Diffusion Tensor Imaging (DTI) and Tractography
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‘[./.] it'is most reasonable to regard white matter as interacting
with gray matter to distributed, multifocal neural networks to
produce the phenomena of human behavior”

C.Filley, The Behavioral Neurology of White Matter, p. xiv, OUP, 2012.
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In Vivo Study of WM: Advanced Neuroimaging Techiniques




In Vivo Study of WM: Advanced Neuroimaging Techiniques
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Diffusion MRI

» Diffusion refers to the
random, thermally
included mobility
(Brownian motion) of a
molecule over time.

» The diffusing water
molecule samples and
interacts with the local
environment, and thus, by
measuring the degree and
direction of water motion,
the structure can be
inferred.

Brown R., Philosoph Mag (1828); Einstein A., Annal Phys (1905)

A.Leemans, UZH Irchel 2014 Workshop



Isotropic Diffusion

Anisotropic Diffusion

Diffusion Tensor Imaging (DTI)

Molecules can be either
diffuse equally in all directions
(isotropic diffusion), or they
can diffuse preferentially
along a particular direction
or axis (anisotropic diffusion).

Isotropic diffusion occurs if
there are no barriers to
diffusion or if the barriers are
randomly oriented,
Anisotropic diffusion occurs
when there are barriers that
impede diffusion in certain
directions while favoring
moving of water along others
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Fiber Orlentation

Top row: The first, second, and third
eigenvalues are shown with the same
intensity scaling. Note that the
eigenvalues are always ordered in
descending order of intensity with the
first eigenvalue being the greatest.
Bottom left: The directionally averaged
diffusivity is the mean of the 3
eigenvalues.

Bottom middle: The FA indicates the
coherence of white matter bundles.
Bottom right: The FA map can be
colorized to show the orientation of the
primary eigenvector with left-to-right
oriented axonal fibers green, anterior-to-
posterior fibers red, and inferior-to-
superior fibers blue. Colors are
additively mixed to represent fiber
populations oriented between these 3
cardinal axes.
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I Diffusion Tesnor Imaging
Color Map <G
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Schematic demonstrating
the FACT algorithm. Arrows
represent primary
eigenvectors in each voxel.
Red lines are FACT
trajectories.

Starting from a seed voxel
the tractography
propagates, voxel by voxel,
a streamline by piecing
together neighbouring
eigenvectors, considering
specific assumptions
(thresholds), i.e. minimum
FA, max angle degree)



DTI Tractography
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Braimance Advantis Medical Imaging



DTI Tractography
Reconstruction and qualitative and A
quantitative study of WM in vivo -‘”" ‘ (*F
Number and length of fibers N RN
»Volume of fibers ' 7.3
Quantitative indices of WM Brainance Advantis Medical Imaging

microstructural integrity:
fractional anisotropy (FA)

apparent diffusion coefficient (ADC)
or mean diffusivity (MD)

axial diffusivity (Dax)

radial diffusivity (Drad) m
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Tractography of
major commissural, projection and associative pathways
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Philips FiberTrak, 2" Dpt of Radiology, Medical School, NKUA, GR




Commissural fiber system

Philips FiberTrak, 2" Dpt of Radiology, Medical School, NKUA, GR
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Corpus Callosum

SI 65
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*The largest bundle of the human brain

Conventionally divided into an anterior portion (genu)
connecting prefrontal and orbitofrontal regions, a central part
(body) connecting precentral frontal and parietal regions, and a A —+— P
posterior portion connecting the occipital lobes (splenium) and
temporal lobes (tapetum) P S




Corpus Callosum / Fmajor & Fminor

Philips FiberTrak, 2" Dpt of Radiology, Medical School, NKUA, GR




Callosal Radiations / Fmajor & Fminor

Braimance Advantis Medical Imaging e




Anterior Commissure .

>

*Connects the anterior ventral temporal lobes (including the amygdala) R —¢—
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Philips FiberTrak, 2" Dpt of Radiology, Medical School, NKUA, GR
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Philips FiberTrak, 2" Dpt of Radiology, Medical School, NKUA, GR




Anterior Commissure
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*Fibers medial to the fibers of the external/extreme g é‘ .
capsule, ventral to the most anterior part of the body of ° &
fornix, and anterior to the cerebral peduncles
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Anterior Commissure
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«Fx body: runs longitudinally along the midsagittal line of the CC

*Fx anterior: bends downwards and crosses the anterior commissure after
splitting into an anterior and posterior column of each side

*Fx posterior: splits into I/r branch (fimbriae), arching around the thalamus and
continuing along medial occipitotemporal lobe to terminate in the hippocampus




Projection fiber system

Philips FiberTrak, 2"d Dpt of Radiology, Medical School, NKUA, GR



Corticospinal Tract

Efferent projection fibers connecting motor cortex to the brain stem and
spinal cord

*Converges into the corona radiata and continues through the PLIC to the ‘
cerebral peduncle on their way to the lateral funiculus |

By



Cortico-ponto-cerebellar tracts
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Afferent fibers enter the cerebellum mostly

through the brachium pontis or middle b . <.

cerebellar peduncle (MCP) which receives o~ Zal j‘ 1; ™

fibers originated in the contralateral pontine Cortico-ponto-cerebellar tracts reconstructed using Brainace (Advantis Medical Imaging)
Fronto-ponto-cerebellar tract Occipito-ponto-cerebellar tract

nuclei with some additional tegmental fibers;
‘make up mostly for the cortico-ponto-
cerebellar (CPC) tract, bringing information
from the cerebral cortex

Parieto-ponto-cerebellar tract Temporo-ponto-cerebellar tract




ALIC / PLIC / External Capsule
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Brainance Advantis Medical Imaging

Coronal -]

*Medial and anterior to the
lenticular nucleus and
lateral and posterior to the
head of the caudate
nucleus R
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*Medial and posterior to the
lenticular nucleus and
anterior and/lateral to the
IQEIEINTS

Brainance Advantis Medical Imaging
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Bramance Advantis Medical Imaging

External Capsule

thin lamina separating the S
claustrum from the putamen : -
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Exireme Capsule

THALAMUS




eextremely thin lamina
separating the‘claustrum
from the insula cortex

Exireme Capsule

Braimance Advantis Medical Imaging
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Braimance Advantis Medical Imaging
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I Braimance Advantis Medical Imaging

ALIC / PLIC / External C. / Exireme C.




Braimance Advantis Medical Imaging

ALIC / PLIC / External C. / Exireme C.
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Braimance Advantis Medical Imaging
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Braimance Advantis Medical Imaging
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Braimance Advantis Medical Imaging
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Braimance Advantis Medical Imaging
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Braimance Advantis Medical Imaging
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Major Perisylvian and Associative Pathways

Philips FiberTrak, 2"d Dpt of Radiology, Medical School, NKUA, GR



Cingulum Bundle Z -

*Begins in the parolfactory area
below CC rostrum, courses within
the cingulategyrus, arches
around the/entire CC, extends
forward into the parahippocampal
gyrus and uncus.




Brainance Advantis Medical Imaging

Posterior Cingulum - Hippocampus Fiber Connection
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Braimance Advantis Medical Imaging

Posterior Cingulum - Hippocampus Fiber Connection
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Uncinate Fasciculus

*Hooks around the lateral fissure
connecting anterior temporal lobe
with medial and lateral
orbitofrontal cortex

*Temporal UF: medial and anterior
to the ILF

*Frontal UF: lies inferomedial to
the IFOF
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Major Limbic Pathways

Philips FiberTrak, 2" Dpt of Radiology, Medical School, NKUA, GR



Inferior Fronto-Occipital Fasciculus S :

*Runs in the ventral and medial part
of the occipital and temporal lobes
and in the anterior floor of the
external capsule (along the
inferolateral edge of the claustrum),
and the orbitofrontal region
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Inferior Longitudinal Fasciculus

*Transverses the length of the
temporal lobe and joins the IFOF,
the inferior aspect of the SLF and
the optic radiations

ol bd
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Superior Longitudinal Fascisulus 2 :

*Sweeps along the ‘superior margin
of the insula in a‘great arc,

gathering and/shedding fibers along
the way to connect frontal cortex to
parietal, teémporal and occipital lobe

5147




Superior Longitudinal Fascisulus
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Philips FiberTrak, 2" Dpt of Radiology, Medical School, NKUA, GR




Anterior Thalamic Radiation




I Bramance Advantis Medical Imagng

Major Optic Fiber System (OR/Meyer Loop)

*Connecting
lateral geni
nucleus tg




I Bramance Advantis Medical Imagng

Major Optic Fiber System (OR/Meyer Loop / ILF / IFOF)




I Bramance Advantis Medical Imagng

Major Optic Fiber System (OR/Meyer Loop / UF)




I Bramance Advantis Medical Imagng

Major Optic Fiber System (OR/Meyer Loop / ILF / IFOF / UF)
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Ta diKTUO TNG MVAMNG KAl TOU AGyou




Ta SIKTUO KaI TO iYXTUO TNG MVAMNG

Korsakoff

Scoville
Penfield
Milner




Mvnun
TTOU paBaivel, TTou Buuartal, TTou CeEXVa

MvAun Kartnyopieg JvnUOVIKWY QVAPVAOEWY

BiwpaTiki MvAun TTpoéAguong MpPooTrTIKA MVAKN //5 /
(episodic memory) (source memory) (prospective memory) / 4§

BiwpaTikég
OVAMVIOEIG

AdnAeg

DLALALLE OVOMVAOEIG

AuTtofioypa@Iki




Mvnun
TTOU paBaivel, TTou Buuartal, TTou CeEXVa

MvApN Karnyopieg JvnNUOVIKWY cUaTNUATWY PE OIaKPITEG
AEITOUPYIEG/DIEPYATiEC KAl EYKEPAAIKOUG UNXAVIOUOUG

Agutepoyevég

o1 Makpoéxpovn Mayiwon kail atroBrnkeuon




Ta dikTua KaI T diXTUA TNG MVAMNG

. Cingulum Uncinate IFOF

. Fornix mammillo-thalamic ILF

http://neuropsychologie.wordpress.com/ -



Ta OiKTUO Kai Ta OiXTUA TNS MVAMNGS
MeA£ETEG OTN PUCIOAOYIKK YAPOVON

XpPNOIMOTIOIWVTAG UWNANG EUKPIVEIQG
ATTEIKOVION TAVUOTA OIAXUONG OTN MEAETN TNG
MVNUOVIKAG AEITOUPYIQG OTN PUCIOAOYIKN
ynpavon, avadeixdnke in vivo n eKQUAION TNG

(evOG MIKpOU deparTiou
AEUKNG oUaiag TToU OUVOEEI TO EVOOPPIVIKO
PAOIO KAl TOV ITITTOKAUTIO) OTN PUOIOAOYIKN
yrnipavon Kai n oxéon tou BaBuou ekpuAlong
ME TNV £TTiIdO0N 0€ KAAOIKEC DOKIUATIEC
EKMABNONC Kal KaBuoTepNUEVNG AVAKANONG
ANioTag Aé€ewv
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RAVLT delayed recall

Yassa et al., 2010



Ta OiKTUO Kai Ta OiXTUA TNS MVAMNGS
MeA£ETEG OTN PUCIOAOYIKK YAPOVON

2.€ EVNAIKEC avw Twv 50 €TV, N
NAIKIa CUOXETICETAI UE MIKPODOUIKES

METABOAEG OTNV TTOU OUVOEEI . |'

me HE / f‘

i =dnn? #
TTEPIOXEG, TNV
KAl TO OEPATIO TTOU OUVOEEI TRV-EXNTKO

H ¢quoioAoyikr uEIESOAr} 0TN BILWPATIKA
MVAMN OXETiEeTal e METABOAEC OTNV
, EVW Ol OEIKTEC TNG

oxeTiCovral
ME TNV IKAVOTNTA EAEYXOU TOU A
(error monitoring) o€ dokipagoia OTTTIKAG

avayvwpiong B€ong avTiKEIPEVOU.

(Metzler-Baddeley et al., 2011).




Ta OiKTUO Kai Ta OiXTUA TNS MVAMNGS
MeA£ETEG OTN PUCIOAOYIKK YAPOVON
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(Persson et al., 2006)



Ta diKkTUO KOl TO OiXTUO TS MVAMNG
MeAéTeg oTn puoioAoyikn yRpavon, MCI kou AD

(Bosch et al., 2012; Bozzali et al., 2012; Fellgiebel et al.,

2008; Fellgiebel et al., 2005; Fujie et al., 2008; Kalus et
al., 2006; Nakata et al., 2009; Rogalski et al., 2009;
Yoshiura et al., 2002; Zhou et al., 2008; Huang et al.,
2012; Yakushev et al., 2011)

O d¢iktng FA TOU aTTOTEAEI I0XUPO DIAKPITIKO
OeikTn MeTACU AD kal JapTupwyv, Kal TOU
ueracu MCI kal paptupwy. O
OeikTNG peEong diadxuonc (mean diffusivity-MD) otov
avadelkvUel TN HEyaAuTepn dla@opd petacu AD
Kal JapTupwyv, KabBwg kal petagu MCI kar paptupwyv (Clerx
et al, 2012)

H mTpwtn HEAETN TNG oT1o MCI kai oTo
AD, ava@épel peliwpévn ouvoyxn otn dwvn TG
diatiTpaivouoag odou otoug aoBeveic ue MCI kair AD og
oxéon ME TOUG HAPTUPEG, ME TIC MIKPOOOMIKEC aAAQYEC VO
ouOoXeTICOVTAl ONUAVTIKA PE TNV £TTidoon o€ dOKIYaoia
KaBuoTepnuEVNS avAkAnong.

O BaBuodc ouvoxnc TnG diaTiTpaivouoag odou ATAV 0 JOVOG
deikTNG d1aKkpiong peTacu Twv MCI kal papTupwy (Kalus et
al., 2000).




Ta diKkTUO KOl TO OiXTUO TS MVAMNG
MeAéTeg oTn puoioAoyikn yRpavon, MCI kou AD

H TTapouoiadel HIKPOOOUIKES aANayEC (Melwpévo FA, augnuévo MD) o€ aobBeveic
ME AD in AD (Kantarci et al., 2010; Mielke et al., 2009) aAAa 6x1 oto MCI (Mielke et al.,
2009).

O d¢eiktng FA otnv OUOXETICETAI UE TN MVNMOVIKN €TTIOO0N O€ Q0OEVEIC JE
apvnoikou Tuttou MCI, Tn geEAAOVTIKI JvnUOVIKA £€acBEvnon kai Tn JeTaTTTwon o€ AD
(Mielke et al., 2012).

METACU TOU (KUpiwg TTpoCoBIa THRMATA) Kal
(KUPiwG ITTTToKAuTToU) TTapoucialouv eAdTTwon o€ aobBeveic pe AD (Damoiseaux et al.,
2009; Fellgiebel et al., 2004; Zarei et al., 2010), evioxuovTag TNV ATTOYPN VIO CUUMPETOXN
TWV OUVOEoEWY OTa uvnuovika eAAeippaTa otnv AD (Di Paola et al., 2007).




Ta diKkTUO KOl TO OiXTUO TS MVAMNG
MeAéTeg oTnyv vooo Parkinson

Figure 2 Correlation between scores of immediate (A) and delayed (B) recall
of the 15-word list and left hippocampal mean diffusivity in
patients with Parkinson disease

Figure 1 Increase in hippocampal diffusivity in patients with Parkinson
disease compared with healthy control subjects

A Immediate recall of the 15 words list

B Hippocampal head
Hippocampal body
B Hippocampal tail

x=23

B Hippocampal head ¥ Hippocampal body B Hippocampal tail

MikpodouIKEC aAAaYEC OTOV (aug¢nuévo MD) €xouv cuoxeTioBEi e
MEIWMPEVN PvNMUOVIKN €TTidoon o€ aoBeveic pe PD xwpic dvola, Xwpic va
TTOPATNPEITAI CUOXETION UE TOV OYKO Tou ITTTToKAPTTOU (Carlesimo et al., 2012).




Ta OiKTUO Kai Ta OiXTUA TNS MVAMNGS
MeAéreg otnv KEK

Augnuévo MD oTov , OTO
, O€
OXETICETAI ME TN IKAVOTNTA EKNABNONG
Kal avakAnong (Salmond et al., 2006).

MikpodouIKEG aAAaYEC avixveUovTal OTA BACIKA
OEUATIA TOU KPOTAPIKOU AOBoU ( ) Kal

oXeTidovTtal PE TNV €TTIOOON OE AEKTIKEG KOl OTTTIKEG
dokipacieg pvAuns otnv KEK (Bigler et al., 2010).

Mpoogara, péow Tou DTI avixveuTnkav o1 JIKPOOOUIKEG /
aAAayEg OoTn ME UWNAN
OUOXETION ME TA UVNUOVIKA EAAEIMUATA TWV 00BEVWYV PE
KEK (Christidi et al., 2011).




Ta OiKTUO Kai Ta OiXTUA TNS MVAMNGS
MeAETEG OTNV KPOTAPIKNA ETTIANWI
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IAnyia (Diehl et al.,

2008)
s AP AykJoTpoeidn¢ & AvakAnon
(dueon & KqBuaoTeEPNUEVN) AEKTIKOU
Right view Superior view Left view UAIKOU
MeTa atTd £AEYXO YIQ TOV OYKO TOU ITTTTOKAMTIOU,
TA MIKPOOOMIKA XAPAKTNPIOTIKA OEUATIWY OTTWG s AE AykioTpocidn¢c & AvakAnon
, ATTOTEAOUV AVECAPTNTOUG (kaBuoTepnPEVN) OTITIKOU UAIKOU

TTPOPBAETITIKOUG TTAPAYOVTEG VIO TN MVNMOVIKN
etridoon (McDonald et al., 2008).




Ta OiKTUO Kai Ta OiXTUA TNS MVAMNGS
MeAETN TNV £PTTNTIKN EYKEQPAAITION

H5EL]

2.€ MIKPO aplBud acBevwyv pe povottAeupn BAGBN oTtov
Eow KpoTagikd Aof3é otnv MRI kail coBapd 1éc0o
MVNUOVIKA EAAEINPATA TOOO O€ AEKTIKEG OO0 KAl OTITIKEG
dokipaacieg, n DTI atrokdAuWwe onUavTIKEC HETABOAEC O€

TTOU OUVOEOUV TIG
KPOTAQPIKEG TTEPIOXEC ME AAAEC TTEPIOXEC AVTITTAEUPQA TNG
BAGBNC (XWpPIC va UTTAPXEI CNUAVTIKH METARBOAr O0TOV OYKO
TOU ITTTTOKAUTTOU 1] PAOIIKA aTpOoQia KAl XwPIig EUPHUATA
otnv Tutmkn MRI) (Grydeland et al., 2010).

H5EL3 H5EL2

H5ER ]

COMTROL



Ta OiKTUO Kai Ta OiXTUA TNS MVAMNGS

AVAOEIEN MIKPODOMIKWY AAAAYWV KOl EPUNVEIC MVIMOVIKWY EAAEIMUATWV

MIKpOOOUIKEC METABOAEG OTNV Kal GAAEC OEUATIO AEUKNAG OUCIAG TOU METAIXMIAKOU
ouoTtiMartog, o€ acBevn pe madaid KEK, eupiuara AP petwTriaiag BAGBNS oTnv KAAOIKN
MRI, aAAG eppévovTa pvnuovika eAAeippara 14 xpovia ueta tnv KEK (Papanicolaou et al.,

2007)

H xphon tou DTI ka1 kAaoikAc MRI o€ acBegvry ye eutrpocB6dpoun Kal
oTTIo06dpOouN ApvVNOia CUVETTEIA EUPPAKTOU OTNV gEpUNVEUEl
TO TTPOTUTTO MVNMOVIKWY EAAEINPATWYV KOl T EPPEVOVTA EAAEIYPaTa 1 XpOVO PETA TO
EMPPOKTO Xwpic Trepaitépw aAhayec otnv MRI. (Renou, Ducreux, Batouche, &

Denier et al., 2008)




Ta SiKTUO TOU AGYOoU

Cercbral Cortex November 2008;18:2471-2482
doi:10.1093/cercor/bhnd11
Advance Access publication February 14, 2008

FEATURE ART'CLE Matthew F. Glasser' and James K J{illmg1 234

DTI Tractography of the Human Brain’s , : , N
Department of r\llﬂl!i)pl)h)lu,_\'. Department of Psychiatry and
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Figure 1.

(A) Average arcuate fasciculus tractography results for the 20-subject data set.
Connections linking the STG with the frontal lobe are colored green.
Connections linking the regions below the superior temporal sulcus with the
frontal lobe are colored orange. Average pathways were thresholded to include
voxels in which at least 2 subjects had a pathway.

(B) Functional activations overlaid on average tractography results, in standard
space. Each study in each hemisphere is represented by a different color.
Lexical--semantic tasks are represented as squares, phonemic tasks are
represented as circles, and prosodic tasks are represented as diamonds
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Current Opinion in Neurobiology

The language network
Angela D Friederici and Sarah ME Gierhan

Current Opinion in Neurobiology 2012, 23:1-5

Language-relevant brain regions and fiber
fracts (schematic and condensed view of
the left hemisphere).

The connecting dorsal
premotor (dPMC) with posterior temporal
cortex (bMTG/STG) involves the and/or
the and the ; the dorsal pathway
connecting BA44 with the posterior STG
involves the

The connecting the frontal
cortex (FC), that is, BA 45 and others, with
the temporal (TC), the parietal (PC), and the
occipital (OC) cortex, involves the (also
called the ECFS); the venfral pathway
connecting the anterior inferior FC (alFC),
that is, BA 47 and others, and the FOP, with
the anterior TC (aTC), involves the
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Fig. 1.
fMRI results. Functional networks involved in and
analyzed in two random effects analyses (no.33).
Activations are overlaid as maximum intensity projections on a canonical brain. Peak voxels within each cluster defined the nodes of the networks, which
served as seed regions for the probabilistic fiber tracking.
(C) Both contrasts ( ) displayed along the x coordinate of the seed regions.
T1alp, anterior/posterior superior temporal gyrus; T2a/p, anterior/posterior middle temporal gyrus; FUS, fusiform gyrus; F3orb/tri/op, pars
orbitalis/triangularis and opercularis of the inferior frontal gyrus; FOP, deep frontal operculum; PMd, dorsal premotor cortex.
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PNAS | Novembor 18,2008 | vol. 105 | no.46 | 18035-18040

-'*"'L—':?’\ AF/SLF | 4

4t

e,
: A aLr

Fig. 2.

. Composite fiber networks subserving (A) and (B) computed by averaging the pairwise
connections of 33 subjects defined in the , respectively.
Three-dimensional tfractography renderings visualize the spatial orientation of both networks. Crosshairs on sagittal sections indicate the
orientation of the coronal and axial sections. Maximum PIBI (probability index forming part of the bundle of interest) values are given at the top
of the color bar.
EmC, extreme capsule; AF/SLF, arcuate and superior longitudinal fascicle; MdLF/ILF, middle and inferior longitudinal fascicle. Abbreviation of
seed regions are as indicated in Fig. 1
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Ventral and dorsal pathways for language

Dorothee Saur®1, Bjorn W. Kreher?<, Susanne Schnell®<, Dorothee Kiimmerer®<, Philipp Kellmeyer2<,
Magnus-Sebastian Vry®<, Roza Umarova®<, Mariacristina Musso®<, Volkmar Glauche®<, Stefanie Abel4, Walter Huberd,
Michel Rijntjes?, Jirgen Hennig®<, and Cornelius Weillera<

dorsal

PNAS | Movembor 18,2008 | vol. 105 | no.46 | 18035-18040

Fig. 3.

ventra_.-' Dual pathway network for language. Composite fiber network for
repetition (blue) and comprehension (red).
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Brain Struct Funct. 2014 January ; 219(1): . do1:10.1007/s00429-012-0498-y.
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(a) SLF I: the ROI 1 is delineated over the green association
bundles just superolateral to the cingulum. The ROI 2 was placed
over the fibers generated on the superolateral aspect of the
cingulum.

Brain Struct Funct. 2014 January ; 219(1): . do1:10.1007/s00429-012-0498-y.
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(b) SLF II: the ROI 1 is placed over the white matter of the angular
gyrus (coronal plane e in Figure 2). The second ROl was placed on
the fibers generated on the association green area.

Brain Struct Funct. 2014 January ; 219(1): . do1:10.1007/s00429-012-0498-y.
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(c) SLF IIl: the ROI 1 is paced over the periventricular green association
fibers followed by the second ROI over the fibers generated on the
white matter of the supramarginal gyrus

Brain Struct Funct. 2014 January ; 219(1): . do1:10.1007/s00429-012-0498-y.
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(d) AF: the first ROl is the same as ROI 1 for the SLF lll. The ROI 2 is situated over the
periventricular craniocaudally oriented blue fibers
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Magnus-Sebastian Vry®<, Roza Umarova®<, Mariacristina Musso®<, Volkmar Glauche®<, Stefanie Abel4, Walter Huberd,
Michel Rijntjes?, Jirgen Hennig®<, and Cornelius Weillera<

dorsal

PNAS | Movembor 18,2008 | vol. 105 | no.46 | 18035-18040

Fig. 3.

ventra_.-' Dual pathway network for language. Composite fiber network for
repetition (blue) and comprehension (red).
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Bram Struct Funet 2009 February ; 213(3): 343-358. do1:10.1007/s00429-008-0199-8.

The extreme capsule in humans and rethinking of the language

circuitry

Nikos Makris, M.D., Ph.D. and

Departments of Psychiatry and Neurology, Harvard Medical School, Boston, MA 02129
Department of Anatomy and Neurobiology, Boston University, School of Medicine, Bos
02215, USA

Deepak N. Pandya, M.D.
Department of Anatomy and Neurobiology, Boston University, School of Medicine, Boston, MA
02215, USA

Three-dimensional renderings showing the trajectory of the EmC (extreme capsule) including the seed point, as
resulted from DTMRI-based tractography in the ten hemispheres (ten hemispheres, 1L-5R) of all the subjects
analyzed in the study in a lateral view. The EmC is shown in green projected on the background of a parasagittal
T2-EPI section. Abbreviations: L left; R right
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The trajectory of the EmC (extreme capsule) and the cortical regions it connects are shown on a series of illustrations of a left

lateral profile (a—e) in a representative subject (1L of Fig. 3). EmC resulted from DT-MRI-based tractography and is shown in

green projected on the background of a parasagittal T2-EPI section. The cortical ROIs were derived using cortical parcellation
(Caviness et al. 1996).

The fibers of the rostral or frontal part are shown within the cortex of the inferior frontal gyrus (F3t and FO) and the frontoorbital
cortex (FOC) (b, e, f, g). The fibers of the caudal or parietal segment are shown within the inferior parietal lobule (angular gyrus,
AQ) (d, e). The fibers of the intermediate, lateral or temporal part are shown within the cortex of the superior temporal gyrus
(T1a) (c, e, h). Abbreviations: AG angular gyrus, F3t inferior frontal gyrus, pars triangularis, FO frontal operculum, FOC
frontoorbital cortex, T1la superior temporal gyrus, anterior, L left, R right

Bram Struct Funct .
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Bram Struct Funct 2009 February ; 213(3): 343—-358. do1:10.1007/s00429-008-0199-8.
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Presentation Outline

‘Introduction to Diffusion Tensor Imaging and Tractography
‘In Vivo White Matter Visualization Through DTI Tractography
-Challenges / Pitfalls / Solutions

‘Presurgical MRI/DTI scanning and tractography of WM eloquent tracts




Limitations of DTI

Kissing fibers / Crossing fibers

Edema - low FA




Pitfalls of DT

Machine or patient related artifacts
Quality of data (eddy currents, motion artifacts due to patient or vibrations of hardware)

Examples of typical artifacts:
(i) signal/slice dropouts, eddy-current induced geometric distortions, (iii) systematic vibration
artifacts, and (iv) ghosting (insufficient/incorrect fat suppression).




Pitfalls of DT

Design of ROI / knowledge of the anatomy




How to solve partially the limitation of DTI ?

(T

Reliable but
not valid




How to solve partially the limitation of DTI ?

Concerning the complex fibers’ anatomy

« High order deterministic algorithms
Probabilistic fractography
« HARDI — DSI — g-Ball

Generalized Q-sampling imaging
in edema
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ARDI requires >90 Gradient Direction

DSl requires >90 Gradient Direction and multiple b values

Q-Ball requires >90 Gradient Direction and high b values

All of the above are time consuming

Possibility of subject motion




Presentation Outline

‘Introduction to Diffusion Tensor Imaging and Tractography
‘In Vivo White Matter Visualization Through DTI Tractography
-Challenges / Pitfalls / Solutions

‘Presurgical MRI/DTI scanning and tractography of WM eloquent tracts




Fic 19. DTl pattern 1: normal anisot-
ropy, abnormal location or orientation.
A-E, T2-weighted MR image (A), con-
trast-enhanced T1-weighted image (B),
directional maps in axial (C) and coronal
(D) planes, and coronal tractogram of bi-
lateral corticospinal tracts (E). WM tracts
are deviated anteriorly, inferiorly, and
posterolaterally by this ganglioglioma but
retain their normal anisotropy. Therefore,
they remain readily identified on DTI (C
and D) and readily traced with tractogra-
phy (E). The AC (red, arrowhead), |OFF
(green, open arrow), and CST (blue, solid
arrows) are deviated. Note the blue hue of the CST change to red as it deviates toward the axial plane by the tumor (arrow on coronal
view [D]).

Jellison et al., AJNR Am H Neuroradiol 2004; 25: 356-369



Fic 20. DTI pattern 2: abnormal (low) an-
isotropy, normal location and orientation.

A-D, T2-weighted MR image (A), con-
trast-enhanced T1-weighted MR image
(8), FA map (C), and directional map (D).
The homogeneous region of hyperinten-
sity on the T2-weighted image represents
vasogenic edema surrounding a small
metastasis (on ancther section, not
shown). Despite diminished anisotropy in
this region (darker region outlined on FA
map) and diminished color brightness on
directional map, the involved fiber tracts
retain their normal color hues on the di-
rectional map (superior longitudinal fas-
ciculus, green, arrow; corona radiata,
blue, arrowhead). This preservation of
normal color hues despite a substantial
decrease in anisotropy is consistent with
the abnormality of wasogenic edema,
which enlarges the extracellular space (al-
lowing less restricted diffusion perpendic-
ular to axonal fibers, thus reducing the
anisotropy) without disrupting cellular
membranes, leaving their directional orga-
nization intact. It is not yet known to what
extent this pattern is specific for edema,
however.

Jellison et al., AJNR Am H Neuroradiol 2004; 25: 356-369



Fiz 21. DTI pattern 3: abnormal (low) an-
isotropy, abnormal orientation.

A-D, T2-weighted MR image (A), con-
trast-enhanced T1-weighted image (B),
FA map (C), and directional map (D). This
infiltrating astrocytoma is characterized
by both diminished anisotropy and abnor-
mal color (arrowhead) on the directional
map, suggesting disruption of WM fiber
tract organization more severe and com-
plex than that seen with pattern 2 (com-
pare Fig 20). Note that the color change
cannot easily be attributed to bulk mass
effect as in purely deviated tracts.

Jellison et al., AJNR Am H Neuroradiol 2004; 25: 356-369



Fic 22. DTI pattern 4: near-zero anisot-
ropy, tract unidentifiable.

A-D, T2-weighted MR image (4), con-
trast-enhanced T1-weighted image (B),
FA map (C), and directional map (D). This
high-grade astrocytoma has destroyed
the body of the corpus callosum, render-
ing the diffusion essentially isotropic and
precluding identification on the directional
map (arrow).

Jellison et al., AJNR Am H Neuroradiol 2004; 25: 356-369
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DTI Tractography

Newroimage. 2007 July 1; 36(3): 630644

Reproducibility of Quantitative Tractography Methods Applied to

Cerebral White Matter

Setsu Wakana'.2, Arvind Capnhan3 Martina M. Panzenbueck"f James H. Fall«:m"'l Michele
Perry>, Randy L. -Ec:nlluh':’I I'leganF Hual, Jlangyangzhang HaﬂgleIEng1 < Prachi
Dubey!, Ari BlitzZ, Peter van Zijl '-=, and Susumu Mori '




DTI Tractography: Corpus Callosum
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DTI Tractography: Corticospinal Tract
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DTl Tractography: Uncinate Fasciculus

Tract #9: Uncinate fasciculus (UNC) (Fig.9)—The most posterior coronal slice in which
the temporal lobe 15 separated from the frontal lobe 15 selected (Figs. 9a and 9¢). The first ROI
imcludes the entire temporal lobe and the second ROI includes the entire projections toward
the frontal lobe.

Figure %.

Locations of the ROIs for the uncinate tasciculus (UUNC) on a coronal shee (a and ¢) and thewr
wations in the mud-sagittal shee (b and d). The coronal shee (a and ¢) 15 the most posterior

shee where the frontal and temporal lobe 15 separated. The least-diffusion-weighted image

could be used for better anatomical guidance,




DTI Tractography: SLF & AF




