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Directory structure

« Each subject has a TRACULA output directory,
Sdtroot/$subj/

« Under this directory:
— dmri/ : Raw diffusion images, outputs of tensor fit
— dmri.bedpostX/ : Outputs of ball-and stick model fit

— dlabel/ : Files that aid the tractography (from subject’s own
anatomical , e.g. aparc+aseg, or from tract atlas, e.g. anatomical
priors, initialization)
dpath/ : Outputs of tractography
scripts/ : Log files
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Ball-and-stick model fit

Behrens et al., MRM ‘03
Jbabdi et al., NeuroImage ‘07

« Multiple diffusion compartments in each voxel:
— Anisotropic compartments that model fibers (1, 2, ...)
— One isotropic compartment that models everything left over (0)

« FSL/bedpostX infers from the data:
— Orientation angles of anisotropic compartments
— Volumes of all compartments
— Overall diffusivity in the voxel

e Multiple fibers only if they are supported by data
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Troubleshooting: Gradient vectors

e Check that orientation of tensors follows corpus callosum,
cingulum, corticospinal tract
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Troubleshooting: Registration to T,

Check aparc+aseg transformed to diffusion space, overlay on FA

freeview dmri/dtifit FA.nii.gz\
dlabel/diff/aparc+aseg.bbr.nii.gz

Also good for checking quality of aparc+aseg (perhaps recon-all
brain mask includes too much or too little?)
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Troubleshooting: Initialization

« If path has not moved away from its initial position
(reconstructed path looks like a 1D curve), there was something
wrong with this initial position (maybe goes off white matter?)

» freeview dmri/dtifit FA.nii.gz \
dlabel/diff/rh.slfp PP avg33 mni bbr cpts 5.nii.gz
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Troubleshooting: Initialization

If initialization has failed for a specific pathway and subject,
choose another initialization and repeat reconstruction (only
repeat this particular pathway/subject)

In configuration file:
— set reinit = 1
— Limit subjlist to this subject only
— Limit pathlist to this pathway only

Repeat:
trac-all -c dmrirc
trac-all -c dmrirc

Make sure to remove set reinit = 1 when done with this!
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Visualization with freeview

There is a 4D volume where all the pathway distributions that
were estimated have been merged

Opening this file in freeview will display all distributions as
isosurfaces, thresholded at 20% of their maximum value.
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Change
threshold
for display

18/11/13

Visualization: 3D view

freeview dmri/dtifit FA.nii.gz \
-tv dpath/merged avg33 mni bbr.mgz

e Edit View Layer Action Tools Help

- Volumes

merged avg33 mni bbr

dtifit_FA.nii

Mask |None

AN
—— [[100 5

[~ Use percentile

5101 Corpus Callosum Forceps ...
5102 Left Anterior Thalamic Ra...
5103 Left Cingulum - Angular ...
5104 Left Cingulum - Cingulate...
5105 Left Corticospinal Tract
5106 Left Inferior Longitudinal ...
5107 Left Superior Longitudina...
5108 Left Superior Longitudina...
5109 Left Uncinate Fasciculus
5110 Right Anterior Thalamic R...
A EYS

£111 DRinht Ci o
1B £119 Dinht Cinaliom O ~ ]

Threshold = ———[30 |
Smooth iterations —_F—— |5 |

[~ Show intensity projection map

Opacity

[V Show in Info panel
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N\ FreeView (dpath/merged_avg33_mni_bbr.mgz)

-4.29, 36.64, 31.44
TkReg ...i_bbr) -2.46,-13.68, -18.43
merge...i_bbr 0 [65, 74, 25]
dtifit_FA.nii 0.0409356 [65, 74, 25]

TkReg ...i_bbr)
merge...i_bbr
dtifit_FA.nii

-9.82, -139.09, -62.27
-2.46, -107.38, 157.39

0
0

[65, -24, -27]
[65, -24, -27]




Visualization: 3D view

freeview dmri/dtifit FA.nii.gz \

-tv dpath/merged avg33 mni bbr.mgz

N\ FreeView (dpath/merged_avg33_mni_bbr.mgz)
le Edit View Layer Action Tools Help

o] =R
- Volumes

merged avg33 mni bbr

dtifit_FA.nii

Mask |None Ll:l

Change opacity  ————|[1003

[~ Use percentile

threshold

. 5101 Corpus Callosum Forceps ...

5102 Left Anterior Thalamic Ra...
for dlsplay 5103 Left Cingulum - Angular ...

5104 Left Cingulum - Cingulate...
5105 Left Corticospinal Tract
5106 Left Inferior Longitudinal ...
5107 Left Superior Longitudina...
5108 Left Superior Longitudina...
5109 Left Uncinate Fasciculus
5110 Right Anteuor Thalamic R...

£111 Riaht (i
IBN €119 Dinht Cine . J
N
Smooth iterations —_F—— |5 |
: ) - RAS -4.29, 36.64, 31.44 -9.82, -139.09, -62.27
I™ Show intensity projection map TkReg ...i_ bbr) -2.46, -13.68, -18.43 ...i_bbr) -2.46,-107.38, 157.39

merge...i_bbr 0 [65, 74, 25] merge...i_bbr 0 (65, -24, -27]

Sl s dtifit FA.nii  0.0409356 [65, 74, 25] dtifit FA.nii 0 (65, -24, -27]
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Visualization: Slice view

freeview dmri/dtifit FA.nii.gz \
-tv dpath/merged avg33 mni bbr.mgz

N\ FreeView (dpath/merged_avg33_mni_bbr.mgz)
e Edit View Layer | Action Tools Help

- Volumes

merged avg33 mni bbr

dtifit_FA.nii

Mask |None Ll:l

Change Opacity —————/[[1.00=]  F-

[~ Use percentile

threshold

5101 Corpus Callosum Forceps ...
f d' l 5102 Left Anterior Thalamic Ra...
Or ].Sp ay 5103 Left Cingulum - Angular ...
5104 Left Cingulum - Cingulate...
5105 Left Corticospinal Tract
5106 Left Inferior Longitudinal ...
5107 Left Superior Longitudina...
5108 Left Superior Longitudina...
5109 Left Uncinate Fasciculus

5110 Right Anterior Thalamic R...
£111 Rinht (i

m Ann
IBN €119 Dinht i S _j
Smooth iterations —_F——— |5 I
: ) - RAS 0.92, 22.26, 30.72 RAS 127.57, 138.97, 30.72
I™ Show intensity projection map TkReg ...i_ bbr) 3.20, -14.40, -4.22 TkReg ...i_ bbr) 126.13, -14.40, -124.86
merge...i_bbr 0 [62, 66, 25] merge...i_bbr 0 [-6, 133, 25]
dtifit_FA.nii 0.910155 [62, 66, 25] dtifit_FA.nii 0 [-6, 133, 25]

[V Show in Info panel
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Tract-based measures

e Reconstruction outputs

— Posterior probability
distribution of pathway given
data (3D):

paths.pd.nii.gz

— Maximum a posteriori
pathway (1D):
path.map.nii.gz

o Tract-based diffusion measures
(FA, MD, RD, AD)

— Averaged over the entire
pathway distribution:
pathstats.overall. txt

— As a function of position along
the pathway:
pathstats.byvoxel. txt
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Path stats (average values)

pathstats.overall. txt

# subjectname Diff001

# pathwayname lh.cst

#

Count 1000

Volume 327

Len Min 35

Len Max 70

Len Avg 53.119

Len Center 48

AD Avg 0.00106102

AD Avg Weight 0.00108794
AD Avg Center 0.00105527
RD Avg 0.000438781

RD Avg Weight 0.000430744
RD Avg Center 0.000441464
MD Avg 0.000646195

MD Avg Weight 0.000649809
MD Avg Center 0.000646067
FA Avg 0.519271

FA Avg Weight 0.539241

FA Avg Center 0.511358

* Avg: Average values of

every voxel with probability >
20% of the maximum

* Avg Weight: Multiply
value at voxel with the
probability at that voxel, sum
over every voxel with
probability > 20% of the
maximum

— This is closest to the notion
of mean/expected value

* Center: Average values
only on the 1-D path with the
highest probability
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Path stats (values along the path)

pathstats.byvoxel. txt

# subjectname Diff001 cre
e e e e At each position along the path

# — Value on 1-D path with the

B RNV EBCREL highest probability
X y z AD RD MD FA AD_Avg RD_Avg

66 63 13 0.00103657 0.000574918 - * Avg: Average value over
66 63 14 0.00100453 0.000480365 nearestpointsfromaﬂ
67 64 15 0.000816154 0.00035986
67 64 16 0.000946625 0.00042132 sampled paths
68 64 17 0.000967142 0.00030569
68 64 18 0.00114626 0.000333594 . . . .
69 65 19 0.00152806 0.000740932 Coordinates are given in native
69 65 20 0.00126399 0.000470638 diffusion space
69 65 21 0.00140243 0.000482392
70 65 21 0.00143949 0.000480912
0
0
0
0
0

70 65 22 0.00116007 0.000156374 : :
70 66 23 0.00138642 0.000415134[RENRELERUELEGIEEIEILICYE

71 66 24 0.00134187 0.00038519 7 EEESSS CIINAIEACRTIE (S

66 26 0.00111074 0.000307493

P SN N W NN ~ N N
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Example: Huntington’s disease (HD)

Data courtesy of Dr. Diana Rosas, MGH

| I

HD stage 2 HD stage 3
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Plot measures along the pathway

Want to combine FA/MD/... along the path from multiple subjects,
plot mean FA/MD)/... for each group

L-CST

1
1

a 117
S 10
% gT“-:‘
S 8
7.

B Healthy
] Huntington’s

Mean MD

Position along tract
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Plot measures along the pathway

Want to display P-values for T-test on differences
in mean FA/MD/... between groups

Cingulum

B o001
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New: Assemble group stats

trac-all -c dmrirc

« Combine files of stats along the path from multiple subjects:

— Find median path, set its mid-point to the origin (zero arc length
along the path)

For every other path, find the closest point on this path to the mid-
point of the median path, set this point to the origin

Now every point on every path is assigned an arc length
Interpolate values of FA/MD)/... at the same arc lengths for all paths

e Outputs are saved under $Sdtroot/stats/ and can be used
for group studies on FA, MD, RD, AD along the pathway
— One text file per pathway per measure (FA, MD, RD, AD)

— Also produces average coordinates for each pathway in the template
space (MNI or CVS) for visualization purposes

— Log file shows which subjects are outliers (different shape-wise)
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Display mean paths

« Use waypoint (-w) functionality of freeview
e freeview Smnitemp \

-w S$dtroot/stats/*.path.mean.txt
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Paint p-values on mean paths

Save p-values in a simple text file, load it as a “scalar map”

rh.unc_AS.avg33_mni_bbr....
rh.slft_PP.avg33_mni_bbr.m...
rh.slfp_PP.avg33_mni_bbr....
rh.ilf_AS.avg33_mni_bbr.m...
rh.cst AS.avg33 mni bbr....
rh.cab_PPavg33_mni_bbr....
rh.atr_PP.avg33_mni_bbr.m...
Ih.unc_AS.avg33_mni_bbr....
Ih.slft_PP.avg33_mni_bbr.m...
Ih.slfp_PP.avg33_mni_bbr.m...
Ih.ilf_AS.avg33_mni_bbr.me...

Ih rebt AC A 22 mani e

File name .avq33_mni_bbri mean.txt
Opacity ——— — o704

Color

Radius
[~ Snap to voxel center

¥ Show spline

Spline color Heatscale I
Scalar map /autofs/cIuster/tract/aye I
Min _f— I

Mid — F—o
" T oo o0 m—

0.00, -17.00, 19.00 0.00, -235.18, 48.35

I TkReg ...n.nii)  1.00, 0.00, 0.00 TkReg ...n.nii)  1.00, 29.35, 218.18
Offset l— 0

MNI152...in.nii 5904 [90, 109, 91] MNI152...in.nii 0 [90, -109, 120]
Spline radius I
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