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FIRST ATTEMPTSFOR SEMIAUTOMATIC 3D-VISUALIZATION
OF THE OPTIC NERVE

This paper is dedicated to a new (but not yet falbtured) semiautomatic approach of visualizatibtihne optic
nerve based on MRI data stemming from the clingzaktice. Position and condition of the optic nece@ be
recognized. Besides further improvement of thisrapph, dynamical visualization of moving optic nebased
on a time dependent series of MRI data sets i®stibf actual research.

1. INTRODUCTION

The human eye (see Fig. 1) is one of the most #akengans for the quality of life. Mal-
function of this organ due to trauma or diseassuigject of detailed research. The standard ap-
proach for 3D-rendering of human anatomy is segatemt together with 3D-surface reconstruc-
tion. Segmentation consists in reduction of thesa®#red images to binary data separated into black
and white according to a user defined strategissue differentiation is enough clear, as for bony
organs in CT data for instance, shaded surfacenstieation is of generally accepted benefit. But,
as regards the optical nerve in MRI, the inhergatial information is very scarce. Further, exact
tissue classification is unclear. This renders sagation tedious, error-prone, and highly user de-
pendent. Therefore, the purpose of this articenisilternative approach.

2. METHODS

The analysis was performed based on an 3D-MRI skttaf a healthy volunteer (female, 28
Y) comprising 56 axial slices each with isotropmxel size of 1 mm in X, y, and z-direction (Sie-
mens, 1.5 T, SE imaging sequence). The eyes wieneted to the left (see Fig 2 a).
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Fig.1 Anatomy of the human eye [2], muscles ofrthbkt orbit, sagittal view (a),
sagittal section of right orbital cavity (b)

As a first step within visualization, the domindmilb was first segmented by threshold seg-
mentation and then subtracted from the MRI dataFsmt the second step, the modified MRI data
set was subjected to direct volume rendering wigatne of the most intuitive and most powerful
techniques for visualizing 3D image data. Light €mon and light absorption parameters are as-
signed to each point of the volume. Simulatingtta@smission of light through the volume makes
it possible to display your data from any view diren without constructing intermediate polygonal
models [1, 3]. For the sake of clear visibilitytbE anatomy, a temperature colour scale was applied
ranging from dark blue — low grey values over retbar to yellow colour — high grey values (see
Fig 2 b-d) The direct volume rendering of the MRital was superposed with the original MRI
slices also transparently rendered (see Fig 2bYhByeduced grey values of the bone correspond-
ing to dark blue colour, the skull could be diffetiated from the muscular tissue by visual inspec-
tion. Thereby, it was possible to iteratively ideléhe optical cavity by interactive modificatioh o
the 3D image data (see Fig. 2c). The removed vaxets replaced by zero grey value. Finally, the
remaining data set was cropped and resampleddscdution of 0.5 mm in each spatial direction.
The volume rendering of the result inter alia pde& a visualization of the optical muscles (see Fig
2d). By this processing, the frontal visualizatafrthe optic disc given in Fig. 3 is possible.

Fig.2 Original axial MRI slice (a), direct volumendering (temperature colour scale) of the MRI datawith
transparently rendered MRI slice (b), interactivedification of the 3D image data: the grey valuegaxels in the
hatched volume were replaced by zero (c), finallteaxial MRI slice superimposed with direct volemendering of
the remaining voxels after interactive modificatmimMRI data (d)
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For the visualization of the optical nerve charazesl by lower grey values compared to the
muscular tissue, the modified MRI data set wasrtiedewhich means that the grey values were sub-
tracted from the maximal grey value within the nfiedi MRI set (step 3 of the procedure). By this,
high grey values were turned to low grey valuesMmryellow colour) and vice versa. After this,
Gaussian flattening was applied. Again the modi#Rll data were subjected to direct volume ren-
dering using a temperature colour scale. For thke s anatomical orientation, the eye balls were
visualized as shaded surfaces. By axial or sagitigping of the visualization, the optical cavity
could be “opened” and the optic nerve was visible.

The geometry reconstructions from 3D image dataadindsualizations were performed by
means of the visualization toolbox Amira 4.0 [1Bhally, automation of the procedure is expected
to be possible with acceptable programming efforts.

2. RESULTS AND OUTLOOK

The visualizations given in Fig. 4-6 provide a 3Dpression of
the position and condition of the optic disc, seg. B for an
overview of the anatomy, as well as of the optieaive (both in
yellow colouring). Partially, it is also possible tecognize the
medial rectus muscle (see Fig. 6). Notably, thobgth eyes
were oriented to the left the positions of the tefpectively the
right optic nerve are not symmetric (see Fig. 5.ah outlook to
ongoing research, dynamical visualization of movopgc nerve
based on a time dependent series of MRI data obptie nerve
Head of Optic Nerve should be mentioned.

Fig. 3 Anatomy of the head of the
optic nerve [4]
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Fig.4 Visualization of the optic disc with the dyall in transparent rendering
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eye ball

Fig. 5 Visualization of the optical nerve, righteslyom behind (a), left eye (b) by means of obligagittal clipping, the
eye balls are in shaded rendering
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Fig. 6 Visualization of the optical nerve by meanfsxial clipping., partially the rectus muscle danseen, the eye balls
again in shaded rendering
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