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Abstract. The opportune detection of skull fractures may be determinant to
save a patient life when he or she is affected by any head traumatism. In this
paper, an algorithm to detect skull fractures using the method of finite element
is developed. The suggested method was applied to divide the image in specific
regions which define a particular structure in the skull. In this case, the pro-
posed technique is available to determine small irregularities along the skull
structure, using just the information provided by the mathematical support of
the finite element structure. Likewise, it should be noticed the importance to
acquire some particular information on certain areas of the image segmentation.
The suggested method has been successfully applied to detect small fractures
and to solve the hard-task to avoid any incorrect diagnosis.

1 Introduction

Usually, strong blows in the head provoke structural changes on the skull structure
at the impact point. In several occasions, small objects can penetrate the skull and
producing a local laceration of encephalon. If big objects hit with great force can
introduce some pieces or bone fragments into encephalon in the impact site. These
reasons lead to develop an adequate method to realize an opportune detection of those
types of fractures, particularly because if they are not adequately diagnosed, the pa-
tient could dye [1].

1.1. Fracturetypes.
In general, the fractures can be classified in:

Linear fracture This kind of fractures is characterized by an elastic deformation in the
skull and represents the 80% for all of them. In general, these fractures do not require
a specific treatment; however, some special cares must be taken depending on the
intensity of skull traumatism.

Fracture with collapseln this class of fractures, there is a depression in the skull
structure.
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Simple or closedThis appears when the hairy leather that coversracture remains
intact.

Composed or openedhis class of fractures happened when the hamher is lac-
erate and represents 80% of the collapsed fractdoesrding to its cause and aspect,
it type could be sub-classified in: armor-piercinmmgnetrating associated to linear
fractures or comminutes. Also, they can be asseti&d lacerations of duramatter
that constitutes a front door for the infection. 3¢p of cases require debrillation and
surgical elevation.

The progressive fractures or, badly called, leptomgeoscysts (better pseudomen-
ingoceles), take place by a duramatter’s defeceuadcranial fracture, with the con-
sequent risk of cephalon-raquideum liquid droopand, sometimes, cerebral weave.
They are not common, around 0.6% to 1% of the direst, being more frequent while
the patient is young. Habitually, they require scafjattention

Fractures of frontal bone They take place by severe traumatism on thetdtcskull
region. The frontal sine can be jeopardized, arttidflater wall of the sine is frac-
tured, injury of duramatter and of nasofrontal agihdan also exist [2].

1.2. Segmentation of Images.

The segmentation is the process where an imagaésd out in regions, compo-
nents, parts or objects. Whatever adopted segnmmt@efinition, the main idea be-
hind this process, is to isolate different objantthe image that should be recognized.
It is clear the result of this process compromise performance of the analyzing
system. A bad segmentation will cause bad objecbgmition within the image
bounds. On the other hand, a good segmentatiorpralioke that any possible auto-
matic system for objects recognition (ASOR) givemd results. A formal way to
define the segmentation process is the following {8]: The segmentation is the

image f (X, y) dividing process. Each one of these subdivisiensalled regions,

which are obtained in such a way each one of thekemages represents a complete
object within the image limits, that is, there ¢xisregionsR, R,,..., R such that
the following conditions are fulfilled:

a) (JROf(xY)
i=1
by R,i=1,2,..nis connected
¢ RINRj=0,0i,j,i#]j.
d) P( R) =TRUE F12,...,nEach R satisfies a predicate with some

set properties. All elements of ea€h share a given properties set.
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e) P( RU R) = FALSEfori # ] . This means that a specific pixel belong-

ing to adjacent regions can not be at the edgesr@tke these points will be
considered like an independent region.

1.3. Finite Element M ethod.

This method is based on dividing the body, strweguwsr dominion (average continu-

ous) on which are defined certain integral equatioharacterizing the physical be-
havior for a selected problem in a series of ndargecting sub-dominions to each
other, denominated finite elements. The set ofdirlements forms a partition of the
dominion also denominated discretization [4]. Witleiach element, a series of repre-
sentative points called nodes is distinguished. Tiwdes are adjacent if they belong
to itself finite element, in addition a node on tharder of a specific finite element

can belong to several elements. The set of nodesidsring their relations of adja-

cencies is called mesh. The calculations are mademaesh or discretization created
from the dominion generating some special meshstsiliitions (this is done in a

previous stage to the calculations that denomipateprocess). In agreement with
these relations of adjacencies or connectivity vildee of a set of unknown variables
defined in each node is related and denominatetkde@f freedom. The set of rela-
tions between the values of variable determiningvben the nodes can be written in
form of system of linear equations (or linearizedhere the matrix of this system of

equations is called matrix of elasticity of thetsys. The number of equations of this
system is proportional to the number of nodes [5].

2 Methodology

The mathematical description of the procedure téollewed can be summarized
as follows: The vectors of image characteristiosduis this work are profiles of de-
rivative functions. They are vectors whose compémeare directional derived which
are calculated in points of the image where thadetp are on a straight line segment.
In order to reduce the effect of the noise in thages, it is advisable to apply them a

filter. Thus, E represents the function of intensities of the imagdG,, is a Gaus-

sian filter. The directional derived from the fikel image G,* E in the

point(X, Y, Z), in the direction of the unitary vectr, is given by:
D,(G,*E)(x ¥y 3= nO( G* B( xy) @

The Gaussian filter is described like:
(#+i°+)
3

G,(i.j.k)=ce = )
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Where:
O = standard deviation. The constahtone calculates so that the coefficients add.

The greateg , the smoothness property is increased. In thexart of a mesh, the
normal unitary outside calculatey to the mesh and other unitary vectors are se-
lected conformer a same angle with This creates an uniformly distribution

aroundn , in order to obtain a sdN, of directions.

Secondly the image is segmented. In this case asecthe method of Canny. The
operator of Canny edges is derived from the Ganddiar. This operator approxi-
mates the segmentation operator strongly, optirgizhee product of the quotients
signal to noise and location [6].

Thirdly we began the Method of the Finite ElemeéDnsidering a closed enclo-
sure the steps for the resolution are [7]:

» Divide the enclosure in Finite Elements: Triang{@8snodes), Tetrahedrons
(4 nodes), etc.

e Deduce the equation describing the poteffitigithin an EF.

* Raise the equations giving the adjustments comditfor solutions in the EF
borders.

e Calculate the potentials in the nodes of each Efnbgans of some of the
methods that will be introduced below.

» Solve the raised algebraic equations. Generatidheofinite Elements.

e Contours can be irregular

» EF will be as small as the programmer considers.

» If the potential varies a lot, the EF will considgemesh with small “holes”. It
means the nodes are closer.

We propose the Energetic Function.
2 2
E:Z[R,j,k - X,jk] DD ()l(,j,k - )I(S,Jsks)
i Pjkisisks

data fidelity term enforces smoothness (3)

Where:
P,k is avoxel value from the original image.

X jx s the classification of that voxel.

I.] K ¢ represent the neighborhood of the voxel.

The energy is a numerical value representing a htedy summation of two main
distances to the voxels taking part in the segntiemtdunction of intensities [8]. In
this study, it is desirable to make a detailedsigifor all images and considering the
derivates form each image structure. This can heeddyy the definition of vector
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field that can vary point to point in the imagesthis case, the energetic function can
be redefined as [9]

E:Z[ﬂ,j,k - X,jkT*’/‘(Zk‘,_ Zk (’?Jk _)&Jsks)zj
] ) Kis) K s

HDu( p)‘2 dQ

Q
+HAAA] [ov(p) 00
Q

Jlow( p)f* a2
Lo J 4)
And where the updated coordinates in the resuitirage are:
X] [ x+u(x ¥y 2
E=|§|=| y+x% ¥ 3
2] [z+wWxy1

e N (e D |
=y 2N (6% 3w
+zin:]1’j:1N,j,k(X Y j ij_ (5)

Where the interpolation or form functim(sNLjk (X, ) Z)) are traditionally used by

the method of finite elements for rectangular megt@]. In generalm is the number
of total nodes depending on the number of nodesifgy each element and the total
number of elements which defines the mesh. Sineeddminions in the images are
generally of parallel sides, we have used regalgrangians elements of 8 nodes for
3 dimensions and 4 nodes for 2 dimensions. Thepalation functions can be writ-
ten easily, based on the image space. By simpleityare going to define the system
coordinate in 2 dimensions within an element anyasé is in Figure 1 [11].

L —

Fig. 1. - Definition of the system of coordinates.

To avoid the separate computation of the foeethe elastic deformation, and the
matching criterion, we propose to directly compateeformation field that readily
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satisfies both aspects, the elasticity constraidt @ local image similarity constraint

between the images to be matchieda(idl,). Hence, the total energy to be minimized
is expressed as:

E=[2de+[(L(x+u(x %)~ L(xv} @ (6)

3 Reaults

The Figure 2 shows 3 different images of people wiesent anomalies and that
can present fractures that cannot be, so easibctbet.

In order to eliminate the image noise generatedhlyacquisition, in addition to
initialize with the vertices of the finite elemert,Gaussian filter was applied with
o =10 (figure 3).

Fig. 3 Images of Skull, with Gaussian filter
To observe some details of the filtered imagesdge canny detection was used as it
was stated above. Under this analysis, some releagpects for each figure were
observed. For example, lines, among others (Figure
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Fig. 4 Images of Skull segmented.

Also, it was applied an alternative method to shbw vectors at the edge of the
images (equation 1). These vectors can be helpfulesign an adequate mesh to
initialize the Finite Element procedure [9]. (Figars y 6)

a) . c) :

Fig. 5: Growing sphere. a) and b): close-ups of 2D dutsugh 3D image with a) classical
OF, and b) FE matching deformation fields overlajdand 3D orthogonal cuts through the FE
mesh with intensity coding of the displacementfiéThe displacement field is mainly located

at the boundaries of the sphere and is propaghtedgh the surrounding elastic medium.

2 by IS

Fig. 6: Enlarging ventricles. a) slice of difference beém segmented images at both time

points (gray means no difference), b) deformatieldfsuperimposed on same image at the
first time point. c) close-up

In the following figures (7 and 8), it is showedthurfaces of the finite element solu-
tion. These surfaces are composed by 8 nodes a&tehtents of nodes, for the first
and 16 nodes and 18 elements for the second oresegyting a particular zone where
a fracture is located.
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Fig. 8. Surface 2 of the Finite Element.

Once the adequate mesh (by trial and error methasl)oeen applied to solve the
finite element, it is possible to observe smalkdstin the images that can be consid-
ered fractures (confirmed by a-priory knowledgemvbiere the fracture is). This could
be an interesting method to help physicians witleyterience that are not experts to

detect the fractures form the magnetic resonanoemiputed axial tomography (Fig-
ure 9).

Fig. 9. Images with surface 1 of the Finite Element

With the second surface that has a large numbapdés and therefore a “better”
mesh, it is possible to appreciate similar fractfégure 10).
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Fig. 10. Images with surface 1 of the Finite Element.

Here it is clear that a method to determine thegadi amount of nodes and the
elements form must be designed. Some interestipgpaphes can be used to realize
this aspect: the neural networks theory, the germdgiorithms, etc.

3 Conclusion

This paper presents a new, physics-based deformadudiel for tracking physical
deformations (Fractures) using image matching. Mleel results from the minimi-
zation of a deformation field simultaneously sgiisfi the constraints of an elastic
body and a local image similarity measure. The rhpdgvides a physically realistic
deformation field and also allows us to inspect tharacteristics of the deformed
objects. This can be very useful for the inspectibatresses induced by the deforma-
tion of certain objects on their surroundings, ur case the detection of skull frac-
tures.

In the experiments, the objects were considerdibtbomogeneous elastic bodies.
Further improvements of the algorithm include tesignment of different elasticity’s
to the different objects represented in the imadnes will require a preliminary seg-
mentation of the objects to be deformed so as talie to set appropriate elasticity
coefficients to every cell of the mesh. Also, tmésatropy of certain skull fractures
could be included into the model by modifying thasécity matrixD appropriately.

We would lack to design an algorithm that assuhed the meshes are the best
possible one (in the sense of the image repres@mtaslso to include one better area
within the image, providing an improvement in thaghostic supplied by the method
suggested in this manuscript.
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