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Abstract

Purpose Electrosurgery is the gold-standard procedure for the treatment of cervical dysplasia. The quality of the outcome
depends on the accuracy of performance, which underlines the role of adequate training of surgeons, especially, as this pro-
cedure is often performed by novice surgeons. According to our knowledge, medical simulation has up until now lacked a
model, which focuses on realistically simulating the treatment of cervical dysplasia with the concerning anatomy.
Methods and result In our work, we present a model created using 3D printing for holistically simulating diagnostic, as well
as surgical interventions of the cervix, as realistically as possible.

Conclusion This novel simulator is compared to an existing model and both are evaluated. By doing so, we aim to provide
novice gynecologists with standardized and high-quality simulation models for practicing to improve their proficiency.

Keywords 3D printing - Virtual - Gynecology - Dysplasia - Large loop excision of the transformation zone (LLETZ) -

Fused deposition modeling (FDM)

Introduction

Cervical cancer poses a considerable threat to women around
the world. From a global perspective, it shows the fourth
highest incidence as well as mortality of cancers among
women [1]. The majority of cervical cancer originates from
the dysplasia of cervical cells. Compared to actual cancer,
the incidence of cervical dysplasia is around one hundred
times higher. The frequency of new cases of such precan-
cerosis lays around 1% of all women [2]. Thanks to the
screening with Pap-Smear, which normally contains cells
of the transformation zone, cases of cervical precancerosis
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can be detected [3]. If the cytological results indicate the
risk of dysplasia, the cervix can be examined via colposcopy
by primarily applying acetic acid. This can potentially be
followed by Lugol’s iodine for further evaluation [4, 5]. If
colposcopy also shows signs of dysplasia, a selective biopsy
can be taken. In case of a High-Grade Squamous Intraepi-
thelial Lesion (HSIL), therapy can be indicated. It is the aim
of the local therapy to remove dysplastic areas as well as the
transformation zone of the cervix (RO-resection) [6-9]. This
can be done by performing a so-called large loop excision
of the transformation zone (LLETZ) [2, 10]. By doing so,
caution has to be taken not to remove too much tissue of the
cervix, as it is possibly required for future pregnancies of the
patient. Consequently, excessive resection has to be avoided,
since it can lead to preterm birth afterwards. In addition,
surgical interventions concerning the cervix can lead to
scarring. This can prevent the future ascension of sperm,
leading to infertility of the patient [11-18]. Consequently,
especially for patients with not yet completed family plan-
ning, a carefully and professionally performed resection is
pivotal [19]. Whereas some surgical techniques can only be
trained in the operation room, it is often possible to simulate
some techniques so that model-training can be performed
to improve the technique, thus enhancing patients’ safety
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[20-26]. Unfortunately, in many cases sufficient training is
hampered by the organizational effort required and a lack
of personnel and time in everyday clinical practice. Addi-
tionally, there are no standardized simulators for procedures
such as the LLETZ. Yet possible ideas for such simulators or
phantoms can be found in many parts of literature [20, 21,
23-30]. Often rather simple simulators are used or produced,
which are easily and quickly assembled and do not require
too many financial resources. In many cases, materials such
as sponges, sausages and cardboard boxes are used [21, 26,
29]. We reviewed the existing literature and found the exist-
ing models insufficiently represent the real anatomy. Accord-
ing to our knowledge, medical simulation has up until now
lacked a model, which focuses on realistically simulating the
treatment of cervical dysplasia with the concerning anatomy.

Aims and questions

In our work we wanted to create and describe a novel
approach of simulation for the procedure of LLETZ. Our
focus should be on simulating standardized diagnostic and
surgical steps of treatment of dysplasia of the cervix as real-
istically as possible. We also wanted to compare this novel
approach to existing simulators, to improve simulation qual-
ity and training variation. By doing so, we aim to support the
proficiency of novice surgeons and consequently the safety
of our patients.

Methods and material

We used the open-source-program Blender, version 2.82
for producing a virtual model of a vulva and vagina. The
cervix, available as nulli- or multiparous, was sculptured as
a separate object. This is depicted in Fig. 1. These models
were produced in a realistic size by Fused Deposition Mod-
eling (FDM), using a 3D-printer (Ultimaker 2+, used fila-
ment: Polyactide (PLA), 2.85 mm, from the company ,,DAS
FILAMENT *, Article number F10255). By doing so, a cube
made of plastic was produced, incorporating a life-sized,
vagina-shaped deepening, in which the model of the cervix
can be inserted.

For the sake of reassembling natural tissue, we duplicated
these models by using modeling silicone. In a first step, we
coated the 3D-printed vagina with silicon mold separating
cream (Troll Factory (TFC), Article number: TFC3101). It
was then placed in an equally coated box, which was filled
with modeling silicone (Abform-Silikon, Laurenz + Morgan
GmbH, Article number: 1000634). As soon as the silicone
had hardened, we removed the 3D-printed vagina, leaving a
negative footprint on the inside of the silicone-cube.
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Fig. 1 Digital 3D modeling of the vulva, vagina and cervix (uni-/mul-
tiparous) using Blender version 2.82

This negative footprint was again coated with silicon
mold separating cream and then filled with modeling sili-
cone. In this case, we used Wagnersil 22 NF of the com-
pany Wagner Dental GmbH & Co. KG (Article number:
42165100). After having hardened, the silicone was removed
from the silicone-cube. Now we had created a silicone-copy
of the initially 3D-printed model of the vagina. To create a
certain variation of training and to reassemble the natural
anatomy more correctly, we additionally built a second ver-
sion with a deeper and narrower vagina. Exemplary pictures
of the production process can be seen in Fig. 2.

The model of the cervix was duplicated in a similar
manner. Yet in this case, we did not use silicone to fill the
negative footprint. Instead, we filled it with customary
Agar—Agar (Agartine, RUF Lebensmittelwerk KG). Agartine
is a plant-based gelling agent, which is produced from algae.
It was dissolved in water, heated and then filled in the sili-
cone negative footprint of the cervix to harden. This enables
us to create a copy of the 3D-printed cervix model made out
of algae powder. Using the correct proportion of water and
Agar—Agar, the cervix is sufficiently dimensionally stable
and fits into the silicone model of the vagina. According
to our experience, 10 g of Agartine-powder, being brought
to boil together with 60 ml of tap water for few seconds,
lead to adequate results after hardening. Mixing red food
coloring (Back- und Speisefarbe, rot, Rosenheimer Gourmet
Manufaktur GmbH) to the tap water adds to a more realistic
appearance. A transformation zone can be imitated by apply-
ing single drops of red food coloring around the entrance to
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Fig.2 Construction of the simulator. A By using Fused Deposition
Modeling (FDM) 3D printing, we created an artificial vulva, vagina
und cervix, B NEgative footprint made of silicone, looking into the
inside of the mold, C the mold from the outside, ready to be filled
with silicone

the cervical canal of the hardened Agartine-cervix. White
food coloring (e.g. White-White Icing Colour, Wilton Indus-
tries, INC), mixed with algae powder, can simulate the stains
of abnormal areas after applying acetic acid on the cervix.
After hardening of the Agar—Agar, the now created artifi-
cial cervix shows areas of white stains similar to abnormal
areas on a cervix, which has been washed with acetic acid.
A simplified flowchart of the production process can be seen
in Fig. 3. These Agar—Agar-models for the cervix can be
kept refrigerated for several weeks. They can also be frozen
and are ready to use after thawing. Further pictures can be
seen in Fig. 4.

In the next step, we fitted a customary neutral electrode
(ERBE NESS Y® Omega Plate, Erbe Elektromedizin GmbH,
Article number 20193—-082), which is also used for real
LLETZ-procedures, into the silicone model of the vagina.
Now the Agar—Agar-model of the cervix can be placed on
top of the adhesive part of the electrode. The cable of the
electrode is connected to the generator of the electrosurgi-
cal loop (Erbe, VIO® 300D, Article number: 10140-100).
Respective pictures can be seen in Fig. 5.

After this preparation, the simulator is now ready for use.
The silicone cube containing the model of the vagina can be
placed on e.g. a gynecological chair, a desk etc. and a specu-
lum can be inserted into the artificial vagina. When using a
flat surface such as a table, which cannot be tilted, we found
that a simple tablet-holder for handheld tablet computers
(PEARL Tablethalter, Modell SD-2200-675, PEARL.GmbH,
Fig. 5) can sufficiently simulate the angle of the female pel-
vis during colposcopy.

If the electrosurgical device (such as Wolfram Schlin-
genelektrode, Erbe Elektromedizin GmbH, e.g. Article num-
ber 21191-045) is activated and touches the Agar—Agar-
cervix, the cervix conducts electricity such as real tissue.
Consequently, the circuit closes and the model of the cervix
reacts to electrosurgery equal to a human cervix. The pro-
duced smoke can be removed using a speculum with inte-
grated smoke gas extraction (e.g. Orchid Wide SX, Bridea
Medical, Article number: 1.031.44). As we wanted to make
training more flexible and independent, we built a portable
device for removing gas by attaching a handheld, battery
operated vacuum cleaner (LVC-101-EB from the company
LifeBasis) to a single-use gas-extraction-hose, which is com-
patible with the used speculum. Hence, a stationary surgi-
cal customary device for smoke gas extraction is no longer
needed. As a consequence, only a colposcope and an elec-
trosurgical device for LLETZ-procedure are required from
the hospital’s resources. This described simulator shall be
called “novel simulator” in the following.

On the basis of the work of Takacs et. al., Connor et.
al. and Walters et. al. we constructed another simulator for
LLETZ-procedure, built from easily accessible material [20,
21, 28, 31]. Several authors have already shown that good
learning effects can be reached with such simple devices
[20, 21, 26-28]. Consequently, this known type of simulator
shall be referred to as “conventional” simulator. We used a
t-shaped drain pipe made from Polypropylene (Ostendorf
Kunststoffe GmbH, purchased via HORNBACH Holding
AG & Co. KGaA, Article number 266386) and inserted pipe
insulation material made of polyethylene (NMC Deutschland
GmbH, purchased via HORNBACH Holding AG & Co.
KGuaA, Article number: 7625278). This construction should
simulate the vagina. For the sake of stability, it was glued
onto a plastic board. As sausage, reassembling the cervix,
we chose Curryfleischwurst, Meister feines Fleisch — feine
Wurst GmbH. The same customary neutral electrode (ERBE
NESSY® Omega Plate, Erbe Elektromedizin GmbH, Article
number 20193-082), attached to the sausage, and speculum
for smoke gas retraction (Orchid Wide SX, Bridea Medi-
cal, Article number: 1.031.44) was used as with the novel
simulator. Pictures of the used conventional simulator can
be seen in Fig. 12.

Results

While testing the new simulator’s functionality, we found
it can be used to imitate different procedures in addition
to the LLETZ-procedure itself: Firstly, a regular Pap-smear
can be accomplished. Due to the structure of the hardened
Agar—Agar, particles are peeled off, remain attached to the
swab and can then be applied on the slide of the micro-
scope. This works for the surface of the cervix as well as
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Design of the virtual
3D model

3D printing (FDM) of
vagina and cervix

)

Coating with silicone
mold separating cream

Creating negative
footprint with
modeling silicone type

—:> mold separating cream

Coating negative
footprint with silicone .

Filling negative
footprint with
modeling silicone type

D>

2 for vagina and algae
powder for cervix

Fig.3 Simplified flowchart of the production process of the described
simulator: Silicon mold separating cream: Abform-Silikon, Lau-
renz+Morgan GmbH, Article number: 1000634. Modeling silicone

the cervical canal, which is shown in Fig. 6. Secondly, the
artificial cervix can be dabbed with Lugol’s iodine, turning
the surface brown, equal to normal squamous epithelium of
areal cervix. The white areas marked with white food color
remain visible, thus appearing like dysplastic areas in reality
after washing with acetic acid followed by iodine. Moreover,
cervical biopsies can also be taken from these areas using a
biopsy forceps. This is depicted in Fig. 7.

For the sake of illustration, Fig. 8 shows the process of
the LLETZ-procedure using the novel simulator without
abnormal findings. Figure 9 depicts a LLETZ in reality.

@ Springer

type 1: Abform-Silikon, Laurenz+Morgan GmbH, Article number:
1000634 Modeling silicone type 2: Wagnersil 22 NF, Wagner Dental
GmbH & Co. KG (Article number: 42165100)

Furthermore, artificial and real results of the surgical prep-
aration are shown. Adding to this, Fig. 10 illustrates the
LLETZ-procedure using the novel simulator, imitating
abnormal findings after the application of acetic acid and
Lugol’s iodine. We found the novel simulator can also be
used with a ball electrode (Erbe Elektromedizin GmbH, e.g.
Article number 21191-124), an argon-plasma-coagulation-
device (Erbe Elektromedizin GmbH, e.g. Article number
20132-201) and a monopolar knife (Erbe Elektromedizin
GmbH, e.g. Article number 21191-459), as seen in Fig. 11.
After the training, the model of the cervix can be replaced.
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Fig.4 Production of the cervix-model. A Mold with negative foot-
print made of silicone. Agar—Agar-powder mixed with water and
white food coloring is being applied with a spatula. For adding more
depth to the cervical canal, a wooden stick is integrated in the mid-

Fig.5 Preparing the simula-
tor. A Applying the neutral
electrode, B inserting the model
of the cervix, C: Cervix with
transformation zone without
dysplasia, D simulator con-
nected to neutral electrode and
electrosurgical loop (company:
Erbe), D positioning the simula-
tor on a tablet-holder, E hand-
held vacuum cleaner (company:
LifeBasis) connected to specu-
lum (company: Bridea Medical)
for smoke gas retraction

The neutral electrode can be reused several times (see
Fig. 12).

Discussion

Our presented simulator for training surgery such as the
LLETZ of the cervix is a new approach for training of
novice gynecological surgeons. Until now, simulators for
LLETZ-procedures mostly used simple materials, which
only partly resembled the real anatomy of the cervix [20,
21, 23-29]. For instance, Reeves et. al., Rezniczek et. al.,
Hefler et. al., Wilson et. al. Walters et. al., Takacs et. al. and
Seltzer et. al. could show that using a sausage to imitate
the cervix can be of use for training electrosurgical exci-
sions of the transformation zone [20, 23-27, 31]. Manley et.

9 D

dle of the mold, B mold after hardening of the Agar—Agar-mixture, C
nulliparous cervix-model with imitation of transformation zone and
dysplasia after being removed from the mold, D multiparous cervix-
model with imitation of transformation zone and dysplasia

al. created a simulator for the training of cervical biopsies
by using a sponge [29]. Until now, simulators are lacking,
which display as many parts of a dysplasia consultation as
possible and secondly do so in a standardized manner. Addi-
tionally, the existing simulators represent the real anatomy
insufficiently.

Comparing both simulators, novel and conventional,
reviewing the process of the LLETZ step by step, we found
that firstly, the novel simulator represents the real picture of
a cervix more closely than the conventional simulator using
a sausage. Secondly, the broader surface of the novel cer-
vix enables the surgeon to choose from the entire variety of
electrical loop-sizes, according to the size of the dysplastic
areas, thus making the novel simulation more realistic. We
found that the sausage of the conventional simulator was
too small for adequately enabling a LLETZ with a loop of
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Fig.6 Pap-smear. A, B Regular swab, C, D wooden spatula, E, F
brush for endocervical smear, G, H conical swab for Pap-smear of
pregnant patients

20-25 mm diameter. Thirdly, the two variants of the vagina
of the new simulator make it possible to vary within depth
and width, whereas the conventional simulator may only
vary within the simulated vaginal depth. In addition, we
could further increase the possibilities of variation with the
novel simulator by creating two different types of cervix
(nulli- and multiparous). Moreover, the novel simulator
shows the cervical canal after performing the LLETZ, as it
contains a real canal reaching into the depth of the artificial
tissue. This enables the surgeon to perform a precise second
excision, in order to receive a second cone. In reality, this
can be necessary, if e.g. the surgeon realizes that his/her
cone was too flat for RO-resection, or if dysplastic cells were
diagnosed reaching down into the cervical canal beforehand.
This possibility of a second, deeper resection is also offered
by the conventional simulator, but the second cone has to be
resected more or less blindly, as the conventional simulator
does not show a cervical canal.

Furthermore, during the LLETZ the conventional simu-
lator produced more smoke than the novel simulator. On
the one hand, this makes the conventional simulator more
realistic. On the other hand, even with sufficient smoke

Fig.7 Colposcopy, Lugol’s iodine and biopsy. A Placing the simu-
lator on a gynecological chair with attached colposcope (company:
ZEISS), B artificial cervix with imitation of dysplasia (colposcopic
view). A speculum of the model Orchid Open from the company
Bridea Medical is used, C applying Lugol’s iodine on the cervix, D
cervix after applying Lugol’s iodine: regular areas appear dark and
abnormal areas remain white, E colposcopic view after applying
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Lugol’s iodine, F colposcopic view using a green filter, G prepar-
ing the biopsy forceps, H arrow marking the area after biopsy, I cer-
vix-model after being removed from the artificial vagina with tip of
biopsy forceps (black arrow marking area of biopsy, blue arrow mark-
ing removed tissue). G, H Show the variation of the artificial vagina
with less width and more depth
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Fig.8 Performing the procedure of LLETZ (artificial cervix without
dysplasia). A-C Preparation of the cone with electrosurgical loop. E
Removing the cone with tweezers, D artificial wound surface after
conisation. F Cone together with electrosurgical loop

gas extraction, it makes visualization during the LLETZ
more difficult for an inexperienced surgeon. After several
simulations, we found that the adhesive part of the neu-
tral electrode began to dissolve due to the moisture of the
Agar—Agar-formed cervix. This increases the demand for

Fig.9 Performing the procedure
of LLETZ (real portio). A-C
Conisation of a real cervix after
applying Lugol’s iodine, arrows
marking the path of the elec-
trosurgical loop, C cone being
removed with a forceps [32].

D, E Real cone with thread

(no application of iodine),

D Cone from the backside
(endocervical), E Front of cone
(ectocervical) [33]. F, G Show
the backside and front of the
artificial cone

neutral electrodes over time. Yet, while removing the elec-
trode from a used sausage, we made the experience that parts
of it stuck to the electrode, making it necessary to renew it
over time as well.

Nevertheless, the novel simulator also showed inferiority
in some aspects, compared to the conventional simulator.
Firstly, the cone after LLETZ-procedure is more fragile,
since the algae-powder seems to soften slightly when heated
by the electrosurgical loop. This can lead to damaging the
cone when removing it imprudently from the cervix with
tweezers. The cone of the conventional simulator appeared
sturdier and could also be removed easily with pointed
tweezers. Secondly, economically speaking, the purchased
Agar—Agar for one novel cervix had a price of 33 cents. The
type of sausage we used had a price of 1 € each. Although
this makes the use of the novel simulator less price-inten-
sive than the conventional simulator, this advantage is out-
weighed by the more resource-intensive production of the
novel simulator. For instance, the pure material costs for the
novel simulator are 263.11 €. The costs for the individual
components are summarized in Table 1.

Takacs et. al. achieved impressive results concerning
acceptance and learning effect for novice gynecological

Fig. 10 Performing the proce-
dure of LLETZ (artificial cervix
with dysplasia). A Cervix with
imitation of stains after acetic
acid, B Cervix after applica-
tion of Lugol’s iodine, C-F
procedure of LLETZ, G Cone
being removed with forceps, H
artificial wound surface after
conisation, I Cone together with
electrosurgical loop
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Fig. 11 A Cutting the artificial cervix using a monopolar knife (VIO,
ERBE, Article number: 21191-459), B Coagulation of the wound sur-
face using a monopolar ball electrode (VIO, ERBE, Article number:

Fig. 12 A-C Conventional simulator for LLETZ. Sausage and specu-
lum are inserted into the drain pipe fitted with the insulation mate-
rial. The end of the sausage, hanging out of the drain pipe, is con-
nected to the neutral electrode. B The monitor in the upper left corner
of the picture shows the colposcopic view of the viedo-colposcope.
C Colposcopic view: The sausage (Curryfleischwurst, Meister feines
Fleisch — feine Wurst GmbH) is painted with red food color (Back-
und Speisefarbe, rot from Rosenheimer Gourmet Manufaktur GmbH),
in order to simulate the T-Zone as well white food color (White-White
Icing Colour, Wilton Industries, INC), in order to depict dysplasia of
the cervix

surgeons by using a rather simple simulator [20, 21].
Our novel simulator seems more realistic and enables
more procedural steps of a dysplasia consultation. Yet
it demands a higher invest in resources e.g. money and
time for production. Consequently, the question must be
raised, if this simulator is accepted by clinical users and
if it can generate better learning effects than conventional
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21191-364), C Coagulation of the wound surface using a device for
argonplasma-coagulation (VIO, ERBE, Article number: 20132-032)

Table 1 Production costs for novel simulator

Material Production costs
3D printed model of vulva and vagina 1424 €
3D printed model of cervix (nulliparous) 1.56 €
3D printed model of cervix (multiparous) 1.56 €
Modeling silicone (for negative footprints) 160.95 €
Modeling silicone (for silicone copy of the 3D 64.80 €

printed models)
Additional consumables 20.0 €
Sum 263.11 €

simulators, thereby justifying the higher invest for produc-
tion. We plan to examine this in future studies.

Conclusion

The described novel simulator can improve the training of
novice gynecological surgeons, enabling us to establish
high-quality standardized teaching. It seems to be more
realistic and offers more training-variation than conven-
tional simulators. Thus, we believe to offer a valuable
possibility of improving surgeons’ proficiency as well as
patients’ safety.
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