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A Connectomic Atlas of the Human
Cerebrum—Chapter 13: Tractographic Description
of the Inferior Fronto-Occipital Fasciculus

The inferior fronto-occipital fasciculus (IFOF) is a large white matter tract of the human
cerebrum with functional connectivity associated with semantic language processing and
goal-oriented behavior. However, little is known regarding the overall connectivity of this
tract. Recently, the Human Connectome Project parcellated the human cortex into 180
distinct regions. In our other work, we have shown these various regions in relation to clini-
cally applicable anatomy and function. Utilizing Diffusion Spectrum Magnetic Resonance
Imaging tractography coupled with the human cortex parcellation data presented earlier
in this supplement, we aim to describe the macro-connectome of the IFOF in relation to
the linked parcellations present within the human cortex. The purpose of this study is to
present this information in an indexed, illustrated, and tractographically aided series of

figures and tables for anatomic and clinical reference.
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Parcellations
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he inferior fronto-occipital fasciculus

(IFOF) is a large white matter tract which

originates in the occipital and parietal
lobes and terminates in the inferior frontal
lobe.!”* This white matter tract courses, along
with the uncinate fasciculus, adjacent to the
infero-lateral insula via the extreme and external
capsules.* While its role is primarily associated
with semantic language processing and trans-
mission,>>"® other studies have demonstrated
that the IFOF connects the salience network
to the executive control network, thus poten-
tially playing an important role in goal-oriented
behavior.”

Although multiple studies have described
the structural anatomy of the IFOE’'* none
have described the specific cortical connectivity
associated with this white matter pathway. Rece-
ntly, the Human Connectome Project published
parcellation data redefining the human cortex.!!
This provides a unique opportunity to elucidate
the macro-connectome of the human cerebrum,

ABBREVIATIONS: DSI, diffusion spectrum imaging;
IFOF, inferior fronto-occipital fasciculus; MR,
magnetic resonance
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in that high-resolution diffusion tensor imaging
tractography has been shown to accurately illus-
trate the anatomy and structure of various white
matter tracts in the human brain.!?-14

In this anatomic study, we utilized high
resolution diffusion spectrum imaging (DSI)
tractography in conjunction with the Glasser
parcellation scheme to illustrate the macro-
connectivity between various associated funct-
ionally and anatomically connected areas of the
cerebrum within the confines of the IFOE The
purpose of this study is to present the struc-
tural connectivity of the IFOF in an indexed,
illustrated, and tractographically aided series of
figures and tables for anatomic and clinical
reference.

METHODS

Identification of Relevant Cortical Regions

The parcellation data entries within the first
9 chapters of this supplement were reviewed to
determine the specific cortical regions with structural
connectivity in the distribution of the middle longi-
tudinal fasciculus. These data were tabulated, and
connections between individual parcellations within
the MALF were recorded. These results served as the
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CONNECTIONAL ANATOMY OF THE IFOF

FIGURE 1. Simplified tract map showing the structural connections that integrate within the IFOE
Connections between cortical areas are color-coded based on the parcellation of origin (eg, black arrows
indicate structural connections from origin V3a to areas 9m, 10d, 10pp, and a47r). Note that arrows are
not meant to imply the direction of information transmit.

basis for constructing a simplified tractography map of the MdLF and
performing deterministic tractography.

Deterministic Tractography

Publicly available imaging data from the Human Connectome
Project was obtained for this study from the HCP database (htep://
humanconnectome.org, release Q3). Diffusion imaging with corre-
sponding T1-weighted images from 10 healthy, unrelated controls were
analyzed (Subjects IDs: 100307, 103414, 105115, 110411, 111312,
113619, 115320, 117112, 118730, 118932). A multi-shell diffusion
scheme was used, and the b-values were 990, 1985, and 1980 s/mm?.
Each b-value was sampled in 90 directions. The in-plane resolution was
1.25 mm. The diffusion data was reconstructed using generalized g-
sampling imaging with a diffusion sampling length ratio of 1.25.1°

We performed brain registration to MNI space, wherein imaging is
warped to fit a standardized brain model comparison between subjects.
Tractography was performed in DSI studio using a region of interest
approach to initiate fiber tracking from a user-defined seed region. A
2-ROl-approach was used to isolate tracts. Voxels within each ROI
were automatically traced with a maximum angular threshold of 45°.

OPERATIVE NEUROSURGERY

When a voxel was approached with no tract direction or a direction
change of greater than 45°, the tract was halted. Tractography was
stopped after reaching a maximum length of 800 mm. In some instances,
exclusion ROIs were placed to exclude obvious spurious tracts that were
not involved in the white matter pathway of interest. Tractographic
results are shown only for regions of interest within the left cerebral
hemisphere.

CONNECTIVITY OVERVIEW

Presented in Figure 1, we demonstrate the functionally
relevant and anatomically connected cerebral parcellation data
that integrates within the confines of the IFOE Pertinent
examples of tractographically connected parcellations are shown
in Figures 2-5. It should be noted that the figures and tables
presented in this study do not imply directionality. Instead,
supposed information transit is utilized as a simplified means
for connectivity description and reference. Table summarizes
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extreme capsule before reaching its terminations in the occipital lobe.

FIGURE 2. /FOF connections from areas 9p, 9a, and Im in the left cerebral hemisphere. Area 9 regions have connections to early visual processing areas including V1, V2,
and V3 in this subject brain. Area 9p demonstrates structural connections to area V6 as well. Connections are shown on T1-weighted magnetic resonance (MR) images in the
A-E, sagittal and F, axial planes. All parcellations are indicated with white arrows and corresponding labels. The IFOF courses inferiorly to pass adjacent to the insula in the

the macro-connected parcellated areas of the human cerebrum
that integrate to form the IFOE No attempt has been made
to subdivide the IFOF into smaller white matter bundles as
our methods preclude accurate subdivision of the various white
matter tracts of the brain. In general, the IFOF connects early
visual processing parcellations in the cuneus and lingual gyrus as
well as parts of the parietal lobe to frontal lobe regions.

DISCUSSION

In this study, we provide a detailed map of the macro-
connectivity of the IFOF and its relevant cerebral parcellations.
It can easily be concluded from this data that actionable future
studies and surgical planning methodologies may be better
outlined. As supported by multiple other studies, we demon-
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strate that the IFOF more or less begins in the parietal and
occipital lobes, traverses anteriorly lateral to the insula via the
extreme and external capsule, and terminates in the inferior
frontal lobe along the opercular gyri.' Given this anatomic
course, it can be hypothesized that the IFOF might play an
important role in language processing and transmission. Many
have surmised that the IFOF participates in the direct ventral
pathway of language function, and that this white matter tract is
focally involved in semantic speech processing.’7+1¢1%

While the IFOF is thought to be a key contributor to
the language network, others have described the tracts role
in the visual recognition system.'®2%:2! This idea likely stems
from the tracts anatomic terminations in the occipital lobe,
along with the theory of the dual stream model of speech and
language processing.s’g’22 To summarize, the dual stream model
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CONNECTIONAL ANATOMY OF THE IFOF

FIGURE 3. [FOF connections from area V1 in the left cerebral hemisphere to parcellations in the frontal pole and inferior frontal gyrus. Connections
are shown on T1-weighted MR images in A-C, sagittal and D, axial planes. Area V1 has connections to regions 45, 47S, 47L, a47r, 11L, alOp, and
p10p in this subject brain. All parcellations are indicated with white arrows and corresponding labels. The IFOF courses anteriorly to pass adjacent to
the insula in the extreme capsule before reaching its terminations in the frontal lobe.

of language function encompasses the idea that the human
language network is split into a dorsal and ventral stream, with
the dorsal stream being served by the superior longitudinal fasci-
culus/arcuate fasciculus complex (SLF/AC) and the more ventral
stream being served by the IFOE? Within this paradigm, the

OPERATIVE NEUROSURGERY

ventral stream manages the semantic or “what” pathway, while the
dorsal stream manages the phonemic or “where and how (motor
articulation)” pathway.’®?> Within the ventral stream model, the
IFOF’s role in semantic processing is supported by its anatomic
constraints within the occipital lobe and visual system, ie, naming,
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white arrows and corresponding labels.

FIGURE 4. [FOF connections from FOP5 in the left cerebral hemisphere to early visual cortex areas. Connections are shown on T1-weighted MR images
in the A-C, sagittal and D, axial planes. Area FOPS has connections to regions V1, V2, and V3 in this subject brain. All parcellations are indicated with

object/word recognition, and the relay of this information to
the more frontally located speech production centers, ie, Broca’s
area.> %22 However, given the size and inherent multi-site connec-
tivity demonstrated by the IFOEF, other functional networks are
likely subserved by this white matter tract.

Interestingly, the IFOF also appears to be involved in
reading and writing tasks within the human cerebrum. This

S440 | VOLUMEOO | NUMBEROO | 2018

is thought to correlate with the tracts association with
the inferior parietal and occipital lobes.’> In addition, the
tract has been demonstrated to connect the cingulo-opercular
salience network to the frontoparietal executive network,
serving to coordinate salient stimuli and coordinate goal-
oriented behaviors.” This role is further supported clini-
cally via multiple studies demonstrating correlation between
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CONNECTIONAL ANATOMY OF THE IFOF

FIGURE 5. A-C, [FOF connections from area 8BL to early visual cortex parcellations in the left cerebral hemisphere. Connections are shown on T1-weighted MR images
in the A and B, sagittal and C, axial planes. Area 8BL has connections to regions V2, V3, V3a, and V6 in this subject brain. D-F, IFOF connections from area 8BL to
superior parietal lobe parcellations in the left cerebral hemisphere. Connections are shown on T1-weighted MR images in D and E, sagittal and ¥, axial planes. Area 8BL
has connections to regions VIP. MIE and IPSIin this subject brain. All parcellations in each panel are indicated with white arrows and corresponding labels.

IFOF degeneration and Alzheimer’s disease along with degen-
eration of the cingulate bundle.'”?* TFOF degeneration has
also been demonstrated in patients with neuropsychological
behavioral disorders, including antisocial personality disorder
and obsessive compulsive disorder.”?>?° Finally, progressive
supranuclear palsy has also been shown to correlate with IFOF
degeneration.!

Given the IFOF’s multiple, connectivity-related links with
various networks, some have proposed subdividing the IFOF into
distinct subunits: superficial, middle, and deep.”® This schema
was primarily devised to account for reported functional connec-
tivity differences related to the IFOF and emotional and behav-
ioral elements.?® However, we would argue that this adds credence
to the idea that the IFOF serves diverse roles within multiple
functional networks within the human brain. While precise
subdivision of the IFOF is beyond the scope of the tractographic

OPERATIVE NEUROSURGERY

description of the tract provided in this study, future endeavors
will likely redefine the IFOF in the context of the data presented
here.

CONCLUSION

The IFOF is a large and complex white matter tract connecting
the parietal and occipital lobes to the frontal lobe via its complex
route lateral to the insula. It plays a critical role in semantic
language processing, goal-oriented behavior, and visual switching
tasks. Given the breadth of connectivity inherent to the tract, it
can be easily assumed that the IFOF is involved in additional
functional networks within the human cerebrum. Further micro-
connectivity studies, parcellation-related studies, and network
analyses are necessary to fully comprehend the IFOF’s role in
human function and cognition.
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TABLE Regions Integrating within the Inferior Fronto-Occipital
Fasciculus

TABLE continued

Original Parcellation Terminations

Original Parcellation Terminations

7AL 6a
6ma
7AM a47r
7PC 6ma
SFL
7PL 8BL
9p
a47r
SFL
8BL 7PC
IPS1
MIP
V2
V3
V3a
V4
V6
V6a
9a 7AL
IPS1
Vi
V2
V3
V3a
V4
V6
9m V6
9p 7AL
IPS1
MIP
Vi
V2
V3
V3a
V4
V6
1l VMV2
45 MIP

FOP5 MIP
Vi
V2
V3
Vi n
45
471
47s
a47r
alop
p10p
OFC
V2 10d
10pp
45
471

47s
a47r
alop
p10p
V3 10s
45
47
47s
a47r
alop
V3a 9m
10d
10pp
a47r
V4 45
47
V6 alop
a47r
Vé6a 8BM
alop
a47r
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