Modeling & Analysis # 490/10497

Automatic anatomical labeling of Talairach coordinates and generation of volumes of interest via the BrainMap database

Finn Årup Nielsen and Lars Kai Hansen Informatics and Mathematical Modelling, Technical University of Denmark

Abstract

We propose a method for automatic anatomical labeling of stereotaxic coordinates by bootstrapping using the already labeled coordinates in the literature (as recorded in BrainMap^{TM}) and give a measure for how probable the label is. Furthermore we are able to generate probabilistic based volumes of interest.

Introduction

Areas of activation in functional neuroimaging is often communicated in the form of 3-dimensional Talairach coordinate or anatomical names. It is of interest to build models that can translate between the two representations, e.g., for meta-analyses or information retrieval purposes.

Automatic translation of Talairach coordinates to anatomical labels is, e.g., implemented in the Talairach Daemon [6] that is based on a digitization of the Talairach Atlas [10] and probabilistic atlases [3]. Other tools that correlate spatial and textual information are the Computerized Brain Atlas [11] and the Electronic Brain Atlas [9].

The assignment of a label to a stereotaxic coordinate is not straightforward due to variations in anatomy, functional activation and noise in the data [2], e.g., for small structures there might be little overlap between different anatomical scans [7]. Our method uses fuzzy/probabilistic assignment based on “consensus” in the scientific literature.

Data from BrainMap^{TM}

We obtain labeled coordinates from the BrainMap^{TM} database [4, http://ric.uthscsa.edu]. As in [8] we downloaded it from the web and extracted the 3D Talairach coordinate (“Coordinates in Talairach, 1988 space”) and the associated anatomical label (“Lobar Anatomy”) for each location.

Each label is split into terms constructed from all subsets of words and phrase, e.g.

occipital gyrus →
  occipital
  gyrus
  occipital gyrus

This will generate a number of labels with little meaning, e.g., “posterior inferior” that is presently left for the user to ignore.

Generation of probability volumes

Density volumes are constructed as kernel density estimates also called Parzen windows or Specht kernel estimates operating in 3D Talairach space: Each location (represented by a 3-dimensional vector x) is convoluted with an isotropic 3- dimensional Gaussian probability density function (PDF) with a width of σ^2. The combined PDF is the mean of all the Gaussian PDFs. The PDF is a conditional on each term w.

σ^2 is the only parameter in the model and it can either set to a fixed value or optimized in a leaveone-out cross-validation scheme [8].

The figure above shows some statistics on σ when estimated separately for each label with the crossvalidation scheme. When there is a large number of locations for estimation σ = 5mm – 1cm.

Labeling

Labeling of a new location is done by comparing either the density (0 < p(x) < ∞, ∫ p(x) dx = 1) or the probability (0 < P (x) < 1) for each label. The probability (the P -value) is found by constructing a density volume and summing the densities from all voxels below the density value for the present Talairach coordinate x for a given word/phrase w P (x|w) = ∑ p(x′|w)<p(x|w) p(x^′|w) / Z, (1)

where Z is the normalization constant, — the volume of a voxel. Equal weight is given for each label P (w) = 1 and the P -values are sorted and presented to the user in a list. This labeling scheme generates non-exclusive labels for each location. If only the density is required there are two ways in which the location can be labeled:

• Compute the densities on the fly and sort them. Estimation of σ is time consuming, so it should be computed in advance or set to a fixed value.

• Compute the densities for a full volume in a sampled grid and report the label for the grid point closest to the location. This requires a large amount of memory.

The density across the full volume is required if the probability is used to rank the labels.

Example volume

We construct static Web HTML files with one volume for each label which each contain a Corner Cube visualization (both as images and 3D VRML files), a list the locations with links to BrainMap^{TM}, and a list the related volumes.

Some of the labels show a marked right or left dominance (apart from obvious labels such as “left” and “right”), e.g., “motor” locations are predominantly found in the left hemisphere, probably because the right hand is often applied in the functional neuroimaging experiment. We compute an asymmetry measure by counting the number of locations in the left and right hemisphere and use a test in the binomial distribution. This measure is also reported on the HTML pages and an index page is generated with a sorted list of asymmetry measures.

Volumes are produced that are in line with the MNI space and with voxel size and field of view taken from the default of SPM99. All locations are transformed with Brett’s nonlinear transformation [1] and the locations are doubled by mirroring in the x-coordinate to account for the asymmetry. These volumes can potentially be used as masks in region of interest analyses.

Example labeling

A location from [5, table 1, entry 1] labeled “R. Inferior temporal gyrus”, (50, -64, -12), BA37. With Brett’s nonlinear transformation [1] from MNI to Talairach space: MNI → (Brett) → Talairach: (49.5 -62.5 -7). Below is the location labeled with the Talairach Daemon and by the author of [5].

Labeler Label Author R. Inferior temporal gyrus TD Right Cerebrum,Occipital Lobe, Sub-Gyral,White Matter,* TD Occipital Lobe 7.70,

Temporal Lobe 62.35

Above the probability volume for “inferior temporal gyrus” at z = –8mm.

Dens. Prob. # Lobar anatomy 12472 0.934 5 occipito 10143 0.932 37 inferior temporal gyrus 15590 0.926 4 occipito temporal 2528 0.916 367 inferior 3917 0.907 48 ventral 9671 0.902 66 inferior temporal 15375 0.802 7 ventral surface 15375 0.802 7 surface 1200 0.788 762 gyrus 9475 0.771 22 inferior occipital

The example location labeled with the present method and sorted according to probability. # is the number of locations defining the volume.

Conclusion and further issues

• A “bootstrapped Talairach Daemon”: Automatic anatomical labeling of locations as the Talairach Daemon based on annotation in the literature.

• A probability value can be assigned to each non-exclusive label. This gives an idea of the validity of associating a given stereotaxic coordinate with a single phrase.

• Generation of volumes of interest: A large number of volume of interest can be constructed and used in region-based analysis.

• The BrainMap^{TM} data contains outliers [8] that should be excluded from the data.

• Furthermore, the regions and labeling are dependent on the use of the language and the experimental settings rather than the true structure, e.g., some labels show an left/right asymmetry mostly due to popular experimental designs (such as right hand motor studies). The volumes of interest should be used with caution.

• Some of the tools for this analysis are implemented in the Brede Matlab toolbox available at http://hendrix.imm.dtu.dk/software/brede/.

• Probability volumes in MNI space in the SPM ANALYZE format and 3D visualizations are available from http://hendrix.imm.dtu.dk/services/jerne/.

Acknowledgment

This project has been funded by European Union through the MAPAWAMO project, The Danish Research Councils through THOR Center for Neuroinformatics and the American Human Brain Project (International Neuroimaging Consortium).

References

[1] Brett M. The MNI brain and the Talairach atlas. Internet: http://www.mrccbu.cam.ac.uk/Imaging/mnispace.html, 1999.

[2] Brett M, et al. The problem of functional localization in the human brain. Nature Reviews Neuroscience, 3:243–249, 2002.

[3] Collins DL, et al. Automatic 3-D modelbased neuroanatomical segmentation. Human Brain Mapping, 3:190–208, 1995.

[4] Fox PT and Lancaster JL. Neuroscience on the net. Science, 266:994–996, 1994.

[5] Gerlach C, et al. Categorization and category effects in normal object recognition. a PET study. Neuropsychologia, 38:1693– 1703, 2000. ISSN 0028-3932.

[6] Lancaster JL, et al. Automated Talairach atlas labels for functional brain mapping. Human Brain Mapping, 10:120–131, 2000.

[7] Mandl RCW, et al. On the validity of associating stereotactic coordinates with anatomical nomenclature. NeuroImage, 11:S539, 2000.

[8] Nielsen FÅ and Hansen LK. Modeling of activation data in the BrainMap^{TM} database: Detection of outliers. Human Brain Mapping, 15:146–156, 2002.

[9] Nowinsky WL, et al. Talairach-Tournoux / Schaltenbrand-Wahren based electronic brain atlas system. In CVRMed’95, volume 905 of Lecture Notes in Computer Science, pages 257–261. Nice, France, Springer Verlag, 1995.

[10] Talairach J and Tournoux P. Co-planar Stereotaxic Atlas of the Human Brain. Thieme Medical Publisher Inc, New York, 1988. ISBN 0865772932.

[11] Thurfjell L, et al. CBA — an atlas-based software tool used to facilitate the interpretation of neuroimaging data. Computer Methods and Programs in Biomedicine, 47:51–71, 1995.