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Abstract
Computer applications have been incorporated as valuable components in teaching, especially thanks to the advancement and
innovation of new technologies during the last decades. The implementation of these computer developments in medicine and in
the field of medical teaching with different utilities has been a revolution. This is manifested with greater intensity in certain
medical specialties and in different areas of medical education, for example in the study of human anatomy, especially in parts of
the human body of great complexity such as the pelvis and the pelvic floor of women. New technologies are also important in the
use, study and interpretation of radiological tests, including ultrasound and nuclear magnetic resonance. This implies a change in
the study and learning techniques of students, resident doctors and specialists in gynecology, radiodiagnosis, urology and many
other medical specialties, considering new computer developments as a good alternative or complement to existing teaching
methods. For this reason, we consider that computer programs like the one we present in this work can be very useful in the future
of education and more specifically in the training of specialists in medicine.

Keywords Medical education . Computer development . Anatomical-radiological atlas . Female pelvic floor . Nuclear magnetic
resonance . Ultrasound

Introduction

The advancement of new technologies has meant an important
progress in medicine, especially in recent decades. The com-
puter developments of which we can make use at present have
stimulated a revolution in medical training, as well as in the

practice of medicine. Currently these technological advances
are being incorporated in the field of medical education with
the aim of improving the efficiency of this teaching, providing
a more technical and modern basis that facilitates learning in
different areas of medical knowledge [1–5].

Within the range of tools that we can use in medicine, we
find image studies. These tests facilitate knowledge of the
anatomy and diagnosis of many pathologies; therefore, it is
essential in medical training a good knowledge and interpre-
tation of these radiological procedures. Our aim has been to
develop an interactive application that serves as a teaching
tool, based on tutorial systems, which provides the user with
ultrasound (endovaginal-transperineal-endoanal) images and
magnetic resonance imaging (MRI) in order to guide them
in their learning. In our work we have focused on a complex
anatomical area such as the pelvis and the pelvic floor of
women, contributing to the study of this area with a true
anatomo-radiological atlas. [6–15].

The pelvic floor is the supporting structure of the organs of
the pelvis. It is composed of muscle groups and connective
structures (fascias and ligaments). Three compartments are
established from the anatomo-functional point of view:
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anterior, middle or central and posterior. Complementary tests
such as conventional radiology with contrast, nuclear magnet-
ic resonance (NMR) and ultrasound are used to diagnose
many pathologies of this anatomical area [16–26].

Our purpose is to provide medical students and resident
doctors with a tool to expand their knowledge in anatomy
and in the interpretation of radiological images, through the
use of interactive computer applications. This form of learning
through technological resources, such as the one we present, is
considered a good alternative or complement to the teaching
resources currently used [25–30].

Methodology

Acquisition and processing of radiological images

All images were obtained from a 29-year-old volunteer wom-
an with no known history of gynaecological pathology.

Nuclear magnetic resonance

We used high resolution images, enhanced in different se-
quences (T1, T2 and proton density) in the three planes of
space (axial, coronal and sagittal) for the overall anatomical
study of the abdomen and pelvis. However, we only included
high resolution images of the pelvis, spaced 0.5 mm and im-
proved in proton density (DP) for our computer development.
We use a 1.5 Tesla unit (Magnetine Healthineers, Siemens) to
obtain images of the three planes of space.

The acquisition protocol consisted of sequences in two
dimensions (2D) of the abdomino-pelvic region with the
following parameters common to the three orientations:
repetition time = 3220; echo time = 14; thickness of cut of
3 mm; matrix = 512 × 512; turning angle = 150°. The spe-
cific acquisition parameters for each orientation were for
axial and sagittal planes: space between cuts = 3.6 mm and
pixel space = 0.547 mm × 0.547 mm. For coronal plane:
space between cuts = 4.8 mm and space between pixels =
0.586 mm × 0.586 mm.

Fig. 1 Toolbar of small icons in
the left area of the screen
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Ultrasound

Two ultrasound scanners (Siemens Acuson Antares and
Voluson E6) were used to acquire the images of the pelvis
and the pelvic floor, with different image modes [B-mode,
M-mode, color Doppler, intensity Doppler, pulsed Doppler
(PW), continuous Doppler (CW), and three / four dimensions
(3D / 4D)].

These ultrasound devices allow the acquisition of anatom-
ical and volumetric images from any plane, with advanced
volume contrast and differentiation of structures with great
precision. All this thanks to the technical specifications of
both devices and the chance to use different types of probes:
convex probe CH6-2 [2-6 MHz], endovaginal probe EV9F4
[4-9 MHz], intracavitary probe IC5-9-D [4-9 MHz] and con-
vex probe 3D / 4D RAB4- 8-D [2-8 MHz].

The exploration routes used were vaginal, transintroital,
rectal or endoanal and transperineal. It was necessary to place
the patient in a position of dorsal lithotomy with the hips
flexed, in light abduction and with the heels close to the but-
tocks to capture the images (at rest, contraction and with
Valsalva maneuver) through the different routes of
exploration.

Installation and minimum system requirements

Our computer program is prepared for self-execution.

The minimum computer equipment requirements are a
32 MB memory card that supports DirectX 8.0 in window
mode, a Pentium III 450 MHz processor; 128 MB of RAM
and 40 MB of free memory on the hard drive. It is recom-
mended that the computer have a 3D acceleration card that
supports DirectX 9.0 in window mode such as NVidia’s
GeForce range or the ATI Radeon range.

The programming has been made in visual C, including
ActiveX controls, designed to optimize the graphic accelera-
tion capabilities of current equipment.

Results

Generally the computer programs for teaching are formed by
three modules: the module that manages the communication
with the user, the module that contains the information of the
program and the module that manages the actions of the com-
puter and its answers to the actions of the users.

The interface is the element through which the communica-
tion between the users and the computer program is established.

An interface easy to understand and use, like the one we
present in our computer program for the visualization and
interaction with the anatomical structures of the female pelvis,
through images of complementary tests such as NMR and
ultrasound, allows users (students or resident doctors) im-
prove and speed up their learning.

Fig. 2 Screen of the anatomo-radiological viewer of the pelvic floor. On the left side MRI with a list of main anatomical structures in the lower area; on
the right side the ultrasound vision options are displayed
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The options to handle the images are available in a toolbar
with small icons (Fig. 1), which include a zoom, mobilization
of the image, add or remove one of the planes of the space, and
others options.

Our computer application allows the user to navigate freely
through the MRI and ultrasound images. We can analyze from
any angle and in the three planes of space (axial, coronal and
sagittal) the sectional images of NMR. A list of the main
anatomical structures of the female pelvis is shown in the
lower area of the screen, being able to select any of them to
locate it in the image (Figs. 2 and 3).

The ultrasound images can be evaluated one after the other,
simulating movement and placement de cursor over the

structure shown it can be identified (Figs. 4 and 5). Our com-
puter development allows the simultaneous display of MRI
and ultrasound images, facilitating radiological correlation
(Fig. 6).

Discussion

The technological and computer resources have been incorpo-
rated into our daily lives, innovating and facilitating many
aspects of it. In the field of education there is a constant desire
to incorporate technological advances, in order to implement
student learning and provide teaching resources [1, 2, 27, 29].

Fig. 3 MRI with anatomical
structure identified in the image
with green color
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The use of computer programs is especially advantageous
in the teaching of human anatomy and in the interpretation of
radiological diagnostic tests, consisting of the anatomical vi-
sualization of each patient.

Imaging studies help in the knowledge of the anatomy
and the diagnosis of different pathologies that affect the
pelvis. These techniques have evolved over time, improv-
ing their diagnostic accuracy and serving as essential

Fig. 5 Screen of the anatomo-radiological viewer. The ultrasound image on the right shows the identification of the anatomical structures that can be
recognized

Fig. 4 Ultrasound image with the
identification of bladder when the
cursor is over it

J Med Syst          (2019) 43:110 Page 5 of 8   110 



decision elements to support a therapeutic plan [6–11,
13–15, 31–33].

Physical examination is an important pillar of the assess-
ment of anatomical lesions and alterations of pelvic static in
the field of Urogynecology. Due to the anatomical complexity
of the pelvis, the necessary precision in the location of the
lesion, the importance of the existence of an adjacent anatom-
ical lesion and the possibility of need surgical treatment it is
necessary to use the images obtained from NMR and ultra-
sound for the diagnosis and treatment of some pathology pro-
cesses [12, 16–26, 34–37].

For this reason, we consider that our computer develop-
ment can be used as an important tool for medical educa-
tion in the university or practicing a medical specialty such
as gynecology. We have focused on an area of special an-
atomical and functional complexity such as the pelvis and
the pelvic floor of women. We present images of ultra-
sound and NMR, with the possibility of assessing them
together, making it possible for the user to relate the im-
ages and the anatomical information of each structure. The
MRI of our computer program allows the visualization of
the anatomical structures of the pelvis and the pelvic floor
in the three planes of space. The user’s interface of our
computer development enables a simple and intuitive com-
munication between user and program, permitting to focus
on a specific pelvic structure, its information and its visu-
alization using different imaging techniques. For all the
reasons explained above, we consider our computer

development as a good teaching tool that can be useful
for the diagnosis and treatment of pelvic floor pathology
[29, 31].
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