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Introduction: Surgical interventions require profound preoperative patient
education. In reality, the concerning physician faces various challenges, including great
time pressure. We wanted to evaluate the impact of a self-made, virtual, simplified and
interactive 3D-model of the female pelvis on the satisfaction and comprehension of
patients undergoing patient education for planned hysterectomy.

Materials and Methods: With the open-source-program Blender we created a
virtual model depicting the female pelvis. Patients of the control group (Group A, N =
26) received regular patient education. In the experimental group (Group B, N = 25),
we additionally used the virtual model. The patients rated the patient education with a
questionnaire consisting of questions 1 - 5, with a numeric scale reaching from 1 (“very
little” / “very poor”) to 10 (“very much” / “very good”). Questions 6-10 offered open
questions, which the patients answered using their own words. The answers were rated
in right / wrong. We used Microsoft Excel for Mac, version 16.16.21, IBM SPSS Statistics
version 24 and 25, Fisher’s exact test and Mann-Whitney-U-Test.

Results: Group B rated the quality of the patient education higher in 5 of 5 questions
with statistically significant differences in 4 of 5 questions. The questions 6-10 showed
more correct answers in Group B for 5 of 5 questions with a trend in question 10 (p =
0,05). The other 4 questions showed no statistically significant differences.

Conclusion: A 3D-model of the female pelvis can improve patient education. Further
research is needed.

Introduction

anatomy, intraoperative procedures, chances of success, as well as

Surgical interventions need a sufficiently profound preoperative
patient education, which normally requires written documentation.
Concerning surgery such as hysterectomy (HE), its complexity and
challenging anatomy has to be taken into account. Because of this,
the preoperative preparation is crucial. One significant part of these
procedures is a sufficiently thorough explanation for the patient.
It should include the according medical indication, access path,

possible complications, etc.. Especially in times of well-informed,
self-determined patients and “Shared Decision Making“ (SDM),
a detailed, high quality patient education, tailored to the needs
of each single patient, is pivotal. The literature also highlights the
importance of SDM. Moreover, there are numerous demands for

additional research as well as further improvements concerning
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SDM in clinical everyday life [1-9]. This involves elective surgeries
for benign and malignant diseases. Furthermore, an “Informed
Consent”, which also is highly important from a legal point of
view, requires a well-informed patient [10,11]. In reality, the
physician leading such a conversation for preparing surgery faces
organizational, structural and material challenges, including great
time pressure. This makes it more difficult to meet the individual
needs of each single patient.

According to our knowledge, the evaluation of the practical use
of different anatomical models for explaining female pelvic surgery
has only marginally been addressed until know. Two promising
research projects, focusing on gynecological maladies, show rather
few case numbers (N = 1 and N = 5) [12,13]. Baek, et al. used a
model reassembling the real cervical carcinoma of the concerning
patient. This model was used for the sake of illustration during the
patient education [12]. Sayed Aluwee, et al. used replicas of real
uteri of the concerning patients suffering from endometrial cancer.
The individualized models were produced based on MRI- images
and were also used during patient education [13]. Other research
projects have up until now, mainly treated areas other than

Materials and Methods
The 3D-Model
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Gynecology. There are concepts with real physical, as well as virtual
models [14-16]. Many projects focus on the education of young
physicians or medical students [17-20]. Schmitt, et al. and Wake,
et al. could generate promising findings by using individualized,
physical models made by 3D-printing for patient education of
urological surgeries. The models were produced, based on clinical
imaging [21,22]. Yet, the production of 3D-printed individualized
models based on CT- or MRI-imaging, is complex and expensive.
Consequently, such models seem only partly fitting for the regular
clinical everyday work. This relatively small amount of data for
possible improvements of patient education is surprising, as there
have been interesting approaches concerning this issue, showing
its potential [23].

In our work we wanted to evaluate the impact of a self-made,
virtual, simplified, and interactive model of the female pelvis on
the satisfaction and comprehension of patients undergoing patient
education for a planned hysterectomy. Our hypothesis was that, by
using the model, patients feel better informed and experience a
measurable improvement of transferred knowledge, than patients
undergoing patient education without the model.
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Figure 1: The virtual model.

A. Virtual model of the pelvis with drop-down-menu for showing and hiding of single parts.

B-D. Different views of the virtual model. Tilting the model to 90° makes it possible to simulate the position of the female pelvis

during gynecological examination.
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By using the open-source-program Blender, version 2.82,
we created a virtual model depicting the female pelvis. It can be
seen in Figure 1. The model incorporates the following anatomical
structures: Skin of the abdomen and pelvis, navel, vulva, vagina,
uterus with adnexae, pelvic bones, spine, pelvic floor with ligaments
(round ligaments, sacro-uterine ligaments, parametrium),
ureter, bladder, rectum, superior and inferior hypogastric plexus,
exemplary arterial and venous vessels (aorta, internal and external
iliac artery, uterine artery, inferior vena cava, iliac vein, internal iliac
vein) as well as pelvic and para-aortic lymph nodes. The depicted
structures, which the model contains, were selected according to
clinical experience. The illustration of the anatomical structures
was simplified and combined with the use of different colors, in
order to ease the understanding for patients. All of the components
of the model can be selected, shown and hidden in an individual
sequence by using a menu on the right-hand side of the screen. In
addition, one can zoom in and out as, well as move, rotate and tilt

the model in all directions.

By doing so, an operation can be explained individually, step
by step and questions posed by the patient can be answered
immediately. The model can be shown after a short briefing, by
using a regular computer or mobile device such as a tablet PC
with a normal 2D-screen. Furthermore, the current view can be
captured at any time by using a screenshot-function, thus enabling
the physician to further explain certain steps of a procedure by
adding personal notes or drawings directly on the screen. These
pictures can also be printed and added to the written patient-
education document. The model is shown by using a password-
protected web-based application (Webapp). This makes it possible
to use the model from every computer or mobile device, which can
enter the internet. Access is also possible by using the hospital’s
Wireless Local Area Network (WLAN), enabling hospital staff to
work with the model from different rooms at the same time. In our
project, we presented the model to our patients by using a tablet-PC
(Apple iPad Pro, 12,9 inch, model A 1895) with the browser Google
Chrome.

Data Recruitment

From April 2019 until March 2020, all in all 51 patients were
prepared for surgery including hysterectomy by the same physician
at the department of Obstetrics and Gynecology of the University
Clinic of Wiirzburg (single-center-study). The patients of the control
group (Group A) received regular preoperative patient education.
The official, standardized patient-education sheets provided by the
company Thieme were used. They depict single steps of procedures
and anatomical structures of the female pelvis via 2D-pictures.
In the experimental group (Group B) we additionally used the

described virtual model for the patient education. The patients
were randomly assigned to the two groups A or B by picking a ticket
from a box (balanced randomization). Group A included 26 and
Group B 25 patients. The patients’ age ranged from 24 to 82 years
with a median age of 49 years. Table 1 shows the type and number
of different preoperative diagnoses, which led to the indication
for surgery and concerning patient education. Oncologic diseases
(51 % of cases) consisted of 8 cases of cervical cancer, 6 cases of
endometrial cancer and 5 cases of ovarian cancer, as well as one
case of rectal cancer infiltrating the uterus.

Table 1: Type and number of different preoperative diagnoses.

Diagnosis Number

Cervical carcinoma 8

Endometrial cancer 6

Ovarian cancer 5

Rectal cancer infiltrating the uterus 1

High-grade squamous intraep.ithelial lesion (HSIL) of the 6
cervix

Myoma 22

Dys- and hypermenorrhoea 3

Additionally, there were 6 cases of high-grade squamous
intraepithelial lesion (HSIL) of the cervix. Benign diseases (49
% of cases) consisted of 22 cases of symptomatic myoma and
3 cases of idiopathic dys- and hypermenorrhea. All surgeries,
which were prepared, contained hysterectomy. 23 abdominal
hysterectomies, 25 total laparoscopic hysterectomies (TLH) and
3 vaginal hysterectomies were performed. All patient educations
for both groups were performed by one single physician. The
duration of each conversation was at least 30 minutes. At the end
of the conversation, the patients rated the quality of the patient
education by using a questionnaire, which we created ourselves.
Consequently, there is no external validation. By using a self-made
questionnaire, we aimed to assess certain targeted aspects of the
virtual model. The questionnaire consists of a first part with the
questions 1 to 5, which are to be answered by choosing from a scale
of 1 (“very little” or “very poor”) to 10 (“very much” or “very good”).
They are shown in Table 2. In this manner, we aimed to measure the
patients’ personal, subjective opinion of the model.

Table 2: Questions 1 to 5, which are to be answered by choosing
from a scale reaching from 1 (“very little” or “very poor”) to 10
(“very much” or “very good”).

1. How well informed do you feel about the planned operation?

2. Did you understand the single steps of the operation?

3. Did you understand the anatomical structures and relationships?

4. How insecure do you feel about the planned operation?

5. How comprehensible was the education?
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Questions 1 to 10 are similar between Group A and Group B.
The second part of the questionnaire consists of questions 6 to 10
and offers open questions to the patients, which they answer by
using their own words and formulations. This was supposed to
objectively assess how much the patients had really understood
and remembered from the patient education. Questions 6 to 10
are shown in Table 3, together with notes to the assessment of
the answers. The questionnaires of the patients of Group B, who
received the 3D-model of the female pelvis for patient education,
additionally contained targeted questions towards the 3D-model.
These questions were answered by also choosing from a scale of
1 (“very little” or “very poor”) to 10 (“very much” or “very good”).
They can be seen in Table 4.

Table 3: Open questions to be answered by the patient’s from
Group A and B using their own words and formulations.

6. For which reason(s) will the planned operation be performed? (This
question was rated as correctly answered, if the patient stated the
diagnosis correctly. We accepted regular German terms (as well as Latin
technical terms). Mistakes in spelling were accepted.)

7. Which organs / structures will be removed during the planned
operation? (For answering this question, the patients had to name varying
amounts of structures, depending on the kind of planned procedure.
Stating the uterus as organ to be removed was obligatory. If the diagnosis
was a benign disease, the fallopian tubes also had to be named in order
to correctly answer the question. In case of more complex surgery,
e.g. treatment of ovarian cancer, the question was rated as correctly
answered, if the patient stated at least three correct structures including
the uterus. The answer was immediately rated as wrong, if one incorrect
structure was named.).

8. Through which access path will your uterus be removed? (This
question aimed at the differences between laparotomic, laparoscopic and
vaginal hysterectomy. If a patient undergoing TLH without morcellement
wrote that her vagina was the access path, through which the uterus was
removed, the question was rated as correct.).

9. Which risks does the planned operation have? (The patient’s answer
was seen as correct, if at least three different correct risks were stated.).

10. Please name or describe neighboring organs / structures close to the
uterus. (In our eyes, patients correctly answered this question, if they
enumerated at least three correct pelvic structures / organs.).

Table 4: Questions for the patients of Group B, rating the
3D-model. These questions were to be answered by choosing
from a scale reaching from 1 (“very little” or “very poor”) to 10
(“very much” or “very good”).

11. How helpful was the 3D-model for your understanding of the anatomy
and the planned operation?

12. Would you recommend the use of 3D-models for patient education?

13. Would you approve of a real 3D-model, e.g. made out of plastic, for
patient education?

14. Would you approve of an individualized model, showing your
personal medical condition, which shall be treated?

15. Was the interactive step-by-step presentation with the 3D-model
helpful for your understanding of the planned procedure and the
concerning anatomy?

Ethical Standards

The participation in this study was voluntary. All patients
signed a declaration of consent, that the data of the questionnaires

was allowed to be collected for scientific purposes. After the patient
education and subsequent completion of their questionnaire,
patients of Group A were allowed to see the 3D-model as well,
if they wished to do so, in order to prevent any disadvantage for
them. Patients were allowed to bring along relatives for the patient
education, if they wanted to. A certificate of non-objection was
obtained from the Ethics Committee for the University of Wiirzburg
from 11.04.2019 (application number: 2019030701). The model
is privately owned by the corresponding author with copyright
claims.

Statistics

For evaluation of the data we used Microsoft Excel for Mac,
version 16.16.21 and IBM SPSS Statistics version 24 and 25. The
Mann-Whitney-U-Test was used for testing the metric variables
(choosing on a scale from 1 to 10 points) of questions 1 to 5
between Group A and B for significance. Fisher’s exact test was
used for testing the answers to the dichotomous questions 6 to 10
(right or wrong) between Group A and B for significance. The two
named tests were used, as there was no normal distribution of the
data. The level of significance was set at 5 %. The symbol * indicates
significant differences.

Results
Subjective Rating of the Patient Education

Patients assigned to Group B, who received patient education
together with the described 3D-model of the female pelvis, rated
the quality of the patient education higher than the patients from
Group A, who received a regular patient education without the
model. The results are summarized in Figure 2, which displays the
differences in the median answers to the questions 1 to 5 between
Group A and B. These questions refer to the feeling of quality of
the patient education (question 1), the subjective understanding of
the steps of the surgery (question 2) and the anatomical relations
(question 3), the patient’s insecurity (question 4) and the perceived
comprehensibility for the patient education (question 5). For these
parameters, we found that patients from Group B rated the quality
of the patient education higher than those from Group A. Except for
question 4 (p = 0,286), the differences in question 1 (p = 0,024), 2 (p
=0,004),3 (p<0,001) and 5 (p = 0,007) are statistically significant.

Objectively Transferred Knowledge

The questions 6-10 aim especially at the patient’sunderstanding
of the planned operation and the corresponding anatomy. Results
are summarized in Figure 3. All questions in section 6-10 were
answered correctly more often by Group B. These differences were
not statistically significant (question 6: p = 0,67, question 7: p =
1,0, question 8: p = 0,11, question 9: p = 1,0, question 10 p = 0,05).
Yet, concerning question 10 (Please name or describe neighboring
organs / structures close to the uterus.) a tendency can be seen
with p = 0,05.
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Figure 2: Subjective assessment of the patient education.

Depiction of the assessment of the patient education, comparing Group A (N = 26, no 3D-model) with Group B (N = 25,
3D-model of the female pelvis for patient education).

The questions 1 to 5 are to be answered by choosing from a scale reaching from 1 (“very little” or “very poor”) to 10 (“very
much” or “very good”). The level of significance was set at 5 %. The symbol * indicates significant differences. Mann-Whitney-
U-Test.

1) Average of the points for question 1: Group A: 9,46, Group B: 9,88, (p = 0,024*)
2) Average of the points for question 2: Group A: 9,12, Group B: 9,80, (p = 0,004*)
3) Average of the points for question 3: Group A: 8,08, Group B: 9,80, (p < 0,001*)
4) Average of the points for question 4: Group A: 4,96, Group B: 4,04, (p = 0,286)

5) Average of the points for question 5: Group A: 9,04, Group B: 9,84, (p = 0,007%).
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Figure 3: Correctly answered questions to the patient education Percentage of the correctly answered questions 6 to 10. Group
A (N =26), Group B (N = 25).

These open questions were answered by the patients using their own wording. The answers were then assessed as right or
wrong (dichotomous questions). Fisher’s exact test was used.

6) Percentage of correct answers for question 6: Group A: 84,6%, Group B: 92,0%, (p = 0,67).

7) Percentage of correct answers for question 7: Group A: 73,1%, Group B: 76,0%, (p = 1,0).

8) Percentage of correct answers for question 8: Group A: 84,6%, Group B: 100,0%, (p = 0,11).

9) Percentage of correct answers for question 9: Group A: 42,3%, Group B: 44,0%, (p = 1,0).

10) Percentage of correct answers for question 10: Group A: 38,5%, Group B: 68,0%, (p = 0,05).
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Specific Rating of the 3D-Model

Finally, the patients’ evaluation of the 3D-model by Group B was
analyzed (Figure 4). The average rating of question 11 (How helpful
was the 3D model for your understanding of the anatomy and the
planned operation?) was 9,9 of 10 possible points. On average, the
patients from Group B rated question 12 (Would you recommend
the use of 3D-models for patient education?) with 9,6 points. In
addition, question 13 (Would you approve of a real 3D-model, e.g.

made out of plastic, for patient education?) was answered with an
average of 5,8 points. Moreover, patients rated question 14 (Would
you approve of an individualized model, showing your personal
medical condition, which shall be treated?) with an average of 8,1
points. Furthermore, patients rated question number 15 (Was the
interactive step-by-step presentation with the 3D-model helpful for
your understanding of the planned procedure and the concerning

anatomy?) with 9,9 points.
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patients (N = 25) who rated with the points indicated by the bars.

The bars show the amount of points with which the patients rated the question. The percentages show the proporiton of the

Figure 4: Evaluation of the 3D-model.

Percentages of the patient’s evaluations of the 3D-model by Group B (N = 25). The possible rating ranges from 1 (“very little”

or “very poor”) to 10 (“very much” or “very good).

Discussion

The results of this study show the successful use of a virtual,
simplified interactive model for patient education of women
undergoing pelvic surgery including hysterectomy. According to our
knowledge, this is the first time such a study has been conducted for
gynecological patients. The successful use of the model is indicated
by questions 1 to 5. They all show that patients from group B gave
better ratings for the patient education than patients from Group
A. In addition, questions 6 to 10, which were to be answered by the
patients using their own words, revealed more correct answers in
Group B than in Group A. Our findings, that patients approve of a
visualization of the concerning anatomy during patient education,
equals the findings from Baek, et al. und Sayed Aluwee, et al..
However, the named authors used individualized, physical models.
Additionally, these studies show relatively small case numbers
(N = 5 and N =1), which can be explained with the resource-
intensive production of such “hardware”-models [12,13]. Schmitt,
et al. present larger case numbers with N = 25 in both control- and

experimental group, but the data was generated for urological

diseases and procedures, again using 3D- printed, individualized
models [22]. The results from Schmitt, et al. nevertheless align with
our findings and indicate that visualization is beneficial for patients

during patient education.

Questions 1 to 5 display that patients in Group B feel better
educated than patients in Group A, who had no 3D-model for their
patient education. These subjectively answered questions focused
on the feeling of quality of the patient education (question 1), the
subjective understanding of the steps of the surgery (question 2)
and the anatomical relations (question 3), the patient’s insecurity
(question 4), as well as the comprehensibility for the patient
education (question 5). These differences between Group A and B
were statistically significant for questions 1, 2, 3 and 5. Concerning
question 4 (How insecure do you feel about the planned operation?)
the difference to Group A was not statistically significant. This could
show, that the explaining physician emphasized the possible risks
of the concerning procedure equally thorough in both groups, not
biasing on purpose. The descriptive differences between Group A
and B for questions 1 to 5 were mostly little. This could again be an
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indication that both groups were informed well during the patient
education and that a deliberate bias from the explaining physician
is unlikely. In addition, this could also highlight the importance of
a thorough and sensitive conversation itself for patient education,
making the chosen method (pen and paper versus 3D-model)
non-crucial. Nevertheless, our findings indicate that the use
of a 3D-model can improve the patient’s comprehension and
satisfaction.

On average, Group B gave more correct answers to each of the
single questions in question group 6-10, than Group A. With these
questions we wanted to determine if there was an objectively
improved patient education in Group B, since they asked the
patients to actively reproduce the information. From a descriptive
point of view these differences were considerable, raging up 29,5
% in question 10 (“Please name or describe neighboring organs /
structures close to the uterus.”). Yet, the differences in questions
6-10 between Group A and B were not statistically significant.
Nevertheless, with p = 0,05 for question 10, a tendency can be
seen, favoring the 3D-model. Thus, taking into account the small
case number of 26 patients for Group A and 25 patients for Group
B, further research with a greater amount of patients is needed,
in order to receive more clear findings whether an objectively
demonstrable increase of transferred knowledge is possible via the
described virtual model.

The patients in Group B approved of the virtual model (see
questions 11, 12 and 15). Additionally, they expressed interest into
further development such as an individualized model illustrating
certain diseases (see question 14). This need should be met in
future studies. Question 13 (Would you approve of a real 3D-model,
e.g. made out of plastic, for patient education?) with an average
rating of 5,8 on a scale from 1 to 10, shows a certain skepticism
from some patients and poses in interesting contrast to the stated
data above. Looking at the results more closely, one can see that on
the one hand 36 % rated this question with 1 to 3 points, showing
disapproval. On the other hand 40 % of the patients would like such
a physical model, as they rated with 7 to 10 points. Combining the
findings of questions 13 and 14, we expect a real, physical model of
the female pelvis, being able to show different gynecologic diseases
to be promising for patient educations. This should be further
evaluated in future research projects. A possible factor of bias in
our study could be the heterogenity of the patient-group, as well
as the types of surgery. The variation reached from abdominal
to laparoscopic and vaginal hysterectomy, due to benign, as well
as oncological diseases. We must assume that patients with a
malignant disease suffered from greater anxiety and possibly less
concentration during patient education than patients with benign
diseases. The small case number with N = 26 for Group A and N =

25 for Group B must be seen as a relativizing factor of our study.

Lastly, a subjectively well informed patient is more likely to be
satisfied with the ongoing procedures she experiences during her
stay at the hospital, especially as the patient education often is one
of the “first impressions” the patient receives from the hospital and
its team. In addition to the demand for Shared Decision Making and
Informed Consent, this should also be taken into account from a

legal point of view.

Conclusion

Our data shows that a self-made, simplified, virtual and
interactive 3D-model of the female pelvis can be of help for patient
education, confirming our hypothesis. Further research, including
larger case numbers, also as multi-center-studies, ought to be
added. In addition to evaluating the patients’ opinion directly
after the patient education with the model, it would be of interest
to evaluate the patients’ overall satisfaction with the experienced
treatment after having left the hospital. Adding to this, it should
be evaluated how physicians using the model for their patient
educations, rate the model themselves from a medical user point
of view. Moreover, the patients’ claim for an individualized virtual
model should be met, as well as further evaluating the patients’
skepticism concerning a real 3D-model, e.g. made out of plastic.
We expect a real, physical model of the female pelvis, being able
to show different gynecologic diseases, to be promising for patient
educations. This should be further evaluated in future research
projects.
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