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Introduction

Abstract

The Inferior Frontal Occipital Fasciculus (IFOF) is a lengthy as-
sociative white matter pathway, linking the posterior cortex to the
frontal areas by traversing through the external/extreme capsule
area. This review aims to analyze the structural characteristics of
the IFOF and its cortical terminations. The review was guided by
PRISMA protocol and from 469 articles screened 53 were retained
for full-text examination, of which 10 finally fulfilled our criteria
to be included. Whereas there is a broad consensus regarding fi-
bers reaching the pars orbitalis and pars triangularis of the inferior
frontal gyrus and orbital frontal cortex, there is discrepancy regard-
ing the termination in other frontal regions, specifically the pars
opercularis or the middle frontal gyrus. Similarly, defining cortical
connections in the posterior terminations of the IFOF poses chal-
lenges since the terminations were found only with the lingual gy-
rus, whereas the other cortical connections similarly remain less
consistent. In particular, the percentage of termination in cuneus,
middle and inferior occipital gyrus and fusiform area lacking consis-
tent agreement among examined studies. Moreover, whereas first
studies overlooked parietal connections, particularly with the su-
perior parietal lobule, more recent evidence has strengthened the
relevance. Finally, projections to areas like the superior occipital
gyrus, calcarine cortex, and occipital pole show inconsistency and
variability in identified terminations. In the last years anatomical
dissection studies and diffusion-weighted tractographic methods
have increased knowledge about structure-function of IFOF, how-
ever, the high variability in identified its subcomponent and cortical
termination poses a challenge on data integration and interpreta-
tion.

The Inferior Fronto-Occipital Fasciculus (IFOF) stands as one
of the longest association fiber tracts of the ventral stream, es-
tablishing connections between the frontal lobe and diverse re-
gions of the posterior cortex [1]. Despite initial records of the
IFOF dating back to 1822 [2]; research on this issue was lim-
ited until the early 2000s [3-5]. Recent resurgence in interest
surrounding this ventral fasciculus can be attributed chiefly to
the revival of postmortem anatomical dissections [6,7] and ad-
vancements in diffusion tensor imaging, enabling indirect visual
representation of fiber tracts [8-13]. A thorough examination of
the available literature unveils discrepancies in the anatomical
depictions of IFOF, both in Diffusion Tensor Imaging (DTI) and
white matter dissection studies, resulting in significant gaps
concerning its subcomponents and its structure. Notably, de-
scriptions of the exact course and cortical connections of the
IFOF vary significantly and diverse models detailing the IFOF
connections exist in current literature. This review aims data
on the topological organization of the IFOF, including historical

findings on fiber dissection and more recent DTl and dissection
studies that suggest a complex, multi-layered structure.

Literature Review

This systematic review adhered to the guidelines outlined
in the Preferred Reporting ltems for Systematic Review and
Meta-Analyses statement (PRISMA) [14]. An extensive search
of English-language literature was conducted using PubMed,
Scholar, and Scopus, yielding a total of 469 articles. The search
terms were: (“inferior front occipital fasciculus” OR “IFOF”) AND
(“Anatomy” OR “dissection”) AND (“DTI” OR “tractography” OR
“Diffusion Tensor Imaging”)). A rigorous screening process was
initiated to eliminate duplicate records and filter the articles
based on their titles, abstracts, and subsequent full texts, en-
suring the selection of studies pertinent to the subject matter.
Emphasis was placed on anatomical and laboratory studies
focusing on the assessment of IFOF fiber orientation, cortical
origin, and terminations using fiber dissection and/or DTI (Dif-
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fusion Tensor Imaging). Manuscripts focused on intraoperative
mapping for tumor lesions and studies that did not specifically
report the frontal and/or parieto-temporo-occipital cortical ar-
eas involved in IFOF were excluded. To evaluate cortical connec-
tions in alignment with the guidelines described by Destrieux et
al. (2017) according to the Terminologia Anatomica, a meticu-
lous assessment of the abstracts was conducted, followed by
the application of predefined inclusion and exclusion criteria. To
visualize the article selection process, a PRISMA flow diagram
(Figure 1) was constructed, illustrating the number of articles
at each stage of data acquisition, the excluded articles, and the
specific reasons for their exclusion. A total of 275 records were
retrieved. The titles and abstracts of 53 records were screened.
The records were filtered by study type, pathological study, and
missing result. During exclusion criteria application and full-text
screening, 32 records were excluded, with 21 remaining articles
from 1997 to June 2023, including anatomical dissection and
DTI studies. To review the available data about the IFOF, we
started describing the anatomy and then we highlight its corti-
cal areas connections in the frontal and posterior(temporo-pa-
rieto-occipital) cortex. Attention was also paid to hypotheses on
anatomical structure and possible functional implications.

Results
Historical Descriptions

The first citation of a direct connection between the frontal
and occipital lobes is contained in Burdach's 1822 [2] descrip-
tion of the Inferior Longitudinal Fasciculus (ILF), a bundle con-
necting the occipital and temporal lobes, first described by Reil
in 1809 as a projection pathway [15]. Burdach not only recog-
nized the corticocortical (or associative) nature of the ILF, but
also described a subcomponent of the tract associated with
the frontal lobe without coning the term “iFOF” [2]. Although
Adrien Charpy's (1895) [16] description of the fronto-occipital
connection was comparable to that of Karl Burdach (1822),
Jules Dejerine was the first to separate the fronto-occipital tract
from the ILF and consider it as a separate bundle [3]. Curran
was the first to use the term IFOF to distinguish it from its dorsal
counterpart the superior fronto-occipital fasciculus (sFOF). He
defined the IFOF as “a large associating bundle of fibres uniting,
as its name indicates, the occipital with the frontal lobe. It also
contains fibres, which join the frontal lobe with the posterior
part of the temporal and parietal lobes. [...] From all parts of the
frontal lobe the fibres of this fasciculus can be traced converging
to a single bundle which swings round the lower external side of
the nucleus lentiformis, at which place it appears as a distinct
bundle [...]". (1909, p. 652) [5]. Recent advances in Diffusion Ten-
sor Imaging (DTI) technique, allowing “in vivo” dissection of the
human brain white matter [8], and more recent anatomical and
stimulation studies demonstrated its existence and its posterior
origin from dorsal parieto-occipital and basal temporo-occipital
areas. Nonetheless, the exact anatomo-functional organization
of the terminations of the IFOF remains controversial [17].

Controversial Topics

The existence and location of the IFOF were the subject of
contentious debate in the historical literature [1]. The IFOF de-
bate was influenced by anatomical studies of animals. Schmah-
mann et al., questioned the existence of IFOF in rhesus mon-
keys because it was not detected by tracing methods. They
suggested that the IFOF observed in human tractography may
be due to a diffusion-weighted artifact explained by the proxim-
ity of the ILF to the UF and extreme capsule [1,11]. However,

further studies have documented the existence of this tract.
Mars et al. [18], showed a persuasive anatomic similarity be-
tween the macaque and human connections, suggesting the
presence of a common ventral pathway directly connecting the
frontal and occipital lobes. Sarubbo et al. [19] recently conduct-
ed a study using post-mortem diffusion MRI tractography and
Klingler micro-dissection to provide evidence for the existence
of bilateral fiber tracts in non-human primate corresponding to
human IFOF in trajectory, topological organization and cortical
end fields [19].

Furthermore, indirect evidence in support of the existence
of IFOF in humans can be found in studies using other methods.
Rudrauf et al. [20] investigated the activity within the ventral vi-
sual processing in humans during the visualization of emotional
scenes using Magnetoencephalography (MEG). In this way they
found a latency of 100 msec between early response in visual
areas (V2eV3eV4) and the orbitofrontal and ventro-medial pre-
frontal cortex, suggesting that this signal is a results of a long-
range monosynaptic association fiber (inferior fronto-occipital
connections). These results are consistent with previous elec-
trophysiological studies on visual perception [21,22]

Finally, IFOF has been consistently identified in postmortem
sections of normal human brains, and its presence has been re-
ported in over 50 least dissected hemispheres [6,7,23].

Anatomical Description Derived from Postmortem Fibers
Dissections

All studies based on ex-vivo microdissection agree have de-
tected a peculiar waypoint, known as the 'stem’ of IFOF, a region
of white matter where all the fibers of a fascicle are collected.
The IFOF stem is located in the white matter of the ventral third
of the external capsule, just medial to the putamen and ventral
to the claustrum [6,7,24]. During the first step of dissection, re-
moving of specific parts of the insula, including the apex, long
gyri, central sulcus, and short gyri, the complex structure of
the short fibers in the insulo-opercular and claustro-opercular
areas within the extreme capsule, external capsule, and dor-
sal claustrum (postero-superior section) becomes visible. This
region can be divided into two distinct sections. The posterior
part shows an antero-inferior orientation and encompasses the
insulo and claustro-opercular fibers, the dorsal claustrum, and
the dorsal part of the external capsule. On the other hand, the
anterior segment displays a postero-inferior orientation and in-
cludes the ventral external capsule housing the VC, UF, and IFOF,
moving from the outer side towards the inner side [6,7,17,24].
The lower part of the external capsule holds the UF (positioned
superficially and ventrally) and the IFOF (located deeper and
dorsally). Particularly, the IFOF, forming the rear two-thirds of
the ventral external capsule, widens as it moves towards the
frontal lobe, taking on a fan-shaped 60° radiation pattern. At
the level of the anterior temporal lobe, a clear differentiation
between the IFOF and the fibers of the uncinate fasciculus was
noticeable. The IFOF tracts extend towards the posterior tem-
poral and occipital lobes, while the fibers of the uncinate fas-
ciculus curve towards the anterior temporal lobe.

Within the temporal area, the IFOF courses along the top of
the temporal horn, positioned superiorly and laterally in rela-
tion to the optic radiations. Additionally, discernible distinctions
were observed between the IFOF fibers (oriented anterior-pos-
teriorly) and those of the arcuate fasciculus (superficial and
oriented superior-inferiorly) in the posterior temporal region.
Another section of the IFOF, characterized by its lower and pos-
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terior orientation, travels above the temporal horn, progressing
posteriorly along the lateral surface of the atrium and occipi-
tal horn before reaching the occipital and basal temporal lobes
[6,24].

Cortical Distributions of the IFOF Anterior Connections

From the temporal stem, the fibers run to the frontal lobe
creating a 60° fan-shaped radiation. According to all studies
analyzed reported the fibers reach the pars orbitalis, and trian-
gularis of the IFG (100%) and OFC (94%). The anterior cortical
distribution includes also MFG (72%) and SFG (61.2%). There is
disagreement regarding the connection to the pars opercularis
of the IFG, which was not reported in early dissection and DTI
studies [6,7]. Regarding the connections with the frontal pole,
there is limited evidence and discrepancies. Most studies do
not take this area into consideration. Only two studies provide
a detailed description of the distribution percentages of the
frontal pole for both hemispheres [13,26]. Despite subsequent
studies, there is still no evidence of localization at the frontal
pole [27,28] (Table 1).

Cortical Distributions of IFOF Posterior Connections

The main posterior connections have been identified in the
lingual gyrus (85%). The remaining cortical distribution are not
well defined. The IFOF is also connected to middle occipital gy-
rus (62%) and inferior occipital gyrus (61%), cuneus (58%) and
fusiform gyrus at 43%. Although the initial studies did not find
any connections, it has been extensively proven that there are
indeed connections between IFOF and SPL. This clarification can
help us understand the role of IFOF in the processes of reading
and writing [29]. Superior occipital gyrus (33,3%) and calcarine
cortex (30%) and Occipital pole (26%) are marginal projections.
Connections with angular gyrus (22,7%) were described and
can explain language role of IFOF. Only one study reported pro-
jection to superior temporal gyrus (22%) [28]), especially in the
left hemisphere. There reported less 5% of precuneus (4,9%),
inferior temporal gyrus (2,8%), and post central gyrus (1.5%).
The connection with the inferior temporal gyrus was described
in the first study in over 50 % of cases. However, all subsequent
Table 1: Cortical distributions of the IFOF anterior connections.

studies have not confirmed this finding. Only Wu et al. [26] de-
scribed one case, and the same authors found a connection in 5
out of 20 cases with post central gyrus. The cortical distributions
of the IFOF at the Middle Temporal Gyrus (MTG) has been delin-
eated in a limited number of studies. Notably, this termination
has been highlighted in only two specific investigations. Wu et
al. observed a connection to the Middle Temporal Gyrus (MTG)
in a one case, specifically involving the right hemisphere [26].
Subsequently, Hau and colleagues [28] reported occurrences of
this connection to the MTG, with findings revealing left hemi-
sphere involvement in 33% of subjects and right hemisphere
involvement in 52% of cases. This particular association holds
potential relevance in neuro-oncology, as it aligns with evidence
suggesting that stimulation of the middle-posterior component
of the right IFOF may induce left spatial neglect [30] (Table 2).

Does the IFOF Have an Asymmetric, Multilayer Structure?

Recent studies based on Klingler's dissection method and fi-
ber tractography not only confirmed the classical descriptions
of the direct connection between the occipital and frontal re-
gions but also proposed the existence of subcomponents of this
association tract. The first study was conducted by Martino [6],
identified two distinct components of the IFOF: (i) a superficial
and dorsal subcomponent connecting the frontal lobe with the
superior parietal lobe and the posterior portion of the superior
and middle occipital gyri, and (ii) a deep and ventral subcompo-
nent connecting the frontal lobe with the posterior portion of
the inferior occipital gyrus and with the posterior basal tempo-
ral region. As these two areas (occipital associative extrastriate
cortex and temporo-basal region) are known to be involved in
semantic processing, the present findings are consistent with
the hypothesis of a functional role of the IFOF in the semantic
system, previously supported by intrasurgical electrostimulation
studies [25,7], confirming the organization of the IFOF fibers
into two main components, superficial and deep, and combin-
ing the dissection results with the DTI study, proposed that the
frontal endings of the superficial layer, including the pars trian-
gularis and orbitalis of Inferior Frontal Gyrus, (IFG) are distinct
from the frontal endings of the deep layer, that it is divided into
three bundles directed to the orbital, middle and dorsal frontal

Pars Orbitalis Pars Triangularis | OFC SGF MFG  Pars opercularis | Frontal pole NA TOT Hemisheres
Martino et al. 14 14
Sarubbo et al. 11 11 11 11 11 11
Forkel et al. 66 66 66 66 66 66
Caverzasi et al. 40 40 35 39 40 28 36 40
Wu et al. 20 11 20 18 12 11 20 20
Hau et al. 120 120 106 33 69 120
Panesar et al. 60 60 60 60 60 60 60
Tot 317 308 298 227 192 165 56 14 331
% 100 97 94 73 60 52 18
Table 2: Cortical distributions of the IFOF posterior connections.
LG | MOG I0G Cu | SPL FG SOG Ca OP  AG STG | Pcu | ITG | PostCG | Other | NA TOT Hemisheres
Martino et al. 14 8 8 14
Sarubbo et al. 1 1 1 10 1
Forkel et al. 66 66 66 66 66 66
Caverzasietal. 40 40 19 40 22 40 40 37 40
Wu et al. 19 19 19 19 1 12 14 19 10 1 1 5 1 20
Hau et al. 95 96 64 32 66 26 26 Il 51 120
Panesar et al. 53 44 32 50 46 5 53 58 15 60
Tot 274 | 199 196 | 186 | 163 | 140 107 H 98 | 85 | 73 16 9 5 52 10 331
% 85 62 61 58 51 44 33 31 26 23 5 3 2 16
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Figure 1: A PRISMA flow diagram showing the flow of information
through the different phases of the systematic review.

= P ey, = o
‘,.-_:i” # - { ;
/1 . 'ff]' vy 2
Ilfl_ﬁ,.)' - 3
&% xﬂ‘ S L —
e =,
AR

Figure 2: Schematic representation of the cortical distributions of
the IFOF. 3D representation Freesurfer-based regions, (left lateral
view).

A. Anterior distributions of cortical connections. Light green: fron-
tal pole; yellow and red: lateral and medial portions of the orbito-
frontal cortex; purple: pars orbitalis; orange: pars triangularis; pink:
pars opercularis of inferior frontal cortex; blue: middle frontal cor-
tex; light blue: superior frontal cortex.

B. Posterior distributions of cortical connections. Red: projection
of lingual gyrus; orange: inferior occipital gyrus; gold: middle oc-
cipital gyrus; green: projection of cuneus; pink: superior parietal
lobule; light green: projection of fusiform gyrus; purple: superior
occipital gyrus; black: occipital pole; blue: calcarine; aquamarine:
angular gyrus; light blue: precuneus; yellow: superior temporal gy-

rus; grey: middle temporal gyrus; brown: inferior temporal gyrus.

gyri. However, in contrast to Martino et al. they did not observe
any part of the IFOF within the parietal lobe. Caverzasi et al. [13]
using fiber-tracking dissection of both left and right IFOF with Q-
ball residual bootstrap reconstruction of High-Angular Resolu-
tion Diffusion Imaging (HARDI) methods in 20 healthy subjects,
confirmed the subdivision into two components described by
Martino et al. In all subjects, they found occipital terminations
in both hemispheres, particularly towards the pericalcarine and
lateral occipital cortex. However, in contrast to Martino et al.'s
study, terminations were also found towards the lingual gyrus,
which was previously reported to only be reached by optic ra-
diation terminations. In addition, they also found terminations
towards the cuneus (30% of patients in the left hemisphere and
60% in the right hemisphere) and in line with the findings of
Martino et al, they found extra occipital terminations posteri-
orly towards the temporal and parietal lobes. IFOFq showed
temporal terminations only in the posterior part of the fusiform
gyrus (bilateral in 55% of subjects). This area has been implicat-
ed in verbal and facial recognition by contrast no connections
to the inferior temporal gyrus was found, whereas all subjects

showed bilateral IFOFq terminations towards the superior pari-
etal and angular gyrus. By contrast, through DSI-based tracto-
graphic, based on to frontal anatomic distributions, Wu et al.
[26], have identified five potential subcomponents of the IFOF
connecting the different cortical and subcortical regions. IFOF-I
originated from the frontal polar cortex, FOF-II originated from
the orbito-frontal cortex, IFOF-III originated from the inferior
frontal gyrus, IFOF-IV originated from the middle frontal gyrus
and finally IFOF-V originated from the superior frontal gyrus.
This research aimed to categorize the IFOF based on its end-
ing patterns, yet their framework did not incorporate the previ-
ously described organization into superficial and deep layers.
Furthermore, subsequent studies [27] have suggested that the
identification of an 'IFOF-V' was an observation of claustro-cor-
tical fibers located within the dorsal external capsule, due to
their markedly oblique angle. Finally, Panesar et al. [27], pro-
posed a trifascicular gross IFOF structure consisting of a super-
ficial ventrolateral layer originating from BA 44, 45, 47; a deep
dorsomedial subfascicle originating from BA 8,9, 10; and a deep
ventromedial subfascicle originating from BA 11.

Discussion

The Inferior Frontal Occipital Fasciculus (IFOF) has been the
subject of significant research endeavors aimed at unraveling its
anatomical structure and potential functions within the brain.
This review consolidates recent studies and historical perspec-
tives on the IFOF, aiming to synthesize its anatomical variability
and hypothesized involvement in neurological and neurodevel-
opmental disorders.

The IFOF, an extensive white matter tract, serves as a crucial
pathway connecting various brain regions, including the frontal
lobe with the temporal-occipital (and parietal) areas, facilitating
complex cognitive functions. However, the historical records of
the IFOF, dating back to the 1800s, experienced intermittent at-
tention until the emergence of advanced tractographic imaging
techniques and postmortem anatomical dissections in the early
2000s.

A major highlight of the review is the disparities observed
across studies regarding the anatomical depiction of the IFOF.
These inconsistencies encompass variations in diffusion tensor
imaging (DTI) representations and white matter dissection stud-
ies, contributing to significant gaps in understanding the sub-
components and functionalities of this intricate pathway.

Historical descriptions from Burdach [3], Dejerine [4], and
Curran [5] among others laid the groundwork for identifying
and distinguishing the IFOF from other fiber tracts. However,
controversy persisted concerning its existence and location, in-
fluenced by anatomical studies of animals, which questioned its
presence in rhesus monkeys.

Despite the initial skepticism, recent evidence from stud-
ies like Mars et al. [18] and Sarubbo et al. [19] supported the
existence of a ventral pathway directly connecting the frontal
and occipital lobes in both human and monkey brains. These
findings were corroborated by postmortem sections of human
brains and studies utilizing electrophysiology and functional im-
aging. An important aspect of the review involves the discus-
sion on the potential multilayered structure of the IFOF. Studies
by Martino et al. [6], Sarubbo et al. [7], Caverzasi et al. [13], Wu
et al. [26], Panesar et al. [27], among others, indicated the sub-
division of the IFOF into distinct components or layers based on
anatomical dissections, tractography, and cortical connections.
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These subdivisions ranged from superficial and dorsal layers to
deep and ventral layers, exhibiting diverse terminations in vari-
ous brain regions, including the parietal, occipital, and frontal
lobes.

Specifically, Martino's pioneering work identified two pri-
mary components of the IFOF, delineating a superficial and
dorsal subcomponent linking the frontal lobe to specific areas
of the parietal and occipital gyri, alongside a deep and ventral
subcomponent connecting the frontal lobe to regions like the
inferior occipital gyrus and the basal temporal region. These
findings aligned with previous hypotheses associating the IFOF
with semantic processing, supported by intrasurgical electro-
stimulation studies [30-33].

Moreover, subsequent investigations by Sarubbo et al. [7]
and Caverzasi et al. [13], confirmed and expanded upon Mar-
tino's subdivisions, proposing distinctions between the frontal
endings of the superficial and deep layers of the IFOF, and re-
inforcing the organization into two components. However, dis-
crepancies emerged regarding the presence of the IFOF within
the parietal lobe, with Sarubbo et al. not observing such con-
nectivity, deviating from Martino's earlier observations.

Furthermore, Wu et al. [26] and Panesar et al. [27] introduced
alternative conceptualizations of the IFOF's subcomponents,
emphasizing its connectivity across various cortical regions,
delineating subfascicles originating from different Brodmann
areas. While these models differed from previous descriptions,
they offered additional perspectives on the complex organiza-
tion of the IFOF. Overall, the diversity of findings underscores
the multifaceted nature of the IFOF, exhibiting variable termina-
tions in cortical and subcortical regions. The proposed subcom-
ponents and subfascicles shed light on its intricate connectivity
patterns. The presented findings regarding the cortical distribu-
tions of the IFOF's anterior and posterior connections highlight
several critical issues and discrepancies within the research
(Figure 2). Regarding the anterior connections of the IFOF, the
identified cortical distributions exhibit inconsistencies among
various studies. There is substantial agreement concerning the
fibers reaching the pars orbitalis and triangularis of the IFG and
OFC. However, discrepancies arise concerning the involvement
of other areas such as the pars opercularis of the IFG, which
was not consistently reported in earlier dissection and DTl stud-
ies. Additionally, frontal pole involvement was only observed
in a limited number of studies utilizing tractography methods,
indicating a lack of consensus across different research method-
ologies. Similarly, the posterior terminations of the IFOF pres-
ent challenges in defining cortical connections. While there is
a significant association with the lingual gyrus, the delineation
of other cortical areas remains less clear. The bundle's connec-
tions to the cuneus, middle occipital gyrus, inferior occipital gy-
rus, and fusiform gyrus vary in reported percentages, lacking
consistent agreement among studies. The association estab-
lished between these regions, particularly the fusiform gyrus,
substantiates the theory regarding the involvement of the IFOF
in facial recognition [34]. Notably, several studies propose the
participation of the IFOF in the identification of emotional facial
expressions [35]. This proposition gains support from observa-
tions in individuals with congenital and acquired prosopagno-
sia, where a prominent reduction in the structural integrity of
both ILF and IFOF bilaterally was evident [36,37]. Parietal con-
nections, particularly with the Superior Parietal Lobule (SPL),
were initially absent in earlier studies but have emerged with
stronger evidence recently. However, marginal projections to

areas like the superior occipital gyrus, calcarine cortex, and oc-
cipital pole indicate inconsistency and variability in the identi-
fied terminations.

The limited consensus and variability in findings across stud-
ies raise concerns about the accuracy and reliability of identi-
fying specific cortical connections of the IFOF. The discrepan-
cies might arise from methodological differences, including
variations in dissection techniques, DTI applications, and trac-
tography methodologies. Additionally, the lack of consistent
identification across multiple studies for certain cortical regions
emphasizes the complexity and variability in the IFOF's anatom-
ical connectivity. This underscores the need for further research
using standardized methodologies to better define and under-
stand the cortical distributions of the IFOF's connections, ensur-
ing more accurate and reliable findings.
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