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• Προσθιοπίσθια κατεύθυνση: πράσινο 

χρώμα

• Κρανιοουραία κατεύθυνση: μπλε χρώμα

• Εγκάρσια κατεύθυνση (left-to-right): 

κόκκινο χρώμα

• Χρωματικοί χάρτες οδών λευκής ουσίας

• Κάθε κατεύθυνση χαρακτηρίζεται με 

διαφορετικό χρώμα 



Cerebral white matter tract basic anatomy

Ταξινόμηση οδών λευκής ουσίας

   Συνδετικές ίνες (Association fibers)
★ Συνδέουν διαφορετικές περιοχές φλοιού στο ίδιο 

ημισφαίριο (μακρές - βραχείες)
★ Προσαγώγιο
★ Ανω επιμήκης δεσμίδα 
★ Κάτω επιμήκης δεσμίδα
★ Ανω - κάτω μετωπο-ινιακή δεσμίδα
★ Αγκιστροειδής δεσμίδα
★ Προσθιοπίσθια κατεύθυνση (green color)

   Προβλητικές ίνες (Projection fibers)
★ Συνδέουν φλοιώδεις με υποφλοιώδεις περιοχές 

(deep nuclei - brainstem - cerebellum - spinal cord)
★ Προσαγωγές - απαγωγές ίνες
★ Φλοιονωτιαία οδός

★ Φλοιογεφυρική οδός
★ Οπτική ακτινοβολία
★ Κρανιοουραία κατεύθυνση (blue color)

   Συνδεσμικές ίνες (Commisural fibers)

★ Συνδέουν ομόλογες περιοχές του φλοιού μεταξύ των 

δύο ημισφαιρίων 

★ Μεσολόβιο

★ Πρόσθιος σύνδεσμος - οπίσθιος σύνδεσμος

★ Σύνδεσμος των ηνιών - ψαλίδα



Συνδετικές ίνες (Association fibers)
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   Προσαγώγιο - Cingulum (Τοξοειδής δεσμίδα)

★ Δομή σχήματος C - διασυνδέει τμήματα του μετωπιαίου, 

βρεγματικού και κροταφικού λοβού 

★ Υπερμεσολόβια έλικα               ενδορρινικό φλοιό 

★ Επικοινωνία μεταξύ τμημάτων του μεταιχμιακού 

συστήματος

★ Εντοπίζεται στην έσω επιφάνεια του εγκεφάλου

★ Ξεκινά στην παροσφρητική χώρα του φλοιού κάτω από το 

ρύγχος του μεσολοβίου - πορεύεται εντός της 

υπερμεσολόβιας έλικας δημιουργώντας  τόξο πέριξ του 

μεσολοβίου - εκτείνεται στην παραιπποκάμπεια έλικα και στο 

άγκιστρο (κατά μήκος της κοιλιακής επιφάνειας του 

ιππόκαμπου) και καταλήγει στην αμυγδαλή

★ Λόγω της εντόπισής του, είναι σημαντικό για τη 

συνεκτικότητα της δομής του εγκεφάλου και την 

ενσωμάτωση των πληροφοριών που δέχεται

Cerebral white matter tract basic anatomy



   Προσαγώγιο

★ Προσθιοπίσθια κατεύθυνση ινών (green color)

★ Κρανιοουραία κατεύθυνση ινών γύρω από το 

γόνυ και το σπληνίο του μεσολοβίου (blue color)

were used to calculate maps of the diffusion tensor
trace, FA, and vector orientation maps, which were
generated by mapping the major eigenvector direc-
tional components in x, y, and z into RGB color
channels and weighting the color brightness by FA.
The convention we used for directional RGB color
mapping is red for left-right, green for anteroposte-
rior, and blue for superior-inferior.

DTI Tractograms

The WM tracts were estimated with tractography
by using the previously described tensor deflection
(TEND) algorithm (19). Tracking was initiated from
a start location (or seed point) in both forward and
backward directions defined by the major eigenvec-
tor at the seed point. The propagation was termi-

FIG 3. A, Illustration shows the anatomic relationships of several WM fiber tracts in the coronal plane. Circled tracts are those further
illustrated in this review. The corpus callosum is “sandwiched” between the cingulum superomedially and the superior occipitofrontal
fasciculus inferolaterally. The superior longitudinal fasciculus sweeps along the superior margin of the claustrum in a great arc. The
inferior occipitofrontal fasciculus lies along the inferolateral edge of the claustrum. (Reproduced with permission from reference 20.)

B, Directional map corresponding to A. The paired cingula are easily identified in green (yellow arrows) just cephalad to the red corpus
callosum (thick white arrow). White arrowheads indicate superior occipitofrontal fasciculus; thin white arrows, inferior occipitofrontal
fasciculus; yellow arrowheads, superior longitudinal fasciculus. Like the corpus callosum, the commissural fibers of the anterior
commissure are left-right oriented toward the midline, resulting in the characteristic red (open arrows) on this DTI map. Further lateral,
the fibers diverge and mingle with other tracts; they are no longer identifiable with DTI, but can be traced with tractography.

FIG 4. Cingulum, sagittal view.
A, Illustration shows the cingulum arching over the corpus callosum.
B, Gross dissection, median view.
C, Directional map. Because DTI reflects tract orientation voxel by voxel, the color changes from green to blue as the cingulum

(arrows) arches around the genu and splenium (arrowheads). Green indicates anteroposterior; red, left-right; blue, superior-inferior.
D, Tractogram. (See also Fig 5A, axial directional map.)
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nated when the tract trajectory reached a voxel with
FA less than 0.2 (the estimated major eigenvector
direction becomes less accurate as FA decreases
and becomes very sensitive to image noise for FA
less than 0.2) or when the angle between two con-
secutive steps was greater than 45°.

A complete set of fiber trajectories was obtained by
placing seeds in all the voxels with FA greater than
0.4 (the estimation of major eigenvector direction for

voxels with FA greater than 0.4 is expected to be
sufficiently accurate to yield a good estimate of local
fiber direction). Estimates of white matter pathways
were generated from the center of each seed voxel. A
specific tract or fasciculus was separated from the
complete set of trajectories by retaining those fibers
that intersected predefined regions of interest
(ROIs). The ROIs were chosen to enclose tract cross
sections that were visible in any of the axial, sagittal,

FIG 5. A, Cingulum, axial directional
map. The paired cingula (arrowheads)
are easily identified in green on this sec-
tion obtained just cephalad to the corpus
callosum.

B, Inferior occipitofrontal fasciculus
(white arrows) and inferior longitudinal
fasciculus (yellow arrow), axial direc-
tional map. The inferior occipitofrontal
fasciculus lies in a roughly axial plane
and is easily identified in green; it con-
nects frontal and occipital lobes at the
level of the midbrain. Posteriorly, the in-
ferior occipitofrontal fasciculus mingles
with the inferior longitudinal fasciculus,
optic radiations, superior longitudinal
fasciculus, and other fibers to form the
sagittal stratum—a vast and complex
bundle that connects the occipital lobe
to the rest of the brain.

FIG 6. Superior and inferior occipitofrontal fasciculi and uncinate fasciculus, sagittal view.
A, Illustration shows the superior occipitofrontal fasciculus arching over the caudate nucleus to connect frontal and occipital lobes,

and the uncinate fasciculus hooking around the lateral sulcus to connect inferior frontal and anterior temporal lobes (see also uncinate
fasciculus in Figs 7 and 8B).

B, Gross dissection, lateral view. Like the superior occipitofrontal fasciculus, the inferior occipitofrontal fasciculus connects the frontal
and occipital lobes, but it lies more caudad, running inferolateral to the claustrum (see also Fig 5B for axial view). The middle portion
of the inferior occipitofrontal fasciculus is bundled together with the middle portion of the uncinate fasciculus.

C and D, Tractograms of the superior (C) and inferior (D) occipitofrontal fasciculi.
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wereusedtocalculatemapsofthediffusiontensor
trace,FA,andvectororientationmaps,whichwere
generatedbymappingthemajoreigenvectordirec-
tionalcomponentsinx,y,andzintoRGBcolor
channelsandweightingthecolorbrightnessbyFA.
TheconventionweusedfordirectionalRGBcolor
mappingisredforleft-right,greenforanteroposte-
rior,andblueforsuperior-inferior.

DTITractograms

TheWMtractswereestimatedwithtractography
byusingthepreviouslydescribedtensordeflection
(TEND)algorithm(19).Trackingwasinitiatedfrom
astartlocation(orseedpoint)inbothforwardand
backwarddirectionsdefinedbythemajoreigenvec-
torattheseedpoint.Thepropagationwastermi-

FIG3.A,IllustrationshowstheanatomicrelationshipsofseveralWMfibertractsinthecoronalplane.Circledtractsarethosefurther
illustratedinthisreview.Thecorpuscallosumis“sandwiched”betweenthecingulumsuperomediallyandthesuperioroccipitofrontal
fasciculusinferolaterally.Thesuperiorlongitudinalfasciculussweepsalongthesuperiormarginoftheclaustruminagreatarc.The
inferioroccipitofrontalfasciculusliesalongtheinferolateraledgeoftheclaustrum.(Reproducedwithpermissionfromreference20.)

B,DirectionalmapcorrespondingtoA.Thepairedcingulaareeasilyidentifiedingreen(yellowarrows)justcephaladtotheredcorpus
callosum(thickwhitearrow).Whitearrowheadsindicatesuperioroccipitofrontalfasciculus;thinwhitearrows,inferioroccipitofrontal
fasciculus;yellowarrowheads,superiorlongitudinalfasciculus.Likethecorpuscallosum,thecommissuralfibersoftheanterior
commissureareleft-rightorientedtowardthemidline,resultinginthecharacteristicred(openarrows)onthisDTImap.Furtherlateral,
thefibersdivergeandminglewithothertracts;theyarenolongeridentifiablewithDTI,butcanbetracedwithtractography.

FIG4.Cingulum,sagittalview.
A,Illustrationshowsthecingulumarchingoverthecorpuscallosum.
B,Grossdissection,medianview.
C,Directionalmap.BecauseDTIreflectstractorientationvoxelbyvoxel,thecolorchangesfromgreentoblueasthecingulum

(arrows)archesaroundthegenuandsplenium(arrowheads).Greenindicatesanteroposterior;red,left-right;blue,superior-inferior.
D,Tractogram.(SeealsoFig5A,axialdirectionalmap.)
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Directional map

Tractogram
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Προσαγώγιο Μεσολόβιο



   Ανω επιμήκης δεσμίδα (SLF) 

★ Η μεγαλύτερη συνδετική δεσμίδα - δεσμίδες 

νευρώνων διπλής κατεύθυνσης

★ Συνδέει το φλοιό του μετωπιαίου λοβού με το φλοιό 

των βρεγματικού - κροταφικού - ινιακού λοβού

★ Εντοπίζεται επί τα εκτός των ημιωοειδών κέντρων - 

πορεία από το μετωπιαίο λοβό μέσω της καλύπτρας στο 

οπίσθιο άκρο της σχισμής του Sylvius, όπου 

ακτινοβολούν στον ινιακό και κροταφικό λοβό

★ Αποτελείται από 4 συνιστώσες: SLFI (ραχιαία) - SLFII 

(κύρια) - SLFIII (κοιλιακή) - τοξοειδές δεμάτιο

★ Ενσωματώνουν κινητικές περιοχές και κέντρα λήψης 

αποφάσεων με τον οπτικό και αισθητικό φλοιό

★ Περνά από την περιοχή Wernicke

Cerebral white matter tract basic anatomy
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   Ανω επιμήκης δεσμίδα (SLF)

★ SLFI (ραχιαία): συνδέει άνω και μέσο βρεγματικό 

λόβιο με ραχιαίο και μέσο φλοιό μετωπιαίου λοβού και 

συμπληρωματικό κινητικό φλοιό - ρυθμίζει την κίνηση 

ανάλογα με τη θέση του σώματος στο χώρο 

★ SLFII (κύρια): συνδέει το ουραίο τμήμα του κάτω 

βρεγματικού λόβιου και τον ινιακό λοβό με τον 

προμετωπιαίο φλοιό - πληροφορίες για την οπτική 

αντίληψη του χώρου

★ SLFIII (κοιλιακή): συνδέει την υπερχείλια έλικα, την 

οπίσθια κεντρική έλικα και τον κροταφικό λοβό με τον 

προκινητικό και προμετωπιαίο φλοιό

Cerebral white matter tract basic anatomy
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   Ανω επιμήκης δεσμίδα (SLF)

★ Τοξοειδής δεσμίδα (arcuate fasciculus): συνδέει υις 

περιοχές Broca και Wernicke - βλάβη της προκαλεί 

αφασία αγωγής 

Cerebral white matter tract basic anatomy
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Superior longitudinal fasciculus (SLF)

or coronal directional color maps (2, 19). Corpus
callosum was selected by using the apparent tract
cross section in the midsagittal plane. The anterior
commissure was also selected by using an ROI placed
in sagittal cross section; subsequently, only the
branches that reached the temporal lobes were re-
tained. The corticospinal tract was obtained by select-
ing the fibers emerging from the motor cortex and
reaching the basis pedunculi. The tracts of the inter-
nal capsule were selected in an axial plane situated
about halfway through the midbrain. The association
fiber tracts were selected by using procedures similar
to those described by Lazar et al (19).

Fiber trajectories are displayed with colors overlaid
onto gray-scale anatomic images in various three-
dimensional projections. Note that, unlike the direc-
tional color maps in which directional information is

color-coded, individual tractograms are displayed by
using fixed colors chosen arbitrarily.

Gross Dissections
Brain specimens were removed fresh at autopsy

(before fixation) and were stored in a 10% formalin
bath until final preparation for dissection. Brains that
were not damaged in the area of the planned dissec-
tion were rinsed for 1 hour in room- temperature tap
water and then were frozen in water in a – 20°C
freezer for 1 week. At the end of the week, the frozen
brain was rinsed with lukewarm tap water until com-
pletely thawed (about 1 hour) and then refrozen in
water for another week. This process was repeated
such that the brain was rinsed and thawed 3 times in
total. The entire preparatory process took 3 weeks

FIG 7. Uncinate fasciculus and superior longitudinal fasciculus, sagittal view.
A, Illustration shows the uncinate fasciculus hooks around the lateral sulcus to connect inferior frontal and anterior temporal lobes.
B, Tractogram. (See also Fig 6B for gross dissection.)

FIG 8. Superior longitudinal fasciculus, sagittal view. This massive fiber bundle sweeps along the superior margin of the claustrum in
a great arc. The term arcuate fasciculus is often used in reference to the superior longitudinal fasciculus or, specifically, its more arcuate
portion.

A, Gross dissection, lateral view.
B, Directional map, parasagittal section. Note the color change from green to blue as the superior longitudinal fasciculus fibers turn

from an anteroposterior orientation (white arrows) to a more superior-inferior orientation (arrowhead). The same phenomenon can also
be seen in the uncinate fasciculus (yellow arrow).

C, Tractogram. (See also Fig 7A.)

FIG 9. Inferior longitudinal (occipitotemporal)
fasciculus.

A, Directional map, parasagittal section,
shows the inferior longitudinal fasciculus (ar-
row).

B, Tractogram. (See also Fig 8A for gross
dissection and Fig 5B for axial directional map.)

360 JELLISON AJNR: 25, March 2004

or coronal directional color maps (2, 19). Corpus
callosum was selected by using the apparent tract
cross section in the midsagittal plane. The anterior
commissure was also selected by using an ROI placed
in sagittal cross section; subsequently, only the
branches that reached the temporal lobes were re-
tained. The corticospinal tract was obtained by select-
ing the fibers emerging from the motor cortex and
reaching the basis pedunculi. The tracts of the inter-
nal capsule were selected in an axial plane situated
about halfway through the midbrain. The association
fiber tracts were selected by using procedures similar
to those described by Lazar et al (19).

Fiber trajectories are displayed with colors overlaid
onto gray-scale anatomic images in various three-
dimensional projections. Note that, unlike the direc-
tional color maps in which directional information is

color-coded, individual tractograms are displayed by
using fixed colors chosen arbitrarily.

Gross Dissections
Brain specimens were removed fresh at autopsy

(before fixation) and were stored in a 10% formalin
bath until final preparation for dissection. Brains that
were not damaged in the area of the planned dissec-
tion were rinsed for 1 hour in room- temperature tap
water and then were frozen in water in a – 20°C
freezer for 1 week. At the end of the week, the frozen
brain was rinsed with lukewarm tap water until com-
pletely thawed (about 1 hour) and then refrozen in
water for another week. This process was repeated
such that the brain was rinsed and thawed 3 times in
total. The entire preparatory process took 3 weeks

FIG 7. Uncinate fasciculus and superior longitudinal fasciculus, sagittal view.
A, Illustration shows the uncinate fasciculus hooks around the lateral sulcus to connect inferior frontal and anterior temporal lobes.
B, Tractogram. (See also Fig 6B for gross dissection.)

FIG 8. Superior longitudinal fasciculus, sagittal view. This massive fiber bundle sweeps along the superior margin of the claustrum in
a great arc. The term arcuate fasciculus is often used in reference to the superior longitudinal fasciculus or, specifically, its more arcuate
portion.

A, Gross dissection, lateral view.
B, Directional map, parasagittal section. Note the color change from green to blue as the superior longitudinal fasciculus fibers turn

from an anteroposterior orientation (white arrows) to a more superior-inferior orientation (arrowhead). The same phenomenon can also
be seen in the uncinate fasciculus (yellow arrow).

C, Tractogram. (See also Fig 7A.)

FIG 9. Inferior longitudinal (occipitotemporal)
fasciculus.

A, Directional map, parasagittal section,
shows the inferior longitudinal fasciculus (ar-
row).

B, Tractogram. (See also Fig 8A for gross
dissection and Fig 5B for axial directional map.)
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   Κάτω επιμήκης δεσμίδα (ILF)

★ Συνδέει τον πρόσθιο κροταφικό φλοιό με τον έξω ινιακό 

φλοιό

★ Πορεύονται κατά μήκος του έξω τοιχώματος του κάτω 

(κροταφικού) και του οπίσθιου (ινιακού) κέρατος των 

πλαγίων κοιλιών

★ Εξυπηρετεί την κεντρική επεξεργασία οπτικών 

ερεθισμάτων και δεδομένων

★ Εμπλέκεται στην οπτικά καθοδηγούμενη συμπεριφορά

Cerebral white matter tract basic anatomy

Jellison BJ et al. AJNR 25:356–369, March 2004

Wakana S et al. Radiology 2004; 230:77-87



Inferior longitudinal fasciculus 

nated when the tract trajectory reached a voxel with
FA less than 0.2 (the estimated major eigenvector
direction becomes less accurate as FA decreases
and becomes very sensitive to image noise for FA
less than 0.2) or when the angle between two con-
secutive steps was greater than 45°.

A complete set of fiber trajectories was obtained by
placing seeds in all the voxels with FA greater than
0.4 (the estimation of major eigenvector direction for

voxels with FA greater than 0.4 is expected to be
sufficiently accurate to yield a good estimate of local
fiber direction). Estimates of white matter pathways
were generated from the center of each seed voxel. A
specific tract or fasciculus was separated from the
complete set of trajectories by retaining those fibers
that intersected predefined regions of interest
(ROIs). The ROIs were chosen to enclose tract cross
sections that were visible in any of the axial, sagittal,

FIG 5. A, Cingulum, axial directional
map. The paired cingula (arrowheads)
are easily identified in green on this sec-
tion obtained just cephalad to the corpus
callosum.

B, Inferior occipitofrontal fasciculus
(white arrows) and inferior longitudinal
fasciculus (yellow arrow), axial direc-
tional map. The inferior occipitofrontal
fasciculus lies in a roughly axial plane
and is easily identified in green; it con-
nects frontal and occipital lobes at the
level of the midbrain. Posteriorly, the in-
ferior occipitofrontal fasciculus mingles
with the inferior longitudinal fasciculus,
optic radiations, superior longitudinal
fasciculus, and other fibers to form the
sagittal stratum—a vast and complex
bundle that connects the occipital lobe
to the rest of the brain.

FIG 6. Superior and inferior occipitofrontal fasciculi and uncinate fasciculus, sagittal view.
A, Illustration shows the superior occipitofrontal fasciculus arching over the caudate nucleus to connect frontal and occipital lobes,

and the uncinate fasciculus hooking around the lateral sulcus to connect inferior frontal and anterior temporal lobes (see also uncinate
fasciculus in Figs 7 and 8B).

B, Gross dissection, lateral view. Like the superior occipitofrontal fasciculus, the inferior occipitofrontal fasciculus connects the frontal
and occipital lobes, but it lies more caudad, running inferolateral to the claustrum (see also Fig 5B for axial view). The middle portion
of the inferior occipitofrontal fasciculus is bundled together with the middle portion of the uncinate fasciculus.

C and D, Tractograms of the superior (C) and inferior (D) occipitofrontal fasciculi.
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or coronal directional color maps (2, 19). Corpus
callosum was selected by using the apparent tract
cross section in the midsagittal plane. The anterior
commissure was also selected by using an ROI placed
in sagittal cross section; subsequently, only the
branches that reached the temporal lobes were re-
tained. The corticospinal tract was obtained by select-
ing the fibers emerging from the motor cortex and
reaching the basis pedunculi. The tracts of the inter-
nal capsule were selected in an axial plane situated
about halfway through the midbrain. The association
fiber tracts were selected by using procedures similar
to those described by Lazar et al (19).

Fiber trajectories are displayed with colors overlaid
onto gray-scale anatomic images in various three-
dimensional projections. Note that, unlike the direc-
tional color maps in which directional information is

color-coded, individual tractograms are displayed by
using fixed colors chosen arbitrarily.

Gross Dissections
Brain specimens were removed fresh at autopsy

(before fixation) and were stored in a 10% formalin
bath until final preparation for dissection. Brains that
were not damaged in the area of the planned dissec-
tion were rinsed for 1 hour in room- temperature tap
water and then were frozen in water in a – 20°C
freezer for 1 week. At the end of the week, the frozen
brain was rinsed with lukewarm tap water until com-
pletely thawed (about 1 hour) and then refrozen in
water for another week. This process was repeated
such that the brain was rinsed and thawed 3 times in
total. The entire preparatory process took 3 weeks

FIG 7. Uncinate fasciculus and superior longitudinal fasciculus, sagittal view.
A, Illustration shows the uncinate fasciculus hooks around the lateral sulcus to connect inferior frontal and anterior temporal lobes.
B, Tractogram. (See also Fig 6B for gross dissection.)

FIG 8. Superior longitudinal fasciculus, sagittal view. This massive fiber bundle sweeps along the superior margin of the claustrum in
a great arc. The term arcuate fasciculus is often used in reference to the superior longitudinal fasciculus or, specifically, its more arcuate
portion.

A, Gross dissection, lateral view.
B, Directional map, parasagittal section. Note the color change from green to blue as the superior longitudinal fasciculus fibers turn

from an anteroposterior orientation (white arrows) to a more superior-inferior orientation (arrowhead). The same phenomenon can also
be seen in the uncinate fasciculus (yellow arrow).

C, Tractogram. (See also Fig 7A.)

FIG 9. Inferior longitudinal (occipitotemporal)
fasciculus.

A, Directional map, parasagittal section,
shows the inferior longitudinal fasciculus (ar-
row).

B, Tractogram. (See also Fig 8A for gross
dissection and Fig 5B for axial directional map.)
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or coronal directional color maps (2, 19). Corpus
callosum was selected by using the apparent tract
cross section in the midsagittal plane. The anterior
commissure was also selected by using an ROI placed
in sagittal cross section; subsequently, only the
branches that reached the temporal lobes were re-
tained. The corticospinal tract was obtained by select-
ing the fibers emerging from the motor cortex and
reaching the basis pedunculi. The tracts of the inter-
nal capsule were selected in an axial plane situated
about halfway through the midbrain. The association
fiber tracts were selected by using procedures similar
to those described by Lazar et al (19).

Fiber trajectories are displayed with colors overlaid
onto gray-scale anatomic images in various three-
dimensional projections. Note that, unlike the direc-
tional color maps in which directional information is

color-coded, individual tractograms are displayed by
using fixed colors chosen arbitrarily.

Gross Dissections
Brain specimens were removed fresh at autopsy

(before fixation) and were stored in a 10% formalin
bath until final preparation for dissection. Brains that
were not damaged in the area of the planned dissec-
tion were rinsed for 1 hour in room- temperature tap
water and then were frozen in water in a – 20°C
freezer for 1 week. At the end of the week, the frozen
brain was rinsed with lukewarm tap water until com-
pletely thawed (about 1 hour) and then refrozen in
water for another week. This process was repeated
such that the brain was rinsed and thawed 3 times in
total. The entire preparatory process took 3 weeks

FIG 7. Uncinate fasciculus and superior longitudinal fasciculus, sagittal view.
A, Illustration shows the uncinate fasciculus hooks around the lateral sulcus to connect inferior frontal and anterior temporal lobes.
B, Tractogram. (See also Fig 6B for gross dissection.)

FIG 8. Superior longitudinal fasciculus, sagittal view. This massive fiber bundle sweeps along the superior margin of the claustrum in
a great arc. The term arcuate fasciculus is often used in reference to the superior longitudinal fasciculus or, specifically, its more arcuate
portion.

A, Gross dissection, lateral view.
B, Directional map, parasagittal section. Note the color change from green to blue as the superior longitudinal fasciculus fibers turn

from an anteroposterior orientation (white arrows) to a more superior-inferior orientation (arrowhead). The same phenomenon can also
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Βλάβη του σχετίζεται με 
★ Οπτική αγνωσία και αμνησία
★ Προσωπαγνωσία
★ Οπτική απάθεια
★ Σ. Asperger
★ Αλλες μορφές αυτισμού
★ Μορφές σχιζοφρένειας



Cerebral white matter tract basic anatomy

Κάτω επιμήκης δεσμίδα



   Κάτω μετωπο-ινιακή δεσμίδα (IFO)

★ Συνδέει μετωπιαίους και ινιακούς λοβούς

★ Εντοπίζεται κατά μήκος του πλάγιου ορίου του 

κερκοφόρου πυρήνα, στο έσω τμήμα του ακτινωτού 

στεφάνου

★ Καταλαμβάνει το κοιλιακό τμήμα της έξω κάψας

nated when the tract trajectory reached a voxel with
FA less than 0.2 (the estimated major eigenvector
direction becomes less accurate as FA decreases
and becomes very sensitive to image noise for FA
less than 0.2) or when the angle between two con-
secutive steps was greater than 45°.

A complete set of fiber trajectories was obtained by
placing seeds in all the voxels with FA greater than
0.4 (the estimation of major eigenvector direction for

voxels with FA greater than 0.4 is expected to be
sufficiently accurate to yield a good estimate of local
fiber direction). Estimates of white matter pathways
were generated from the center of each seed voxel. A
specific tract or fasciculus was separated from the
complete set of trajectories by retaining those fibers
that intersected predefined regions of interest
(ROIs). The ROIs were chosen to enclose tract cross
sections that were visible in any of the axial, sagittal,

FIG 5. A, Cingulum, axial directional
map. The paired cingula (arrowheads)
are easily identified in green on this sec-
tion obtained just cephalad to the corpus
callosum.

B, Inferior occipitofrontal fasciculus
(white arrows) and inferior longitudinal
fasciculus (yellow arrow), axial direc-
tional map. The inferior occipitofrontal
fasciculus lies in a roughly axial plane
and is easily identified in green; it con-
nects frontal and occipital lobes at the
level of the midbrain. Posteriorly, the in-
ferior occipitofrontal fasciculus mingles
with the inferior longitudinal fasciculus,
optic radiations, superior longitudinal
fasciculus, and other fibers to form the
sagittal stratum—a vast and complex
bundle that connects the occipital lobe
to the rest of the brain.

FIG 6. Superior and inferior occipitofrontal fasciculi and uncinate fasciculus, sagittal view.
A, Illustration shows the superior occipitofrontal fasciculus arching over the caudate nucleus to connect frontal and occipital lobes,

and the uncinate fasciculus hooking around the lateral sulcus to connect inferior frontal and anterior temporal lobes (see also uncinate
fasciculus in Figs 7 and 8B).

B, Gross dissection, lateral view. Like the superior occipitofrontal fasciculus, the inferior occipitofrontal fasciculus connects the frontal
and occipital lobes, but it lies more caudad, running inferolateral to the claustrum (see also Fig 5B for axial view). The middle portion
of the inferior occipitofrontal fasciculus is bundled together with the middle portion of the uncinate fasciculus.

C and D, Tractograms of the superior (C) and inferior (D) occipitofrontal fasciculi.

AJNR: 25, March 2004 CEREBRAL WHITE MATTER 359

nated when the tract trajectory reached a voxel with
FA less than 0.2 (the estimated major eigenvector
direction becomes less accurate as FA decreases
and becomes very sensitive to image noise for FA
less than 0.2) or when the angle between two con-
secutive steps was greater than 45°.

A complete set of fiber trajectories was obtained by
placing seeds in all the voxels with FA greater than
0.4 (the estimation of major eigenvector direction for

voxels with FA greater than 0.4 is expected to be
sufficiently accurate to yield a good estimate of local
fiber direction). Estimates of white matter pathways
were generated from the center of each seed voxel. A
specific tract or fasciculus was separated from the
complete set of trajectories by retaining those fibers
that intersected predefined regions of interest
(ROIs). The ROIs were chosen to enclose tract cross
sections that were visible in any of the axial, sagittal,

FIG 5. A, Cingulum, axial directional
map. The paired cingula (arrowheads)
are easily identified in green on this sec-
tion obtained just cephalad to the corpus
callosum.

B, Inferior occipitofrontal fasciculus
(white arrows) and inferior longitudinal
fasciculus (yellow arrow), axial direc-
tional map. The inferior occipitofrontal
fasciculus lies in a roughly axial plane
and is easily identified in green; it con-
nects frontal and occipital lobes at the
level of the midbrain. Posteriorly, the in-
ferior occipitofrontal fasciculus mingles
with the inferior longitudinal fasciculus,
optic radiations, superior longitudinal
fasciculus, and other fibers to form the
sagittal stratum—a vast and complex
bundle that connects the occipital lobe
to the rest of the brain.

FIG 6. Superior and inferior occipitofrontal fasciculi and uncinate fasciculus, sagittal view.
A, Illustration shows the superior occipitofrontal fasciculus arching over the caudate nucleus to connect frontal and occipital lobes,

and the uncinate fasciculus hooking around the lateral sulcus to connect inferior frontal and anterior temporal lobes (see also uncinate
fasciculus in Figs 7 and 8B).

B, Gross dissection, lateral view. Like the superior occipitofrontal fasciculus, the inferior occipitofrontal fasciculus connects the frontal
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   Αγκιστροειδής δεσμίδα - Uncinate fasciculus (UF)

★ Εχει σχήμα αγκίστρου γύρω από την πλάγια σχισμή

★ Συνδέει τις κογχικές και κάτω μετωπιαίες έλικες με το 

φλοιό του πρόσθιου τμήματος του κροταφικού λοβού

★ Ξεκινά επί τα εκτός της αμυγδαλής και του ιπποκάμπου 

- καμπυλώνεται προς τα άνω πίσω από την έξω κάψα - 

διέρχεται μέσω της νήσου του Reil - συνεχίζει στο 

οπίσθιο τμήμα της κογχικής έλικας

★ Συνδέει τμήματα του μεταιχμιακού συστήματος 

(αμυγδαλή - ιππόκαμπος) με το μετωποκογχικό φλοιό

★ Παθολογία της σχετίζεται με ψυχιατρικές διαταραχές 

(αγχώδεις κοινωνικές διαταραχές, Alzheimer, διπολικές 

διαταραχές, κατάθλιψη)

Cerebral white matter tract basic anatomy



    Αγκιστροειδής δεσμίδα (UF)

★ Το πρόσθιο τμήμα της βρίσκεται κάτω και έσω της κάτω μετωπο-ινιακής δεσμίδας 

★ Το μέσο τμήμα της συνδέεται με την κάτω μετωπο-ινιακή δεσμίδα

or coronal directional color maps (2, 19). Corpus
callosum was selected by using the apparent tract
cross section in the midsagittal plane. The anterior
commissure was also selected by using an ROI placed
in sagittal cross section; subsequently, only the
branches that reached the temporal lobes were re-
tained. The corticospinal tract was obtained by select-
ing the fibers emerging from the motor cortex and
reaching the basis pedunculi. The tracts of the inter-
nal capsule were selected in an axial plane situated
about halfway through the midbrain. The association
fiber tracts were selected by using procedures similar
to those described by Lazar et al (19).

Fiber trajectories are displayed with colors overlaid
onto gray-scale anatomic images in various three-
dimensional projections. Note that, unlike the direc-
tional color maps in which directional information is

color-coded, individual tractograms are displayed by
using fixed colors chosen arbitrarily.

Gross Dissections
Brain specimens were removed fresh at autopsy

(before fixation) and were stored in a 10% formalin
bath until final preparation for dissection. Brains that
were not damaged in the area of the planned dissec-
tion were rinsed for 1 hour in room- temperature tap
water and then were frozen in water in a – 20°C
freezer for 1 week. At the end of the week, the frozen
brain was rinsed with lukewarm tap water until com-
pletely thawed (about 1 hour) and then refrozen in
water for another week. This process was repeated
such that the brain was rinsed and thawed 3 times in
total. The entire preparatory process took 3 weeks

FIG 7. Uncinate fasciculus and superior longitudinal fasciculus, sagittal view.
A, Illustration shows the uncinate fasciculus hooks around the lateral sulcus to connect inferior frontal and anterior temporal lobes.
B, Tractogram. (See also Fig 6B for gross dissection.)

FIG 8. Superior longitudinal fasciculus, sagittal view. This massive fiber bundle sweeps along the superior margin of the claustrum in
a great arc. The term arcuate fasciculus is often used in reference to the superior longitudinal fasciculus or, specifically, its more arcuate
portion.

A, Gross dissection, lateral view.
B, Directional map, parasagittal section. Note the color change from green to blue as the superior longitudinal fasciculus fibers turn

from an anteroposterior orientation (white arrows) to a more superior-inferior orientation (arrowhead). The same phenomenon can also
be seen in the uncinate fasciculus (yellow arrow).

C, Tractogram. (See also Fig 7A.)

FIG 9. Inferior longitudinal (occipitotemporal)
fasciculus.

A, Directional map, parasagittal section,
shows the inferior longitudinal fasciculus (ar-
row).

B, Tractogram. (See also Fig 8A for gross
dissection and Fig 5B for axial directional map.)
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★ Η αγκιστροειδής δεσμίδα και η κάτω μετωπο-ινιακή δεσμίδα μοιράζονται τις προβολές στο μετωπιαίο λοβό
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FIG 8. Superior longitudinal fasciculus, sagittal view. This massive fiber bundle sweeps along the superior margin of the claustrum in
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★ Η κάτω επιμήκης δεσμίδα και η κάτω μετωπο-ινιακή δεσμίδα μοιράζονται τις περισσότερες προβολές στο 

φλοιό του οπίσθιου κροταφικού και ινιακού λοβού



★ Η κάτω επιμήκης δεσμίδα ενώνεται με το 

κάτω τμήμα της άνω επιμήκους δεσμίδας, την 

κάτω μετωπο-ινιακή δεσμίδα και την οπτική 

ακτινοβολία

★ Η κάτω μετωπο-ινιακή δεσμίδα ενώνεται με το 

κατιόν τμήμα της SLF - με την ILF οπισθίως - με 

το μέσο τμήμα της αγκιστροειδούς δεσμίδας 

(μέσο τμήμα του IFO)

Cerebral white matter tract basic anatomy
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Συνδεσμικές ίνες (Commisural fibers)

Cerebral white matter tract basic anatomy



   Μεσολόβιο - Cospus Callosum (CC)

★ Η μεγαλύτερη οδός της λευκής ουσίας

★ Συνδέει ομόλογες περιοχές του φλοιού μεταξύ 

των δύο ημισφαιρίων

★ Εγκάρσια κατεύθυνση ινών - σχηματίζουν την 

ακτινοβολία του μεσολοβίου

★ Αλληλεπιδρά με συνδετικές και προβλητικές ίνες

of this type typically identified on DTI color maps
include corpus callosum and anterior commissure.

Other tracts that are occasionally, but not consis-
tently, identified on directional DTI color maps in-
clude optic tract, fornix, tapetum, and many fibers of
the brain stem and cerebellum. Space limitations pre-
clude a comprehensive review of all tracts potentially
visualized with DTI. Rather, we focus on the major
tracts that are consistently identified in our practice.

Association Fibers
Cingulum (Figs 3, 4, and 5A).—The cingulum be-

gins in the parolfactory area of the cortex below the
rostrum of the corpus callosum, then courses within

the cingulate gyrus, and, arching around the entire
corpus callosum, extends forward into the parahip-
pocampal gyrus and uncus. It interconnects portions
of the frontal, parietal, and temporal lobes. Its arch-
ing course over the corpus callosum resembles the
palm of an open hand with fingertips wrapping be-
neath the rostrum of the corpus callosum.

Superior Occipitofrontal Fasciculus (Figs 3, 6).—
Whereas the cingulum wraps around the superior
aspect of the corpus callosum, the superior occipi-
tofrontal fasciculus lies beneath it. It connects oc-
cipital and frontal lobes, extending posteriorly
along the dorsal border of the caudate nucleus.
Portions of the superior occipitofrontal fasciculus

FIG 14. Corpus callosum, axial view.
A–D, Illustration (A), gross dissection (B), directional map (C), and tractogram (D). The largest WM fiber bundle, the corpus callosum

connects corresponding areas of cortex between the hemispheres. Close to the midline, its fibers are primarily left-right oriented,
resulting in its red appearance on this DTI map. However, callosal fibers fan out more laterally and intermingle with projection and
association tracts, resulting in more complex color patterns.

FIG 15. A and B, Sagittal directional map
of the corpus callosum (arrowheads) (A)
and tractogram (B). (See also Fig 14.)
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were used to calculate maps of the diffusion tensor
trace, FA, and vector orientation maps, which were
generated by mapping the major eigenvector direc-
tional components in x, y, and z into RGB color
channels and weighting the color brightness by FA.
The convention we used for directional RGB color
mapping is red for left-right, green for anteroposte-
rior, and blue for superior-inferior.

DTI Tractograms

The WM tracts were estimated with tractography
by using the previously described tensor deflection
(TEND) algorithm (19). Tracking was initiated from
a start location (or seed point) in both forward and
backward directions defined by the major eigenvec-
tor at the seed point. The propagation was termi-

FIG 3. A, Illustration shows the anatomic relationships of several WM fiber tracts in the coronal plane. Circled tracts are those further
illustrated in this review. The corpus callosum is “sandwiched” between the cingulum superomedially and the superior occipitofrontal
fasciculus inferolaterally. The superior longitudinal fasciculus sweeps along the superior margin of the claustrum in a great arc. The
inferior occipitofrontal fasciculus lies along the inferolateral edge of the claustrum. (Reproduced with permission from reference 20.)

B, Directional map corresponding to A. The paired cingula are easily identified in green (yellow arrows) just cephalad to the red corpus
callosum (thick white arrow). White arrowheads indicate superior occipitofrontal fasciculus; thin white arrows, inferior occipitofrontal
fasciculus; yellow arrowheads, superior longitudinal fasciculus. Like the corpus callosum, the commissural fibers of the anterior
commissure are left-right oriented toward the midline, resulting in the characteristic red (open arrows) on this DTI map. Further lateral,
the fibers diverge and mingle with other tracts; they are no longer identifiable with DTI, but can be traced with tractography.

FIG 4. Cingulum, sagittal view.
A, Illustration shows the cingulum arching over the corpus callosum.
B, Gross dissection, median view.
C, Directional map. Because DTI reflects tract orientation voxel by voxel, the color changes from green to blue as the cingulum

(arrows) arches around the genu and splenium (arrowheads). Green indicates anteroposterior; red, left-right; blue, superior-inferior.
D, Tractogram. (See also Fig 5A, axial directional map.)
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of this type typically identified on DTI color maps
include corpus callosum and anterior commissure.

Other tracts that are occasionally, but not consis-
tently, identified on directional DTI color maps in-
clude optic tract, fornix, tapetum, and many fibers of
the brain stem and cerebellum. Space limitations pre-
clude a comprehensive review of all tracts potentially
visualized with DTI. Rather, we focus on the major
tracts that are consistently identified in our practice.

Association Fibers
Cingulum (Figs 3, 4, and 5A).—The cingulum be-

gins in the parolfactory area of the cortex below the
rostrum of the corpus callosum, then courses within

the cingulate gyrus, and, arching around the entire
corpus callosum, extends forward into the parahip-
pocampal gyrus and uncus. It interconnects portions
of the frontal, parietal, and temporal lobes. Its arch-
ing course over the corpus callosum resembles the
palm of an open hand with fingertips wrapping be-
neath the rostrum of the corpus callosum.

Superior Occipitofrontal Fasciculus (Figs 3, 6).—
Whereas the cingulum wraps around the superior
aspect of the corpus callosum, the superior occipi-
tofrontal fasciculus lies beneath it. It connects oc-
cipital and frontal lobes, extending posteriorly
along the dorsal border of the caudate nucleus.
Portions of the superior occipitofrontal fasciculus

FIG 14. Corpus callosum, axial view.
A–D, Illustration (A), gross dissection (B), directional map (C), and tractogram (D). The largest WM fiber bundle, the corpus callosum

connects corresponding areas of cortex between the hemispheres. Close to the midline, its fibers are primarily left-right oriented,
resulting in its red appearance on this DTI map. However, callosal fibers fan out more laterally and intermingle with projection and
association tracts, resulting in more complex color patterns.

FIG 15. A and B, Sagittal directional map
of the corpus callosum (arrowheads) (A)
and tractogram (B). (See also Fig 14.)
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Forcepts Major (F major) (ραχιαίες προβολές)

★ Συνδέουν τους ινιακούς λοβούς μεταξύ τους 

διασχίζοντας τη μέση γραμμή μέσω του σπληνίου

★ Οι ίνες καμπυλώνονται προς τα πίσω από το 

σπληνίο στους ινιακούς λοβούς 

Forcepts Minor (F minor) (μετωπιαίες προβολές)

★ Συνδέουν την έξω και έσω επιφάνεια των 

μετωπιαίων λοβών διασχίζοντας τη μέση γραμμή μέσω 

του γένειου

★ Οι ίνες καμπυλώνονται προς τα εμπρός από το 

γένειο στους μετωπιαίους λοβούς

Cerebral white matter tract basic anatomy

Miller KL et al. Neuroimage 2011 Jul 1; 57(1-4): 167-181



    Πρόσθιος σύνδεσμος - Anterior Commissure

★ Λεπτή υποστρόγγυλη δεσμίδα με το κοίλο προς τα πίσω

★ Φέρεται εγκάρσια στο πρόσθιο τοίχωμα της 3ης κοιλίας

★ Συνδέει τους δύο κροταφικούς λοβούς - συνδέει τις 

αμυγδαλές μεταξύ τους

★ Παίζει ρόλο στην αίσθηση του οξέος πόνου - συμμετέχει 

στην αίσθηση της όσφρησης - εμπλέκεται στο ένστικτο και 

στη σεξουαλική συμπεριφορά

Cerebral white matter tract basic anatomy



Cerebral white matter tract basic anatomy

Eduardo Carvalhal Ribas,et al. J Neurosurg 129:752–769, 2018 

Πρόσθιος σύνδεσμος - Anterior Commissure



Προβλητικές ίνες (Projection fibers)

Cerebral white matter tract basic anatomy



Cerebral white matter tract basic anatomy

   Οπτική ακτινοβολία

★ Συνδέει το έξω γονατώδες σώμα με το φλοιό του 

ινιακού λοβού (πρωτογενές κέντρο όρασης)

★ Μεταφέρει οπτικές πληροφορίες στον οπτικό 

φλοιό κατά μήκος της πληκτραίας σχισμής

★ Οι ίνες από το κάτω ημιμόριο του 

αμφοβληστροειδούς δημιουργούν την αγκύλη του 

Meyer γύρω απότο κροταφικό κέρας και 

καταλήγουν στην πληκτραία σχισμή

★ Οι ίνες από το άνω ημιμόριο του 

αμφιβληστροειδούς εμφανίζουν πιο ευθεία πορεία 

και καταλήγουν στο σφηνοειδές λόβιο

★ Ενώνεται με SLF - IFO - ILF και δημιουργούν 

μέρος του στρώματος του ινιακού λοβού

(corticopetal) projection fibers. Fibers of this type
typically identified on DTI color maps include the
corticospinal, corticobulbar, and corticopontine

tracts, as well as the geniculocalcarine tracts (optic
radiations). Commissural fibers interconnect similar
cortical areas between opposite hemispheres. Fibers

FIG 12. Internal capsule, axial view.
A and B, Illustration (A) and directional map (B). Because the anterior limb (small arrow) primarily consists of anteroposteriorly directed

frontopontine and thalamocortical projections, it appears green on this DTI map. The posterior limb (large solid arrow), which contains
the superior-inferiorly directed tracts of the corticospinal, corticobulbar, and corticopontine tracts, is blue. Note also the blue fibers of
the external capsule (arrowhead) and the green fibers of the optic radiations (open arrow) in the retrolenticular portion of the internal
capsule.

FIG 13. Geniculocalcarine tract (optic radia-
tion), axial view.

A–D, Illustration (A), gross dissection (B),
directional map (C), and tractogram (D). As
this tract connects the lateral geniculate nu-
cleus to occipital (primary visual) cortex, the
fibers sweep around the posterior horn of the
lateral ventricle and terminate in the calcarine
cortex (more cephalad fibers of the optic radi-
ation take a more direct path to the visual
cortex). The optic radiation (arrows) mingles
with the inferior occipitofrontal fasciculus, in-
ferior longitudinal fasciculus, and the inferior
aspect of superior longitudinal fasciculus to
form much of the sagittal stratum in the occip-
ital lobe.
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   Βλάβη στην οπτική ακτινοβολία

★ Ομώνυμη ημιανοψία

★ Contralateral superior quadrantonopia

★ Contralateral inferior quadrantonopia



   Φλοιονωτιαίο δεμάτιο

★ Φυγόκεντρες ίνες - οδός εκούσιων κινήσεων

★ Ξεκινά κατά μήκος του κινητικού φλοιού, συγκλίνει στον  

ακτινωτό στέφανο, στο οπίσθιο κέρας της έσω κάψας, 

δημιουργούν το εγκεφαλικό σκέλος (μαζί με τις φλοιογεφυρικές 

ίνες), και καταλήγει στο κοιλιακό κέρας του νωτιαίου μυελού και 

στον κατώτερο κινητικό νευρώνα

★ Κρανιοουραία πορεία (μπλε χρώμα)

★ Στο επίπεδο των σκελών του εγκεφάλου αλλάζουν χρώμα και 

κατόπιν συνεχίζουν κρανιοουραία στο στέλεχος

★ Πορεύονται μαζί με τις φλοιογεφυρικές από τις οποίες δεν 

διακρίνονται στο DTI

Cerebral white matter tract basic anatomy



Cerebral white matter tract basic anatomy

Φλοιονωτιαίο δεμάτιο



   Ακτινωτός στέφανος

★ Λευκή ουσία που κοιλιακά σχηματίζει την έσω κάψα και ραχιαία 

τα ημιωοειδή κέντρα

★ Προσαγωγές και απαγωγές ίνες από και προς το φλοιό

★ Σχετίζεται με το φλοιονωτιαίο και φλοιογεφυρικό δεμάτιο

Cerebral white matter tract basic anatomy



Cerebral white matter tract basic anatomy

Cingulum Inferior fronto-occipital fasciculus

Inferior longitudinal fasciculus



Αγκιστροειδής δεσμίδαΠροσαγώγιο Τοξοειδής δεσμίδα

Μετωπο-ινιακή δεσμίδα

Ανω επιμήκης δεσμίδα

Ακτινωτός στέφανος
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