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Abstract
Currently, there are sophisticated applications that make it possible to visualize medical images and even to manipulate them.
These software applications are of great interest, both from a teaching and a radiological perspective. In addition, some of these
applications are known as Free Open Source Software because they are free and the source code is freely available, and therefore
it can be easily obtained even on personal computers. Two examples of free open source software are Osirix Lite® and 3D
Slicer®. However, this last group of free applications have limitations in its use. For the radiological field, manipulating and post-
processing images is increasingly important. Consequently, sophisticated computing tools that combine software and hardware to
process medical images are needed. In radiology, graphic workstations allow their users to process, review, analyse, communicate
and exchange multidimensional digital images acquired with different image-capturing radiological devices. These radiological
devices are basically CT (Computerised Tomography), MRI (Magnetic Resonance Imaging), PET (Positron Emission
Tomography), etc. Nevertheless, the programs included in these workstations have a high cost which always depends on the
software provider and is always subject to its norms and requirements. With this study, we aim to present the advantages and
disadvantages of these radiological image visualization systems in the advanced management of radiological studies. We will
compare the features of the VITREA2® and AW VolumeShare 5® radiology workstation with free open source software
applications like OsiriX® and 3D Slicer®, with examples from specific studies.
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Introduction

Over the last years, new technological applications make it
possible to visualize and manipulate medical images, some
of them without any cost. These software applications need

to be sophisticated because nowadays there is not only 2D–
image information. Radiologists and the medical society in
general prefer to see images in 3D, which allow them to see
the anatomy and some disorders more easily. Image post-
processing procedures must be carried out by the radiologist
in order to obtain more information to help with diagnosis and
even to act as a guide for the surgical approach.

Software applications that are free and open-source are an
alternative for working with medical images compared with soft-
ware applications which are installed in the radiology worksta-
tion and are very expensive and difficult to obtain. Osirix lite and
3D Slicer are examples of free open source software applications
that are well known in the radiology community. These applica-
tions make possible to overcome the limitations of traditional
methods and promote the participation and interaction of stu-
dents, interns and specialists with the imaging contents obtained
with these new tools [1].

Our objective is to compare the open source free software
with the applications used in the radiology workstation to see
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the advantages and disadvantages of the free programs. And,
consequently, to determine whether open source software ap-
plications are a suitable alternative for the analysis of images
and for students to learn.

Materials and Methods

First of all, and in order to carry out our analysis, we have
chosen 5 patients with or without different pathologies

from the University Healthcare Complex of Salamanca.
We obtained all their imaging information from CT and
MRI (1′5 T) studies that were stored in the PACS
(Picture archiving and communication system) using
the DICOM format (Digital Imaging and Communication in
Medicine), which is a global standard for exchanging, han-
dling, visualizing, storing, printing and transmitting medical
images.

We have chosen two free open source software programs
which were running on a Macintosh OS (Macbook Air, CPU

Fig. 1 Angio-CT study with postprocessing for a study of the abdominal aorta and iliac artery to assess their permeability with VITREA2®

Fig. 2 Lumbosacral spine study after L4-L5 fusion with OsiriX Lite software
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at 2 GHz, 8 GB RAM, 32 bit OS): Osirix lite version 8.0.2
(www.osirix-viewer.com) and 3D Slicer version 4.2 (www.
slicer.org). The first one was developed by the Department of
Radiology andMedical Informatics of the University Hospital of
Geneva in collaboration with the University of California at Los
Angeles (UCLA). The other open source software program was
developed by Slicer Community over 15 years ago.

The hospital workstation is a Microsoft computer with a
Windows operating system. It contains Vitrea2® version
4.1.14.0 from Toshiba medical systems. It is a medical diagnosis
system which allows its users to process, analyse and review the
images, as well as to transmit and exchange multiplanar digital
images. Additionally, we have used AW VolumeShare 5®
(AW4.6) from General Electric to achieve tractography images.

Fig. 4 Image processing to obtain a tractography image with 3D Slicer

Fig. 3 Image processing to obtain a tractography image with 3D Slicer
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In order to compare the free open source software programs
with the applicationswhich are included in theworkstation of our
hospital, we have used the same DICOM format from those 5
patients. First, we have processed and analysed the images on the
free software programs and then on the workstation.

Moreover, we have done a literature search on Pubmed
with the terms BImaging diagnosis^, BFree Open Source
Software^, BOsirix lite^ and B3D Slicer^ as keywords in order

to obtain more information about free open source software
programs.

We have used the manual called BDiffusion Tensor
Imaging Tutorial^ for 3D Slicer, which was obtained
from their web.

Results and Discussion

Free Open Source Software Programs

Free Open Source software is a system that offer the freedom
of using, studying, sharing, and modifying that software to its
users. Although it is a new and recent concept in the medical
community [2], there are different open source software appli-
cations which make it possible to manage medical images.
There are currently over 150 diagnostic applications available.
Despite this large range of possibilities, each of these applica-
tions have different qualities which may make them more or
less useful, depending on our needs.

According to the advice published byValeri G. et al. (2014)
[3], in an article analyzing over 40 software applications, we
have decided to use the two most recommended programs,

Fig. 5 Representation of a tractography image in a patient with a tumor
brain with AW VolumeShare 5®

Fig. 6 Angio-CT study with postprocessing for a study of the abdominal aorta and iliac artery to assess their permeability with VITREA2®
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due to the wide range of computing requirements theymet and
the image post-processing options they offered. Therefore, we
will present a comparison between these two programs and
the workstation that is used in our hospital.

OsiriX Lite

OsiriX lite was the first program we chose for a comparative
study with the workstation. It was our first choice because we
already had experience with it. Also, according to Valeri G. et al.,
it is one of the most complete free software programs. It is one of
the best-known software applications and has been adapted for
MacOS and iOS, although it has not been adapted for Windows
XP. It uses the DICOM format which makes it possible to trans-
fer images from the workstation to the application easily. Unlike
many other programs, it makes it possible to post-process the
images and to achieve a volumetric analysis which can be con-
figured to obtain MPR (Multiplanar Reconstruction) MIP
(Maximum Intensity Projection), and 3D images. This can be
seen in Fig. 1, which shows an aortic dissection in different
projections with good image quality.

In addition, using a 3D processing we demonstrate that
there is a good correlation between the information provided

by OsiriX and the normal anatomy. Consequently, it is very
useful for surgical planning and guidance during the operation
[4–6], as well as for students as a support for the anatomy
study. Figure 2 presents a postoperative lumbar image. The
3D images make it possible to see whether the surgical mate-
rial is placed correctly. Compared with VITREA2, the quality
of the image seems similar. In our experience, MPR studies
are very adequate and provide good definition.

However, the free version of the software (OsiriX lite) is
more limited. It is not certified for use as a first diagnosis. In
order to use it as a working tool and for diagnostic purposes, it
is necessary to purchase OsiriX MD, which is commercial
software under license [3]. In addition, there are some features
which are not available in the free version, and in these cases,
it is necessary to download OsiriX MD.

Moreover, while working with OsiriX lite, an advertise-
ment to buy their commercial software pops up, and this
makes the experience rather annoying.

3D Slicer

Our second option, 3D Slicer, is a free open source software
platform for medical images which can process them and

Fig. 7 Perfusion study to assess brain parenchymal viability with VITREA2®
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show 3D studies. The latest version is 4.6, but we have used
version 4.2 because our team was already familiarized with it.
One of the options offered by this software which is not in-
cluded in other programs is the possibility to obtain diffusion
tensor imaging from diffusion weighted images [7], and it
provides estimates and generates images of neural fibres
(Figs. 3 and 4).

In addition, one of its strong points is that it is able to generate
tractography images without previously processing them in the
hospital workstation [8]. It is very useful for the students in order
to learnmore about neuronal fibre tracts. However, the process to
obtain tractography images is complex and it is necessary to
spend several minutes working on it, because it is not as intuitive
asAWVolumeShare 5®.One of the steps that is necessary to do
in order to obtain a DWI format for weighting the tracts, is to
convert DTI in DWI which is quite complicated.

Workstation

The University Hospital of Salamanca uses VITREA2® and
AWVolumeShare 5®. Some examples of the work that can be
done with this device are tractography studies, which offer a
better view of the main neural paths so that neurosurgery can

be planned more accurately by locating the tumor and the
neural paths affected depending on the approach [9, 10]
(Fig. 5), and even make it possible to assess neurodegenera-
tive diseases. It can also be useful for students to learn about
the main neural paths more easily, as well as automated vas-
cular measurement, which provides information for vascular
surgeons prior to surgery [11] (Fig. 6); brain perfusion scan to
assess how much brain tissue is viable after a stroke [12]
(Fig. 7), and which will make it possible to take a decision
on the start of anticoagulation therapy. This software is also
useful to make 3D reconstructions of the skeleton (Fig. 8).

However, there are also some disadvantages, mainly its
high cost, which makes it difficult to acquire the software
for individual use, particularly in public hospitals in which
fundingmay be lower. Also, the software can only be accessed
by one user per licence. This, together with its price, leads to a
major restriction for the daily activity of the unit.

Conclusions

The two free applications that have been analyzed, Osirix
lite® and 3D Slicer®, have advantages and disadvantages

Fig. 8 Lumbosacral spine study after L3-L4-L5 fusion with Vitrea2®
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compared to the application of the workstation, which uses
Vitrea2® and AW VolumeShare5®.

Free software may be a good alternative to worksta-
tions, which involve spending large amounts of money.
Also, we have seen that the software analysed here pre-
sents many of the functions required for radiological
diagnosis. However, free software has some limitations
on its choice of image processing. Another handicap of
these programs, perhaps more importantly, is that they
must be accompanied by a quality certification which is
not always included. If it cannot be purchased, the pro-
grams cannot be used for diagnostic purposes [3], al-
though they may be used for training purposes.

From our point of view, a workstation is needed for radiol-
ogists to acquire information, especially for the first diagnosis.
But if the purpose is to study and practice with the images, free
open source software could be the best choice.

One of our purposes in the future is to demonstrate that 3D
Slicer is reliable to guide the neurosurgical process compared
to AWVolumeShare 5®. Another idea for future analysis is to
see if students would be satisfied with these programs to learn
more about anatomy and also for some pathologies.
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