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SUMMARY

Our current work aims at compiling a computer-
ized procedure that will allow different data sets
to be integrated via the generation of a brain
mapping system using the Linux operative sys
tem. This will provide a digitized moddl of the
brain based on serial sections of the organ. The
sections will be voxelized, thus obtaining spatial
control of the images processed. The system will
per mit the linking of specific brain areas to asso-
ciated data bases, creating true spatial thematic
maps. Our development includes the use of
physical and logical computer elements that will
allow the allection, management, andyss,
modul ation, representation and output of datato
brain territories.

Key Wor ds. Geographic Information Systems —
Data Bases — Human Brain — Neurosciences —
Workstation.

INTRODUCTION

Insight into brain morphology and function is
one of the greatest challenges currently occupy -
ing modern science. In recent years, innovations
in imaging techniques have dforded brain
research a new dimension in which to expand
our knowledge of this organ.

It is today unquestionable that computerized
techniques play a key role in our knowledge of
both the structure and functionality of the brain
owing to the fact that, either alone or combined
with diverse medica techniques, they allow us
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to reconstruct images of the brain directly from
patterns of electromagnetic signals.

However, current demands mean that tech-
nology must be given priority in our attempts to
improve the services available to humankind. All
this information must be processed and pr esent-
ed in graphic form.

The past decade has seen an enormous spurt
of development in the field of programs able to
manage files (especially geo-referenced files)
contained in a database and linked to graphic
files aimed helping researches to create new
information (Hall et al., 1996). These programs
ae called Geographics Information Systems
(GIS).

Geographic Information Systems are a spe-
cialized type of database characterized by their
ability to handle spatially referenced information
and to represent this graphically (Gatrekk and
Bailey, 1996; Bosque Sendra, 1997). To date, in
the field of the health sciences these systems
have only been used to obtain epidemiological
maps relating to certain diseases, permitting the
planning of health policies in areas of preva-
lence (Hall et a., 1996; Vine et al., 1997).

In the field of medicine, the possibility of
using suitably processed, graphically— and spa
tiallyzlinked information is of incalculable value
in decision making. Accordingly, our purpose is
to create a computerized information mapping
system of the human brain with a view to facili-
tating decision-making based on spatially related
data. The convergence of very diverse fields of
knowledge of the brain, all of them orchestrated
and ordered, will afford complete information
about this structure, ranging from embryonic
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development, which reveal sthe keysto anatomy
and higher organization, to brain pharmacoki-
netics, which encompasses the role different
drugsin brain function.

We believe that the use of such systems as
applied to brain geography is of great impor-
tance for the generation of a large data base,
with its spatial correlations, which should be of
enormous practical use in research in neuro
science.

METHODOLOGY AND SUPPORTS

For the anatomical generaion of the whole of the
human brain, adigitized and very precise modd
of this structure is required. We thedore decid-
ed to use 1 mm thick serial sedions obtained
from the Viside Human Project (Fg. 1) snce
these fulfil the demands of the intemaional sci-
entific community as regards thecreation of a vir-
tud modd of the brain. Compilation of the
grgphic information for processing was accom-
plished using voxel technology, which afforded
gpatid control over the processad images. Two
hundred and fifty coronal, sagittal and axial sec
tions (Fgs 2a, b and c, respectively) of the head
wer e selected for voxelizaion on a Linux plat-
form.

As a support for better graphic performance,
a Silicon Graphics O2 workstation was used.
This was later be transferred to Windows NT,
W’ 95 or W’ 98 systems.

The implementation of this application in the
Windows environment for a voxel association
linked to a data base was developed in Visual C.
The ODBC (Open Database Connectivity) was
used to drive the data base; this is an interface
defined by Macintosh for connections among
applications and different types of SQL (Struc
tured Query Language) databases.

SQL is a tool designed for the organisation,
management and retrieval of data stored in data
bases. As indicated by its name, SQL is a com
puter language that can be used for interaction
with a database and, more specifically, with a
specific type of database known as relational
database The languageiseasy to learn and isa
complete tool for data handling. Queries about
data are expressed in sentences and these must
be written according to the language' s syntactic
and semantic rules. The difficulties inherent to
the most updated version of this have been
reduced in the sense that most sentences have
been replaced by visual commands included
within the Windows environment (Mddes,
1995).

Each of the brain sections was assigned cer-
tain structured non-graphic attributes that
allowed separate visualization of different brain
dructures and the posgbility of navigating
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through them to determine their morphology.
Accordingly, users are able to access three-
dimensional images of any brain structure and
also make sections of it along the plane they
wish.

Once the voxel set had been established, it
was possible to make consultations and analyze
spatial maps. Thus configured, the brain was
subdivided into finite elements of approximately
1 mm?3, implying a data base of between 5 and
10 million entries. Data input was accomplished
by tracing the maps by sections with an interface
that filled in the nodes of the database. Thisway
of dividing brain volume into discrete finite ele-
ments of fered a considerable advance over tra-
ditional methods since it permitted spatial analy-
sis of the brain and hence the possibility of
analyzing the relations between different brain
areas.

A system based on universal sereotaxic atlases
(Tailarach et d., 1967; Schdtenbrand and Wahren,
1977; Rechet, 1980; Tailarach and Tour noux,
1988; Mal et al., 1997; Kretschmamn and Warrich,
1998) was developead that allowed the predse
locaisation of any point of the brain and that also
defined the names of the nodes or entries. These
coardinges are of grea use in neurosurgay.

The minimum hadwaerecommended for the
development would be a compute with a Pen-
tium 1l 266 MHz procesxor, 128 Mb of RAM, an
8Mb SVGA video contrd card, a 15 inch screen
or laxrger, a 32x (D-ROM player and a sound
cad.

For the management of the whole setup, a
user -friendly interface was used; this was oper-
ated through intuitive menus that offer high res-
olution brain images accompanied by informa-
tive texts.

ResuLTs AND COMMENTS

Our computer application allows the retrieva
and presentation of documentation in a specia
(Fig. 4) way; it therefore serves as an excellent
database on brain territories based on a user-
friendly interface for instantaneous visualization
and retrieval of associated information about the
brain areain question (Fig. 4). Thus, thebrainis
incorporated into a huge isotopic network of
active nodes, each of them being a database
entry whose fields are the intrinsic characteristics
of the node.

Since all data are assigned geographically, it
is possible to obtain the brain maps requested by
users, offering a powerful tool in research and
the management of information about the
human brain.

It is also possible to make simple or complex
consultations based on the data location of non-
graphic objects located in the sections, and of
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Screen from the Visible Human Program used in our study, from which the differ ent brain sections were taken.

Set of a serial sections on thr ee spatial planes: coronal (a), sagittal (b) and axial (c) used for the generation of avirtual three-dimen-
sional model of the brain.

a, b: Representative examples of the generation of a three-dimensional image of the human brain from serial sections from the Vis
ible Human Project by voxelization.

Representation of different screens with the different options offered by the menu and complementary informative text.
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data stored in external databases. These consul-
tations can be saved in working sessions.

In a well-structured data base, the use of
finite elements for brain studies facilitates data
input to a considerable extent. Thus, on high
lighting any area of the brain section the system
automatically opens the corresponding entries
(node of the network detecting them) both for
adding written information concer ning them and
for requesting information. The application is
able to link two- and three-dimensional areas
with associated databases. It also has the capac
ity to accomplish topographic reconstructions of
areas for analytical purposes.

Users are able to make specialized consulta
tions with a view to creating thematic spatial
maps that highlight the different types of ele-
ments retrieved from a single database. It is pos
sible to make any section of the brain on the
three gpatial planes (coronal, sagittal and axial)
or to create transparent areas or spatial structures
of empty zones.

A further aim of our application was to
include a cross-reference system (links), allow-
ing users to access sites of interest for additional
information. Undoubtedly, theincreasing interest
of physiciansin the Intemet has made it a pow-
erful tool for the transmission of information
among large numbers of people and hence a
very useful additional resource in biomedical
research.

Geographic Information Systems are designed
to work with information organized in databases
and referenced to spatial units of anaysis via
their geographic ooordinates (Bullen et al.,
1996). They are also able to anayze the infor-
mation through a set of predefined operations
and functions (Croner et al., 1996). The great
advantage of GIS technology as compared with
conventional databases lies in the possibility of
interrelating data from internal and external
sources as well making rigorous analyses of such
data.

The Linux operative system used for our
work —32 bits, multi-area and multi-user— permits
compatibility with Internet communications pro-
tocols (TCP/IR Transfer Control/Internet Con
trol). It provides a graphic user interface (GUI)
similar to X-Windows based on UNIX. Linux per-
mits access to the source code to create a new
executable (runnable) program; that is, it is pos-
sible to compile the nucleus of the operative sys
tem again to obtain a “custom” version. Since
Linux isa UNIX version, it maintains compatibil-
ity at source-code level with System V and BSD,
which are better known and more representative
of UNIX.

We believe that the development and imple-
mentation of the first GIS on the human brain
proposed by us offers a novel tool for consulta
tion and allows the association of as much infor-
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mation and scientific knowledge as is available
about this organ in the different specialities of
the newosciences (Neuroanatomy, Neuroen-
docrinology, Neurosurgery, Neuroradiology,
etc). The computerized system will help to ori-
ent the judgments of professionals in decision
making since it offers the possibility of record-
ing, storing, refining, analyzing and visualizing
infor mation.

Technological innovations and the use of
sophi sticated mathematical models are currently
permitting three-dimensional reconstructions of
brain images that will facilitate diagnosis and the
localization of pathological processes, as well as
the most appropriate approaches for surgery
whereindicated (Juaneset al., 1996, 1999). Thus,
the huge potential of brain images to increase
our knowledge in this field is fast becoming a
fundamental tool for specialists researching all
areas of the human brain.

Computerized documentation sysems ae
indeed proving to be highly efficient toolsin all
the health sciences. The spectacular advances in
information technology have led to the emer-
gence of highly specific applications that af ford
complete and very detailed access to many areas
of knowledge and there is no doubt that they
now alow professionals to carry out their activ-
ities in ways radically different from just a few
years ago. Digitized information systems, the
infor mation highways, remote medicine, etc., are
now widely used by such professionals and
these increasingly fedl that no innovation can be
possible without the accompanying infor mation
and communications technology. With this in
mind, we aim to set up aweb site for such pur-
poses. Currently, when physicians refer to the
Internet they are well aware of itsimmense pos-
sibilities: access to large databases, rapid con-
nection to different sources of information, or
the devdopment of multifocused research
through a cheap, user-friendly communications
system. These aspects, together with the large
amount of graphic documentation that is avail-
able to us, are what prompted us to publish our
application on this network of networks.

In recent years, in the sphere of scientific
enquiry GIS have proved to be excellent tools
for any type of research in any scientific field.
Currently, GIS applications in medicine are lim-
ited to the field of epidemiology, focusing on the
location of mainly infectious diseases in relation
to environmental factors. As example as applied
to medicine would be the so-called GI S-EPI (EPI-
demiological GIS); the aim of these is to help
strengthen the analytical capabilities of workers
in the health sector, providing efficient tools to
cover the contingencies that might arise in such
tasks (Abdel-Rahman et al., 1997; Yilmaand Mal-
one, 1998; Bamford et al., 1999; Zenilman et al.,
1999). These computerised tools will allow the
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Fig. 5.- a, b andc: System of stereotaxic coordinates used for the search for specific information about a specific part of the brain, analyzed
with different imaging techniques.

analysis of health situations and the monitoring We believe that this application could become
and assessment of the effectiveness of possible the greatest database on the human brain, both
interventions, so crucial in decision-making and as regards anatomy (the precise definition of
planning in the health sector. each of the physical elements) and as regards
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information related to anatomy (Radiology,
Pathology, Neurosurgery, etc.). It therefore
seems evident that the Internet will serve to
aggl utinate the information we have compiled so
that other professionals will be able to access
them and keep them updated with new infor-
mation as it becomes available.

In sum, we believe that our application will
alow access to the complex structure of the
brain through a convergence of information
compiled in different databases orchestrated for
the handling of large amounts of very important
information from different fields of the neuro-
sciences. Addtionaly, it will provide many
blocks of information that are readily integrable
thanks to GI S technology.
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