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Abstract. Study of structural and functional connectivities of the human brain 
has received significant interest and effort recently. A fundamental question 
arises when attempting to measure the structural and/or functional connectivities 
of specific brain networks: how to best identify possible Regions of Interests 
(ROIs)? In this paper, we present a novel ROI prediction framework that 
localizes ROIs in individual brains based on learned fiber shape models from 
multimodal task-based fMRI and diffusion tensor imaging (DTI) data. In the 
training stage, ROIs are identified as activation peaks in task-based fMRI data. 
Then, shape models of white matter fibers emanating from these functional ROIs 
are learned. In addition, ROIs’ location distribution model is learned to be used 
as an anatomical constraint. In the prediction stage, functional ROIs are 
predicted in individual brains based on DTI data. The ROI prediction is 
formulated and solved as an energy minimization problem, in which the two 
learned models are used as energy terms. Our experiment results show that the 
average ROI prediction error is 3.45 mm, in comparison with the benchmark 
data provided by working memory task-based fMRI. Promising results were also 
obtained on the ADNI-2 longitudinal DTI dataset.    

Keywords: diffusion tensor imaging, fMRI, working memory, fiber shape 
model.      

1   Introduction 

Mapping of structural and functional connectivities of the human brain via 
neuroimaging offers an exciting and unique opportunity to understand the brain 
architecture, and thus has received significant interest [1-5]. However, a fundamental 
question arises when attempting to map structural and functional connectivities: how to 
define the best possible Regions of Interests (ROIs) for the connectivity mapping? 
Essentially, ROIs provide the structural substrates for measuring connectivities within 
individual brains and for pooling data across population groups. Thus, identification of 
reliable, reproducible and accurate ROIs is critically important for the success of 
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Fig. 2. (a) Fiber bundles ex
consistent ROI locations with
same color; (c) Clustered fibe
Shape pattern on the vertical a
basins of the energy function E

2.1   Data Acquisition and

Fifteen healthy young adu
performed a modified ver
OSPAN, Arithmetic and Ba
obtained for each volunteer
GE Signa scanner with acq
slice thickness, 220mm FO
128×128 matrix, 2mm slice
= 2, 30 gradient direction
includes brain skull remov
was computed and the fiber
the OSPAN task was ana
reflecting the OSPAN (com
DTI space is used as the st
(WM) surface is generated 
was used as the ROI definit
fMRI data is performed us
working memory ROIs incl
Left Precuneus, 4. Right D
Gyrus, 6. Right Paracingula
Gyrus, were used for mode
two subsets: the training 
containing the rest five subj
was used as the template on

xtracted for ROI #8 of the training dataset; (b) Examples
h ROI IDs labeled. The corresponding ROIs are coded with 
er bundles in (a); (d) Shape histograms of fiber bundles in 
axis is color-coded the same way as that in (c); (e) Converge
Eq. (1) in Section 2.3. More details are referred to the text.  

d Pre-processing 

ults voluntarily participated in this study. Each volun
rsion of the OSPAN working memory task (3 bloc
aseline) while fMRI data was acquired. DTI scans were a
r. Briefly, both fMRI and DTI scans were acquired on a
quisition parameters as follows: fMRI: 64×64 matrix, 4m
OV, 30 slices, TR = 1.5s, TE = 25ms, ASSET = 2; D
e thickness, 256mm FOV, 60 slices, TR = 15100ms, ASS
ns, b-value = 1000. The pre-processing of the DTI d
al and motion correction. Afterwards, the diffusion ten
r was tracked via the MEDINRIA toolkit. The fMRI data
alyzed using the FSL FEAT. Individual activation m
mplex span) contrast was identified. For each subject, 
tandard space, in which the gray matter (GM)/white ma
via an approach similar to that in [9]. The cortical surf

tion and prediction space. Co-registration between DTI 
sing FSL FLIRT. Currently, 8 most consistently activa
uding 1. Left Occipital Pole, 2. Left Paracingulate Gyrus
Dorsolateral Prefrontal Cortex, 5. Right Lateral Occip
ate Gyrus, 7. Right Precuneus, and 8. Right Superior Fro
el training and ROI prediction. We divided the dataset i
dataset containing ten subjects, and the testing data
jects. A randomly selected subject from the training data

nto which all the other subjects were linearly registered.  

 

s of 
 the 
(c). 

ence 

teer 
cks: 
also 

a 3T 
mm 

DTI: 
SET 
data 
nsor 
a of 
map 

the 
atter 
face 
and 
ated 
s, 3. 
pital 
ntal 
into 

asets 
aset 



 Predicting Functional Brain ROIs via Fiber Shape Models 45 

2.2   Model Training 

The main idea of model training is to extract descriptive structural and anatomic 
features from the activated ROIs, and then learn predictive models based on these 
features. The structural features are the fiber connection profiles of the activated 
ROIs, and we propose a fiber shape pattern histogram PCA (principal component 
analysis) model to represent the fiber connection information for each ROI. The 
descriptive anatomical features are the spatial location distribution of the activated 
ROIs, and we propose an ROI location distribution PCA model.   

Fiber Shape Pattern Histogram PCA Model. The fiber shape pattern histogram 
PCA model is constructed for each ROI separately across the training subjects to 
embed group-wise fiber shape information. Taking ROI i for example, we define ௝ܴ௜ 
as the local region centered at location of ROI i on subject j’s surface, and fiber 
bundle penetrating ௝ܴ௜ was extracted and denoted as ܨ௝௜. We defined ௜ܶ ൌ ሼܨ௝௜|݆ ൌ1, ڮ , ݉ሽ  as the fiber bundle set of ROI ݅, where ݉ is the number of the training 
subjects. As an example, Fig. 2a shows fiber bundles of ଼ܶ , from which consistence of 
connection pattern of fiber bundles can be observed. As fiber shape is considered as 
an effective descriptive feature of structural connectivity [10], we constructed a fiber 
shape pattern histogram PCA model ܪ௜ for ROI i on ௜ܶ  as follows. First, we 
conducted a fiber shape clustering via the method in [10] on fiber tracts of the entire 
training dataset and clustered all fiber tracts into five shape patterns. Then for fiber 
bundle ܨ௝௜, we define the normalized shape pattern histogram h௝௜, in which each bin 
denotes the ratio of fiber tract number of each shape pattern to total fiber tract number 
in ܨ௝௜. In Fig. 2c, we illustrate the clustered fiber bundles of Fig. 2a, and their 
corresponding normalized shape pattern histograms are shown in Fig. 2d, from which 
the consistency of  ሼh௝௜ |݆ ൌ 1, ڮ , ݉ሽ can be visually observed. Afterwards, by taking  h௝௜  as the descriptive feature of  ܨ௝௜, we embed the shape information across the 
training datasets by applying PCA on the feature matrix ሾ݄ଵ௜ , ݄ଶ௜ , ڮ , ݄௠௜ ሿ୘. The 
obtained mean feature ݄௠௘௔௡௜  and eigen vectors, PCA transformation matrix, ܧ௛௜  
compose the fiber shape pattern model for ROI i, denoted as ܪ௜ ൌ ሼ݄௠௘௔௡௜ , ௛௜ܧ ሽ. It is 
noteworthy that, for each ROI, we computed the ratio between the first eigen value 
and the sum of all eigen values. The ratio is as high as 0.88±0.13, suggesting the 
consistency in  ௜ܶ  across subjects and the effectiveness of feature  h௝௜ and model ܪ௜ . 
ROI Location Distribution PCA Model. Despite its variation, the spatial distribution 
patterns of the ROIs in the template space have certain degree of consistency, reflecting 
the existence of common human brain anatomical architecture (Fig. 2b), and therefore 
they were captured and modeled across training subjects. For subject j, we define ROI 
coordinates vector ௝݀ ൌ ሾxଵ, yଵ, ,ଵݖ ڮ , x௡, y௡,  ௡ሿ் to be the feature describing the ROIݖ
location distribution, where n denotes the number of ROIs. Similarly, a PCA model ܦ ൌ ሼ݀௠௘௔௡, ,ௗሽ was computed on feature matrix ሾ݀ଵܧ ڮ , ݀௠ሿ் and the first eigenvalue 
ratio is 0.72, suggesting the consistency of ௝݀  and the effectiveness of PCA model. It is 
noted that fiber shape pattern histogram PCA model ܪ௜  represent structural connectivity 
feature for each ROI individually, while ROI location PCA model ܦ represent the ROI 
spatial distribution in the entire training dataset.  
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2.3   ROI Prediction Framework 

ROI prediction was conducted only based on DTI data of an individual subject and 
the trained models. The prediction was formulated as an energy function 
minimization problem by maximally mapping the trained models onto the DTI data of 
the subject being predicted. The energy function is defined as: 

                                                   (1) 

where  ܧ௘௫௧ denotes the mapping of fiber shape pattern histogram PCA model, while ܧ௜௡௧  is the ROI location PCA model constraint, and ë trades off between them. 
Similar to section 2.2, let ሚ݀ ൌ ሾxଵ, yଵ, ,ଵݖ ڮ , x௡, y௡,  ௡ሿ் be the location of ROIsݖ

being predicted on the cortical surface. For each ROI, fiber bundles ܨ෨௜were extracted 
from local region ܴ௜, and the corresponding shape histogram ෨݄ ௜were obtained. 

To derive ܧ௘௫௧, we mapped ෨݄ ௜  into PCA modelܪ௜ ൌ ሼ݄௠௘௔௡௜ , ௛௜ܧ ሽ and reconstructed 
a new histogram as follows: 

          ෨݄௥௘௖௜ ൌ ݄௠௘௔௡௜ ൅ ௛௜ܧ ௛௜ܧ் ሺ ෨݄௥௘௖௜ െ ݄௠௘௔௡௜ ሻ                                   (2) 

If ෨݄ ௜is consistent with those ሼh௝௜ |݆ ൌ 1, ڮ , ݉ሽ in the training dataset, then the error 

between it and ෨݄௥௘௖௜  is expected to be small. Therefore, we define ܧ௘௫௧ to be the sum 
of the errors of all ROIs: 

                                                        (3) 

where ൊଶ denotes ൊଶ-test measuring the similarity between two histograms if we 
let ݈ be its bin number: 

௜௡௧ܧ (4)                       can be defined as the Euclidean distance between location ሚ݀ and the its 
reconstructed version ሚ݀௥௘௖ from model ܦ: 

௜௡௧ܧ                  ൌ ൫ݐݏ݅݀ ሚ݀, ሚ݀௥௘௖൯                                                   (5) 

Global search was conducted to minimize the energy function. The search starts 
from the mean ROIs location of in training dataset and ends when the location 
becomes stable. It is noted that the two energy terms are normalized into [0, 1] prior 
to global search. 

3   Experimental Results 

At current stage, we did not take ROI size into consideration, therefore R୧ defined as 
uniform 3-ring vertices neighborhood on the cortical surface was used for all ROIs to 
extract fiber bundles. λ was empirically assigned 0.3.  

� � ��
���

� �� � ���
���

 

�
���

�

�

�

∑ �
��

�	�
���

�
	 ��


��

�
� 

 �
�
���

�
	 ��


��

�
� � ∑ ���

�
	
� � ��


��

�
�
��

�
����

�
	
� � ��


��

�
�
�⁄ �

�


	�
 



 Predicting Functional Brain ROIs via Fiber Shape Models 47 

3.1   Evaluation and Validation via Task-Based fMRI Data 

The activated ROI locations detected from task-based fMRI data of the five subjects 
in prediction dataset were used as benchmark to evaluate the prediction results. We 
randomly selected a subject from the prediction dataset to illustrate the prediction 
result.  

First of all, we illustrate the effectiveness of the prediction framework in Fig. 2e 
where the 8 benchmark ROI locations are highlighted by white bubbles, and we 
computed the energy ܧ defined in section 2.3 between the benchmark ROI location 
and the neighbor vertices on surface around them. Energy values mapped onto the 
surface intuitively illustrate the convergence basins around the benchmark ROIs (see 
three zoomed-in basins in Fig. 2e), suggesting the convergence of our prediction 
framework.  

Then, the prediction results of the 8 ROIs were shown in Fig. 3. It is evident that 
the fiber bundles emanating from the predicted ROIs are quite similar to those from 
the benchmark ROIs, indicating the effectiveness and accuracy of our ROI prediction 
framework. In addition, fiber bundles emanating from the predicted ROIs and 
benchmark ROIs are quite similar to those from the corresponding ROIs in the 
training dataset. Quantitatively, Table 1 shows the mean prediction errors, the 
Euclidian distances between the predicted ROIs and the benchmark ones, of the five 
subjects in the prediction dataset. On average, the prediction error for 8 eight ROIs 
over 5 subjects is 3.45 mm. For most ROIs, the prediction errors are approximately 
2~4 mm. Notably, the less accurate result on ROI #1 reveals that the energy function 
may be trapped in a local minimum.  

For the purpose of comparison, we used linear (via FSL FLIRT) and nonlinear 
registration (via the HAMMER software package [11]) methods to warp the training 
subjects onto the subjects to be predicted, and their functional ROIs were 
correspondingly warped and used as prediction results. The mean prediction errors 
between warped ROIs and benchmark ones in the prediction dataset are also shown in 
Table 1. On average, the prediction errors by FSL FLIRT and HAMMER are 5.72 
mm and 5.53 mm, respectively. As can be seen, our method (3.45 mm) significantly 
outperforms both of them.  

3.2   Application on ADNI-2 longitudinal DTI Data 

We applied our method on the ADNI-2 longitudinal DTI dataset under the premise 
that the white matter of working memory system in ADNI-2 mild cognitive 
impairment (MCI) patient is not distinctively different from the normal controls. Two 
scans of 10 MCI patients’ data were obtained from the ADNI-2 project 
(http://adni.loni.ucla.edu/). The time interval between the two scans was around 3 
months. As an example, the prediction results of one patient are shown in Fig. 4. The 
average distance between the predicted ROI locations of two scans is (2.54±1.53mm). 
This relatively small distance and the high similarity of the fiber bundles (Fig. 4b) is a 
strong evidence of the reproducibility of our ROI prediction method. This result also 
suggests that there is no distinctive change in the white matter of MCI subject, at least 
in the working memory system.  
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of functional ROIs have remarkable prediction capability, providing direct support to 
the connectional fingerprint concept [8]. Our future work will include application and 
evaluation of this framework in other brain networks, and further application of this 
ROI prediction framework to clinical datasets such as the DTI data of ADNI-2 
subjects.     
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