level of zoom was high enough even for nerve reconstruction/small-vessel anastomosis when using the digital camera 3D system

In my opinion, the digital camera 3D system can be used to perform microsurgical techniques (micro dissection/micro anastomosis)

The eye-hand/hand-instrument coordination was problematic when using the operating microscope/digital camera 3D system

When using the digital camera 3D system, I felt distracted because I could see both the operation field and the surrounding operating theater (unlike looking through a tunnel when
using a microscope.)

Table 1. Questionnaire.

Participants were also asked to describe any advantages that either of the two systems had over the other in
free text form and identify any problems they encountered when using the digital camera 3D system.
From all participants a written informed consent was obtained before carrying out the questionnaire.

Statistical analyses. Data were analyzed with IBM SPSS Statistics for Windows version 23.0 (IBM Corp.,
Armonk, NY, USA). Figures were generated with Excel® (Microsoft Excel® 14.2.3 for Mac, Microsoft Corp.,
Redmond, WA, USA). The Wilcoxon test was used to test the hypothesis between anastomoses performed with
the operating microscope type OPMI® Pentero® and VITOM?® 3D exoscope and participants’ answers regarding
those questions that stood in a direct comparison of the two systems. All statistical hypothesis testing was per-
formed on exploratory two-sided 5% significance levels. To identify any tendencies among participants answers,
a qualitative evaluation was performed on the rest of the questionnaire.

Accordance statement. All methods were carried out in accordance with relevant guidelines and regula-
tions.

Results

Surgical results. The median duration by each of the six participants for anastomosis and per suture along
with their corresponding range and the incidence of back wall catch or intraluminal adventitia with each modal-
ity are displayed in Table 2.

The time required for anastomosis on the arterial vessel was higher with the digital camera 3D system
(med=10.4 min [8.9-29.4]) than with the operating microscope (med=9.2 min [6.9-28.5]). According to the
Wilcoxon test, a significant difference with a strong effect was found (p=0.046, r=0.81). Similarly, participants
required more time on average for the venous anastomoses with the digital camera 3D system (med=13.2 min
[9.8-34.5]) than with the operating microscope (med=12.0 min [7.1-34.9]). Unlike the arteries, no significant
difference was found (p=0.116, r=0.64) (see Fig. 4).

Accordingly, participants required less time per knot when performing arterial anastomoses with the operat-
ing microscope (med=1.2 min [0.9-3.1]) than with the digital camera 3D system (med=1.3 min [1.2-3.2]), and
a significant difference with a strong effect was observed (p=0.046, r=0.81). Regarding venous anastomoses,
participants were also faster per suture when using the operating microscope (med=1.3 min [0.9-3.1]) than when
using the digital camera 3D system (med=1.5 min [1.2-2.9]), but the difference was not significant (p=0.173,
r=0.56).

Of all arterial anastomoses on the digital camera 3D system (med=0.0 [0.0-1.0]), only one vessel had the
posterior wall sewn on. With the operating microscope (med=0.0 [0.0-0.0]), this was never the case. A significant
difference was not found (p=0.317, r=0.41). For venous anastomoses, participants suture the posterior wall more
often when using the digital camera 3D system (med =1.5 [0.0-3.0]) than when using the operating microscope
(med=0.0 [0.0-2.0]). Again, the difference was not significant (p=0.063, r=0.76).

The adventitia of the arteries was sewn on more often when the digital camera 3D system was used (med=1.0
[0.0-3.0]) than when the operating microscope was used (med=0.5 [0.0-1.0]), and no significant difference
was found (p=0.102, r=0.67). In venous anastomoses, no clear tendency regarding the superiority of one of
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Table 2. Median time needed by each participant, time needed per suture, and number of times the back wall
was sewed on and the adventitia sewn in. A =artery, V =vein.
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Figure 4. Median time [s] in minutes required by each of the six surgeons for their arterial and venous end-
to-end anastomoses on the operating microscope (OM) and digital 3D camera system (3D). Numbers 1 and 2
represent surgeons with advanced, and numbers 3-6 surgeons with professional microsurgical skills.

the systems could be determined: operating microscope (med= 1.5 [0.0-3.0]) and digital camera 3D system
(med=1.0 [0.0-4.0]). No significant difference was found in this aspect (p =1.00, r=10.00).

Questionnaireresults. All 14 participants answered the 23-item questionnaire. The participants found the
general handling more pleasant with the digital camera 3D system (med=7.0 [2.0-9.0]) than with the operating
microscope (med=6.5[1.0-9.0]), but no significant difference was found (p=0.578, r=0.15). The field of view of
the digital camera 3D system (med =8.0 [7.0-10.0]) was also rated better than that of the operating microscope
(med=8.0 [4.0-10.0]), and a significant difference was found (p =0.063, r=0.50).

All participants rated the image quality higher with the operating microscope (med=9.0 [7.0-10.0]) than
with the digital camera 3D system (med="7.0 [3.0-8.0]). The difference proved to be significant, and the effect
was strong (p=0.001, r=0.89).

Ergonomics were better with the digital camera 3D system (med=9.0 [4.0-10.0]) than with the operating
microscope (med=6.5 [3.0-8.0]). This also showed a significant difference with a strong effect (p=0.014, r=0.66).

However, the participants found it easier to recognize different tissue layers on the operating microscope
(med=28.5[7.0-10.0]) than on the digital camera 3D system (med=7.5 [6.0-9.0]). This difference was also sig-
nificant, and the effect was strong (p=0.011, r=0.68).
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Figure 5. Distribution of participants’ answers to the questions directly comparing the two systems.
red =digital 3D camera system, blue = operating microscope.

The eye-hand/eye-instrument coordination appeared to function without issue with both the operating
microscope (med=3.0 [1.0-8.0]) and the digital camera 3D system (med=3.0 [1.0-10.0]). Accordingly, no
significant difference was found (p=0.478, r=0.19) (see Fig. 5).

Among the participants, five had limited experience on using an operating microscope, three were moderately
experienced, and the rest rated their experience as high or very high. The participants experienced mixed levels
of difficulty the first-time they used the digital camera 3D system. However, many surgeons found the initial
use of the exoscope easier and more natural than their first use of a standard operating microscope, especially
after having gained some experience with the latter. Six of the participants did not find the image quality to be
comparable between the two systems.

Although most of the participants noticed a decrease in the image quality and a marked camera lag when
using higher zoom levels with the digital camera 3D system, all of them, except one, found the 3D image to be
comparable to the real-life situation and the achievable zoom level to be adequate for small-vessel anastomosis
or even nerve reconstruction. Accordingly, they also deemed it adequate for microsurgical procedures. While
some of the surgeons struggled with the unfiltered surroundings during their use of the digital camera 3D system,
others did not consider that as a distraction.

Discussion

The evaluation of both objective surgical performance and subjective impressions aimed to identify the advan-
tages and disadvantages of the 3D system compared with the standard operating microscope. The surgical
results concerning the operating time required to perform an anastomosis were significantly shorter with the
operating microscope than with the digital 3D camera system. Moreover, the complication rate when perform-
ing an anastomosis (i.e., back wall sutured on and adventitia was sewed in) was higher when using the digital
3D camera system, although not statistically significant. These results may indicate that the digital 3D camera
system is inferior to the operating microscope in terms of valuable operating time and avoidable complications.
However, the implementation of a new operating system may prolong the operating time and may aggravate the
conduction of known procedures in first-time applications with consequent complications. This consideration
is corroborated by the results of Sassu et al., who performed several anastomoses in a rat’s femoral artery and
encountered a reduction in operating time of >30% compared with the first-time application®.

The questionnaire survey of the study participants revealed different results (see Table 3). Image quality
and the distinction of various tissue layers showed to be significantly superior in the operating microscope,
especially at higher zoom levels, which becomes increasingly important with decreasing vascular diameter. At
higher zoom levels, the image quality of the digital 3D camera system decreased noticeably, becoming blurred
and started lagging.

Other studies have reported the same impression'®!” This might be caused by the direct transmission of
visual impressions in the operating microscope without the help of a camera and its required monitoring screen.
Unsurprisingly, the field of view and ergonomics were rated better in the digital 3D camera system. Multiple
studies and reports of various specialties in different application setups have confirmed this observation!®->* This
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Questions

Distribution of the questionnaire results on a 10-level Likert scale

1

2

3

4

5

10

On a scale from 1
to 10, how expe-
rienced are you
in the handling/
operation of an
operating micro-
scope?

28.6% (n=4)

7.1% (n=1)

7.1% (n=1)

14.3% (n=2)

7.1% (n=1)

14.3% (n=2)

14.3% (n=2)

7.1% (n=1)

The first use of the
digital 3D camera
system was a chal-
lenge for me

7.1% (n=1)

7.1% (n=1)

7.1% (n=1)

7.1% (n=1)

21.4% (n=3)

7.1% (n=1)

14.3% (n=2)

14.3% (n=2)

14.3% (n=2)

Handling the
digital 3D camera
system came more
naturally and
easier to me in
comparison with
the use of an oper-
ating microscope

7.1% (n=1)

7.1% (n=1)

14.3% (n=2)

7.1% (n=1)

14.3% (n=2)

21.4% (n=3)

14.3% (n=2)

14.3% (n=2)

The image quality
of the microscope
and the digital 3D
camera system is
comparable, even
at higher zoom
levels

7.1% (n=1)

21.4% (n=3)

14.3% (n=2)

14.3% (n=2)

21.4% (n=3)

14.3% (n=2)

7.1% (n=1)

Being accustomed
to the use of the
3D camera system
and the different
optics (monitor
instead of a
microscope) after
having gained
some experience
with an operating
microscope was
surprisingly easy

7.1% (n=1)

14.3% (n=2)

7.1% (n=1)

7.1% (n=1)

14.3% (n=2)

42.9% (n=6)

7.1% (n=1)

The 3D image

of the 3D

camera system is
comparable with
the real-life situ-
ation and allows
handling of the
instruments in the
3D space

7.1% (n=1)

14.3% (n=2)

21.4% (n=3)

35.7% (n=5)

21.4% (n=3)

Especially when
using a higher
zoom level, a
noticeable camera
lag was disturbing
when using the
3D camera system

7.1% (n=1)

7.1% (n=1)

7.1% (n=1)

21.4% (n=3)

14.3% (n=2)

21.4% (n=3)

21.4% (n=3)

With higher
zoom, the image
quality decreased
when using the
3D camera system

7.1% (n=1)

7.1% (n=1)

21.4% (n=3)

28.6% (n=4)

28.6% (n=4)

7.1% (n=1)

The achievable
level of zoom was
high enough even
for nerve recon-
struction/small-
vessel anastomosis
when using the
3D camera system

7.1% (n=1)

21.4% (n=3)

21.4% (n=3)

21.4% (n=3)

28.6% (n=4)

In my opinion,
the 3D camera
system can be
used to perform
microsurgical
techniques (micro
dissection/micro
anastomosis)

7.1% (n=1)

35.7% (n=5)

21.4% (n=3)

14.3% (n=2)

21.4% (n=3)

Continued
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Questions

Distribution of the questionnaire results on a 10-level Likert scale

1

2 3 4 5 6 7 8 9 10

‘When using

the 3D camera
system, I felt
distracted because
I could see both
the operation field
and the surround-
ing operating
theater (unlike
looking through a
tunnel when using
a microscope.)

14.3% (n=2)

214% (n=3) | 7.1% (n=1) | 7.1% (n=1) 14.3% (n=2) | 21.4% (n=3) 7.1% (n=1) | 7.1% (n=1)

Table 3. Results of the questions not analyzed with the Wilcoxon test. 1 =does not apply at all, 10 =fully
applies.

benefit could be further enhanced by combining the digital 3D camera system with additional technologies such
as robotic microsurgical systems, the most recent advancement in microsurgical equipment® Microsurgical pro-
cedures that prove to be particularly difficult because of vessel size, reachability, or other adverse circumstances
using a standard approach and an operating microscope have been facilitated with the use of a digital 3D camera
system implemented in an exoscope or (flexible) endoscope. Their combination also resembled another step in
the history of robotic surgery generally and robotic telesurgery specifically'? Although the field of its application
is still limited, separating the body of expertise, i.e., the surgeon, from the area of operation entirely is made
possible by replacing a standard microscope with a digital 3D camera system.

Besides our statistical results, this study furthermore emphasizes the need for intense microsurgical train-
ing as a foundation, and with the help of which, such a high level of microsurgical proficiency can be achieved.
For an objective assessment of the anastomoses, we evaluated their patency in a standardized manner, which is
frequently considered an objective qualitative parameter used as a surrogate to describe anastomosis success*?*
Specifically, we examined whether the back wall of a vessel was sewed on and if the adventitia, normally sur-
rounding the vessel circumferentially, was sewed inside the vessel lumen by mistake. The finding that the back
wall was sewed on 13 times and the adventitia was sewn 27 times inside the vessel lumen (Table 2) of all 120
anastomoses performed during an experimental study under utmost convenient preconditions in comparison
with ordinary conditions in the operating room shows the significance of efficient and constant microsurgical
training. In this study, both systems, the operating microscope and the digital 3D camera system, were equipped
with large screens serving as observation and demonstration tools for teaching students and younger surgeons
and therefore accomplish the purpose of microsurgical education, as demonstrated before by De Virgilio®.

Nevertheless, this study has some limitations. The limited number of surgeons and their subjectively perceived
impressions and opinions may not be permitted to produce definite conclusions to issue a clear reccommendation
for either of the two optical systems, although the surgical data suggest a certain advantage of the conventional
optical microscope. Regardless, no inconsiderate transmission to an application for a microsurgical operation on
a patient may be made because we investigated the use of a digital 3D camera system in an experimental setting
outside the operating room and its special conditions, even though multiple studies have unveiled promising
reports and results hereof'®192927:28 Further research is necessary to evaluate the comparability between 3D sys-
tems and conventional microscopes in their clinical application, ideally involving a greater number of surgeons
who have had experience with both systems leading up to the study.

Conclusions

The tools used for microsurgery have undergone continuous development, and the digital 3D camera system
will not be the last. However, technical improvements and prolonged implementation in practice appear to be
necessary before it can take its place as a state-of-the-art piece of equipment in the operating room. With these
adjustments, its ergonomic advantages, especially when paired with other technologies such as operating robots
or implemented endoscopes, could justify an equally coexisting or at least partially a replacement of the standard
surgical microscope.

Data availability
All data generated or analyzed during this study are included in this published article.

Received: 23 January 2023; Accepted: 22 June 2023
Published online: 05 July 2023

References
1. Schultheiss, D. & Denil, J. History of the microscope and development of microsurgery: a revolution for reproductive tract surgery.
Andrologia 34, 234-241. https://doi.org/10.1046/j.1439-0272.2002.00499.x (2002).

. Bradbury, S. The evolution of the microscope (Pergamon Press, 1967).

. Cruickshanks, B. Evolution of the wide field stereomicroscope for surgery. Int. Surg. 59, 331-332 (1974).

. Lumley, J. S. Microsurgery. Practitioner 226, 1723-1726 (1982).

. Berg, A. & Freund, H. Die entwicklung der mikroskopischen forschung im iiberblick. In: Geschichte der Mikroskopie. Umschau
Verlag, Frankfurt, pp 1-44 (1963).

G W N

Scientific Reports |

(2023) 13:10867 |

https://doi.org/10.1038/s41598-023-37530-1 nature portfolio


https://doi.org/10.1046/j.1439-0272.2002.00499.x

www.nature.com/scientificreports/

6. deMartin, H., deMartin, W. & Mikroskop, V. ]. Weilburg Verlag, Wiener, Neustadt (1983).

7. Turner, G. Mikroskope (Callwey, 1981).

8. Miehlke, A. Geschichte der mikrochirurgie—die historische entwicklung in den verschiedenen operativen disziplinen (Urban &
Schwarzenberg, 1996).

9. Boegehold, H. & Abbe, E. In: Geschichte der mikroskopie. Umschau Verlag, Frankfurt, pp 45-63 (1963).

10. Tamai, S. History of microsurgery. Plast. Reconstr. Surg. 124(Supplement), e282-e294. https://doi.org/10.1097/PRS.0b013e3181
bf825e (2009).

11. Nylen, C. O. The microscope in aural surgery, its first use and later development. Acta Otolaryngol. Suppl. 116, 226-240 (1954).

12. Lindenblatt, N. et al. Early experience using a new robotic microsurgical system for lymphatic surgery. Plast. Reconstr. Surg. Glob.
Open 10, e4013. https://doi.org/10.1097/GOX.0000000000004013 (2022).

13. Aitzetmiiller, M. M., Klietz, M. L., Dermietzel, A. E,, Hirsch, T. & Kiickelhaus, M. Robotic-assisted microsurgery and its future in
plastic surgery. J. Clin. Med. https://doi.org/10.3390/jcm11123378 (2022).

14. Zeng, W,, Shulzhenko, N. O., Feldman, C. C., Dingle, A. M. & Poore, S. O. Blue-blood- infused chicken thigh training model for
microsurgery and supermicrosurgery. Plast. Reconstr. Surg. Glob. Open 6, e1695. https://doi.org/10.1097/GOX.0000000000001695
(2018).

15. Sassu, P, Axelsson, M. & Vikingsson, D. The vitom three-dimensional exoscope as a potential alternative in hand and microsurgery.
J. Hand Surg. Eur. 45, 990-991. https://doi.org/10.1177/1753193420929949 (2020).

16. Burkhardt, B. W, Csokonay, A. & Oertel, ]. M. 3D-exoscopic visualization using the VITOM-3D in cranial and spinal neurosurgery.
What are the limitations?. Clin. Neurol. Neurosurg. 198, 106101. https://doi.org/10.1016/j.clineuro.2020.106101 (2020).

17. Piatkowski, A. A., Keuter, X. H. A,, Schols, R. M. & van der Hulst, R. R. W. J. Potential of performing a microvascular free flap
reconstruction using solely a 3D exoscope instead of a conventional microscope. J. Plast. Reconstr. Aesthet. Surg. 71, 1664-1678.
https://doi.org/10.1016/j.bjps.2018.07.032 (2018).

18. De Divitiis, O. et al. Vitom 3D: Preliminary experience with intradural extramedullary spinal tumors. J. Neurosurg. Sci. 66, 356-361.
https://doi.org/10.23736/S0390-5616.19.04666-6 (2022).

19. Manton, R. N, Ahmed, F. & Ridha, H. Preliminary experience using the VITOM-3D system for microvascular anastomosis in
DIEP free flap breast reconstruction. J. Plast. Reconstr. Aesthet. Surg. 75, 893-939. https://doi.org/10.1016/j.bjps.2021.11.099 (2022).

20. Meier, P. J., Copson, D. G. & Gillett, D. A. A clinical report utilizing the VITOM 3D((R)) microvideoscope for cleft palate repair.
Cleft. Palate Craniofac. J. https://doi.org/10.1177/10556656211036608 (2021).

21. Mincione, A., Lepera, D. & Rizzi, L. VITOM VITOM 3D system in parotid gland surgery: Our experience. J. Craniofac. Surg. 32,
e138-el41. https://doi.org/10.1097/SCS.0000000000006875 (2021).

22. Rossini, Z. et al. VITOM 3D: Preliminary experience in cranial surgery. World Neurosurg. 107, 663-668. https://doi.org/10.1016/j.
wneu.2017.08.083 (2017).

23. Leal Ghezzi, T. & Campos Corleta, O. 30 years of robotic surgery. World J. Surg. 40, 2550-2557. https://doi.org/10.1007/s00268-
016-3543-9 (2016).

24. Chan, W. Y., Matteucci, P. & Southern, S. J. Validation of microsurgical models in microsurgery training and competence: A review.
Microsurgery 27, 494-499. https://doi.org/10.1002/micr.20393 (2007).

25. Dumestre, D., Yeung, J. K. & Temple-Oberle, C. Evidence-based microsurgical skills acquisition series part 2: Validated assessment
instruments—a systematic review. J. Surg. Educ. 72, 80-89. https://doi.org/10.1016/j.jsurg.2014.06.009 (2015).

26. De Virgilio, A. et al. High definition three-dimensional exoscope (VITOM 3D) for microsurgery training: A preliminary experi-
ence. Eur. Arch. Otorhinolaryngol 277, 2589-2595. https://doi.org/10.1007/s00405-020-06014-7 (2020).

27. De Virgilio, A. et al. Free flap microvascular anastomosis in head and neck reconstruction using a 4K three-dimensional exoscope
system (VITOM 3D). Int. J. Oral. Maxillofac Surg. 49, 1169-1173. https://doi.org/10.1016/j.ijom.2020.01.022 (2020).

28. Kullar, P, Tanna, R., Ally, M., Vijendren, A. & Mochloulis, G. VITOM VITOM 4K 3D exoscope: A preliminary experience in
thyroid surgery. Cureus 13, €12694. https://doi.org/10.7759/cureus.12694 (2021).

Acknowledgements

We would like to thank enago.com for copy editing this manuscript for language and style.

Author contributions

C.W. and A.G. wrote the main manuscript text and A.G. prepared figures and tables. CW., A.E, L.H., A.B.,, M.N.,
L.R. conducted the main surgical procedures. C.W., A.G. and A.F. developed the questionnaire. A.G. performed
statistical analysis. C.W. and A.G. performed literature research. A.E and L.R. updated the manuscript. All
authors reviewed the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to C.T.W.

Reprints and permissions information is available at www.nature.com/reprints.

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

Scientific Reports |

(2023) 13:10867 | https://doi.org/10.1038/s41598-023-37530-1 nature portfolio


https://doi.org/10.1097/PRS.0b013e3181bf825e
https://doi.org/10.1097/PRS.0b013e3181bf825e
https://doi.org/10.1097/GOX.0000000000004013
https://doi.org/10.3390/jcm11123378
https://doi.org/10.1097/GOX.0000000000001695
https://doi.org/10.1177/1753193420929949
https://doi.org/10.1016/j.clineuro.2020.106101
https://doi.org/10.1016/j.bjps.2018.07.032
https://doi.org/10.23736/S0390-5616.19.04666-6
https://doi.org/10.1016/j.bjps.2021.11.099
https://doi.org/10.1177/10556656211036608
https://doi.org/10.1097/SCS.0000000000006875
https://doi.org/10.1016/j.wneu.2017.08.083
https://doi.org/10.1016/j.wneu.2017.08.083
https://doi.org/10.1007/s00268-016-3543-9
https://doi.org/10.1007/s00268-016-3543-9
https://doi.org/10.1002/micr.20393
https://doi.org/10.1016/j.jsurg.2014.06.009
https://doi.org/10.1007/s00405-020-06014-7
https://doi.org/10.1016/j.ijom.2020.01.022
https://doi.org/10.7759/cureus.12694
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports|  (2023) 13:10867 | https://doi.org/10.1038/s41598-023-37530-1 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Comparison of a high-definition three-dimensional digital camera system with a conventional state-of-the-art operation microscope for microsurgical anastomoses
	Material and methods
	Surgical procedure and analysis. 
	Questionnaire. 
	Statistical analyses. 
	Accordance statement. 

	Results
	Surgical results. 
	Questionnaire results. 

	Discussion
	Conclusions
	References
	Acknowledgements


