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Abstract

Broin arlcies corstinte one of the moxt imporfant aid sysiems

Jor newrosurgeons and rewrovadiologisis o their daily
climical work Soae of the atlas fhipes with more relevance
today are the deformable arlases. In this paper the
implearentation of @ mew graphical system for the handine
ertd adfustment of brain atlases is presemted, Different opdions
ave iclided The most relevant (s the sew developed method
af adinstment. Tn it 6 different gpproachies have been
implemented, T of them novel wio use veciorial fields o make
the adiusiment. frn addition, the spotem alfows the placement
of the patient in the Talgirach ceordinale swstem. It
afamatically locates the MWid Saginad Plare amd the Amerior
and Posterior Commissures. The mew adiastarent method offers
an averape precision of 2,734 s The spstem sansfaciorily
locares the M .':ugu'r.rﬂ.l' Plerme and the Amterior and Posterior
Commissures.
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1 Introduction

The neurosurgeans and neurorsdiologists are two groups that
need fo accurately bdentify certain points oF sLruchieres in a
patient’s brain. Differcnt systems are wsed fo ajd in this
identification. One of them is the brain atlas. Since the
appearance of printed atloses, atlases have evalved and have
become into more and more sophisticated computer programs
like digitalized, deformable and probabilistic atlases, The
deformable and probabilistic brain atlases form par of o widely
stidied line of research (Thompson and Toepa, (1996}, Toga
wndd Thampson, (2000)), This aricle will focus on deformable
atlases, where the new developed adjustment method is
Formmecd.

Deformable brivin atlases part from two scts of images, one in
the atlas and another ome in the patient’s bron, The objective
is 1o find the homologous atlas peints or structures on the
patiend or the other way wround. DifTerent fechnigues exist for
this. A first classification could be linear and nonlinear. In the
linear classilication, ranslations, riations and scalings are
made. The restof the deformations are meluded m the nonlmear
classification. The most extended are the warping techniques,
Toga and Thompson, 1998, 2000 and Thompson, 20045,
established a classification of warping algorithms directed by
intensity and directed by the moded, The first matches intensity
patterns by regions in each slhice based on mathematical or
statistical criteria. In this case, different approximations also
exisl. Un the contrary, in the algorithms directed by the model,
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the models are explicitly built first, representing separately the
identifinble anatomical elements in each one of the slices to be
matched. In this case, the approaches are determined based
om the explicit peometry of the structures. Models are formed
using points, curves or surfaces of the structures. The new
adjustment methad would be included within the deformable
atlases, nonlinear transformations, warping directed by the
model and created using points. To extend the concepls treated
here consult Toga and Thompson, 1998, 2000 and Thompson,
LI

The descripthon of the new adjustment method and the rest of
the opthods of the system are presented in section 2, Section 3
includes the obtained results after processing 10 patients.
Lastly, section 4 gives the conclusions and section 3 mentions
future work s

2 Material and Methods

2.1 New Adjustment Method

The new adjustment method consists of & different
approaches, 2 of them already used previously, 3 of them new,
and the other one is an improved version of a well-known
technigque. It is worked with two sets of points in it. One is
identified in the atlas and it is denoted a5 a . The other one s
identified in the patient’s brain and 5 demoted as ¢ The
composition of two applications is used (or g) 1o obtaln this
pdjustmeent; s the affine transformation and g uses 5 different
approsches.

The first of the approaches, only applies o the affine
transformation. Among all the affine applications, the one

being searched For ks the one for which the sum of the squares
of the distances between {3 hand ¢ For =18

&
i5 minimum. Thismmm.zm- 5 ¥ wherebh=fla)

(1]

In the second appreach. application g is defined by a
displacement measured from the inverss of the relative distance
to the reference points. g s obtxined in the following manner:

'I N
(x)=x+ JxXe, =5;)
ELX i q{x gq i ,

a(=lx—b ke b, g)=D ()
b=

where | |* indicates that the factor is suppressed

In the third approasch, g is obtained using a simikar idea, but in
this case o svstern of equations is solved. Let s=c-b. In this
case, g % searched for so that g(b y=c , g=identity+h, ‘where h
will be a iransformation for hib =5 i=1....,M. Lei b be the
center of a deformation -:II that in'a phint, g, has the following

&)
kE* +(q—5b)lg-5)
vector that corresponds to the displacement of the point b,
given that g=b — d{b)=u. k is a scaling factor and must be
interpreted in the following manner: 1f the distance between g

and b 1= k, then
(g-b }.(g-b)=k* and d{gi=u /i, h is defined as:

] N .I::u
Mar="%"d. le)= : < 1
(=24, §k~+w—b.-:n.w—b,;r

value: 4:{4) = . where u is @

In the last approsches, application g uses displacements that
approximately conserve the wolume using three different
vectorial fhelds,

A vectorial field Wy v,z =wfx,p, 2020 is considered where
wix, v,z is o function 1o choose, B is a vectoral feld, whose
value in paint (x,v,z), knowing Wixy.zl, is given by i y 2=
wx =iy she eix, v,zix, O, so that it s completely defined
by the function wof & in &

N=Rot W is taken, where Bor is the rotational.

The last guaraniees that aiv XY=, where div is the divergence,

The first vectorial {leid,
( xz ¥z 1+2
Meiz) _L{Hf +¥+2F (148 + 7 +27 28 17 +2F

3 L . u{_t1_!_r_| .E-:' -}
is obtainad by taking 2‘14_1_1_'_}'14_:1).
Figure 1.a shows the tangential lines 1o the displacements of
this first vectorial feld,

The vectorial field

second used is:

(xz pzl—x — ')

:'I * 'i: "::

¥ix.p.2)= . which was obtained

by taking 20X, ). 2) = Jgrtarisst - Figure | b shows the

tangential lines to the displacements of this second vectorial
field. The third wectorial field osed is

[2::,2}-2.1 -xt =y +z_I]|

2lx,p.z)=
{x_l- -I:T] {1+I!+J_.]+__—!}l

. which was
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Figure 1.c shows the tangential Imes to the displacements of
this third vectorial field.

obtained by taking u(x,y,z)= T

In the previous fields there is one scaling factor missing that
establishes the velocity with which the displacement is
cushioned as it moves away from the generating point. For
the first vectorial feld each coordinate is multiplied by 1%,
the resulting formula is:

, kxz Kyz kil +2)
‘“‘”]‘[w by 2T O 4 P 12T O 4 0P 2T

k expresses the distance to which the displacement amplitode
i5 reduced in hall. In the wher two vectorial felds k s also
s,

The constant k considerably influences in the results. [n the
implementation, k is obtained by &=cte*value. To caloulats
this constant, a fixed &(2-507 and & variable & have been used,

L

1a 20

Figure 1. Tangential lines to the displacements of the three vectorial fields

Better resulls have been obtained for the & variable. In the
cage where the b variable is used, cfe has been vared between

0.5 and 3. To obtain valiwe, four different strategies hove been
used. In the first and second strategies, the Euclidean, average
and minimum distance is respectively calculated between the
points of the patient and the atlas, In the fast two strategies,
the displacement is centered in some of the points that

intervene in the adjustment, taking this paint. the minimuom
and maximum are respectively obtained of the Euclidean
distances between the point in which the displacement is
centered and the points that mervene in the adjustment.
The number of points used in the adjustment must be greater
or equal to five for the system to function correctly.
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2.2 Other System Options

Another utility of the system allows the location of the patient
i the Talairach sterectactical coordinate system. For this, the
MECessary points to correctly locnie the system are selected,
Afier this step, the shices of the patient are visualized in their
habitwal orientations (axial, sagittal or coronal) with the grid
superimposed, dividing each shce according to this
sterectactical system. In additien, using o specinl affine
transformation it locates points or structures identified
another volume taken as an atlas. In this case the atlas used
has been the Talairach-Tournoux Oriented 10 References,
Talairach and Tormousx, §59493

In the new adjustment method. points are used that muest be
identifiesd in the images of the patients like the ane used 1o
locate the patient in the Talairach coordinate system. The sdea
is o autpmatize the manual identification of these points. The
first step initiated in this sense constitutes the automatic
identification of the Mid Sagital Plame (MSP)and the Anterior
CAC) wnd Posterior (PC) Commissures.

The implemented somatic localization algorithm of the MSF
wivs based on the Ardekani et al, algorithm (F99T) In it the
maximum symmetry plane between both hemisgpheres is
abtained. To obtain this objectivie, the mass center of the image
i firsl caleubated, Mext, N points are identificd in a sphene of
unitary fadius and center in the mass center calculated,
Following, the symmelry of all these planes is obtained and it
i determined which one of them presents the maximum
symmetry, This localization is made in the complete image and
in the reduced images,

The Werard et al, algorithm {19973 his been implemented to
automatically locate the AC and P to which numerous
modifications have been made (o adapt it o the type of images
wsed (Magnetic Resonance Images). In it an analysis of the
scene by steps is made, It parts from the Mid Saginal Plane,
which is caleulated with the previous algorithm. Thresholding,
f-connected components search and filtering on the original
image is made. From this point, two 8-connected components
are obtained that correspond 1o twa easily identifiable
structres as are the Callows Body and the Brain S4em. Two
convolution masks are applied to an intermediate window
identified thanks e the two previous §-connected components
and the PC iz identificd, Lastly, the AC = identified atending
to the relative positions between the two cominissures.

3 Results

In this section, the results obtained from processing 10 paiients
with the different system options are summarized. Magnetic
Resonance images of 256x256 pixels were acquired from each
paticnt, with a distance between pixels of 0.859375 mm, and a

fotal of %4 slices with a distance between them of lmm. The
equipment in which these images were taken is: Philips
Gyroscan ACS-NT {Besi, Holanda) equipped wih a
superconductor magnet of 1.5 Teslas and field gradients of
15mTim.

I order o validate the new adjustment methosd | 1 poings have
been wsed in addition (Poesterior Commissure, Anterior
Cormnmissure, left mammilary uberche, nght mammilary mbercle,
pincal gland, posterior angle of the fourth ventricle, rostrum
of the cullous body, center of the superior-left quadrigeminal
berche, center of the superior-right quadrigeminal mbercle,
center of the inferior-left quadrigeminal wuberele, ceiter of the
infierior-right guadrigeminal wberclz). Between 5 and 10 points
from these have been tken in the adjustment and another
point has been used as a angel

Twao studies hove been made 1o estimate the error committed
by neuromdiologists in the identification of points. The aim
was o obtain a value with which to compare the error
committed by the system. In a first study, two experienced
neurgradiologists marked the same points in a patient, the
average error committed was of 2,91 mm, In the second study,
a sume experienced nevromdiologist marked the same patient
in two different days the same points and in this case the
averame emor was of 3.8 mm,

The operation of the system was verified after identifying thess
valuss, First, the images of the ten patients were verified and
used as wlas the brams numerated XXV and LXX XY from
the Schahienbrand-Bailey atlas. The results were not the
awaibted ones. The average error committed was of 15 mm.
This error is inadmissible, considering that the emror expected
15 between 2 and 3 mm. A determinant facor exists that
infMuences excessively in this result. The sepacation between
the slices used of these brains is excessive (4.5-Tmm. ), This
causes the identification of homologous points to present a
very large error and ifluences in the terrible resulis obtained
with this method.

Mext, different patients were used as ptles. In this manner the
new adjustment method obaing an average errorof 2,734 mm.
{inferior to the error committed by the nevroradiologists) and
n success percentage of about %5 That is to sav, that in 90%
of the points wsed, erross would be oblained smaller to the
error considered acceptable (3mm. ). All the approaches behave
better by increasing the number of points used in the
ndjustment, figure 28, All of the patients present a similar
behavior. figure 2b. Betler results are obtained with the &
wariable (the new adjusiment method constant), Among the 3
methods used to calculate this £, the best one is the one that
pses the minimum Euclidean distance and centers the
displacement in the different points that intervene in the
adjustmient. figwre 2¢,

Figures 3a and b show two results obtaimed when processing
the same patient with different mclination with the system
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option o sutomatically locate the MSP. In figure 3a, the result
after processing a patient rotated 20 degrees and with different
sizes can be observed. Figure 3b, presents the same patient
rotated 40 degrees using as a constant g=+0 (constant that
determines the set of planes to use). In figure 3¢ the average
time in seconds used by the system to obtain the MSP for the
images of ten patients for g=10 can be seen. Figure 3d shows
the average time consumed in minutes by the system to obtain
the MSP in images of 256x256 pixels for the images of 10 patients
with a different g.

The algorithm of automatic localization of the MSF has
adeguately Iocated the MSP in the 10 patients studied and as
can be deduced from the graphs, the execution tme diminkshes
by reducing the image size

Figures 4a and 4b show the resuli afier processing a patient
with the system option for the automatic localization of the
AL and PC. This option identifies with &n error smaller to the
one considered as accepizble the AC in 10 of the patients
studied (1 00%%) and the PC i 7 of the 10 patiants {70%).
Figures 4¢, 44 and 4 present the location of the same patient
in the Talairach coordinate system.

Error medio. 1 paciente como atias. V1. Paclents 1 como atias
istancia_med
Paciente 10. k=0.5*distancia_media =00 alstns e aa
E : 14000 —+— Paienie 2
E B0 E 12000 —a— Pacante 2
E 6000 == Afin s 10000 Paciente 4 |
L]
2 4000 —=—Iversa b EE.;E ~— Pacients 5
T = :
£ 2000 s E 4000 —— Pacients B
. —=¥1 £ 2000 —=— Pacionts T
g 0 e Y7 - 0 —— Pacionte 8
5 B 7T 8 9 10 V3 . 6 7 & 9 10 |__ppcionted
Mimers de puntos Mimero de punbos = Paciente |
i) [1]]
Diferentes valores de k
B3ar.
Wier M. (c=05)
OXM. (=0.5]

Fig. 2. Average error for the different patients and approaches, using the first patient as atlas and 10 rffererme points. (a)
Different approaches (b) Different patients and approaches of the first vectorial field (¢) Comparing different &
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1 Introduction

The neurosurgeans and neurorsdiologists are two groups that
need fo accurately bdentify certain points oF sLruchieres in a
patient’s brain. Differcnt systems are wsed fo ajd in this
identification. One of them is the brain atlas. Since the
appearance of printed atloses, atlases have evalved and have
become into more and more sophisticated computer programs
like digitalized, deformable and probabilistic atlases, The
deformable and probabilistic brain atlases form par of o widely
stidied line of research (Thompson and Toepa, (1996}, Toga
wndd Thampson, (2000)), This aricle will focus on deformable
atlases, where the new developed adjustment method is
Formmecd.

Deformable brivin atlases part from two scts of images, one in
the atlas and another ome in the patient’s bron, The objective
is 1o find the homologous atlas peints or structures on the
patiend or the other way wround. DifTerent fechnigues exist for
this. A first classification could be linear and nonlinear. In the
linear classilication, ranslations, riations and scalings are
made. The restof the deformations are meluded m the nonlmear
classification. The most extended are the warping techniques,
Toga and Thompson, 1998, 2000 and Thompson, 20045,
established a classification of warping algorithms directed by
intensity and directed by the moded, The first matches intensity
patterns by regions in each slhice based on mathematical or
statistical criteria. In this case, different approximations also
exisl. Un the contrary, in the algorithms directed by the model,
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the models are explicitly built first, representing separately the
identifinble anatomical elements in each one of the slices to be
matched. In this case, the approaches are determined based
om the explicit peometry of the structures. Models are formed
using points, curves or surfaces of the structures. The new
adjustment methad would be included within the deformable
atlases, nonlinear transformations, warping directed by the
model and created using points. To extend the concepls treated
here consult Toga and Thompson, 1998, 2000 and Thompson,
LI

The descripthon of the new adjustment method and the rest of
the opthods of the system are presented in section 2, Section 3
includes the obtained results after processing 10 patients.
Lastly, section 4 gives the conclusions and section 3 mentions
future work s

2 Material and Methods

2.1 New Adjustment Method

The new adjustment method consists of & different
approaches, 2 of them already used previously, 3 of them new,
and the other one is an improved version of a well-known
technigque. It is worked with two sets of points in it. One is
identified in the atlas and it is denoted a5 a . The other one s
identified in the patient’s brain and 5 demoted as ¢ The
composition of two applications is used (or g) 1o obtaln this
pdjustmeent; s the affine transformation and g uses 5 different
approsches.

The first of the approaches, only applies o the affine
transformation. Among all the affine applications, the one

being searched For ks the one for which the sum of the squares
of the distances between {3 hand ¢ For =18

&
i5 minimum. Thismmm.zm- 5 ¥ wherebh=fla)

(1]

In the second appreach. application g is defined by a
displacement measured from the inverss of the relative distance
to the reference points. g s obtxined in the following manner:

'I N
(x)=x+ JxXe, =5;)
ELX i q{x gq i ,

a(=lx—b ke b, g)=D ()
b=

where | |* indicates that the factor is suppressed

In the third approasch, g is obtained using a simikar idea, but in
this case o svstern of equations is solved. Let s=c-b. In this
case, g % searched for so that g(b y=c , g=identity+h, ‘where h
will be a iransformation for hib =5 i=1....,M. Lei b be the
center of a deformation -:II that in'a phint, g, has the following

&)
kE* +(q—5b)lg-5)
vector that corresponds to the displacement of the point b,
given that g=b — d{b)=u. k is a scaling factor and must be
interpreted in the following manner: 1f the distance between g

and b 1= k, then
(g-b }.(g-b)=k* and d{gi=u /i, h is defined as:

] N .I::u
Mar="%"d. le)= : < 1
(=24, §k~+w—b.-:n.w—b,;r

value: 4:{4) = . where u is @

In the last approsches, application g uses displacements that
approximately conserve the wolume using three different
vectorial fhelds,

A vectorial field Wy v,z =wfx,p, 2020 is considered where
wix, v,z is o function 1o choose, B is a vectoral feld, whose
value in paint (x,v,z), knowing Wixy.zl, is given by i y 2=
wx =iy she eix, v,zix, O, so that it s completely defined
by the function wof & in &

N=Rot W is taken, where Bor is the rotational.

The last guaraniees that aiv XY=, where div is the divergence,

The first vectorial {leid,
( xz ¥z 1+2
Meiz) _L{Hf +¥+2F (148 + 7 +27 28 17 +2F

3 L . u{_t1_!_r_| .E-:' -}
is obtainad by taking 2‘14_1_1_'_}'14_:1).
Figure 1.a shows the tangential lines 1o the displacements of
this first vectorial feld,

The vectorial field

second used is:

(xz pzl—x — ')

:'I * 'i: "::

¥ix.p.2)= . which was obtained

by taking 20X, ). 2) = Jgrtarisst - Figure | b shows the

tangential lines to the displacements of this second vectorial
field. The third wectorial field osed is

[2::,2}-2.1 -xt =y +z_I]|

2lx,p.z)=
{x_l- -I:T] {1+I!+J_.]+__—!}l

. which was
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Figure 1.c shows the tangential Imes to the displacements of
this third vectorial field.

obtained by taking u(x,y,z)= T

In the previous fields there is one scaling factor missing that
establishes the velocity with which the displacement is
cushioned as it moves away from the generating point. For
the first vectorial feld each coordinate is multiplied by 1%,
the resulting formula is:

, kxz Kyz kil +2)
‘“‘”]‘[w by 2T O 4 P 12T O 4 0P 2T

k expresses the distance to which the displacement amplitode
i5 reduced in hall. In the wher two vectorial felds k s also
s,

The constant k considerably influences in the results. [n the
implementation, k is obtained by &=cte*value. To caloulats
this constant, a fixed &(2-507 and & variable & have been used,

L

1a 20

Figure 1. Tangential lines to the displacements of the three vectorial fields

Better resulls have been obtained for the & variable. In the
cage where the b variable is used, cfe has been vared between

0.5 and 3. To obtain valiwe, four different strategies hove been
used. In the first and second strategies, the Euclidean, average
and minimum distance is respectively calculated between the
points of the patient and the atlas, In the fast two strategies,
the displacement is centered in some of the points that

intervene in the adjustment, taking this paint. the minimuom
and maximum are respectively obtained of the Euclidean
distances between the point in which the displacement is
centered and the points that mervene in the adjustment.
The number of points used in the adjustment must be greater
or equal to five for the system to function correctly.
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2.2 Other System Options

Another utility of the system allows the location of the patient
i the Talairach sterectactical coordinate system. For this, the
MECessary points to correctly locnie the system are selected,
Afier this step, the shices of the patient are visualized in their
habitwal orientations (axial, sagittal or coronal) with the grid
superimposed, dividing each shce according to this
sterectactical system. In additien, using o specinl affine
transformation it locates points or structures identified
another volume taken as an atlas. In this case the atlas used
has been the Talairach-Tournoux Oriented 10 References,
Talairach and Tormousx, §59493

In the new adjustment method. points are used that muest be
identifiesd in the images of the patients like the ane used 1o
locate the patient in the Talairach coordinate system. The sdea
is o autpmatize the manual identification of these points. The
first step initiated in this sense constitutes the automatic
identification of the Mid Sagital Plame (MSP)and the Anterior
CAC) wnd Posterior (PC) Commissures.

The implemented somatic localization algorithm of the MSF
wivs based on the Ardekani et al, algorithm (F99T) In it the
maximum symmetry plane between both hemisgpheres is
abtained. To obtain this objectivie, the mass center of the image
i firsl caleubated, Mext, N points are identificd in a sphene of
unitary fadius and center in the mass center calculated,
Following, the symmelry of all these planes is obtained and it
i determined which one of them presents the maximum
symmetry, This localization is made in the complete image and
in the reduced images,

The Werard et al, algorithm {19973 his been implemented to
automatically locate the AC and P to which numerous
modifications have been made (o adapt it o the type of images
wsed (Magnetic Resonance Images). In it an analysis of the
scene by steps is made, It parts from the Mid Saginal Plane,
which is caleulated with the previous algorithm. Thresholding,
f-connected components search and filtering on the original
image is made. From this point, two 8-connected components
are obtained that correspond 1o twa easily identifiable
structres as are the Callows Body and the Brain S4em. Two
convolution masks are applied to an intermediate window
identified thanks e the two previous §-connected components
and the PC iz identificd, Lastly, the AC = identified atending
to the relative positions between the two cominissures.

3 Results

In this section, the results obtained from processing 10 paiients
with the different system options are summarized. Magnetic
Resonance images of 256x256 pixels were acquired from each
paticnt, with a distance between pixels of 0.859375 mm, and a

fotal of %4 slices with a distance between them of lmm. The
equipment in which these images were taken is: Philips
Gyroscan ACS-NT {Besi, Holanda) equipped wih a
superconductor magnet of 1.5 Teslas and field gradients of
15mTim.

I order o validate the new adjustment methosd | 1 poings have
been wsed in addition (Poesterior Commissure, Anterior
Cormnmissure, left mammilary uberche, nght mammilary mbercle,
pincal gland, posterior angle of the fourth ventricle, rostrum
of the cullous body, center of the superior-left quadrigeminal
berche, center of the superior-right quadrigeminal mbercle,
center of the inferior-left quadrigeminal wuberele, ceiter of the
infierior-right guadrigeminal wberclz). Between 5 and 10 points
from these have been tken in the adjustment and another
point has been used as a angel

Twao studies hove been made 1o estimate the error committed
by neuromdiologists in the identification of points. The aim
was o obtain a value with which to compare the error
committed by the system. In a first study, two experienced
neurgradiologists marked the same points in a patient, the
average error committed was of 2,91 mm, In the second study,
a sume experienced nevromdiologist marked the same patient
in two different days the same points and in this case the
averame emor was of 3.8 mm,

The operation of the system was verified after identifying thess
valuss, First, the images of the ten patients were verified and
used as wlas the brams numerated XXV and LXX XY from
the Schahienbrand-Bailey atlas. The results were not the
awaibted ones. The average error committed was of 15 mm.
This error is inadmissible, considering that the emror expected
15 between 2 and 3 mm. A determinant facor exists that
infMuences excessively in this result. The sepacation between
the slices used of these brains is excessive (4.5-Tmm. ), This
causes the identification of homologous points to present a
very large error and ifluences in the terrible resulis obtained
with this method.

Mext, different patients were used as ptles. In this manner the
new adjustment method obaing an average errorof 2,734 mm.
{inferior to the error committed by the nevroradiologists) and
n success percentage of about %5 That is to sav, that in 90%
of the points wsed, erross would be oblained smaller to the
error considered acceptable (3mm. ). All the approaches behave
better by increasing the number of points used in the
ndjustment, figure 28, All of the patients present a similar
behavior. figure 2b. Betler results are obtained with the &
wariable (the new adjusiment method constant), Among the 3
methods used to calculate this £, the best one is the one that
pses the minimum Euclidean distance and centers the
displacement in the different points that intervene in the
adjustmient. figwre 2¢,

Figures 3a and b show two results obtaimed when processing
the same patient with different mclination with the system
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option o sutomatically locate the MSP. In figure 3a, the result
after processing a patient rotated 20 degrees and with different
sizes can be observed. Figure 3b, presents the same patient
rotated 40 degrees using as a constant g=+0 (constant that
determines the set of planes to use). In figure 3¢ the average
time in seconds used by the system to obtain the MSP for the
images of ten patients for g=10 can be seen. Figure 3d shows
the average time consumed in minutes by the system to obtain
the MSP in images of 256x256 pixels for the images of 10 patients
with a different g.

The algorithm of automatic localization of the MSF has
adeguately Iocated the MSP in the 10 patients studied and as
can be deduced from the graphs, the execution tme diminkshes
by reducing the image size

Figures 4a and 4b show the resuli afier processing a patient
with the system option for the automatic localization of the
AL and PC. This option identifies with &n error smaller to the
one considered as accepizble the AC in 10 of the patients
studied (1 00%%) and the PC i 7 of the 10 patiants {70%).
Figures 4¢, 44 and 4 present the location of the same patient
in the Talairach coordinate system.

Error medio. 1 paciente como atias. V1. Paclents 1 como atias
istancia_med
Paciente 10. k=0.5*distancia_media =00 alstns e aa
E : 14000 —+— Paienie 2
E B0 E 12000 —a— Pacante 2
E 6000 == Afin s 10000 Paciente 4 |
L]
2 4000 —=—Iversa b EE.;E ~— Pacients 5
T = :
£ 2000 s E 4000 —— Pacients B
. —=¥1 £ 2000 —=— Pacionts T
g 0 e Y7 - 0 —— Pacionte 8
5 B 7T 8 9 10 V3 . 6 7 & 9 10 |__ppcionted
Mimers de puntos Mimero de punbos = Paciente |
i) [1]]
Diferentes valores de k
B3ar.
Wier M. (c=05)
OXM. (=0.5]

Fig. 2. Average error for the different patients and approaches, using the first patient as atlas and 10 rffererme points. (a)
Different approaches (b) Different patients and approaches of the first vectorial field (¢) Comparing different &
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4 Conclusions

In this article a new graphical system for the handling and
adjustment of human brain atlases has been presented. The
miain innovation presented is a new adjostment methad, This
new method consists of 6 different approaches, Thres of them
new that use vectorial fields

The system allows the localization of the patiznt in the Talairach
coordinate system, As much as in the new method as in the
Talairach coordinate system if is necessary 1o locale different
poinis. The automatization of this process with the MSP and
the AC and PC hos been mitinted,

The resulis obiained with the system hove been validated by
nedrosurgesits and neuroradiobogist and are considered as
very satisfactory. The average emor committed by the new
adjustment method isof 2,734 mm. Therefors, the new method
locates the points with an error lower to the one which an
neuroradiologist expert could make. The probabilicy that the
error commitied in the localization of a point be less than 5 mm.
is around ¥, Reason why the system can be considered
releable

The svstemn olso located ndequately the MSP in the 10 patients
processed ([00%), the AC in 10 (100%) and PC in 7 (70%) of
these paticnts with an acceptable error.

Future Works
A commaon continustion in all the system options susceptible
o waludatkon woald be to tesn the system with more patients.

Thee new adjustment method is being tested with more poinis,
We also wanit to study more methods to caleulate k.

A idea to retake is 1o wse Tor an aclas & printed or digitilized
ptlas, [t would be specially interesling to use the brains
pumberad LXY 1 and LXXVII in the Schalienbrand-Bailey
atlas to consist of microscopic slices of the central zone of the
brain. A maximum advantage could be aken i the system
were used with these slices, This is where the real utilioy of the
system lics, since points and structures could be identified
that are not easily identifiable, not even by cxpert
neuroradiologists,,

An interesting ides that will be implemented in a future is the
creation of a probabilistic atlas.

The Talairach coordinate system is predicted o be used for
spatial localization of zones of brain activition by stimslus.
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