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AND COMPUTER-ACCESSIBLE MEDIUM FOR OBTAINING
ING MESOSCOPIC STRUCTURE AND ORIENTATION WITH
FIBER TRACKING

SYSTEM, METHOD
AND/OR DETERMIN

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} This application relates to and clatms priovity from US. Patert Application No.
61/808,938, filed on April 3, 2013, the entire disclosure of which 1s incorporated herein by

reference.

FIELD OF THE DISCLOSURE

{6002] The present disclosure relates to exemplary systems, methods and computer-aceessible
mediums for determining, self-consistently, a global geometric organization of neuronal fibers
and their focal biophysical parameters, based on the measured diffusion-weighted MR ("dMR1")

signal from the brain.

BACKGROUND INFORMATION

{0003] Magnetic resonance imaging {("MRI"} can produce clinical scans with a spatial resohstion
of millimeters, however, many disease processes, including Alzheimer's disease, traumatic brain
myury and stroke, develop at the cellular level, all at a scale on the order of micrometers, which
is about three orders of magnitude below imaging resolution available today.

{0004 Therefore, there may be a need to develop a framework with the ability to resolve and
quantify nominally mvisible {e.g., far below the standard MRI resolution) tissue complexity at
the mesoscopic scale. This scale, which can range between a fraction of a ym to tens of ym, can
be mtermediate ("meso™), between the microscopic scale of molecules (e g, nanometers j, where

the nuclear magnetic resonance signal originates, and the macroscopic scale of MR {e.g..
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millimeter reselution of clinical MRI scanners). The mesoscopic scale can be the scale of
celular tissue architecture, which can make tissues specific, complex, and radically different
from a mere solution of proteins in water.

{0003] Currently, there exists a challenge 10 bridge the meso-macro gap, and to become sensitive
to vital changes in stryctural and functional tissue parameters at the mesoscopic scale. These
changes occur, for example, in progressive atrophy of neyronal and glial cells and their
processes, {oss of myelin sheath, beading, and other specific changes i packimg geometry of
axons and dendrites and glial cells. This spatial resolution challenge can be fimdamental, and
overcoming it by the brute-force improvements in hardware alone can yield only incremental
advances at an ever-increasig cost. Current clinical MR svstems operate at the phvsical and
physiclogical bounds on field strength, neuronal stimulation, and energy deposttion. These
bounds can limit the signal-to-noise ratio, which, combmed with bounds on the acquisition time
of about 30-60 minutes, can result in a typical imaging voxel size of about a cubic millimeter, far
exceeding the desired mesoscopic scale.

[ot6] A basie principle utihized for probing tissue microarchitecture at the mesoscopic scale can
be based on the molecular diffusion, measured with dMRI. Distance covered by diffusmg water
molecules during typical measurement time, 1, the diffusion length L{t) approxinately 1-30 pm,
is generally commensurate with cell dimensions. Therefore, the dMRI measurement can be
inherently sensitive to the tissue architecture at the most relevant biological length scales.
However, it has been long realized that interpreting dMRI results 1 tenms of the mesoscopic
tissue architectare 1 each imaging voxel can be a very challenging inverse problem.

Cuantifving mesoscopic tissue parameters within each mmaging voxel, and identifying their

d
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relative tmportance, is currently a much discussed, and generally so far an unresolved topic. For
exampie, in one of the recent approaches {See, e.g., References 5, 7 and 8), the mesoscopic
structure of brain white matter (WM} has been qoantified m some biologically meaningful
terms, but only for those regions in which the newronal fibers, the vonstituent units of white
matter, can be parallel. This can be a sertous hmitation for clincal applications, since the
presence and crossing of non-paraliel fibers can be ubiguitous in the brain {See, e.g., Reference
3y This hmutation 1s especially pronounced in gray matter regions, where the distrnibution of
dendritic and axonal fiber ortentations in each imaging voxe! can be especially broad (See, ey,
Reference 4).

{0007) dMRI techniquels) can provide the possibility to reconstroct, 1o ) certaim extent, the
geometry of neuronal fibers in brain white matter, which can stratch across many voxels, and
connect different brain regions and the brain to the body. A field of multi-voxel connectivity,
often referred to as fiber tracking or tractography, has long been complementary to the field of
guantifying mesoscopic tissue parameters withm each voxel, For the most part, tractography can
be based on following the direction of the principal eigenvalue of the diffusion tensor iy each
voxel, either deterministically or probabilistically. Numerous tractography procedures have been
put forth to connect these directions inte macroscopic streamlines resembling white matter (e.g.,
axonal} fibers. Since its introduction i 1999, tractography has become a significant ficld
attracting neuroscientists and computer scientists mterested m developing procedures of how to
best draw these streamlines. However, certain challenges still remaining for this field are a
relative maccuracy of the resulting streamlines and its lack of robustness with respect 1o the

measurement noise, especially for the less pronoanced white matter tracts, and voxels containing

i
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multiple fiber directions. Hence, despite #ts promise, fiber tracking has not vet achieved wide
usage for the diagnostics and the pre-surgical planning.

[6008] Combiing mesoscopic modeling with tractography 1s not well suited for the
conventional fiber tracking procedures, which aim at drawing macroscopic fiber streambines,
since the models and parameters of the mesoscopic tissue architecture {e.g., as the ones outlined
above) generally do not have a place in the tracking procedures operating at the scale of voxel
dimensions, far exceeding the mesoscopic scale. Therefore, the tractography can use
oversimplified models of Gssue architecture as a voxel-wise pre-processing step, or,
alternatively, tractography results have been utilized merely as a way to segment the tissue and to
identify the WM regions, and then, subsequently, to feed these segmentation results to the local
voxel-wise models {e.g., the so-called tractometry ). (See e.g., Reference 6). In this way,
quantifying the mesoscopic tissue structure, and outlining the macroscopic connectivity have
remained distinctly separate processing steps.

{6009] Thus, it may be beneficial to provide exemplary system, wmethod and computer-accessible
medium that can facilitate both the sub-voxel mesoscopic quantification, and the mudti-voxel
connectivity {e.g., ractography), and which can overcome at least some of the deficiencies

described herein above,

SUMMARY OF EXEMPLARY EMBODIMENTS

{0010} Exemplary systems, methods, and computer-accessible mediums can be provided that can
zenerate resultant data regarding fiber tract(s) of tissue strocture(s). For example, first
mformation related to imaging data of the tissue structure(s) can be received. Second
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mformation related to a predictive model of a portion(s) of the fiber tract{s) can be received. The
resultant data can be generated based on the first information, the second information and a fiber
cost procedure.

{00111 In certain exemplary embodiments of the present disclosure, the imaging data can include
magaetic resonance imaging datg. The magnetic resonance imaging data can comprise further
data associated with a diffusion-weighted signal(s). The resultant data can be generated based on
an iterative procedure until reaching a predetermined convergence level of both (1) a combination
of the frst information and the second information, and (1) the fiber cost function. The
predictive model can be based on {1) mesoscopic biophysical model parameters of neuronal tracts
of the predictive model, and (1) geometric model parameters of the nearonal tracts. The
geometric parameters can inclode positions or shapes of the fiber traci(s), and the mesoscopic
parameters can vary spatially.

0012} In certain exemplary embodiments of the present disclosure, the neuronal tracts can be
represented by a segment{(s) of a finte length, and the segment(s) can polymerize to form the
hiber traci(s) using a hkehbhood-maximization procedure. In this exemplary case, the geometric
model parameters of the fiber tracts include positions and onentations of all the segments. The
fiber cost procedure can be based on at least one of the followmg: (1) a tendency for newronal
fibers of the predictive model to be locally straight, (i) a tendency of the neuronal fibers to be
the newronal fibers to have end portions outside white matter regions of the predictive model.
The predictive model can be based on at least one of (i) water fraction of neurites of the

predictive model, (1) water fraction of non-neurite comapartments of the predictive model, (i)
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diffusion metrics of intra-nenrite space of the predictive model, or (iv) diffusion metrics of an
extra-neurtte space of the predictive model.

{6013} In some exemplary embodiments of the present disclosure, the imaging data can be ol a
region of txterest of a portion(s) of the anatomical structure(s), which can be a brain. The
likelthood maximization procedure can include 3 likelthood maximization of all or at least a
subset of the parameters. The likelihood maximization procedure can comprise (1) a smooth
parameter variation, (11} a gradual parameter variation, or (111} a slow parameter varation along
the at least one fiber fract, and can include mformation about a measurement noise, which can be
non-Gaussian, and can vary spatiallv. The predictive model can include local mformation about
a packing geometry of fibers of the predictive model. In some exemplary embodiments of the
present disclosure, the predictive model can inchude local miormation about (1) a fraction of
water, size(s) of building blocks of a nervous tissue andfor {13) a geometry of the building blocks.
In some exemplary embodiments of the present disclosure, the predictive model can include
local information about biophysical parameters of myehn sheaths surrounding axons of the
predictive model. The predictive model can alsy include local information abowt effects of
paramagnetic ions on diffusion metrics of the predictive model. In some exemplary
embodiments of the present disclosure, the predictive model can be based on axially-synumetric
Gaussian diffusion signals, Information related 1o a priov(s) can be received that can be
configured to (a) prevent the predictive model from building non-fiber like tracts, (b) control a
number of particles in the fiber tract, andfor {¢) control a number of connections m a fiber tract.
{0014} These and other objects, features and advantages of the exemplary embodiments of the
present disclosure will become apparent upon reading the following detaled description of the

&
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exemplary embodiments of the present disclosure, when taken in conjunction with the appended

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

{0015} Further objects, featnres, and advantages of the present disclosure will become apparent
from the following detailed description taken in conjunction with the accompanying Figores
showing iltustrative embodiments of the present disclosure, 1 which:

18016} FIG. 1 is an exemplary schematic diagram of the exemplary MesoF T global tracking
according to an exemplary embodiment of the present disclosure;

{017} FIG. 2A s a set of exemplary histograms of the diffuston parameters, volume fraction,
and signal weights, respectively, according to an exemplary embodiment of the present
disclosure:

j0018] FIG. 2B is a set of exemplary images of exemplary tracking results according to an
exemplary embodiment of the present disclosure;

[OU19] FIG. 3A 1s an exemplary image geverated using an exemplary fiber tracking procedure of
an entire brain according to an exemplary embodiment of the present disclosure;

{8020 FIG. 3B 15 an exemplary uwnage of a region of brain white matter which includes a part of
corpus callosum generated using an exemplary method, system and computer-accessible medium
according to exemplary embodiment of the present disclosure;

{0021} FIG.4 1s an exemplary image of an exemplary graph of a map of the tortuosity of an
extra-axonal tensor generated using an exemplary method, system and computer-accessible

medium according 1o an exemplary embodiment of the present disclosure;
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{00221 FIG. 5 is a further exemplary image of an exemplary graph of a map of the tortuosity of
an extra-axonal tensor generated using an exemplary method, system and computer-accessible
medium according 1o an exemplary embodiment of the present disclosure;

{00231 FIGS. 6A-F are exemplary graphs of an exemplary distribution of varying exemplary
parameters according o an exemplary embodiment of the present disclosure;

[0024] FIG. 7 is a block diagram an exemplary MesoFT procedore according to an exemplary
embodiment of the present disclosuare;

[8025] FIGS SA-8E are exemplary images of exemplary results of the exemplary fiber model
according to an exemplary embodiment of the present disclosure, with Fig. 8B mcluding
corresponding exemplary graphs;

160261 FIG. @ is an exemplary flow diagram of the exemplary method for generating data
regarding a fiber tract according to an exemplary embodiment of the present disclosare; and
j0027] FIG. 10 is an tllustration of an exemplary block diagram of an exemplary system in
accordance with certain exemplary embodiments of the present disclosure.

[0028] Throughout the drawings, the same reference numerals and characters, unless otherwise
stated. are used to denote Like features, elements, components, or portions of the illustrated
embodiments, Moreover, while the present disclosure will now be described m detail with
reference to the figures, it is done 50 i connection with the itlustrative embodiments and is not

himited by the particular embodiments illastrated in the figures. or paragraphs provided herein.

L
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

j0029] According o exemplary embodiments of the present disclosure, it s possible to provide
an overarching mesoscale fiber tractography ("MesoP T framevwork which can unify
quantification of the tissue architecture at the mesoscopic scale with multi-voxel connectivity
achieved with global fiber tracking. An tterative and self-consistent nature of the exemplary
MesoF T can facilitate the global fiber geometry to affect and optimize the mesoscopic voxel-
wise parameters, and vice-versa, the mesoscopic parameters to influence the results of the global
fihar tractography.
[6030] MesoFT can be the combination of sub-voxel mesoscopic tissug parameters and multi-
voxel macroscopic connectivity. The exemplary mesoscopic parameters can be, but not himited
to, one or more of the followmg:
»  Volume fraction of water within the neurites, f (S¢e, e.g., Reference 53, can be referred to
as "axonal water fraction” in the context of WM fibers.
+  Volume fraction of water in the exiraceliular space.
»  Volume fraction of immobilized, or still water, f;.
+  Amount andfor fraction of mvelin, characterized, for example, by its g-ratio. {See, e.g.,
References 7, 8, and 11).
« Packing order andior type for the neuronal fibers andfor glial cells andior cell bodies.
+  Mesoscopic structural parameters such as sizes, distributions of sizes, and packing
correlation functions, of the dendrites, axons, beads, synapses and boutons.
+  Diffusion coefficient I, inside the axons (more generally referred to as, for example,

neurttes). (See, o.g., Reference §).
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«  Diffusion coefficients DY and D~ parallel and transverse to the nourites in the extra-

fard

neurite space. {See, e.g., References 7,8, and 11},

1y

b o d s aeld . . , 8,
»  Tortuosity of extra-nenrite space, which can be defined as A = 5-5-;
[

0031} Given the limitations of a clinical MRI scan, the inverse problem of guantifving the
Mesoscopic tissue parameters, such as outlined above, 1n every voxel can be difficult, as there
can be many potentally relevant parameters which can deternune an ocutcome of the MRI
measurement. To regularize this inverse problem, information about the source of the
underlying anisotropy can be utitized, which can include, for example, the fibrous structure of
the neuntes, {e.g., axons i WM, and both axons and dendrites in gray matter). If one or more
dommant directions of the nearonal fibers in each nnaging voxel can be available, the
determination of the mesoscopic parameters can be much more robust. The exemplary
embodiments of system, method, and computer-accessible mediom according to the present
disclosure can provide a self-consistent determination of both the directions and the mesoscopic
parameters, via exemplary combinations of mesoscopic modeling with an exemplary
tractography procedure.

[0032] The exemplary system, method, and computer-aceessible medium, according to
exemplary embodiments of the present disclosure, can inclade and/or wiibize the mesoscopic
modeling directly mto a fiber-tracking scheme. A distinet kind of fiber tracking procedure can

be built upon, for example, the global fiber tracking, or Gibbs tracking. {See, e.g.. Reference 13,

{6033} According to certain exemplary embodiments of the present disclosure, a MesoFT

framework can be provided that can vnify quantification of the tissue architecture at the
1
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mesoscopic scale with muli-voxel conngctivity achieved using global fiber tracking. Global
tracking can be based on an iterative procedure, which can involve global hkelihood
maximization {e.g., global energy nunimization) over the whole brain for a svstem of mteracting
segments that prefer polymerization o form fibers under simulated anneabing. (See, e.g., global
energy £ written below). This procedure can naturally average over uncorrelated noise in
different voxels, and theretore can be much more robust (see, e.g., Reference 2). MesoFT can
involve modeling the signal Spx, 1, {fU, ] from the collection of segments in each voxel {at
position X} in the diffusion direction n. For example, the superseript i) can label the segment{s)
contributing to the signal from a given voxel at position x, and {9, .. } can be the set of
mesoscopic paraneters (e.g. neurite water fraction f, the immobilized water fraction . the
diffusion coeflicients D, D and Db and other parameters) as described below with reference to
FIGS. 6A-6F, corresponding to the i segment. The mesoscopic parameters can further inclode

those inherent to segments and/or an imaging voxel(s). The prediction %[S: 1, It{‘} }] can then

be iteratively adjusted, by adjusting the segments’ mesoscopic {9, .. } and geometric properties
{e.g., positions and orientations), towards the global likelihood maxinization, in order to
approximate the measured signal S;ea:1x 0], taking into account the fiber cost procedure, as
shown i the sbove equation and m FIG. 1L

{0034} To achieve realistic mesoscopic modeling, a predictive biophysical model can be used for
each segment {see e.g., References 5, 7, and 8), which can assume that cach segment can have
parallel neurites with neorite water fraction £, "still” {e.g., immobilized) water fraction §

ditfusion coefficient D, along them, and zere diffusivity transverse to then. The diffusion in the

extra-neurite space can be described by the diffusion coefficients D and D along, and
i
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transverse to the, segment direction. The positions of neurite segments can be optimized in
continuons space, and their contribution to a dMRI signal in a given voxel can be counted in
proportion to the fraction of their volume of influence overlapping with the voxel, with the
concept of volume of influence outhined in Reference 1. The mesoscopic parameters, such as f|
D, DS and Db, can be varied continnousty and can be considered "labels” characterizing the
mesoscopic properties of each segment. Both the geometric parameters (e.¢., positions and
orientations of the segments), and the mesoscopic parameters (e.g.. £, Dy, D' and DY) for every
segment can be optimized using any procedure having the ability to converge towards a global
likelihood maxinunum {e.g., the Metropolis-Hastings, or simulated-annealing procedure).
8035} The exemplary procedure described herein above can increase the likelihood that the
formed macroscopic fibers will be straight, gvoiding sharp toras andéor texminations. The
exemplary dMRI measurement can add an extersal "force” acting on the segments to locally hne
them up along the preferred local direction{s) of the voxel-wase diffusive motion.
[0036] The exemplary system, methed, and computer-accessible medium, according to an
exemplary embodiment of the present disclosure, can ptihze the exemplary procedure described
herein above by tncorporating the prediction{s) of the mesoscopic model(s) mto the global
optimization procedure. For example, the exemplary system, method, and computer-accessible
medium can be based on an iterative procedure, until a predetermined level of convergence can
be reached, which can increase the likelihood of, for example:

{i} fiber conformance to prior anatomical knowledge (e.g., fibers having a tendency

of being straight and avording sharp turns and terminations); andfor
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{11}  agreement of the predicted and measured signals within each imaging voxel, with
the predicted signal caleulated as being contributed to and/or from some or all the
elementary fiber element(s) (e.g., an elementary segment ot a finile length)
falling, in part or in full, within a given voxel,

{0037} The global likehhood maximization can now be performed with respect to both global
fiber geometry {o.g.. the numbers, positions and orientations of all the elementary segments), and
locally varying mesoscopic parameters of the model(s) that describe the contribution of
elementary segments of neuronal tracts to the measured dMRI signal. In such a manper, when
the procedure has converged, the physically motivated global fiber directions and connections

can be obtamed, as well as the voxel-wise mesoscopic parameters {e.g., the parameters described
above).

[0038] As one illustrative example, the Hikelihood, obtained over a region of interest or over the
whaole brain, of the system of interacting elementary fiber segments, can be constdered, and can
be shown in a flow diagram of FIG. 1. For example, this hkehihood, which can be maximized,
can be given by exp{~E/T}, where E can be the "energy"” and T can be "temperature” in the sense
of a standard Metropolis-Hastings simulated annealing scheme. Henee, likelihood maximization
11 this case can be equivalent to finding a global munimuom of the energy functional E. The latter

can consist of at least two distingt terms, for example:

E = ("elastic and fiber — forming interactions™ Y semments

+Z:¥,ﬂ (‘S'[‘xﬁ n‘:‘ {f--i! b }] - 5'3?'(!‘3(35 [x" n])“
j0039] The first term can describe an elastic mteraction between segments {e.g., the one of the

origimal procedure), as well as the cost of having a given overall nomber of segments. {See. e.g.,

pet

i3
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Reference 1), This term can make it more preferable for the segments to polymerize into straight
fiber sections, avoid sharp turns and {ernunations within the white matter,

{60401 The second term can describe, i the simplest case shown in the equation above, the
mean squared deviation between the predicted, S[k‘, B, {f{i:’, }] and the measwred, Sipeas, dMRI
signal over all participating segments, voxels (x) and ditfusion directions (n}. A difference
between the exemplary system, method and computer-accessible meditum and previously known
methods can be that the predicted dMRI signal can be based on the adaptive mesoscopic moded,
which can be suitable for the particular tissue type and whose parameters can be adjusted during
the optimization. The contribution from each segment in the predicted signal thos can depend on
the relevant mesoscopic parameters, as described above. The overall expression §[x, n, {f®, .. }}
of the predictive exemplary mesoscopic model i every voxel with coordinates x and for every
diffusion direction n can depend on all the geometric parameters {e.g., positions and orientations)
and all the mesoscopic parameters {e.g., water fractions {0 diffusivities, etc.) of the segments
entering this voxel, fully or partially. The mesoscopic model{(s) specific to different parts of the
tissge (e.g white or gray matter, different brain areas) can enter and affect the outcome of the
tractography. Any known mesoscopic tissue model, and any future mesoscopic model, can be
used with the exerplary system, method, and computer-accessible medium, thereby affecting the
clobal tractography results, and benefiting from a more robust parametric fit due to having the
hiber divections determined self-consistently.

{0041} The exemplary system, method, and computer-accessible medium, according to an

exemplary embodument of the present disclosure, can facilitate the contribution of a segment to
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the predictive exemplary mesoscopic model for diffusion in direction n, which can be, for
example:

Ssegment(b, 1) = fi b [&(TMO b (1w f o fr)e =0 W0l00.008
where b can be the conventional diffusion-weighting parameter {e.g., the H-valug). The extra-
neurite diffusion tensor £ can have eigenvalues [, D, and D1, and other parameters, which

have been introduced above. The contribution of this segment, centered at position xp, can be

further multiphied by the exemplary Gaussian "volume of influence” function vp{x) =

g

gl el /2671 where the parameter o can determine the volume of influence vy = w50, The
mdividual segments can then conirtbute {o the overall model prediction S[x, T, { RGN }] m gach
voxel, where the weighis can be determined by the overlap of their volumes of wfluence with the
voxel volume.

00421 To further reduce bias iy determuning geometric and mesoscopHe HIsue parameters, an

exemplary subtraction procedore can be emploved. luput data of the exemiplary svstem, method,
and computer-accessible medtany, which can comprise the diffuston-weighted MRI signal, can
have the mean of the data subtract over all diffusion-weighting parameters. This can be done
separately for each imaging voxel. Different experimental points can enter the mean with
different weaghts, The exemplary predictive biophysical model can be modified accordingly by
subtracting the mean of predicted diffusion-weighted sigral computed with the same weights as
for the data. At each step of the exemplary #terative procedure of maxinnzing the hkelihood, the
subtraction of the mean of predictive biophysical model can be renewed accordimg to the

exemplary parameters.

i
‘o
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Exemplary Fiber Model

{0043} The exemplary fiber model can include, e.g., small segments X; € XU Each segment can
contribate 1o the predicted MR-signal M{X) with a small signal contribotion. Each segment can
carry its individual ditfusion parameters that define this contribation. The segments can connect
and polymerize to form long chains (e.g., called fibers). The set of edges connecting the
segments can be denoted by E. The complete model F = (X E, v} can consist of the set of
segments, their edges between them and the volume fractions v. The exemplary mesoscopic
model M{r, g3 can be composed of axtally-symmetric Gaussian diffusion signals which can bave
the fonm of, for example:

mj;fs»i’m Q) = e Pt {gny -0 (gl - gayt) (1

from different white matter compartiments, where t can be a fixed diffusion tine and the b-value
b= igi’ t). The signal model can be composed of the sum of two such tensor models, where for
one of those, the perpendicular diffusion can be zero, and an additional constant reflecting non-
diffusing water molecnles. So, the signal from the i segnent can be, for example:

Mi(r.g) = v.(r) + m {q} v (1) + m "{q}( 1= p{r) — v (r}) {2)

which is similar to the equation above. Here v, can be the restricted {e g, still water volume
fraction f, ¥, can be the axonal {e.g., | neunite) water fraction {, and vesl-v-v, can be the extra-
neurite water fraction.  The intra-neurite and extra-neurite diffusivities can be equal along the

neurite, I}ﬁ“ = é;gi}&
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{0044} The total expected signal can be composed of a sum over all segments:

Mr, @) = Pxiexws £{r, 1) Mi{q), where T can be an indicator function giving contributions of v
and 1; can be i same voxel. Each segment can carry 5 or move variables, which can be, for
example: X; = (r.ny, Dj, 4w, the position, the direction, the axial diffusivity along the fiber,
the perpendicular diffusivity, and its overall weight wy in the total signal. The volume fractions
£} = v{r) of still (non-diffusing) water, axonal water Hry=v {r} and extra-gxonal water v(r} = |
= v}~ v{r} may not be properties of the segment, but of the position. To increase the namber
of segments (e.g., to get a higher nwmber of fibers) the voxels can be divided into subvoxels,
which can share the same signal.

{0045] The cost functional, or energies, can consist of two partss (a) the data-Ikelthood and (b)
the prior that can regularize the problem and control the connections between the segments. For
optimization a simulated annealing approach can be used. The Gibbs distribution F =

{Egara{ MELT) Epriar (¥}
T

—exp{— 3 can be simulated while lowering the temperature 7. For lower

gy, The sinuslation

et

temperature it can be similar to sampling from the mintmum of the ener

principle can be based on a Reversible fump Monte Carlo Markoy Chain (“RIMCMC™).

Exemplary Energy: Data Likelihood And Priors

{0046] The data term can inclade a simple quadratic ditference between signal and model that
can be, approximately assumed 0 be a Gaussian data hkelibood. This sssumption can cause a
bias on the parameters. However, mumerical simulators iflustrate that the Rician noise floor can

mostly disrupt the vi-fraction leaving the rest of the parameters nearly unbiased.
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{6047} The priors can control the number of segments, their connections, and can foster
smoothness of the variables along fibers. Due to the freedom of the diffusion parameters, a prior
can be needed to prevent the fiber model from buildimg wnreasonable, non-fiber like
configurations. Thus, an additional term Egage can be utilized that can be similar to original data-
likelihood, but each segment can have a fixed diffusion model. Very sharp diffusion models, for
example, no extra-axonal compartment and high parallel diffusion, can help to resolve sharp
crossings. The second prior can control the namber of particles, and the thud can control the
number of connections. To each particle, a cost can be assigned, called chensical potential Euem
{X) = X where p can be strength of the prior, or equivalently the cost of one particle, and (X]
can be the total number of particles (segments). Each exemplary segment X can have two ports
that can make connections with other segments. The exemplary location of the portcan ber &
£n. I two segments are connected, an additional potential can be turned on which can control,
the curvature and the similarity of the diffusion parameters, H the segments X1 and X2 can be

counected, then the additional energy can be for exanple:

U(:rm (X 1{“‘ ’ X ;‘) - ‘Rd Z (P e P ’)i + U berid {X f‘;': X,f «}

PE{DED )
where «l, 02 can specify the poris. The first term can give an additional penaliy on differences
between the diffusion parameters, for example, i can dove the diffusion parameters to be sumilar

along connected segments.

Exemplary Approximation Of Q-Space Correlations
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j{0048] The RIMUOMC procedure can be used to compute energy differences like Egp (M +
M) — Egaa (M), The computation can be donunated by correlations of the courrent model M
with the newly added or modified segment Mg, and the correlation of sepment Myqq with the
signal. The spatial part of these correlations can be tivial; however, the g-space part can be
guite costly as it can mvolve the evaluation of the exponential model. To compute or otherwise
determine these exemplary correlations efficiently, a power series approximations can be psed

that can speed up the computation by an order of magnitude. The approxumations can be of the

following exemplary type:

& M
. 1 Z _ Z b (1)
B;ErD_i. o . . DR,E’.}_[_ ‘ fin .
'- 2 \S Iy . 3 S N T y
(?TM >Q Q Ly My, (f;"h.) (Q&.} Lot (R + Dii}l U{ & D,i_)m

where the by{n) can be foand by a least squares minimization and the parameter x can be fixed,
and can be found empirically to obtain good fits. The form can be similar or based on the
Laplace transformation of exponential-type functions, For the two-shell scheme {(a: b=1000 and
b=2000 shell) considered 1 the experiments we found x = 4 to work well. We found valoes M >

& do not mmprove fiting accuracy.

Exemplary Procedure

{0049 As described herein, the exemplary optimization of the energies can be accomplished by
an RIMCMUC-type procedure together with a cooling process. The RIMUCMC-procedure can be
used to repeatedly make random distortions fo the current state F. The distortion, called 7, can
depend on the previous state, and can follow some distribution Py {F -+ F7), which can be
arbitrarily chosen by the algorithm designer. The only condition can be that the reverse

19
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transition has 1o be possible, for example, Py (F7 - F) > 0. The procedure can have a certain
number of inttial iterations such that the sequence of generated states can follow the desired
distribution and can be in equilibrium. Once equilibrium can be reached, which can be checked

by statistics of the energy differences, the system can slowly be cooled down,

Exemplary Segment Generation (e.g., Birth)

0050} A segment X = {r, n, Dy, DL, w) can be provided by selecting most or all parameters
uniformly. Then, the gnergy difference regarding the data-tikelibood can be computed or
otherwise deterntined according 0 ABgw = =2My, S} o +2 20 (M, Mg + My, Mo, which
can be the sum over k ranges over all segments that hie within the voxel containing the new
segment. For the efficient computation of such correlation an exemplary approximation can be
used. The computation AE,q can be similar. The Gibbs ratio can be

. glﬂ“ﬁdrxtn,*"-\g‘ ruide |
axp 7 d

{AN+1

3

R = N, . where N can be the number of segments currently present and Ny

can be the expected number of segments of the underlying Poisson process.

Exemplary Segment Completion {e.g., Death)
HIST] A segment X can be randomly chosen. The energy differences that have to be computed
can be the negated differences from the hirth proposal. The Gibbs ratio can thenbe R =

§ e s L
(B garatdF gnie |

exp(-data’ onldel,

]
Ny

N

Exemplary Segment Move
20
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{0052 A segment X can be randomly selected. The position and orientation can be distorted by
normally distributed random numbers, = rio y and 077 nteyy. The Gibbs ratio can then

(iﬁgdmu“-\'Qgguide‘*-"-\gwn}
T

be R = exp{~ ). A change of segment’s diffusion parameter A segment X

can be randomly selected. The current diffusion parameters can be distorted by normally
distributed random numbers, where the variance can be proportional to the curvent temperature.
The energy difference can then be computed or otherwise deternuned in for a sinular manner to
the move above. A change of volume fraction in a random voxel can be chosen. Eycanbe
called the data energy before the parameter change, then: Euy = 3y (Mg, Mo — 2 35 (Mg, S{nhe.
where the sum can run over all segments within the voxel. Correspondingly Ey after the

change, then AB . = Ex’ ~ By Simiar o the diffuston parameters, the new vohame fraction

can be proposed by distoriing the old one by a normal distribution with a variance proportional to

the current temperature.

Exemplary Parameters

{053] The segment parameters can be specifically selected. The exemplary length £ can be
chosen to be 2mm, and the potential of conngction can be L = 0.5, The chemical potential of a
segment can be selected proportional to the number Q of measurement in g-space. p = 0.005 Q
can be used. That can be, if a segment explains on average more than 0.003 of the variance of

the signal, the segment can be maimtained. For the strength of Epuee, e = 30T/ Tstart can be

7%
AL

used. For the strength of the connection priors, values of A, = 1 and Ay = | can be used. The



16

WO 2014/165849 PCT/US2014/033189

temperature schedule can start at Tstart = 0.3, and can cool down 10 yews = 0.0025, which can

} - .
correspond 1o a SNR level of = = 20,
¥Tena

8054} The exemplary system, method and computer-accessible madium according to an
exemplary embodument of the present disclosure can utilize the concrete mesoscopic model,
wherein each elementary segment can represent a neurite {e.g. axonal) fiber bundle, with the
mesoscopic parameters involving axonal water fraction, diffusivity mside and outside axons, and
tortaosity of the extra-axonal space. {(See, e.g., References 7, 8, and 11}, This particular
procedure can be implemented and run on real dMRI data obtained in healthy volunteers,
Exemplary results can confirm the mutusl regularization of biophysical modeling and fiber
tracking. 1t can be possible to obtain mesoscopic biophysical parameters for virtually all fiber
tracts i the brain including the crossing regions, which can be a challenge for previously known
procedures. These parameters can be tracts specific, which can vield a super resolution of
resulted maps, since many neuronal tracts can be present in a given voxel. The regularization
effect of modeling on tractography can be expressed in a befter goality of resobving the fiber

crossings. The exemplary system, method, and computer-aceessible medinm, gecording to an
exerplary embodiment of the presesnt disclosure, can advance the mesoscopic modeling.
Furthermore, by modifving the mesoscopic predictive model, it can also mcorporate, as modales,
additional features, such as, e.g., effects of paramagnetic tons on the apparent diffusion metrics.
{See e.¢., References 9 and 10). By modifving the global likelihood function, it can account for
non-Gaussian and spatially varying MRI nodse.

{0055] Exemplary erabodiments of the present disclosure of the system, method, and computer~

accessible medium can be generalized onto any fibrous tissue, and 15 not limited 1o the brain.

a2

A
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indeed, the exemplary system, method and computer-accessible medium can be utilized to, e.g.,
setf~consistently reconsiract the combined geometric and mesoscopic structural parameters;
therelore, one straightforward generalization can be to apply the exemplary procedure to, for
example, muscle fibers (e.g., skeleral muscle and heart), In such exemplary application, the
tendency to form fibers from individual segments can be preserved via the part of the hikelihood
function symilar 1o the first term in FIG. 1, whereas # can be the exemplary mesoscopic model
that can be supplemented, such as described in References 12, 13 and 14,

{8056} The system, method and computer-accessible mediwm according to exemplary
embodiments of the present disclosure can be generalized onto and/or utilized for any complex
material, and ts not imited 1o biological tissue. and can be further generahized onto any
measureruent technigae, and s not himited to diffusion MRIL The self-consistent determination
of the physical parameters of structures below nominal resolution by means of vtilizing a
predictive physical model incorporated into a self-consistent likelihood maximization procedure,
1s not imited by the way the measuwrement can be performed. Theretore, the exemplary system,
method, and computer-accessible medium can involve andfor utilize any nondestructive bulk
measurement techmque {2.g., optical microscopy, super-resolution microscopy, confocal

microscopy, rheology, electrical or heat conductivity, ete ).

Exemplary Experiment
{057] The brain in a healthy voluateer can be measured ina 3 T scanner with a diffusion-

weighted SE EPI sequence with a resofation 2.2x2.2 mm® in plane and 3 nmm in the slice
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direction with an echo time 165 ms, emploving A-factors up to £ = 8 ms/um® filling a sphere in
g-space i Cartesian manner with total 315 measurement points.

[OOS8] An exemplary 2-shell procedure can be used with b-values of 1000 and 2000 acquired
with 60 directions per shell. The m-vivo diffusion measurement was acquired on a Siemens 37

¢, aged

be

TIM Trio using an SE EPI sequence, with a TE of 107ms. A healthy male volunteer (e
36) was scanned at an isotropic resolution of 2.5mm. Additionally, a T1 data set was acquired
which was segmented into WM, gray matter ("GM”), and cerebral spinal flmd (“CSF”) using
statistical parametric mapping ("SPM™). White matter was thresholded at a probability of 0.5 w0
determine the area of reconstruction.

j0059] First, a brute force search was performied on @ synthetic data. By sweeping through the 3-

parameter space of Dy, Dy and v it was determined that the exemplary approximation can

accelerate the hikelihood computation by a factor of 20 compared 1o an ordinary implementation.
To validate the accuracy of the approximation, a simple crossing/bending configuration {see
FIGS. 2A-2E) was simulated including, e.z., three bundies. The central crossing has a crossing
angle of 307, The phantons was simulated on 24 % 24 % 9 grid with an isotropic voxel size of
T Each of the three bundles shown in FIG. 2B has the same axonal vohune fraction of 0.4,
exira-axonal fraction of 0.6 and different diffusion parameters (Dy, Do) (See ez, FIG. 2B).
Bunadle (a) has {1, 0.5}, bundle (b) (1.5, 0.5) and bundle ¢} {2, 1}. Rician noise was added with o
= (1,03 corresponding to a SNR of 200 (See, e.g., FIG. 2B).

80601 FIG. 2A shows exemplary hustograms of the exemplary tracking results illustrating fitted
diffuston parameters, volume fractions, weight parameters, and the tractogram. The
reconstructed tracts are shown by directions, by paratlel ditfusion Dy (element 203} and by

24
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perpendicular diffusion D {elewent 210). It can be seen that all parameters are nearly unbiased.
While the intra axonal water fraction v, {element 220, having a value of about 0.4) shows a small
underestimation, the extraaxonal water fraction ve=l-ve-v, {element 225, having a value of about
0.6) show a small overestimation. The sufl water fraction {element 215} v, reflects the Rician
noise tevel of 0.05. M{O) {element 235) shows witial magnetization, which can mimic a
nornralized water proton density, and w (element 230) shows a weight within a voxel. w
{element 23} exhibits g bimodal distribution consistent with having up o two fiber directions
{e.g., major fiber directions) within the areas of fiber crossings in the synthetic data, as shown in
FIG. 2B.

j8061] For the in-vivo dataset, a voxel was subdivided mto 33 = 27 subvoxels 1o get a sufficient
number of segments/fibers, The running time of the complete tracking procedure took about 10
hours on a Intel [7 (16GB) with four threads in parallel. The reconstruction contains 1.5 million

particles forming about 56000 fibers Jonger than 10 segments.

Fuarther Exemplary Resalts

0062} FIG. 3A shows an exemplary image of exeraplary resalts of fiber tracking of a whole
brain of a volunieer generated psing an exemplary method, system, and computer-accessible
medium according to an exemplary embodiment of the present disclosure. FIG. 3B shows an
exemplary image of a region of the brain white matter {generated using an exemplary method,
systeny, and computer-accessible mediwm according 1o an exemplary embodiment of the present
disclosare) which can include a part of corpus callosam ("CC") with vnidirectional fibers, and an

adjacent region with fibers crossing in all three directions. Different fiber orientations can be
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seen as, for example, 305 night-lefi, 310 anterior-posterior, and 315: superior-inferior. Further
fiber tracts seen in FIGL 3B can be cingulum ("CG™), {further association fibers ("Al™) and the
pyranudal tract ("PT")
{0063} FIGS. 4 and 5 show exemplary tinages of exemplary graphs of maps {e.g., coronal and
axial sections of the bram, respectively) of the tortuosity of an extra-axonal tensor generated
using an exemplary method, system and computer-accessible medium according to an exemplary
embodiment of the present disclosure, where D) and D& can be the diffusion coefficient in
exira~axonal space parallel and orthogonal 1o the fiber direction, respectively. The tortuosity can
D

be defined as, for example, the ratio A = =T
&

{0064] FIGS. 6A-6F show exemplary graphs illostrating exemplary distoibutions with varving
parameters of the exemplary svstem, method and computer-accessible medium according to an
exemplary embodiment of the present disclosure {e.g., Intra~axonal diffusion coefficient Di (FIG.
6A)Y, an extra-axonal diffasion coefficient parallel to fibers D' (FIG. 60), an extra-axonal
diffusion coefficient orthogonal to {ibers Elgf* (FIG. 6B), an axonal water traction £ {FIG. 6D) and
water fraction of inwpobilized water 3 (FHG. 811, Additionally an exemplary distribution of the

. LN : RN
tortaosity A = Bi;; of an extra-axonal tensor can be shown in FIG. 6F.

£
j0065] FIGS. BA-SE illostrate images of exemplary results for the exemplary fiber model above.
Exemplary parametric brain maps of the model parameters are shown in FIG. 8A, exemplary

- 4 « s » . . " Dy .
first and second statistics of all parameters including tortuosity t = 5 shown in FIG. 8B, FIG.
A

88 also shows graphs of exemplary histograms of the w parameter the can predict a signal at b =

0, and the number of segments per voxels. Several tracts were selected m FIGS. 8C and 8D by

26
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two ROIs (e g, Cingulum ("CG™), Arcquate Fascicle (“AF”), Cortical Spinal Tract (“CST™), left
Optic Radiation ("OR™), Fronto Oceipital Pascicle (MIFO7) and callosal fibers to the precentral

gvras ("CCTY). FIG. 8E illustrates fibers shoed coronally that were affected by Dy

Exemplary Discussion

j0066] The resulting fiber tracts, as shown for the whole brain shown m exemplary images of
FIG. 3A and for the region shown in exemplary images of FIG. 3B, can illustrate a variety of
local fiber directions and a large number of fiber crossings, in accordance with general
anatomical expectations. The exemplary coronal and axial tortuosity maps (see ez, FIGS. 4 and
Sh can correlate well with expected increase m nivelin comtent in the corpus callosum (e, 405
of FIG. 4 and center 505 of FIG. 5) and pyranudal tracts {e.g. 410 of FIG. 4). The tortuosity can
be another hallmark of the domnance of densely packed WM fibers i large fiber tracts, such as
corpus callosum and pyramidal tracts relative to most other WM regions. The exemplary
distribution of eigenvalues of extra-neurite diffusion tensor {see e.¢., FIG. 6}, can, show a
notable anisotropy of diffusion in the extra-neurites space. This can be seen in the notable
difference between the extra~peurie diffusivities in the parallel and transverse divections, and in
the tortuosity values {e.g., their ratin), as also shown m FIGS. 4 and 5, which can indicate that
approximating diffusion in the extra-neurite space with an scetropic tensor can generatly not be
sufficient, and that the above described metrics can be meaningful quantiative characteristics of
tissue structure at the mesoscopic scale.

{00671 FIG. 9 shows a flow diagram of an exemplary method for generating data regarding a
fiber tract according to an exemplary embodiment of the present disclosure . At procedure 905,

3
A
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maging data of an anatomical structurs to be imaged can be recetved. For example, at procedure
910, the exemplary predictive model {e.g., the exemplary fiber model), can be applied to the
inaging data. At procedure 215, data regarding the fiber tract of the anatomical structure can be
generated using an exemplary fiber cost procedure. Alternatively, at step 920, an tterative
procedure can be performed until a predetermined convergence level of both (1) a combination of
the frst information and the second information, and {it) the fiber cost procedure is achieved,
and the data can be generated based on the derative procedure.

{8068} The exemplary system, method, and computer-accessible mediwm can be viewed as a
regularization of sub-voxel modeling vig global multi-voxel connectivity. In contrast 1o using
previously known fiber tractography as a guide for comparing other magnetic resonance metrics
{See, e.g., Reference 8), the exemplary MesoFT procedureftechnique can employ the feedback
from the dMRI signal onto delineation of tracts. In general, due to the iterative nature of the
exemplary procedure, when the exemplary MesoFT converges, physically motivated fiber
directions, comnections, voxel-wise newrite densities can he obtained, and, the exemplary systemy,
method and compater-accessible medivm can incorporate other mesoscopic parameters such as
the degree of myelination (See, e.g., References 7 and &),

{8069 FIG. 10 shows a block diagram of an exemplary embodiment of & system according to
the present disclosure. For example, exemplary procedures 1n accordance with the present
disclosare described herein can be performed by a processing arrangement and/or a computing
arrangement 1002, Such processing/computing arrangement 1002 can be, for example, entirely

or g part of, or mclnde, but not havited to, a computer/processor 1004 that can nclude, for
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example, one or more nucroprocessors, and use instructions stored on a computer-accessible
medium (e.g.. RAM, ROM, hard drive, or other storage device).

F60T0] As shown mn FIG. 10, for example, a computer-accessible mediun 1006 {e.g., a3
described herein above, a storage device such as a hard disk, floppy disk, memory stick, CD-
ROM, RAM, ROM, etc., or a collection thereof) can be provided {e.g., in communication with
the processing arrangement 1002). The computer-gecessible medium 1006 can contain
executable wstructions 1008 thereon. In addition or alternatively, a storage arrangement 1810
can be provided separately from the computer-accessible medium 1006, which can provide the
mstructions to the processing arvangement 1002 so as to configure the processing arrangement o
execute certain exemplary procedures, processes, and methods, as described herein above, for
example.

{0071} Further, the exemplary processing arrangement 1002 can be provided with or include an
input/output arrangement 1014, which can include, for example, a wired network, a wireless
network, the mternet, an infranet, a data collection probe, a sensor, ete. As shown in FIG. 10, the
exemplary processing arrangement 1002 can be in communication with an exemplary display
arrangement 1012, which, according to certain exemplary embodiments of the present disclosure,
can be a touch-sereen confipured for mputting information to the processing arrangement in
addivion to outputting information from the processing arrangement, for example. Further, the
exemplary display 1012 and/or a storage arrangement 1010 can be used to display and/or store
data 1 a user-accessible format and/or user-readable format.

j0072] The foregomg mevely illustrates the principles of the disclosure. Varwous modifications
and alterations 1o the described embodiments will be apparent to those skilled n the an in view

29
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of the teachings herem. It will thus be appreciated that those skilled 1n the ant will be able 1o
devise numerous systems, arrangements, and procedures which, although not expheitly shown or
described herein, emibody the principles of the disclosure and can be thus within the spirit and
scope of the disclosure, Vartous different exemplary embodiments can be used together with
one another, as well as nterchangeably therewith, as shounld be sadersiocd by those having
ordinary skill in the art. In addition, certain terms nsed in the present disclosure, including the
specification, drawings and claims thereof, can be used synonvmously 1 certain mstances,
including, but not lunited to, for exanmple, data and information. It should be saderstood that,
while these words, and/or other words that can be svapnymous to one another, can be used
synonymously herein, that there can be mstances when such words can be intended to not be
used sysonymously, Further, to the extent that the prior art knowledge has not been expheitly
incorporated by reference herein above, it s explicitly mcorporated herein in its entirety. Al

publications referenced are incorporated herein by reference in their entireties.
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WHAT IS CLAIMED IS

i. A non-transttory computer-accessible medium baving stored thereon computer-
executable instructions for generating resultant data regarding at least one fiber tract of at least
one anatomical strocture, wherein, when a computer hardware arrangement executes the
mstructions, the computer arrangement is configured to perform procedures comprising:
recetving first information related to imaging data of the at least one anatonucal structure
recetving second mformation related o a predictive model of af least one further fiber
tract; and

generating the resultant data based on the first information, the second information

and, a fiber cost procedure.

2. The non-transitory computer-gecessible mediom of claim 1, wherein the imaging data

imclades magnetic resonance intaging data.

3. The non-transtiory computer-accessible medium of claim 2, wherein the magnetic
resonance tmaging data comprises further data assoctated with at least one diffusion-weighted

signal,

4. The non-transttory computer-accessible meditam of claim 1, wherein the computer

arrangement is further configured to generate the resultant data based on an ierative procedure
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untif reaching a predetermined convergence level of both (i) a combination of the first

information and the second information, and (i) the fiber cost procedure.

5. The non-transitory computer-accessible medium of claim 1, wherein the predictive model
is based on (1) biophysical mesoscopic model parameters of neuronal fracts, and (11} geometric

model parameters of the neuronal tracts.

6. The non-transitory computer-accessible mediom of clatm 3, whereln the geometiic
parameters mchude at least one of at least one position or at f2ast one shape of at least one

segment of the at least one fiber tract,

7. The non-transitory computer-accessible medivm of claim 5, wherein the biophysical

NCSOSCOPIC parameters vary spatially.

& The non-transitory computer-accessible medium of claim 3, wherein the neuronal tracts

comprise at least one segment of a finite length.

9. The non-transitory computer-accessible medium of claim 8§, wherein the computer

arrangement 1s further configured to polymenize at least one segment to form the at least one

fiber tract using a likelihood~maximization procedure.

[
e
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10, The non-transitory computer-accessible medium of claim 1, wherein the fiber cost
procedure 1s based on at least one of (1) a tendency for newronal fibers of the predictive model ©
be straight, (it} a tendency for the neuronal fibers to avoid sharp tums, (111} a tendency of the
neuronal fibers to be continuous, or (iv) a tendency for the neuronal fibers 1o have end portions

outside white matter regions of the predictive model.

11.  The non-transitory computer-accessible mediwm of claim 1, wherein the predictive model
is based on at least one of (1) water fraction of neurites, {1t} water fraction of non-neurie
compartments, {i1) diffusion metrics of intra-neurite space, or (iv) diffusion metrics of an extra-

DNSUrHe space.

12, The non-transitory computer-accessible medium of claim 1, wherein the imaging data is

of a region of interest of at least one portion of the at least ene anatemical structure,

13, The non-transitory computer-accessible mediom of claim 1, wherein the at least one

anatonues! structure 18 a lvam.

14, The non-transitory computer-gecessible mediom of claim 9, wherem the hkelihood
maxunization procedure increases a global likehthood function of all or at least a subset of the

parameters.
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15, The non-transitory computer-accessible medium of claim 14, wherein the hikelihood
masinuzation procedure comprises at least one of {i) a smooth parameter variation, (i1} a gradual

parameter vartation, ov (1iL) a stow parameter vanabion along the at least one fiber tract.

16, The non-transitory computer-gecessible medium of claim 14, wherein the likelihood

maximization procedure includes information about ¢ measurement noise.

17, The non-transitory computer-accessible medinm of clatm 14, wherem the likelihood
maximization procedure comprises subtracting a quantity proportional to at least one of a mean

or weighted mean of the first information in order o decrense a bias in the resultant data.

18, The non-transitory computer-accessible medivm of claim 16, wherein the measurament

noise 15 non-Gayssian,

19, The non-transitory computer-accessible mediam of claim 16, wherein the measurement

noige varies spatially.

20, The non-transitory computer-gecessible mediom of claim 1, wheren the predictive model
mciades local information about a packing geometry of at least one neurite within an elementary

fiber segment

[
‘L
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21, The non-transitory computer-aceessible medium of claim 1, wherein the predictive model
includes local information about a fraction of at least one of (1} water, {if) a size of building

blocks of a nervons tssue or (1) a geometry of the butlding blocks.

22, The non-transitory computer-accessible mediom of claim 1, wheremn the predictive model

mchades local mformation gbout biophysical parameters of myelin sheaths surrounding axons.

23, The non-transitory computer-accessible medinm of claim I, wherein the predictive model

mchdes local information about effects of paramagnetic 1ons on diffusion metrics.

24, The non-transtory computer-accessible medium of clamm 1, wherein the predictive model

is based on axially-symmetric Gaussian diffusion signals.

25, The non-transiiory computer-accessible medivm of claim 1, wherein the computer
arrangement i3 further configured to receive mformation related to at least one prior which is
configured to at least one of {a) prevent the predictive model from building non-fiber like tracts,
{b) countrol a nuinber of particles (segments) in the at least one fiber tract, or {©) control a number

P

of connections in the at least one fiber tract,

26, A system for generating resuliant data regarding at least one fiber tract of at least one
anatommical structare, comprising:
a computer hardware arrangement configured to:

36



WO 2014/165849 PCT/US2014/033189

vecerve first information related to imaging data of the at least one anatomical
sfructore,
recerve second mformation related to a predictive model of at least one further
fiber tract; and
5 generate the resuhtant data based on the first information, the second information

and a fiber cost procedure,

27 A method for generating vesultant data regarding at least one fiber tract of at least one
anatomical structure, comprising:
1 recetving fivst information related 1o imaging data of the at Teast one anatonyical structure;
recerving second mformation related to a predictive model of at least one further fiber
tract; and

using g computer hardware arrangement, generating the resultant data based on the first

mformation, the second nformation and a fiber cost procedure.
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