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Diffusion MRI and white matter microstructure 

Winston,  Quant Imaging Med Surg, 2012. 
 

•  Diffusion along neuronal fibers is anisotropic 
•  Characterise diffusion based on a tensor 
•  FA, MD used as micro-structural indices 
•  They do not distinguish the signal contribution from 

different tissue compartments 
•  They are related to fiber organisation in a complex way. 

•  Neuronal density 
•  Fibre orientation dispersion 
•  Axonal diameter 
•  Degree of myelination 

260 Winston. Quantitative parameters from diffusion MRI
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partly an effect of time) and preservation of anisotropy (26). 
Similarly degradation of the microtubules (and to a 
lesser extent the neurofilaments) of rat optic nerve with 
subcutaneous methylmercury leads to an increase in parallel 
diffusivity but no change in perpendicular diffusivity again 
preserving anisotropy (29).

5IF�DPOUSJCVUJPO�PG�UIF�NPSF�OVNFSPVT�OFVSPòMBNFOUT�
has been assessed with the isolated giant squid axon whose 
large diameter (200-1,000 μm) means the effect of the 
axonal membrane is insignificant with typical diffusion 
times. Parallel diffusivity was only around slightly greater 
than perpendicular diffusivity (30) and isotropic diffusion 
is seen in the giant reticulospinal axons of the sea lamprey 
TQJOBM�DPSE� 	EJBNFUFS��������N
� 	��
��5IF�DZUPTLFMFUPO�
does not thus appear to be a significant contributor to 
diffusion anisotropy.

Clinical studies of DTI parameters

Extraction of DTI parameters

For clinical studies involving DTI parameters, a suitable 
parameter must be extracted, compared between groups 
and properly interpreted. Two common techniques are 
employed to extract the parameter (31,32).

Voxel-based analyses take quantitative maps (e.g., FA) 
which are then spatially normalized to a template using 
non-linear registration. Following smoothing, a voxel-based 
comparison is undertaken between groups using software 
such as SPM. The main advantages of this technique are 
that it is automated and performs a whole brain analysis 
without any a priori�IZQPUIFTJT��)PXFWFS
� TFOTJUJWJUZ� JT�
limited by the accuracy of spatial normalization (31) and 
results may vary depending on the degree of smoothing (33). 
Statistical correction is also required for the multiple 
comparisons.

A variant of this technique known as Tract-Based Spatial 

Statistics (TBSS) determines a white matter skeleton 
representing the ‘core’ of the tracts from the group 
BOE�QSPKFDUT� FBDI� TVCKFDUnT�'"�NBQ�POUP� UIJT� TLFMFUPO� 
(Figure 10) (34). This aims to alleviate the problems of 
inaccurate image registration and requires no smoothing 
and is widely used. It does however limit the analysis to the 
core of white matter so cannot detect changes occurring in 
the periphery of white matter tracts (or in grey matter).

The second main approach is region-of-interest 
based analysis. The structure(s) of interest are delineated 
either manually by an operator or automatically from an 
atlas and the mean of a diffusion parameter (e.g., FA) is 
EFUFSNJOFE�JO�FBDI�TUSVDUVSF�JO�FBDI�TVCKFDU��5IJT�SFRVJSFT�
an a priori hypothesis of which structures to assess but the 
TJOHMF�OVNCFS�EFSJWFE�QFS� TVCKFDU� BMMPXT� DPSSFMBUJPOBM�
analyses with clinical variables, such as cognitive scores. It 
cannot detect localized changes within structures, and the 
delineation of the structure can be time consuming and not 
necessarily accurate. In particular due to the relatively large 
voxel size of DTI, it can be hard to delineate a structure 
accurately and avoid partial volume effects.

Interpretation of DTI parameters

)BWJOH� FYUSBDUFE� B� QBSBNFUFS� BOE�QFSGPSNFE� B� HSPVQ�
comparison, any differences must be interpreted. Since 
FA is higher in ordered white matter and typically falls in 
disease processes, it is often considered a direct marker of 
XIJUF�NBUUFS�JOUFHSJUZ�CVU�UIJT�JT�BO�PWFS�TJNQMJòDBUJPO�	�
� 

Figure 9 Possible sources of diffusion anisotropy in a myelinated 
OFSWF�BYPO��5IF�DZUPTLFMFUPO�	NJDSPUVCVMFT�BOE�OFVSPòMBNFOUT

�
cell membrane and myelin sheath are all longitudinally orientated

Figure 10 Voxel-based techniques for analyzing DTI parameters. 
In conventional voxel-based analyses the FA map is non-linearly 
registered to a template and smoothed (left). In Tract-Based Spatial 
4UBUJTUJDT�GPMMPXJOH�OPSNBMJ[BUJPO�UIF�'"�NBQ�JT�QSPKFDUFE�POUP�B�
white matter skeleton (right, in green).
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Neurite Orientation Dispersion and Density 
Imaging (NODDI2) 

•  Seeks a biophysically plausible way to express 
diffusivity in terms of neurite morphology2,3 

•  Multi-shell diffusion weighted imaging 
•  Three compartment tissue model: 

–  Intra-cellular compartment 
–  Extra-cellular compartment 
–  CSF compartment 

2Zhang et al., NeuroImage, 2012. 
3Nilsson et al.,  Magn Reson Mater Phy, 2013. 
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NODDI micro-structural indices 

•  Intra-cellular volume fraction (ICVF) 
–  Marker of neurite density 

•  Orientation dispersion index (ODI) 
–  Characterises angular variation of neurites 

•  Concentration parameter that measures the 
extent of orientation dispersion (Kappa) 
–  It is related to ODI in a non-linear way 

•  Isotropic volume fraction (ISO) 

Zhang et al., NeuroImage, 2012.   
NODDI MATLAB toolbox: http://www.nitrc.org/projects/noddi_toolbox/ 
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Relationship between brain function and 
structure 

•  Functional connectivity is mediated by the underlying 
structural connectivity1 

•  Signal transfer depends on the biophysical properties of 
neuronal cells2 

•  Our hypothesis is that the ability to predict resting-state 
functional from structural connectomes would be sensitive 
to the underlying diffusion model3,4 

3Deligianni et al. IEEE TMI, 2013. 
4Deligianni et al. MICCAI-MBIA, 2014. 
 

1Honey et al. PNAS, 2009. 
2Chklovski et al.  Neuron, 2012. 
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Prediction-based statistical framework 

Functional Connectomes 
Resting-state fMRI 

Structural  Connectomes 
Micro-structural indices from DWI 

•  Build functional connectomes based on the inverse covariance 
•  Build structural brain connectomes based on a weighted average of 

micro-structural indices along streamlines 
•  Learn the inter-subject relationship between functional and structural 

connectomes across microstructural indices  

Deligianni et al., IEEE Transactions on Medical Imaging, 2013 
Deligianni et al., Frontiers in Neuroscience, 2014 

? 
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Sparse Canonical Correlation Analysis (sCCA) 
Y: fMRI 

fMRI connections 
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PMA R package: Witten et al., Stat. Appl. Genet. Mol. Biol., 2009 

Prediction: !XSubj → ŶSubj

•  L1 sparsity is used for regularisation 
•  sCCA operates on the vectorised elements of connectivity matrices 
•  There is no explicit constraint that the prediction will be symmetric 

positive definite Deligianni et al., Frontiers in Neuroscience, 2014 
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A prediction framework for SPD prediction of 
functional connectomes 

•  Leave-one-out cross validation 
•  For each subject 

–  Project functional connectomes onto a common tangent space (average) 

–  Use sparse CCA to predict the functional connectome of the left-out subject 

–  Project left-out subject back to SPD space 

–  Estimate the prediction performance based on the geodesic distance between 
predicted and measured connectomes 

 

1, . . . , S, the sCCA model is trained based on the remaining S � 1 datasets
(Deligianni et al., 2013a, in press). The number of components is estimated
as the minimum of the ranks of the predictor and predicted variables in CCA.
The penalty values c1, c2 are optimised in each cross-validation loop using
an approach that permutes the rows of both the predictor and predicted
variables of the sCCA (Witten and Tibshirani, 2009). Optimisation takes
place with exhaustive search on a grid of values.

Subsequently, a subject-specific rs-fMRI connectome Ys is predicted from
its previously unseen structural connectome Xs according to (Deligianni
et al., in press):

Ŷs = (uXs)
+
Dv

+ (1)

D is a diagonal matrix with the canonical correlation scores and + denotes
the pseudoinverse.

Both X and Y are matrices with rows the vectorised upper or lower
triangular part of the precision matrices across subjects. Self connections are
excluded both in the structural and in the functional connectomes. SCCA
applies to these elements without any further restrictions and hence there is
no explicit guarantee that the predicted precision matrix would be symmetric
positive definite (SPD).

One way to deal with this problem is to project the functional connectivity
matrices A onto the tangent space at a point B 2 Sym+

p , using the Log map
(Pennec et al., 2006; Arsigny et al., 2006; Varoquaux et al., 2010):

Logb(A) = B

1/2
logm(B�1/2

AB

�1/2)B1/2 (2)

where logm denotes matrix logarithm and LogB(A) is the tangent vector
at B assuming that B is close to A. This projection allows to operate on
these elements in a vectorised form and project the prediction back to SPD
matrices. Note that a major di�culty with working on SPD matrices is that
the results from standard operations may not be SPD matrices. An elegant
solution to this is to operate on the tangent space and project the results back
to Sym+

p using the inverse mapping, which guarantees positive definiteness:
B 2 Sym+

p , using the expm that denotes matrix exponential:

Expb(A) = B

1/2
expm(B�1/2

AB

�1/2)B1/2 (3)

However, if we naively apply eq. 2 onto a tangent space Bs for each sub-
ject independently (Arsigny et al., 2006), all subject’s projected covariance

2

matrices will lie in di↵erent tangent space (Ng et al., 2014). Therefore, we
will not be able to compare them with each other within the sCCA framework
and this will also reflected on the prediction performance of the algorithm.
Instead, under the assumption that the average covariance matrix A is close
to all subjects specific matrices As we can use it to project all subject specific
covariance matrices onto a common tangent space.

We adapt this approach in a cross-validation loop of the sCCA approach
presented above. Therefore, in each cross-validation loop we average the func-
tional connectivity matrices (left-out subject not included) and we project
each subject covariance matrix in this tangent space. Subsequently, the pre-
diction based on the left-out subject is projected back to the SPD matrices
based on eq. 3.

Finally, we estimate the prediction performance for each cross validation
loop based on the geodesic distance between predicted and estimated con-
nectivity matrices, similarly to our previous work (Deligianni et al., 2011b,
2013b,a, in press). Briefly this takes into consideration that functional con-
nectomes are expressed as SPD matrices and thus, their geodesic distance can
be estimated based on an intrinsic manifold metric (Förstner and Moonen,
1999; Arsigny et al., 2006):

dAI(P,G)2 = tr(logG� 1
2
PG

� 1
2 )2 (4)

2.2. Imaging

Imaging data was acquired from 19 healthy volunteers (mean age 32.6±7.8
years) using a Siemens Avanto 1.5 T clinical scanner. Structural data was
obtained using a self-shielded gradient set with maximum gradient ampli-
tude of 40 mT m�1 and a 32 channel head coil. Three shells of DWI
with b=2400 s mm (60 non-collinear gradient directions and six b0 im-
ages), b=800 s mm (30 non-collinear gradient directions and three b0 im-
ages) and b=300 s mm (9 non-collinear gradient directions and one b0 im-
age) were acquired with a voxel matrix of 96⇥96, 60 contiguous axial slices,
each 2.5mm thick, with 240⇥240⇥150 mm field of view (FOV), voxel size
of 2.5⇥2.5⇥2.5 mm and TR/TE=8300/98 ms. High resolution T1-weighted
whole-brain structural images were also obtained in all subjects.

Resting-state fMRI data were acquired based on a T2*-weighted gradient-
echo EPI sequence with 300 volumes, TR/TE=2160/30 msec, 30 slices with
thickness 3.0 mm (1mm gap), e↵ective voxel size 3.3⇥3.3⇥4.0 mm, flip angle

3
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Ng et al. MICCAI, 2014; Deligianni et al. NeuroImage, submitted  
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Imaging Acquisition 
•  19 healthy volunteers using a Siements Avanto 1.5T 

–  11 males, 8 females, mean age 32.6±7.8 years 

•  Three shells of DWI: 
–  B=2400 s mm (60 non-collinear gradient directions and one b0) 
–  B=800 s mm (30 non-collinear gradient directions and three b0) 
–  B=300 s mm (9 non-collinear gradient directions and one b0) 
–  TR/TE=8300/98msec, voxel size 2.5x2.5x2.5mm 

•  Resting-state fMRI:  
–  Slice thickness 3mm (1mm gap) 
–  300 volumes, TR/TE=2160/30msec 
–   Voxel size 3.3x3.3x4.0mm 

•  T1 weighted image 
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Pre-processing 
•  T1 weighted images 

–  Obtain gray-white-csf matter parcellation (Freesurfer) 
–  Define 68 cortical regions (Freesurfer) 
–  Affine registration to native fMRI space (NiftyReg) 
–  Non-rigid registration to Diffusion Native space (NiftyReg - TractoR) 

•  DWI 
–  FA and MD estimation (FSL) 
–  NODDI microstructural indices (NODDI Matlab toolbox) 
–  Probabilistic tractography based on ball and sticks model (TractoR) 

•  fMRI 
–  Motion correction, spatial smoothing (FSL) 
–  Average signal within each region 
–  Remove confounds CSF, white matter and motion parameters 
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Microstructural Indices 

ICVF MD FA b0 ODI ISO kappa 

NODDI DTI 
Deligianni et al. NeuroImage, submitted  
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Structural Connectomes 

 
Fig. 1: Averaged structural connectomes are displayed as three-dimensional graphs mapped in MNI brain space. Their centres and 
radii represent the location of each region and its volume, respectively. The colour-coding of the spheres corresponds to different 

parts/lobes of the brain. Structural connections are represented as cylinders with diameter proportional to their weight, scaled 
independently in each graph. 

 
 
 

 
Fig. 2: Average functional connectomes across all subjects. 

 

 

Fig. 3: Summary of the prediction performances of trivial sCCA (green violin plots) and SPD sCCA (blue violin plots) for each of 
the microstructural indices, NSTREAMS, WFA, WMD, WICVF, WODI, WISO and Wkappa. Prediction performance is 
estimated based on the geodesic distance between measured and estimated functional connectomes. Violin plots are a combination 
of box-plots and kernel density plots, showing the probability density function of the measures. dAI is a distance metric thus the 
smaller the distance, the better the prediction. SPD sCCA outperforms trivial sCCA across all indices apart from WMD. However, 
results for WMD are not statistically significant because trivial sCCA only predicts three SPD functional connectomes out of 19 
cross-validation loops.  

 

(a) NSTREAMS (b) WFA (c) WMD (d) WICVF

(e) WISO (f) WODI (g) Wkappa

frontal parietal occipital temporal limbic insula

Figure 4. Averaged structural connectomes shown as connectivity
matrices in figure 2 are displayed as three-dimensional graphs mapped in
MNI brain space. Their centres and radii represent the location of each
region and its volume, respectively. The colour-coding of the spheres

corresponds to di↵erent parts/lobes of the brain. Structural connections are
represented as cylinders with diameter proportional to their weight, scaled

independently in each graph.
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mean_partialCor_68 thres:0.0397923875432526

5

10

15

20

25

30

35

40

45

50

55

60

65

5 10 15 20 25 30 35 40 45 50 55 60 65

−0.4

−0.3

−0.2

−0.1

0.0

0.1

0.2

0.3

0.4

(c) mean partial correlation (d) mean functional connectome

Figure 5. The functional connectome of a subject represented as
connectivity matrix in 5a and a three-dimensional graph mapped at MNI
brain space and thresholded at 8% density in 5b. The two green arrows in

figure 5a point towards the two distinct lines that consist of
inter-hemispheric connections between homologous regions. Fig. 5c shows
the average functional connectome across all subjects as connectivity matrix

and fig. 5d as a three-dimensional graph thresholded at 8% density.
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Figure 6. Summary of the inter-subject variability across all connections
based on the coe�cient of variation.
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Figure 7. Summary of the prediction performances of trivial sCCA (green
violin plots) and SPD sCCA (blue violin plots) for each of the

microstructural indices, NSTREAMS, WFA, WMD, WICVF, WODI,
WISO and Wkappa. Violin plots are a combination of box-plots and kernel
density plots, showing the probability density function of the dAI measures.

dAI is a distance metric between predicted and measured functional
connectomes. Therefore the smaller the distance, the better the prediction.
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Deligianni et al. NeuroImage, submitted  
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Functional Connectome 
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Figure 3. The functional connectome of a subject represented as
connectivity matrix in 3a and a three dimensional graph mapped at MNI

brain space and thresholded at 8% density in 3b.
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Prediction Performance 

Prediction performance is measured based on the geodesic distance between predicted and measured functional connectivity  
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Fig. 1: Averaged structural connectomes are displayed as three-dimensional graphs mapped in MNI brain space. Their centres and 
radii represent the location of each region and its volume, respectively. The colour-coding of the spheres corresponds to different 

parts/lobes of the brain. Structural connections are represented as cylinders with diameter proportional to their weight, scaled 
independently in each graph. 

 
 
 

 
Fig. 2: Average functional connectomes across all subjects. 

 

 

Fig. 3: Summary of the prediction performances of trivial sCCA (green violin plots) and SPD sCCA (blue violin plots) for each of 
the microstructural indices, NSTREAMS, WFA, WMD, WICVF, WODI, WISO and Wkappa. Prediction performance is 
estimated based on the geodesic distance between measured and estimated functional connectomes. Violin plots are a combination 
of box-plots and kernel density plots, showing the probability density function of the measures. dAI is a distance metric thus the 
smaller the distance, the better the prediction. SPD sCCA outperforms trivial sCCA across all indices apart from WMD. However, 
results for WMD are not statistically significant because trivial sCCA only predicts three SPD functional connectomes out of 19 
cross-validation loops.  

 

(a) NSTREAMS (b) WFA (c) WMD (d) WICVF

(e) WISO (f) WODI (g) Wkappa

frontal parietal occipital temporal limbic insula

Figure 4. Averaged structural connectomes shown as connectivity
matrices in figure 2 are displayed as three-dimensional graphs mapped in
MNI brain space. Their centres and radii represent the location of each
region and its volume, respectively. The colour-coding of the spheres

corresponds to di↵erent parts/lobes of the brain. Structural connections are
represented as cylinders with diameter proportional to their weight, scaled

independently in each graph.
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Figure 5. The functional connectome of a subject represented as
connectivity matrix in 5a and a three-dimensional graph mapped at MNI
brain space and thresholded at 8% density in 5b. The two green arrows in

figure 5a point towards the two distinct lines that consist of
inter-hemispheric connections between homologous regions. Fig. 5c shows
the average functional connectome across all subjects as connectivity matrix

and fig. 5d as a three-dimensional graph thresholded at 8% density.
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Figure 6. Summary of the inter-subject variability across all connections
based on the coe�cient of variation.
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Figure 7. Summary of the prediction performances of trivial sCCA (green
violin plots) and SPD sCCA (blue violin plots) for each of the

microstructural indices, NSTREAMS, WFA, WMD, WICVF, WODI,
WISO and Wkappa. Violin plots are a combination of box-plots and kernel
density plots, showing the probability density function of the dAI measures.

dAI is a distance metric between predicted and measured functional
connectomes. Therefore the smaller the distance, the better the prediction.
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Identification: 

•  The probability of each connection reflects the selection rate 
•  The null hypothesis: A connection is accepted by chance 
•  The bionomial distribution is used to reject the null hypothesis 

Deligianni et al., Frontiers in Neuroscience, 2014 

Subject to L1 constrains 

•  Bootstrap of X, Y datasets 
•  Subject to L1 constrains with an additional 

randomisation 
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Identification 

 

Fig. 4: Identification results for: a-d) NSTREAMS, e-h) WFA, i-l) WMD. First column shows the corrected coefficients for all 
connections with non-zero values across all subjects. Second column shows the connections that are rejected with a significant p-

value<0.05 based on a binomial distribution. The probability of a connection to be selected randomly is defined based on the 
sparsity of the connectomes and it is equal to 0.04. Third column shows the remaining connections. Forth column shows the 

connections that are selected significantly above chance (p-value<0.05) according to a binomial distribution. 

 

Fig. 5: Identification results for: a-d) WICVF, e-h) WODI, i-l) Wkappa and m-p) WISO. First column shows the corrected 
coefficients for all connections with non-zero values across all subjects. Second column shows the connections that are rejected 

with a significant p-value<0.05 based on a binomial distribution. The probability of a connection to be selected randomly is 
defined based on the sparsity of the connectomes and it is equal to 0.04. Third column shows the remaining connections. Forth 
column shows the connections that are selected significantly above chance (p-value<0.05) according to a binomial distribution. 
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Figure 9. Identification results for: (9a-9d NSTREAMS, (9e-9h) WFA,
(9e-9h) WMD. First column shows the corrected coe�cients for all

connections with non-zero values across all subjects. Second column shows
the connections that are rejected with a significant p-value (< 0.05) based
on a binomial distribution. The probability of a connection to be selected
randomly is defined based on the sparsity of the connectomes and it is
equal to 0.04. Third column shows the remaining connections. Forth

column shows the connections that are selected significantly above chance
(p-value< 0.05) according to a binomial distribution.
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Figure 10. Identification results for: (10a-10d WICVF, (10e-10h) WODI,
(10i-10l) Wkappa and (10i-10l) WISO. Columns are similar to the columns

of fig. 9 and briefly they reflect, all connections, rejected connections,
remaining connections and significantly above chance selected connections.
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Figure 10. Identification results for: (10a-10d WICVF, (10e-10h) WODI,
(10i-10l) Wkappa and (10i-10l) WISO. Columns are similar to the columns

of fig. 9 and, briefly, they reflect, all structural connections, structural
connections that were not selected with probability above chance,

remaining connections and significantly above chance selected connections.
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Figure 9. Identification results for: (9a-9d NSTREAMS, (9e-9h) WFA,
(9e-9h) WMD. The first column shows the corrected coe�cients for all
connections with non-zero values across all subjects. The second column
shows the connections that are rejected with a significant p-value (< 0.05)
based on a binomial distribution. The probability of a connection to be

selected randomly is defined based on the sparsity of the connectomes and
it is equal to 0.04. The third column shows the remaining connections. The
forth column shows the connections that are selected significantly above

chance (p-value< 0.05) according to a binomial distribution.
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(c) pairwise relationships of microstructural indices

Figure 8. Principal Component Analysis (PCA) on the concatenated
connectivity values along subjects for each microstructural index. (8a)

shows the PCA loadings of the first four principal components. (8b) shows
the variances across principal components (PCs), which justifies using the
first four PCs to describe the data. (8c) shows the pairwise relationships of

microstructural indices.
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Figure 9. Identification results for: (9a-9d NSTREAMS, (9e-9h) WFA,
(9e-9h) WMD. The first column shows the corrected coe�cients for all
connections with non-zero values across all subjects. The second column
shows the connections that are rejected with a significant p-value (< 0.05)
based on a binomial distribution. The probability of a connection to be

selected randomly is defined based on the sparsity of the connectomes and
it is equal to 0.04. The third column shows the remaining connections. The
forth column shows the connections that are selected significantly above

chance (p-value< 0.05) according to a binomial distribution.
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Figure 9. Identification results for: (9a-9d NSTREAMS, (9e-9h) WFA,
(9e-9h) WMD. The first column shows the corrected coe�cients for all
connections with non-zero values across all subjects. The second column
shows the connections that are rejected with a significant p-value (< 0.05)
based on a binomial distribution. The probability of a connection to be

selected randomly is defined based on the sparsity of the connectomes and
it is equal to 0.04. The third column shows the remaining connections. The
forth column shows the connections that are selected significantly above

chance (p-value< 0.05) according to a binomial distribution.
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Figure 10. Identification results for: (10a-10d WICVF, (10e-10h) WODI,
(10i-10l) Wkappa and (10i-10l) WISO. Columns are similar to the columns

of fig. 9 and, briefly, they reflect, all structural connections, structural
connections that were not selected with probability above chance,

remaining connections and significantly above chance selected connections.
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Figure 10. Identification results for: (10a-10d WICVF, (10e-10h) WODI,
(10i-10l) Wkappa and (10i-10l) WISO. Columns are similar to the columns

of fig. 9 and, briefly, they reflect, all structural connections, structural
connections that were not selected with probability above chance,

remaining connections and significantly above chance selected connections.
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Figure 10. Identification results for: (10a-10d WICVF, (10e-10h) WODI,
(10i-10l) Wkappa and (10i-10l) WISO. Columns are similar to the columns

of fig. 9 and, briefly, they reflect, all structural connections, structural
connections that were not selected with probability above chance,

remaining connections and significantly above chance selected connections.
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Figure 9. Identification results for: (9a-9d NSTREAMS, (9e-9h) WFA,
(9e-9h) WMD. The first column shows the corrected coe�cients for all
connections with non-zero values across all subjects. The second column
shows the connections that are rejected with a significant p-value (< 0.05)
based on a binomial distribution. The probability of a connection to be

selected randomly is defined based on the sparsity of the connectomes and
it is equal to 0.04. The third column shows the remaining connections. The
forth column shows the connections that are selected significantly above

chance (p-value< 0.05) according to a binomial distribution.
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Figure 10. Identification results for: (10a-10d WICVF, (10e-10h) WODI,
(10i-10l) Wkappa and (10i-10l) WISO. Columns are similar to the columns

of fig. 9 and, briefly, they reflect, all structural connections, structural
connections that were not selected with probability above chance,

remaining connections and significantly above chance selected connections.
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Fig. 4: Identification results for: a-d) NSTREAMS, e-h) WFA, i-l) WMD. First column shows the corrected coefficients for all 
connections with non-zero values across all subjects. Second column shows the connections that are rejected with a significant p-

value<0.05 based on a binomial distribution. The probability of a connection to be selected randomly is defined based on the 
sparsity of the connectomes and it is equal to 0.04. Third column shows the remaining connections. Forth column shows the 

connections that are selected significantly above chance (p-value<0.05) according to a binomial distribution. 

 

Fig. 5: Identification results for: a-d) WICVF, e-h) WODI, i-l) Wkappa and m-p) WISO. First column shows the corrected 
coefficients for all connections with non-zero values across all subjects. Second column shows the connections that are rejected 

with a significant p-value<0.05 based on a binomial distribution. The probability of a connection to be selected randomly is 
defined based on the sparsity of the connectomes and it is equal to 0.04. Third column shows the remaining connections. Forth 
column shows the connections that are selected significantly above chance (p-value<0.05) according to a binomial distribution. 
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Figure 9. Identification results for: (9a-9d NSTREAMS, (9e-9h) WFA,
(9e-9h) WMD. First column shows the corrected coe�cients for all

connections with non-zero values across all subjects. Second column shows
the connections that are rejected with a significant p-value (< 0.05) based
on a binomial distribution. The probability of a connection to be selected
randomly is defined based on the sparsity of the connectomes and it is
equal to 0.04. Third column shows the remaining connections. Forth

column shows the connections that are selected significantly above chance
(p-value< 0.05) according to a binomial distribution.
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Figure 10. Identification results for: (10a-10d WICVF, (10e-10h) WODI,
(10i-10l) Wkappa and (10i-10l) WISO. Columns are similar to the columns

of fig. 9 and briefly they reflect, all connections, rejected connections,
remaining connections and significantly above chance selected connections.
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Summary of the results 

•  Strong relationship between MD and ICVF as well as FA, ODI 
and Kappa  

•  The link between function and structure varies across 
microstructural indices 

•  Different parameters of the same diffusion model become more 
or less relevant in characterizing this link:  

–  For FA, ODI and Kappa structural connectomes, the relationship between 
structure and function is mediated by interhemispheric structural connections 

–  For MD and ICVF structural connectomes, the relationship between structure 
and function is mediated by intrahemispheric connections 

•  Perhaps, these patterns reflect differences in neuronal packing 
and orientation dispersion 
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