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SUMMARY

Introduction/Objective Information provided as both visually and verbally is learned better than in-
formation received through either pathway alone. Animation ensures this dual coding. It gives us the
possibility to display abstract details of operation that cannot be observed otherwise. This is especially
important for an operation as common as cesarean section (CS). Although CS is the most common op-
eration in women, animations of uterus suturing are very few. The aim was to develop a 3D-animation
of uterus suturing in CS by Vejnovic modification.

Methods The project was done 2015-2018 as collaboration between the Faculty of Medicine and the
Faculty of Technical Sciences at the University of Novi Sad. The development of the animation included
following steps: filming simulation of uterus suturing on sponge model, interdisciplinary discussion,
making storyboard, recording sound, animating using Blender software (Blender Online Community,
Amsterdam, Netherlands).

Results The animation lasts for 10 minutes and 17 seconds. The film was designed to be self-explanatory.
In the film uterus suturing technique was presented in detail. Important segments are additionally marked
in the video and stressed in the background audio explanation. The educational 3D animation of uterus
suturing in cesarean section — modification Vejnovic is available from: https://youtu.be/zY98Mzyupx8.
Conclusion The animation shows advantages and benefits in surgery education, which might increase
safety for the patient and the surgeon. The animation could help standardize the CS technique and dis-
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seminate precise surgical instructions, ensuring the same obstetrical outcomes.
Keywords: cesarean section; animation; uterus closure; suturing; technique; modification

INTRODUCTION

Educational animations are animations pro-
duced for the specific purpose of fostering
learning. The popularity of using animations
to help learners understand and remember
information has greatly increased since the
advent of powerful graphics-oriented comput-
ers. However, animations were used in early
instructional medical films as early as 1920s.
The animation enabled presentation of details
and surgical sequences that were otherwise
impossible to capture on film [1]. Quirino
Cristiani was a pioneer of animated cinema.
He directed the world’s first feature-length
animated film (El Apdstol, 1917). In 1925, he
collaborated with two famous surgeons, Jose
Arce and Oscar Ivanissevich, who wanted an
animated film showing the technique of their
work. They made two movies: Gastrotomia
(1925) and Rinoplastia (1925), which Sorbonne
University later bought for educational pur-
poses. The films were praised for accuracy and
realism [2]. In late 1920s, American College
of Surgeons and Eastman Kodak made series
of medical films and placed medical motion

pictures at the center of surgical training [1].
The Story of Menstruation [3] is a 1946 10-min-
ute American animated film produced by Walt
Disney Productions. It was commissioned
by the International Cellucotton Products
Company and was shown in a non-theatrical
release to approximately 100 million American
students in health education classes [4]. Over
time animation has become a powerful tool in
education of both lay population and medical
professionals. The reason for this is that anima-
tion combines two types of information that
people receive and process via two distinct but
interdependent pathways. The first pathway is
for verbal inputs, whereas the second is for vi-
sual inputs. These pathways are additive, which
means that the information provided as both
images and words will be better learned than
the information received through either path-
way alone [5, 6].

There are over 200 video recordings and
animated videos related to cesarean section
available on YouTube platform [7]. However,
there are few computer animations explaining
the surgical procedures in cesarean section. The
great majority of them were made to provide
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a description for the patients rather than detailed infor-
mation for medical professionals. Some of them are very
sophisticated, others are simplified. Two interactive anima-
tions can be found on the following links:

http://www.surgerysquad.com/surgeries/virtual-c-sec-
tion-cesarean-surgery/,

https://www.touchsurgery.com/simulations/ain_csec-
tion.

Both of them show steps of cesarean section overall. The
Surgery Squad aims to educate visitors through an interac-
tive, personalized patient education experience. Patients
can play a game about cesarean section. Through the game
they get information about preoperative procedures, anes-
thesia, steps of operation and recovery. The presentation
of operative steps is simple. The closure of the fascia layer
is not included.

On Surgery Squad website visitors can also find FAQ
about cesarean section and watch a live-surgery video.

The Touch Surgery platform is an interactive surgical
simulator for healthcare professionals. It provides a realistic
and detailed guide to the steps of different procedures.
Users can quickly gain an insight into surgery watching
an animation or a live surgery recording, and reading ex-
planations written in the attachment. They can also test
their knowledge and rehearse for surgery.

Animations of a new uterine suturing techniques with
barbed monofilament suture were presented by Alessandri
et al. [8], and from the other side by Ishchenko et al. [9] at
the Third Regional Scientific Forum of Obstetricians and
Gynecologists in 2019, but only the articles without videos
have been published.

There are currently no available educational animations
designed for medical professionals in order to elaborate
on uterus suturing to the finest detail, so that it can be
reproduced in clinical practice.

Cesarean section represents the most common opera-
tion in women. At the same time, it is probably an op-
eration with the greatest performance variability, which is
often overlooked. The cesarean section technique, includ-
ing uterus suturing, varies dramatically. Even within the
same hospital, two surgeons perform different techniques.
It was hypothesized by Vervoort et al. [10] that one of the
factors for developing cesarean scar defect is the way the
uterus was closed. And cesarean scar defect is associated
with complications in future pregnancies such as scar de-
hiscence, uterus rupture, placenta previa, placenta accreta
spectrum, and scar pregnancy which can all contribute sig-
nificantly to maternal morbidity and mortality [11]. There
are plenty of scientific papers comparing the quality of
the uterus incision site and complications depending on
different uterus closure techniques.

Vejnovic modification of uterus suturing in cesarean
section has been shown to preserve the thickness of the
lower uterine segment measured intraoperatively in sub-
sequent cesarean section, have less scar dehiscence and
hysterectomies due to placenta accreta spectrum [12] and
make smaller and fewer cesarean scar defect [13].

This is why the author of the modification decided
to make an educational tool and provide a detailed
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explanation of his technique, not only to his trainees, but
to all colleagues worldwide.

The aim is to standardize the technique of uterus clo-
sure in order to achieve reported outcomes in wider popu-
lation. Increasing the patients’ safety was the underlying
incentive for creating an interdisciplinary team combining
the expertise of obstetricians and professionals who deal
with computer visualization, especially computer graphics.

The aim of this paper was to present a newly developed
3D animation of uterine closure by a modified technique
of cesarean section — modification Vejnovic, and to discuss
other available educational animations of uterus suturing.

METHODS

The development of the educational 3D animation lasted
from 2015-2018 within the project “Interactive educa-
tional 3D simulation of uterus suturing during cesarean
section — modification Vejnovic” granted by the Provincial
Secretariat for Science and Technological Development of
the Autonomous Province of Vojvodina. The project was
done as collaboration between the Faculty of Medicine and
the Faculty of Technical Sciences at the University of Novi
Sad. The development of animation took several steps.

The first step was creating a storyboard. A storyboard
is a graphic organizer in the form of illustrations or images
displayed in sequence for the purpose of pre-visualizing a
motion picture, animation, motion graphics or interactive
media sequence. It constituted the pre-production phase
of animation development.

The initial data were obtained by making a high-reso-
lution film in which an obstetrician, instead of repairing
the uterus, sutured a sponge model of the uterus that was
made by the authors specifically for this purpose.

There were several reasons for this. First, when suturing
the sponge model, the whole procedure was performed
in a relaxed atmosphere. There was time to ask questions
and discuss important aspects of the technique in order to
familiarize the non-medical members of the team with the
problem. In a real operation, the obstetrician must perform
cesarean section in the shortest time, because of the bleed-
ing and other risks for the patient.

The second reason was that in a real operation, the
blood reduces visibility and transparency. Finally, in an
operating theater the procedure is carried out by two sur-
geons, who stand on either side of the patient with other
medical personnel (scrub-nurse, neonatologist, anesthe-
siologist) also present, thus making a very crowded scene.
The position of the camera in such a situation would be
suboptimal and would, therefore, result in bad footage.

Once the sequence of the uterus suturing was captured,
from a few iterations, the first version of the storyboard
was drawn. It was reviewed by the medical members of the
team. Several corrections were made to the storyboard pri-
or to finalizing the version that was used for the animation.

The comments corresponding to individual drawings,
which help every reader, regardless of whether they are a
medical professional, understand the procedure of uterus
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closure in cesarean section — modification Vejnovic formed
an integral part of the storyboard. These comments also
formed the basis for the text that was prepared to be nar-
rated in the background of the animation. In addition, the
background text included important tips and observations
that should help the learner to adopt the technique cor-
rectly. The text was recorded as an audio file.

The sound was recorded by a portable recorder ZOOM
H6 (Zoom Corporation, Tokyo, Japan) that has six inter-
changeable input capsules, which makes the device the
ultimate recorder for film, video, podcast and music.
Raw sound processing was done in Izotope RX (iZotope,
Cambridge, MA, USA), which is the industry leader in au-
dio repair and postproduction job. Sound and image com-
positing was done in Steinberg Cubase software (Steinberg
Media Technologies GmbH, Hamburg, Germany).

For the realization of the project’s graphical elements
the Blender software (Blender Online Community,
Amsterdam, Netherlands) was used [14]. The Blender is
an open-source software and was used for modeling, ani-
mation, simulation, rendering, compositing and editing
(Figure 1).

Figure 1. View of the working environment in the program Blender
(Blender Online Community, Amsterdam, Netherlands), in which the
tissue is seen with the rig, a thread with control objects and a hand
with its rig

The results of the present paper were shown in the form
of a storyboard and a 3D animation film.

Ethics: Ethical approval and informed consent were not
needed for this research, as the entire process was per-
formed using sponge models and computer programs, and
did not involve patients.

RESULTS

According to Vejnovic modification of cesarean section,
there are four steps in closing the uterus incision, result-
ing in a modified suture, which gradually compresses the
incision of the uterus. In this manner the length of the
incision already intraoperatively becomes about half the
size it was. This helps not only to ensure good hemostasis
and uterine closure at the moment of operation, but also to
maintain satisfactory approximation of the whole thickness
of the uterine wall in the first days of puerperium when the
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Figure 2. The first step of the repair of the uterus; important detail:
the approximation of the uterine layers is better when whole thick-
ness of the myometrium is involved into the stitch and when decidual
layer is avoided; to achieve this needle should enter at the junction of
serosa and myometrium, involve rich bite of myometrium and exit at
the junction of myometrium and decidua from one side, then enter
decidua-myometrium junction from the other side, take rich bite of
myometrium and exit at the myometrium-serosa junction
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Figure 3. Creating initial suture; important detail: the first stitch is
placed around 2 cm medial to the corner of the incision; thread is used
as an instrument to visualize the corner of the incision and complete Z
stitch safely placing the second stitch lateral to the corner in a healthy
part of the wall
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Figure 4. Creating the first knot; important detail: the knot of the first
Z stitch should lie down at the cranial-medial point of the stitch if the
operator works from the left side of the patient; around 10 cm of free
end of the thread should be marked with Pean instrument in order
to be used later

uterine involution is the most prominent and the healing
process is at its most vulnerable stage. It is particularly
important to preserve the thickness of the lower uterine
segment and thus reduce the risk of complications in the
subsequent pregnancies.

The storyboard of uterus suturing in cesarean section —
modification Vejnovic is presented in Figures 2-12.

The 3D animation film lasts for 10 minutes and 17
seconds. It took one month per minute on average to
develop the animation. The film was designed to be

Srp Arh Celok Lek. 2026 Jan-Feb;154(1-2):54-60



Newly developed three-dimensional animation of uterine closure according to the modified technique of cesarean section by Vejnovic¢

TEF

Figure 5. Making the first running-locked suture; important details:
three running-locked sutures are placed towards the midline; the nee-
dle should exit from the opposite side of the incision compared to the
knot of initial Z stitch; then the knot is tied using end of the thread with
the needle and free end of the thread previously marked with Pean;
by tightening the knot, the distance between the sutures is reduced

|

Figure 6. Finishing the first step and starting the second step of the
repair of the uterus; important detail: the free end of the thread is
marked with Pean; the end of the thread with the needle is left with-
out cutting and it will be used in third step; the second step is started
using a new thread
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Figure 7. The second step - creating initial knot on the opposite angle
of the incision; the whole procedure is the same as the first step of
the repair of the uterus, except everything happens as a mirror image
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Figure 8. Making running-locked suture on the opposite angle of the
uterine incision
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Figure 9. The third step of the repair of the uterus; the third step com-
prises the closure of the middle part of the incision using one to two
running-locking sutures from each side
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Figure 10. Making a knot in the central part of the incision; the central
knot is tied using end with the needle of both threads

Figure 11. The fourth step of the repair of the uterus; important de-
tail: during this step, the final shortening of the length of the sutured
incision is achieved; this is done by tying one end of the thread with
a needle from the middle to the free end of the thread in the corner
of the incision; it is done from each side

Figure 12. Finishing the repair of the uterus; this part of the story-
board shows final result of the uterus suturing according to Vejnovic
modification; important effects are that the uterine layers are well
approximated and that length of the sutured incision is reduced by
almost 50%; this will help to maintain the approximation of the uterine
layers during the dynamic period of uterine involution and improve
healing process
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self-explanatory. In the film uterus suturing technique was
presented in detail. Important segments are additionally
marked in the video and stressed in the background audio
explanation. The voiceover in animation was recorded in
three languages: Serbia, English and Russian. The English
version of educational 3D animation of uterus suturing in
cesarean section — modification Vejnovic is available from:
https://youtu.be/zY98Mzyupx8.

DISCUSSION

Studies have shown that using animated movies increases
motivation for learning [15, 16]. Animations are especially
useful when complicated spatial structures and dynamic
processes are involved [15], which can be found in surgi-
cal procedures.

Yue et al. [17] analyzed 430 instructional medical ani-
mations. They investigated degree to which these teaching
tools followed empirically established learning principles
outlined in the cognitive theory of multimedia learning
(CTML). Meeting three main goals of CTML (managing
essential processing, minimizing extraneous processing
and facilitating generative processing) in the development
of animation would enhance learning outcomes. There are
several strategies to meet the CTML goals: words accom-
panying an animation should be presented aurally instead
of visually; animation should contain only educationally
relevant pictorial and verbal information; on-screen text
should not duplicate narration [17].

Striving towards CTML goals, one of the main tasks in
developing our animation was to make an optimal bal-
ance between video and audio elements in order to achieve
the best learning effect in the adoption of the new tech-
nique. Simplifying the visual representation of the target
structures is helping to better identify only the important
elements of the technique. Audio comments provide an-
other way to highlight crucial details and complement the
explanation which would be unnecessarily complicated if
shown visually.

The most important details of uterus suturing by
Vejnovic modification shown in animation could be sum-
marized as following:

The entire thickness of myometrium should be included
in suture to obtain better approximation of the layers. This
is achieved by the needle entering at the junction of the
serosa and myometrium, richly biting the myometrial tis-
sue, and exiting at the junction of the decidua and myo-
metrium.

Decidual layer should not be included in suture (less
than 5 mm of decidua in not considered inclusion) to avoid
edge eversion.

The length of the sutured uterine incision should be
approximately 50% smaller than initially and the level of
sutured uterine incision should be in the level of surround-
ing uterine wall not above it.

The biggest challenge in the production of graphic ele-
ments for us was the animation of the threads, because of
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the movement of the threads through specific pathways in
the tissue, a large number of stitches, and thread tightening
and binding of complex knots.

The animation of the threads could be performed by 3D
animation, but such an animation involves setting a large
number of key frames. It would require a rig with several
hundred controls, which would be hard to use and the
animation process would be extremely slow and imprac-
tical. For these reasons, instead of a complex animation,
a computer threads simulation was used. The thread is
basically a long, curved line which is divided into several
hundred segments. This line was applied with Soft body
physics from Blender software, which is usually used to
simulate soft tissue in character animation. So, the line
becomes flexible and it is influenced by gravity and col-
lision with surrounding elements, but also with itself. By
using Soft body physics, a precise control of the movement
of the thread was achieved.

The sutured tissue was animated by 3D (complex) ani-
mation using the rig, because it is a practical and reliable
way to be animated in cases there is no requirement for
realistic behavior of the tissue. New objects for collision
in the form of tubes through which the thread passes dur-
ing suturing were added to the tissue and these tubes are
not visible during the rendering process and final picture
creating.

For rendering Blender Internal renderer was used. This
was our choice because it was important to achieve trans-
parency and clarity of the image instead of a photorealis-
tic representation. This is an unrealistic type of renderer
which makes it easy to achieve a stylized image look, re-
sembling medical illustrations. Algorithm rendering takes
place at a high speed and almost in real time.

Performing cesarean section is a skill every obstetrician
must be familiar with. Surgery education is specific and
training in the operating room on real patients cannot be
tully replaced. Features and behavior of myometrial tissue
while cutting and suturing can hardly be simulated. One
can feel it only when operating on a real patient on their
own. To prepare for this responsibility, it is important to
adopt and understand as many details as possible before
entering the operating theatre. Cesarean section training
using videos, simulations on mannequins and computer-
enhanced visual learning module improves knowledge
and confidence levels among obstetrics residents [18, 19,
20]. However, even when assisting in cesarean section, or
watching a live-surgery videos, one cannot gain a complete
insight into the pathway of the needle through the tissue,
the depth of the suture bites etc. Those shortages can be
overcome using animation. This is the first animation ex-
plaining uterus suturing in cesarean section — modification
Vejnovi¢. It complements publications that have been pub-
lished so far describing the modified technique [21, 22].
It is intended to be used as a part of the curriculum about
cesarean section — modification Vejnovi¢, which comprises
lectures, animation, hand-on training on sponge models
and live-surgery session.
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CONCLUSION

We can conclude that, after extracting the newborn, sutur-
ing the uterus is the next most crucial step in the cesarean
section. This is because it is important not only for the
current pregnancy, but for the following pregnancies as
well. From our point of view, the way of closing the uterus
directly influences the healing process, and the incidence
of acute and chronic complications. This is why the modi-
fication of uterine suturing represents the biggest value of
Vejnovic modification.

Our animation has several advantages in medical edu-
cation. Firstly, it does not take place in the operating the-
atre, where the benefit of the patient always stands before
education. Secondly, it provides a young doctor with an
opportunity to repeatedly see the procedure on the screen,
while being able to enlarge or show in slow motion many
segments of the operation. Finally, the whole procedure
can be watched a countless number of times. This practi-
cally means that a young doctor will be present at the real
operation only after familiarizing with almost the whole
procedure in the virtual world. After that, during the actual
operation, they will be able to elaborate on fine details to-
gether with a senior surgeon. On the other hand, the time
an experienced surgeon spends on the education of young
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HoBopa3BujeHa TpOAMMEH3MOHANHA aHMMALMja 3aTBapatba MaTepuLLe NPUMEHOM
moauduKoBaHe TeXHUKe LLapCcKor pesa no BejHosuhy

Anekcangpa BejHoBuh'2, Patko O6pagosuh’, Urop Kekersesuh?®, HeHag Kyamanosuh?, Husa Mnuh*, Tuxomnp BejHosnh'?,

JacmuHka BejHoBuh?

'YHuep3utet y HoBom Capy, MeanumHcku dakynter, Kategpa 3a ruHekonorujy u akywwepctso, Hosu Cag, Cpbuja;
2YHMBEP3UTETCKM KIMHUYKN LieHTap BojBoguHe, KnHuka 3a ruHekonorujy n akywepctso, Hosu Cag, Cpbuja;
*YHuBep3uTet y HoBom Capy, GakynTeT TexHUUKMX HayKa, KaTeppa 3a komnjytepcky rpaduky, Hosn Cag, Cpbuja;
*YHnBep3uteT y HoBom Capy, unosodcku dakynteT, Kateapa 3a eHrnecku jesnk u KibuxeBHocT, Hosu Cag, Cpbuja;

*OoHpauyja,EroH n Ana Aucdanyun’, Cereann, Mahapcka

CAMETAK

YBop/Liwm VHdopmaLimje npeacTaB/beHe BU3yenHo 1 Bepban-
HO 60Jbe ce YCBajajy off OHUX Koje Cy MprKa3aHe camo jeAHUM
of fiBa HauMHa. AHMMaLmja Npy»Ka OBO ABOCTPYKO KOAMpatbe
1 fjaje MOryRHOCT 3a MpuKa3 ancTpakTHUX AeTarba onepaiuje
Koju ce nHaue He mory youutu. OBO je Noce6HO BaXKHO 3a yye-
CTase onepauuje Kao LTO je Lapckuy pes. Mako je uapckn pes
Hajuewwha onepaumja Ko »eHa, NoCToju Manu 6poj aH1MaLmja
LmBetba Matepue. Linrb oBor paga j 6mo pa3suti 3[ aHumau-
jy WrBera MaTepuLie TOKOM LLapcKor pe3a no mogudukaumju
BejHoBMA.

MeTope lNpojekar je peanusosaH y nepuogy og 2015. go 2018.
roavHe y capagrmn MeguuuHckor dakynteta n Qakyntera Tex-
HUYKMX HayKa YHuBep3uTeTa y Hosom Cagy. Pa3Boj aHumaumje
obyxBaTao je cnefiehe Kopake: CHMare crmynalmje wmse-
tba MaTepuLe Ha mogeny of cyHhepa, HTEPANCLUNINHAPHY
LMNCKyCujy, n3papy cleHapuja (ctopuboppa), CHUMame 3By-

DOI: https://doi.org/10.2298/SARH250807 100V

Ka, aHummpatrbe nomohy codptepa bnengep (Blender Online
Community, AMcTepfam, XonaHguja).

Pesynrtatn AHnmaumja Tpaje 10 muHyTa 1 17 cekyHan. Gvnm
je pn3ajHMpaH Tako fa ce pasyme 6e3 foAaTHMX objallmbetba. Y
tbeMy je feTasbHO NpefCcTaB/beHa TeXHIKa LWVBEHba MaTepuLie.
BaHW cermeHTV Cy OAATHO Ha3HaYeHN Y BUAEY U HarnalleHu
y NO3aAMHCKOM IN1acoBHOM objaLutberby. EnykaTtueHa 3[1 aHuma-
Lmja WrBeHa MaTepuLie Npu Lapckom pesy — BejHoBuhesa mo-
AndriKaumja — BOCTYMHa je Ha: https://youtu.be/zY98Mzyupx8.
3aK/byvaKk AHMMaLMja Npy»a NPeAHOCTY U KOPUCTU Y XUPYP-
LWKoj 06y, wTo noBehaa 6e36eAHOCT NaLMjeHTa 1 X1pypra.
Morna 6y nomohw cTaHAapAM3aLmMju TEXHIKE LIapCcKor pe3a
U Wnpekby NPeLusHX XUpYpLLKKX ynyTcTaBa, 06e36ehyjyhin
UCTe aKyllepcKe NCxoge.

KrbyuHe peun: Llapcki pes; aHMaLmja; 3aTBaparbe MaTepuLie;
LINBEHE; TEXHUKA; MOoAVdUKaLmja
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