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Human brain mapping

Figure 1: Results from a human brain mapping study
(Balslev et al., 2005) with a “Visible Human" surface
(Drury et al., 1996) displayed in a 3-dimensional cor-
ner cube environment. Two of three reported acti-
vations are visible.

Positron emission tomography or
functional magnetic resonance brain
scans of the human brain while sub-
jects are engaged in the investigated
mental processes.

Result represented in the literature
with lists of “locations”, i.e., three
dimensional coordinates (in stan-
dardized ‘““Talairach” brain space, of
the hot spot activations, e.qg.,

(z,y,z)  z-score
—38,0,40 4 91
48,-42.8 4.66
52,14,.38  4.07
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Functional segregation

Two brain functions may involve different parts of a brain region, and
meta-analyses can elucidate this, e.qg.,

(Bush et al., 2000): Cognitive and affective division of anterior cingulate
cortex (lower part “emotional”, upper part ‘“cognitive’)

(Steel and Lawrie, 2004): Emotion and cognition in the prefrontal cortex.

(Poldrack et al., 1999): Semantic and phonological processing in left
inferior prefrontal cortex

Finn Arup Nielsen 2 August 30, 2006



Neuroinformatics data mining

Cmbi GO 6> = N

e

Brede database
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Figure 2: Screenshot of main window of Matlab program for data
entry of one of the studies in the Brede database (Jernigan et al.,

1998).

Brede Database contains,
e.g., abstract, locations
stored in XML (Nielsen,
2003).

Presently contains almost

4000 locations each with
| the 3-dimensional coor-

dinates and many with
anatomical annotation.

Abstract, the 3-dimensional
coordinates and anatomical
annotation are used in the
following.
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Brede Database neuroanatomy taxonomy
Hierarchy of brain regions.

WOROI: 107
Left hippocampus

~ wonor 100 Based on another neuroanatom-
ical database “BrainInfo/Neuro-
(e’ Names" (Bowden and Martin,
p— 1995) and atlases, e.g. “Mai
atlas” (Mai et al., 1997).

WOROI: 40
Hippocampus

WOROI: 131
Left parahippocampal gyrus

Fields recorded: Canonical
Parahippocahpal gyrus —> Right parahippdcampal gyrus

name, variation in names, ab-
breviations, links to Neuro-

Names and other databases.

WOROI: 141

Left mesial anterior temporal lobe
WOROI: 142

Right mesial anterior temporal lobe
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WOROI: 140
Mesial anterior temporal lobe

WOROI: 211
Perirhinal cortex

WOROI: 252
Left medial temporal lobe

WOROI: 218 >
Medial temporal lobe

Graph constructed with Graph-
Viz (Gansner and North,
2000).

WOROI: 253
Right medial temporal lobe



WOROI_218.html
WOROI_40.html
WOROI_65.html
WOROI_66.html
WOROI_140.html
WOROI_211.html
WOROI_252.html
WOROI_253.html
WOROI_107.html
WOROI_108.html
WOROI_277.html
WOROI_131.html
WOROI_132.html
WOROI_209.html
WOROI_210.html
WOROI_141.html
WOROI_142.html
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This study

For a brain region = 1 To 313 brain regions

Step 1: Get all coordinates for the specific area, build a
density model, exclude coordinates that are outliers

Step 2: Determine themes of the brain area with text min-
ing on abstracts that contain coordinates within
the brain area

Step 3: Determine whether specific themes are spatially
clustered in the brain area by testing whether two
sets of coordinates are separated.

end

Step 4: Intertwine results from all brain regions
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Example names for “medial temporal lobe”

'Medial temporal lobe’ Use of brain region taxonomy.

’Hippocampus’

'Parahippocampal gyrus’ Example of expansion from “medial tem-

’Parahippocampal’ poral lobe

’Parahippocampus’

’Gyrus parahippocampi’ Only one location matches on “medial
’Gyrus parahippocampalis’ temporal lobe”

’Entorhinal cortex’

’Cortex entorhinalis’ After expansion with 32 names for sub-
’Entorhinal area’ areas (and the region itself) there are 67
’Area entorhinalis’ locations.

’Left hippocampus’
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Step 1: Identify coordinates

Simple SQL-like command in
T Matlab to find locations
Corner cube visualization of
116 “posterior cingulate” co-
ordinates found

An outlier: “Right postcen-
tral gyrus/posterior cingulate
gyrus” from (Jernigan et al.,
1998).

s . | — { § B U | Id ke n el d en Slty eStl m ate
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Step 1: Spatial outlier elimination

-6 2 0 2 4

T T T T T
1 M o =0.05 (Too small) M
0 1 1 1 1

2 0 2 4

i ]

2021 o0 =3.00 (Too Large)

0.5 0 =0.49 (LOO CV optimal)

Throw away the 5% most extreme co-
ordinates (111 locations back).

Find a threshold as the lowest prob-
ability density estimate for a location
with leave-one-out kernel density esti-
mate.

Search in the entire database for all
location above the threshold (184 lo-
cations). This should find coordinates
that are not labeled.
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Step 2: Bag-of words matrix

‘memory’ ‘visual’ ‘motor’ ‘time’ ‘retrieval’
Fujii 6 0 1 0 4
Maddock 5 O 0 0 O
Tsukiura 0 O 4 0 0
Belin 0 0 0 0 0
Ellerman O O 0 5 0

For the further analysis: Include all papers that contain one or more of
coordinates found.

Representation of the abstracts of the papers in a bag-of-words matrix:
(abstract x words)-matrix = X(NN x P).
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Step 2: Elimination of stop words and scaling

Common words: a, a's, able, about, above, accordingly ... (571 words)

Common “scientific” words (from MEDLINE): accordingly, affected, af-
fecting, affects, ... (243 words)

Brain anatomy: amygdala, amygdaloid, angular, anterior, area, basal,
bilateral, brain, brainstem ... (148 words)

Words not associated with mental function: aberrant, aberrations, abili-
ties, ... (2534 words)

Element-wise square root scaling of the elements in the bag-of-words
matrix ... (Penrose, 1946).
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Step 2: Non-nedgative matrix factorization

Non-negative matrix factorization (NMF) decomposes a non-negative
data matrix X(N x P) (Lee and Seung, 1999)

X =WH+ U, (1)
where W(N x K) and H(K x P) are also non-negative matrices.

“BEuclidean’” cost function for
Eveycr = ||X - WHH% (2)

Iterative algorithm (Lee and Seung, 2001)

H H (Wix) kp 3
kp * ttkp (WTWH) ) (3)
p
W — W (XHT) nk (4)
n nk (WHHT) ,
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Step 2:

Cluster bush

“Medial temporal lobe” NMF result

recognition motor words encoding memory semantic
visual language pleasant associative memories resting
6 spatial urges emotional visually retrieval perceptual
humans sensory emotion explanation autobiographica rest
word broca pictures subjective time polymodal
recognition words enceding memory resting
visual pleasant associative memories semantic
5r spatial emotional episodic retrieval perceptual
word emotion visually autobiographica rest
priming auditory meaning time humans
k21 recognition words encoding memory
% visual pleasant associative retrieval
g 4+ humans emotional episodic memories
Q spatial emotion visually autobiographica
g word auditory meaning time
o
w—
o recognition words memory
o visual encoding retrieval
2 3+ associative pleasant memories
§ humans emotional time
zZ spatial emotion autobiographica
memaery retrieval
recognition memories
2 words time
encoding autobiographica
word semantic
memory
retrieval
1F recognition
words
encoding
l l l l l l
1 2 3 4 5 6
Component
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Step 3: Test spatial distribution

Extract locations from group-

An ; pre Coghill, et al. Law, et al. (19 ed pa perS.
Magdite, Mummer Phill Gelnar, et ar. Gitelman, et al

4r Madd&cketat—> Philips§etat——>  Adler<stat——>  Berman, et al.
Fink; : . Vogt, etal. (1 Ellermann, et a
Fujiim Mazoyer, et al. TeSt |-|‘-‘ the Spatia| distri_
meamm bution of locations for a
Maguire, M Pﬁﬁ,tl \ Coghill, et al. . .
. 3F Migﬁgik el:rglr.ner PhiIIipz, th| Aglger,letealé( group 1Is different from the
|5 Fink, etal. (1 Shah, et al. (2 Chen, et al. (2 . . .
5 Fujii, et al. ( Tillfors, et al Vogt, et al. (1 distribution from an other
£
§ Ang#gasen, et a Gelnar, et al. grouD'
£ Maguire, Mummer Caghill, et al.
3 2t Maddock, et al. Adler, et al. (
Fink, etal. (1 Vogt, et al. (1 . . .
Fui et Chen etai. All possible tests within a
level of non-negative ma-
Andrgasen, eta . . .
| Maduire, Mummer trix factorization are per-
r laddock, et al.
R el 1 1 1 formed.
1 2 3 4
Component
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Step 3: Tests on “segregation”

Two-sample Hotelling’'s T2 test follows an F-distribution if multivariate
Gaussian distributions are assumed

M{M>(M — P — 1)

D2~ Fprr_p_ 1. 5
M(M —2)P P.M—P-1 (5)
The Mahalanobis distance is computed as
D? = (21— 22)' S, (21 — 7o), (6)
with the covariance S, found as
Su = (M1S1 + MsSs) /(M — 2), (7)

Z1 and Sq are the mean and covariance for one set of Talairach coordinates
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Step 3: Convex hull peeling

Perhaps the Gaussian assump-
tions are not appropriate for
sets of locations.

Convex hull peeling centroid
(Barnett, 1976) is a robust
multivariate estimate of the
centroid.

Monte Carlo permutation test
on the distance between cen-
6 1 1 1 1 1 1 1 1 x . troids.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Figure 3: Convex hull peeling
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Step 4: Combined results

# P-values (First set) - (Second set) - Brain region

1 0.000 0.000 0.000 (pain, painful, 211) - (visual, eye, 565) - Cerebral Cortex (14)

2 0.000 0.000 0.000 (pain, painful, 230) - (visual, eye, 587) - Telencephalon (13)

3 0.000 0.000 0.002 (pain, painful, 97) - (memory, retrieval, 141) - Cingulate gyrus (4)

4 0.000 0.002 0.003 (pain, painful, 269) - (visual, eye, 607) - Forebrain (12)

5 0.000 0.005 0.000 (expressions, facial, 15) - (recognition, humans, 10) - Amygdala and Hippocampus

6 0.000 0.004 0.005 (memory, retrieval, 22) - (pain, painful, 5) - Anterior cingulate gyrus (8)

7 0.000 0.004 0.005 (memory, retrieval, 22) - (pain, painful, 5) - Posterior medial prefrontal cortex

8 0.000 0.006 0.000 (ear, musical, 5) - (retrieval, faces, 13) - Right frontal lobe (82)

9 0.000 0.000 0.006 (pain, painful, 100) - (memory, retrieval, 159) - Limbic gyrus (125)

10 0.009 0.002 0.000 (memory, episodic, 27) - (motor, sensorimotor, 20) - Cerebellum (32)

11 0.001 0.004 0.011 (artefacts, categorization, 2) - (memory, word, 28) - Precentral gyrus (68)

12 0.000 0.001 0.015 (pain, painful, 71) - (words, memory, 45) - Limbic lobe (2)

13 0.000 0.000 0.016 (pain, painful, 79) - (memory, episodic, 72) - Prefrontal cortex (22)

14 0.000 0.000 0.024 (artefacts, categorization, 7) - (verbal, visual, 16) - Middle frontal gyrus (148

15 0.000 0.002 0.029 (memory, episodic, 26) - (pain, painful, 5) - Medial prefrontal cortex (55)

16 0.000 0.031 0.002 (musical, ear, 6) - (artefacts, decision, 10) - Right temporal lobe (86)

17 0.002 0.037 0.009 (pain, noxious, 25) - (motor, visual, 20) - Insula (67)

18 0.000 0.042 0.000 (memory, retrieval, 34) - (pain, painful, 25) - Posterior cingulate gyrus (5)
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Step 4: “Cingulate gyrus”
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Step 4: ‘‘Medial temporal lobe”
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J > Bred apas -
. Lile Edit Wiew Go Bookmarks Tools Window Help

" OQO O O ‘% http://hendrix.imm. dtu.dk/service

. 4% Home [JBookmarks EJProjects

s/jerne/brede/brede. html

Jerne > Brede database - Mozilla ==l

| [C\Search ] ﬁo

Jerne > Brede database

Database: wobibs.xml wobibs.mat | woexts.xml woexts.mat

Bib: Asymmetry | Authors | ICA | NMF | Novelty | Statistics | SVD | Title | WOBIB

Exp: Alphabetic | Asymmetry | ICA | NMF | Novelty | SVD | WOEXP | WOEXT

Ext: Alphabetic index | Map | Roots

Examples: Epstein and Kanwisher | Face recognition | London taxi drivers morphometry | Alzheimer change

Other indices: Lobar anatomy novelty | Function - coordinate associations | Glossary

Description

The Brede database: The main component in this database i data from fimetional neuroimaging scientific articles containing
Talairach coordinates. Each article in this database is identified by a unique number: A "WOBIB'. Some of the structure of the
Brede database is similar to the structure of the BrainMap database (Research Imaging Center, San Antonio).

The Brede database is also distributed with the Brede neuwroinformatics toolbox.

. Brede database .

I

I =

Figure 4: Brede Database on the Internet

=l ] A

Neuroinformatics database with
brain region taxonomy.

Automated analysis combin-
ing: Kernel density estima-
tion, non-negative matrix fac-
torization, multivariate test.

313x upscaling of previous
study on just a single region
(Nielsen et al., 2005).
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MANOVA /canonical correlation analysis with weighted covariance matrix, one-dimension tests, and sig-
nificance is determined by resampling. It is found that emotion coordinates tend to the inferior anterior
part of the medial prefrontal cortex while cognitive tend to the posterior superior part in this region. On

the lateral surface of the prefrontal cortex the emotion coordinates appear predominately in the inferior
part.
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