Tract-Density Imaging A4 R 2 E B Single HCP subject B2 "HCP#IT,
[Calamante Neurolmage 2010] TDI @ 0.2mm
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Why do we need modelling?
N ALBANFEZER?

Micro-connectme Micro-connectome
EEA MERH

Ohno et al. 2013 lowa Virtual hospital




What is Tractography?

T AZIBIR?

Post-mortem
dissection of some
white matter fibre

bundles (tracts)
—EERRAAR (KF) HWPRRE

Tractography
The post-imaging B AR
reconstruction of fibre bundles/ {ERE—AHDWE&IA
anatomical connections in the BRI AR/EEE]ET: | BTSN
brain using a set of DW BTG RER(IRAE A
images. (in-vivo virtual A El) |
dissection)




What does tractography offer?
SRR AT DR A 42

+ non-invasive xoj

+ IN-VIVO #gitism

+ whole brain 2m

+ can address new questions

AJ AR R FfT (6] @R

(iif) Poslt-Moertgm Dlsiet?on L

=
.But 82 | Lawes et al. 2008
- low resolution (large bundles) msm= *xx)

- indirect (diffusion paths) miz wreesz)
- error prone (MRI is noisy) sz (MRiEEX)
- difficult to interpret quantitatively wuzzme



DTl tractography oriess

Vi map v1 BlR
Principal Diffusion Direction B B alE

Principal Diffusion
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Assumption:
Ri%:
Direction of maximum diffusivity BAY BEERINA
(in anisotropic voxels) (BEFIEMRERA)

is an estimate of the major fibre S B HE ARG
orientation.
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DTl tractography
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[Basser et al, Magn Reson Med, 2000] [Catani et al, Neurolmage, 2003]



But is WM always coherently organised within a voxel?
BEEWMZES B2 EMRRAER AHNRIR?

Unfortunately not, complex fibre patterns (e.g. crossings) are very

common at the voxel scale.
AE=NE, EXNAHER (HlURX) ERERELIEEEN.,



Predictions from the tensor model
no crossing fibres
sk =AE B A TN
RBRXAH

One orientation

— 1AM

Measured Predicted
Signal Signal
Shape Shape

MEESHAR TS SHZAR

DT ‘ Prediction &

Measurements
in 2D

E2DEEFFIFNE |

Ellipsoid
DTIHgER




Measured
Signal
Shape

DTI
Ellipsoid

DTIH&EK

Predictions from the tensor model

no crossing fibres
sk = AR B A9 T

HBRX Ao
Two orientations
M7
Predicted
Signal
Shape

TS =S AZIA

Prediction &
Measurements
in 2D
fE2D B I FIuN A0 £




Measured
Signal
Shape

MEESHAR

DTI
Ellipsoid

DTIH&Ek

Predictions from the tensor model
no crossing fibres
sk =AE B A TN
RBRXAH

Three Orientations

=1AM

Predicted
Signal
Shape

TS SHZAR

Prediction &
Measurements
in 2D

£ 2DENS A AYFIUNIAD N £




How good is the DTI Model in regions with crossing fibres?
TEEBEAFHR XX ADTIFE R0 ?

- In voxels containing two crossing bundles, the tensor ellipsoid is pancake-shaped
(oblate, planar tensor). ZEEMTRXXKRAEER, KEWKERFERK (REF, FEHKSE) .
- In voxels containing three crossing bundles, the tensor ellipsoid is spherical. ZF82& ="
RXRIAER, sKEMMIKEIKAAY.

- In these areas, DTI v1 is meaningless. fEXLE8iE, DTIVIZETLE N .

Spherical Tensor

i KA 4R
Prolate Tensor | £ M=ho=A3

R NENEAR i
A >> 7\2, A3

Oblate Tensor
IERESEEES
7\1=7\,2 >> 7\3




Uncertainty on DTI Fibre Orientation Estimates

AJ3R

9

R1SV1H

DT %4 7 m{h B HE S

Repeat an acquisition many times and obtain the variability in v1 from the different datasets.

EXREHMITERIBIESEH

Uncertainty
Sources

IR

N
/

RERER

- Modelling
errors

Cones of uncertainty on DTI v4

Jones, 2002

DTI VI RERE



Do we have to use the DTl model to estimate

orientations? Not really, many models exist
BB S W TERADTHERSR(AITT A E? &, TEZEEERATIN

DTI model (dtifit) Ball & sticks model (bedpostx)
DTI#&EY BRFER R

Anisotropic Volume Diffusivity Fibre Orientation
Fraction (unknown) (unknown) (unknown)

FOHIEARR DL ﬂe%mi #E (R%N) / ST (]

(Z<%N)
5= 50 [(1-)exp(-b; d)+f exp(-b; d(xT¥)2)]

Measured Signal

for Gradient j / /
BEMNEES
b-value for gradient j Unit vector representing the direction of

(known) gradient j (known)

%EIbE (BEXR/Y) KTGEABNREUEE (EX)




Ball & Sticks Model
Unlike the DT model, it can represent many orientations

4 )
Measured @
Signal
Estimated
Stick - 5 \\ ><
Orientations
\_ /

- Anisotropic tensors (sticks) with isotropic background (ball)
- Fibre Orientations modelled explicitly and separated from isotropic partial volumes

Anisotropic Volume Diffusivity Max number | | _
Fractions (unknown) (unknown) of sticks Fibre Orientation
\ (user-defined) (unkr}own)
7

L= s0[(1-Zf)exp(-by d)+ 3 exp(-b; d(x1¥,)?)]

Measured Signal
for Gradient j
b-value for gradient j Unit vector representing the direction of
(known) gradient j (known)




Two orientations

Three orientations

Predictions from the ball and sticks model
crossing fibres

Measured Prediction &
Signal Shape Measurement in 2D

Ball & sticks

[




Quantifying Uncertainty
Bayesian Modelling (FDT BedpostX)

SN RE
MMHHEEE (FDT BedpostX)

Posterior distributions Uncertainty

y .

data

Bayesnan inversion

+ generative model E

(prior + likelihood)

X—> data + noise

« Uncertainty can be quantified from a single data set

ARAEIERTAMBE TN EIEREN

+ Instead of a single orientation estimate, infer a distribution of orientations in each voxel.

mATRTHEGET, EEE™MIEFRRIA DD

I fx;..i.;-
.lil II....

GM/CSF Orientation

Distribution

Orientation

wutlon
DTI ellipsoid

DTI ellipsoid




Ball & Sticks Model Selection
Bz Ao AR BY 1R E

* Model selection problem: One, two or

more fibres within a voxel?
EREEEE: RENE—R, mRaEswae (f)

* Automatic Relevance Determination: f2
Only estimate complexity that is

supported by the data
BopfEXMRE: (EITEIE IS x4




Modelling Complex Fibre Architectures

BIRTHIRMWER

Automatic Relevance Determination (A.R.D.)
BafEx M E (A.RD.) --- Measured Signal

—— Model Predicted Signal

Model with one stick Model with two sticks
— R R A MIEEREY
V .’x :'\ { | \c :", .& n ‘ ‘
\ ) y iy ' ITHERMEL
: . : AL ‘Al o
e No benefit from including a | 1Y { : 'M. ‘.: { ’
2nd fibre => 2nd volume 1} ‘

fraction goes to zero

o BIFESEIRTH=>5_IK
ROBTZAT B =L

Signal for one
fibre configuration

ARD1 . .




Modelling Complex Fibre Architectures

B IR HIRNIER

Automatic Relevance Determination (A.R.D.)

B&itExtiEE (ARD.)

- After running BedpostX all voxels will have estimated parameters for the maximum number of

sticks requested. Eiz{TBedpostXZfg, FREAEZRFGEEBMERNERAEENIGLITSEL

- But due to ARD, the sticks that are not supported in a voxel will have an almost zero volume

fraction. {BEERHTARD, BAEFAZFFIEFEEFTILFAZTNRRDTE

- We use a threshold (e.g. >5%) to exclude sticks with tiny volume fraction.

BANERBE (B> 5%) FHEREGRIMRR D 20,
Stick1 Stick2 Stick3

=

E
4

T

\\\\\



Ball & Sticks Orientations
Bk AR89 5 [

All sticks, with secondary ones thresholded (f,>5%)
FhE®E, EIRENEE (fn>5%)

Orientations RGB-colour coded

75 [RGBEN B g5

SASARE -
O

<A T SO~ s S




DTI vs Ball & Sticks Orientations
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A large portion of the WM Coherence in orientations shows that

supports crossing fibres we are not over-fitting (the ARD works)
WMIR K —8B D X IF X 4 4% HEpERERBERINAAIEMUS (ARDIE)



Signal at
different
b values
(s/mm2)
b=1000
b=2000
b=3000

b=5000

Al

Multi-Shell Diffusion Acquisitions Zizi 8% &
Why bother? J{t+A4lE?

One Orientation Two Orientations Three Orientations
— A M AT =AM

4

Higher b value gives us more angular contrast!!!
blEHS, AESTEHAK!

©)




Multi-Shell Diffusion Acquisitions Zizi 8% &
Why bother? J{t+A4lE?

Al

One Orientation Two Orientations Three Orientations

Signal at
different
b values
(s/mm2)
b=1000
b=2000
b=3000

b=5000
AEbENGES

B2, &b
A2 SNRIE b=300 b=1000 b=2000 b=3000
IREN= TBE - | [ =

But SNR
goes down

very quickly
with b...

&




ZEXit

& T

/
/
7

Generalised Ball & sticks Model ##

I S AERYIERE

2) in Bedpostx options.Bedpostx

Gets best of both worlds 3

shell model (or model

Multi

)

Allows representation of multiple diffusivities within a voxel (rather than just one).

(SiRR=2

EhE

JEII R Y 5 F

FAEMERARTS T B (MAZRN—1)

L1

More accurate model for multi-shell data & partial volume effects.

pIv

SR

BIRERR

kv
A

SRR S EURREA]

Human Connectome Project Data
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Faster bedpostx on GPUs

GPU_L1z1TBedpostxg & |~

1000000
—
- _—
100000 o il —
= il
g — CPU
=
S
@ 10000
w
=
L ‘—"
B — —a
— A
1000 o— ——
— GPU
100 1 | 2 3
Number of Fibres
Directions number: =—4&— ¢4 i 128 —— 256

50x-150x Speedup using GPUs

Hernandez et al, Plos One 2013



Overview
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BEDPOSTX
® Probabilistic Tractography - PROBTRACKX i

ibre Orientations -
® ProbtrackX outputs

® FEstimating F

55

1B

Sdy o
S4AN

® Tractography limitations




Connectivity - Why do we care!
ERE - BAIATARL?

- White matter (dys)connectivity is
thought to form the substrate for many

different neurological and psychiatric
disorders.

- BR (BE) ERERIANE TS A EENGHRTR
RYEAL .

Somesthetic areas

| A

; agnosia

e e e S L

> o, » T —— — ——q‘——_——_ v“ oy ” .

Pl'l. motor cortex ; —— — — — — —_.'— ———— Z "Suprunrarg"]a[ 7
_____E__.’,.§ _ /

~ angular gvrus

] ——— —— — — ¥ —————
Broca’'s area

1  Wernicke's

% area 45 Visual

E
Conduction 7

4 Vi - agnosia
aphasia  / Pure word \\_ :
o deafness | Visual arcas
Fs 5 4 7
Pain k3 :
: Primary auditory cortex
asymbolia

,- *f Verbal learning

impairment
Limbic system
< Sensory-limbic connections

4 Sensory-Wernicke's area
connections

Catani and nytChe 2005 g S¢'n.s‘m:\‘-mu!m' connections




Connectivity - Why do we care? E&@M - 11+ ARO?

Tractography provides non-invasive localisation and semi-quantitative

biomarkers Tractography
- REFEEANEEMTFESEYIRIC
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Connectivity - Why do we care! i&@M - Fl AT ARO?

- Connections constrain function
- EIEARINEE

- Different regions have distinct

connectivity fingerprints
- AEXFEEERERIERRI

Afferents of F3
F1

F6 F3

F5 F4

Afferents of F5
F1

F6

F5 F4

Passingham et al. 2002

F3



DTl Streamline Tractography
DTIA % BT 4RI IR

Seed region #FxXig

O N\

O

SN

WO

O

)

@,

&

Formally, we solve numerically the
differential equation:
ol E, BATHSEKERD B

Position Principal eigenvector Starting
Q along a curve v1 at position r(s) Position

Q oH%ENL uEr (s) EIFLEEEV EiRE

@
0
0/ %%

VWIN OO

ch

U
@
O
Ol

O

Mori S, Neuron 2006
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OO0
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DTl Streamline Tractography
DTIE AL 4 R IEBR

But When to Stop? {Bf+ARMESE LE?
Heuristics to avoid error propagation. B &R E &R R EIREIE,
+ Knowledge of the anatomy T Z##aI%

Curvature Change Threshold: To avoid crossings of boundaries and very
bended trajectories, impose a smoothness criterion.
MERZMAEE: NERDFTNIFESHANNITNRZX, FREIFBERE,

Anisotropy Threshold: To avoid propagating in regions where v1 is
meaningless. Ea&FMEE: BREVIIEXNXEFERE.

Anatomical criteria (e.g. reach grey matter) f@#slfntE (FIEARIRR)




Streamline tractography can dissect major bundles
2% B ARRR o i N P] DASIAT £ 2RISR

t - "
’ »
Y G 3

A )J'
2 -
cingulum bundle

._? N

corpus callosum

uncinate fasciculus corona radiata cerebellar tracts

Catani and Thiebaut de Schotten 2008



DTl Streamline Tractography Summary
DTl 2 BU RN 4 R IEFRHY B 45

- Use the major axis of the DTI ellipsoid as a fibre orientation
estimate. ERDTIMIRAKIMIEN 45 [EhiT.

- Propagate curves within this vector field until empirical thresholds
are exceeded. #itEEFERAEEMLE, HIBIRREME.

- Major fibre bundles can be reconstructed. TEx#HRrTUEE.



Streamlining reproducibility #F4kEE

Repeat an acquisition many times and repeat streamline tracking.
ZREEREHEERLIRER

Due to uncertainty in v1, curves will not perfectly overlap
HFVIRAREY, HEFfaTEES

Create a map that shows the degree of overlap across the trials.
RIE— BNt ESEENTE

_ _ Map that shows where results
Streamlines from a single dataset across datasets overlap

FTHIERAFAR BIBE S RNERE

Path
Probability
Map

Low Reproducibility High Reproducibility
EE 0




Probabilistic Tractography
B ZRIE IR

- We normally have one dataset per subject, not many.
HNTBEEESTHRINE —TEHIESE, fTEERZ

- Probabilistic Tractography as a two-step process:
WREEBIRD AMT:

a) Use DWI data and a model to infer a fibre orientation and its

uncertainty in each voxel. {EEDWIEHRMERH IS MIERIF L5 B RERH
T %

b) Use the estimates and the uncertainty to build a path
probability map to a seed. EREiHEMRHEEROWEM FHREERE



Probabilistic tractography
B ERE IR -
* But now, we no longer have a single

direction at each voxel. How can we

do tractography!?
BEREBNNEETMERAREE A0, BREANZEFEERRNE?

‘Streamlining’

Probabilistic tractography
Behrens et al, 2003, Parker et al. 2003,
Hagmann et al 2003, Jones et al. 2004



Probabilistic Tractography - Propagating the Uncertainty
WEZRIB IR - RHEANAIRE 1

avi

/

/[
= |==

B

il

7%

o~

Behrens et al, 2003
Parker et al, 2003

- Propagate N streamlines from a seed, but for each propagation step

choose randomly an orientation from the underlying distribution.
MIPFXIERENFAL, EENTENERIR, MEMWDmREINEE—TAE

- Build a spatial distribution of curves that mimics the overlapped results

from multiple deterministic tracking on multiple scans

EIHZNZE D, MREZEP S REE I EERTENEES



Probabilistic Tractography - Propagating the Uncertainty
WZRIEIR - FHENARE S

avi

/

/[
= |=—=

B

il

%

o~

Behrens et al, 2003
Parker et al, 2003

Define the degree of overlap at each location B, as:

T TBitREXEEEN

Pas = M/N

M:number of streamlines that go through B
N: total streamlines generated from A

M: EFEEBXREHNHE N MAXTAERIREHE 2

This is the probability of a curve starting at A and going through B.

Xl — T8 TAZ I BRYE IR B AR 2R



Probabilistic Tractography in Multi-Fibre Fields
LA YIHIRERIEER

[/

[ [
[T | F

A
A= [ A

Behrens et al, 2003, Parker et al. 2003, Parker & Alexander 2003,
Hagmann et al 2003, Jones et al. 2004 Behrens et al, 2007

When multiple fibre orientations exist in a voxel, choose the one that
IS most compatible with the incoming trajectory.

HE—TRREPREFEESTAELON, XRRSEANNDRFSFII—T



Probabilistic Tractography in Multi-Fibre Fields F&M

Examples ARG RIER
o

8
O

MGN --t-- Primary Auditory cortex

Acoustic radiations.
9 subjects

Behrens et al, 2007

one fibre two fibres



Path Probability Map giEREIL

- Recall that it assesses how reproducible results are
ERE—TEMMEERNATES

7 14

- Often called “connection probability”, “connectivity index”,
“connectivity strength”. But it does not quantify how strong a
connection is...

BEVAERRER, “EREW, EERE ., BEXTESNEERNEE..

- Rather, how robust it is against noise/uncertainty

HR, ERTNIFE/AEEENSEGE

Deterministic Tractography #Eti&ss Probabilistic Tractography #xmess

Low Probability High Probability
E




Probabilistic Streamline Tractography Summary
FHRBRIEIRESE

Needs apart from orientation estimates, an estimate of their uncertainty.
Does not need to be the ball and stick model, the DTI model can be used
Instead!

BERARETZINIEK, HITEAREE. C1FEERERE, oJD{FRADTHIREARE!

Propagate streamlines repeatedly from a seed, but the orientation field is
no longer deterministic. In each propagation step choose randomly an
orientation from the underlying distribution.

MFXEEEERE, BEANFERABEREEN. A8 MERTER, MBSk
MIEFE—"T7ME,

A connection probability value>=0 can be obtained from a seed A to any
voxel in the brain B. This assesses the reproducibility of the path from
A to B, along which water molecules preferably diffuse.

B AMHFAZIAXBRAMEEMNZIRIFERMRE20, X1 T MAZIBRIESZAIBINE, KD
FIEGE ZR T 81




Overview
ML

Estimating Fibre Orientations - BEDPOSTX
Probabilistic Tractography - PROBTRACKX
ProbtrackX outputs ProbtrackXiit!
Tractography limitations




ProbtrackX outputs

Probtrack X944

_ Connectivity matrices &EiZiEr%
Known white matter tracts

E AN B FREF4ER ROI by ROI voxel by ROl  voxel by voxel




Adding Prior Knowledge to Tractography F@”
WRIERBIHRZE 7 BEHVENIR

e Because of the uncertainty propagation, the spatial distribution of
paths is often very wide. BFRBNTHEY, BERNZEOHEEIEEE.

Low Probability High Probability
E




Fdt GUI

Adding Prior Knowledge to Tractography F&W

DRSS

FDTEf R E

PROETEACK: Probabhilistic tracking — |

Data l Optionsl

BEDPOSTH direc:tor},fl\fUsersfndanZmejectsffsl_co'

—Seed Space

Single mask  — |

seed Image/Surface

_I Seed space is not diffusi

|
on /

— QOptional Targets

_I WWaypoints maslé/
_1 Exclusion mas#\

/

I Termination ma
_I Classification targe

Output directony: [

\

EIRRIRE [ #RRVANIR

Once a seed is specified, prior anatomical knowledge
can be imposed to assist the dissection of a specific

tract.
—BigETHMF, MelURINFcEIRE S 2 AIR AT BN RS B AR,

Waypoint ROIls gzsvmx
If a curve does not go through, it is discarded.
NRBEARBEE, MRKEER.

Exclusion ROI #pyumx

If a curve goes through, it is discarded.
MRHLEET, WEEER.

e Termination ROI g rymx

If a curve goes through, it is terminated.
MRHLZT, WAL,



Adding Prior Knowledge to Tractography F@w
WRIERBIHRZE 7 BEHVENIR

Cortico-spinal tract fZ i B 8ER

Seed: M1, hand area
MFa: M1, FRXKIE

No ROls
/Zﬁ /CR /\LE



Adding Prior Knowledge to Tractography F&M
WRIERBIHRZE 7 BEHVENIR

Cortico-spinal tract fZ i B 8ER

Seed: M1, hand area
MFa: M1, FHXIE

Exclusion: Mid-Sagittal plane
HERR : PRARFEE



Adding Prior Knowledge to Tractography F@w
WRIERBIHRZE 7 BEHVENIR

Cortico-spinal tract fZ i B 8ER

Seed: M1, hand area

Waypoint: Internal Capsule
ERR SUAIK



Adding Prior Knowledge to Tractography F&M
WRIERBIHRZE 7 BEHVENIR

Corpus Callosum BfAE{i

Seed: dorsal PMC
MFm: FMPMC

No ROls
liﬁ R /\L[



Adding Prior Knowledge to Tractography F@”
WRIERBIHRZE 7 BEHVENIR

Corpus Callosum BfAE{i

Seed: dorsal PMC
MFm: FMPMC

Waypoint: Corpus Callosum
1R A AR



Surfaces as constraints

/

Sz

=IENLIR

No surface constraint s 5xEX%®




Autoptx: generating tracts for you
Autoptx: FERNAFER

Input: pre-processed diffusion MRI data
B TR BIMRIZE

Autoptx does:

* Run dtifit and register FA to standard
space
EiTdtifit R FARC RTS8

* Run bedpostX izf7bedpostX

* Run probtrackX using pre-defined
seed, waypoint, & exclusion masks
for 27 tracts

FRMEXMF, KBRS MHIRRERIET
probtrackX, AF271 X1

Download scripts from:
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/AutoPtx



ProbtrackX outputs

ProbtrackX %4
Known white Connectivity matrices sz
matter tracts

BAE R 4R ROI by ROI voxel by ROl  voxel by voxel




Connectivity between ROls

ROIEJAYE IR

Resulting matrix:
LERAEE




Connectivity between ROls
ROIIB]HYESR

« Seed from blue wEeXEHIFS
» Other ROls are waypoints Hf#tROIZ#1Z =
 Fill first row of matrix ax=s—F46m

Resulting matrix: sssme
Target ROls

Seed ROls




Connectivity between voxels and ROls
(K ZFIROIZ (BB

Resulting matrix: s#ssE%
Target ROls

? ? ?

Seed voxels
S )
LS )
N




Connectivity between voxels and ROls
R ZFIROIZ (B Y&

Resulting matrix: s#ssE%
Target ROls

Seed voxels
S )
LS )
N




Connectivity between voxels

LENEERpEE
Resulting matrix:
ROI 1 voxels
? ? ? ?
L’
X
S ? ? ? ?
>
A
— ? ? ? ?
O
o
? ? ? ?




Segmenting the thalamus
Fr Al 5 £

: Rouiller et al, 1998
no contrast on conventional MRI Behrens et al, 2003 (BDA anterograde tracing)
(probabilistic tractography)



Segmenting the thalamus
Fr Al 5 £

Prior cortical parcelaltion s#&tgifdEEH E : :
p FERIEIES 8l Resulting matrix: ssssme
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Segmenting the thalamus
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Segmenting the thalamus
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Overview

WL

Estimating Fibre Orientations - BEDPOSTX
Probabilistic Tractography - PROBTRACKX
ProbtrackX outputs

Tractography limitations F4HEIRAERR




What is a quantitative measure of
connectivity? f+42&E@ e Etighn?

e Number of axons connecting 2 areas?FE1Z2 N XY= EE?

e Proportion of axons from a seed that reach a target? #<Zl3A

ENEHEN s vl

o “Integrity” of the connecting white matter ...J&%

= SR
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— Effective conductivity? BES4?
—Degree of myelination? BEzE{CIZE?
—Packing density? EEE$Z3E?
e What are we measuring? 17 NE 472
—The probability that the dominant path through the diffusion

field passes through this region.i@iX¥ EZHI T SRR @I 1%
X HIHEER




Connection Probabilities 1R &EIE e

- They may reflect “Connection Strength” &fi1arse et EisigE"

- But they do also reflect other uninteresting factors, such as:
BE(tRR T EMITBIREZER, Fla:

Connection length: Longer connections have smaller probability
than shorter ones EigkeE: BkiEERENEEEE R OEE

Geometric complexity: Probabilities of connections that go
through regions of complex structure will be smaller than
connections than go through more coherent regions
JUEIE i B S REMXIEREER RGN T EE, MASBEUEERNXE

Resolution of the spatial grid: Probabilities change if we change

the size of “bins” for displaying the spatial histogram
FEIMBHNDHER: URBTXZRTERZHEHBENXERIARN, MRS




Can we trust tractography? #=Riga{E15?

Is the direction of least hindrance to diffusion a good

proxy for fibre orientation!?
¥ BRI /A MR A AR @i RiF R Z&R157?
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mapping between axon
geometry and diffusion
profile can be

ambiguous
MLl S Y sEIE Z B RYBREY T BE
R RARY



) lEe e

te matter

O
o
=
S my
RZ I
&8
2




Validation: comparison with classical chemical tracing
Wik 5 HEAFRIRIER
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The Human Connectome Project ABNi&EiZAIT] B
www.humanconnectome.org
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http://www.humanconnectome.org

That's all folks




