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The Topography of the Frontal Terminations of the Uncinate Fasciculus Revisited
Through Focused Fiber Dissections: Shedding Light on a Current Controversy and

Introducing the Insular Apex as a Key Anatomoclinical Area
Faidon Liakos1,4, Spyridon Komaitis1,2,4, Evangelos Drosos1,2, Eleftherios Neromyliotis1,2,5, Georgios P. Skandalakis1,

Apostolos I. Gerogiannis1, Aristotelis V. Kalyvas1,2,4, Theodore Troupis1,4, George Stranjalis1,2,5,

Christos Koutsarnakis1-5
-BACKGROUND: Recent studies advocate a connectivity
pattern wider than previously believed of the uncinate
fasciculus that extends to the ventrolateral and dorsolat-
eral prefrontal cortices. These new percepts on the con-
nectivity of the tract suggest a more expansive role for the
uncinate fasciculus. Our aim was to shed light on this
controversy through fiber dissections.

-METHODS: Twenty normal adult human formalin-fixed
cerebral hemispheres were used. Focused dissections on
the insular, orbitofrontal, ventromedial, ventrolateral, and
dorsolateral prefrontal areas were performed to record the
topography of the frontal terminations of the uncinate
fasciculus.

-RESULTS: Three discrete fiber layers were consistently
disclosed: the first layer was recorded to terminate at the
posterior orbital gyrus and pars orbitalis, the second layer
at the posterior two thirds of the gyrus rectus, and the last
layer at the posterior one third of the paraolfactory gyrus.
The insular apex was documented as a crucial landmark
regarding the topographic differentiation of the uncinate
and occipitofrontal fasciculi (i.e., fibers that travel ventrally
belong to the uncinate fasciculus whereas those traveling
dorsally are occipitofrontal fibers).

-CONCLUSIONS: The frontal terminations of the uncinate
fasciculus were consistently documented to project to the
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posterior orbitofrontal area. The area of the insular apex is
introduced for the first time as a crucial surface landmark
to effectively distinguish the stems of the uncinate and
occipitofrontal fasciculi. This finding could refine the
spatial resolution of awake subcortical mapping, espe-
cially for insular lesions, and improve the accuracy of
in vivo diffusion tensor imaging protocols.
INTRODUCTION
he uncinate fasciculus (UF) has attracted increasing sci-
entific interest because of its potential involvement in the
Tpathophysiology of various psychiatric and neurologic

diseases.1-15 In addition, the propagation of elegant micro-
neurosurgical approaches in awake conditions for the treatment of
lesions residing in or extending to the temporal stem and insular
region have further stressed the need for a more accurate under-
standing of the anatomic architecture and functional significance
of the tract.16-22 To this end, fiber dissection and tractographic
studies focusing on the structural silhouette of the UF have
converged toward a hooklike morphology, with the main stem of
the tract traveling through the extreme and external capsules
(close to the inferior occipitofrontal fasciculus) and its termina-
tions radiating toward the orbitofrontal area and anteromedial
temporal lobe, respectively.23-36
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Although the main anatomic characteristics of this elegant tract
have been outlined, ambiguity has recently emerged regarding the
exact topographic and morphologic pattern of its frontal termi-
nations. According to the classic description, the UF connects the
medial and lateral orbitofrontal cortices to the anterior segment of
the 3 temporal gyri, the temporal pole, and uncus.23 However,
recent data stemming from modern, sophisticated
anatomoimaging studies support the presence of an additional
dorsal segment, which projects to the dorsolateral and
ventrolateral prefrontal cortices of the inferior, middle, and
superior frontal gyri, thus adding perplexity and obscurity to the
structural architecture and putative functional role of the tract.37-40

To shed light on this current controversy, we carried out a fiber
dissection study focusing on the morphology and topography of
the frontal extensions of the UF. We implemented the white
matter dissection technique as the stand-alone method of inves-
tigation because the anatomic results obtained are of high accu-
racy and because it is used as the gold-standard procedure for
validating diffusion-weighted imaging (DWI) tractographic
data.41-49

METHODS

Twenty normal adult human cadaveric cerebral hemispheres
(12 right hemispheres and 8 left hemispheres) previously fixed in a
10%e15% formalin solution for a minimum period of 8 weeks
were studied. All specimens underwent the freezeethaw process
and were explored through the white matter fiber microdissection
technique.47,50,51

According to the classic description, the UF connects the
anteromedial temporal lobe to orbitofrontal and ventromedial
prefrontal cortices, by traveling through the extreme and external
capsules in the area of the limen insula. However, new evidence
supports that fibers of the UF are distributed to the dorsolateral
and ventrolateral prefrontal areas. We, thus, focused our dissec-
tions on the orbitofrontal cortex, inferior frontal gyrus, middle
frontal gyrus, anterior insula, limen insula and anterior temporal
lobe. We were obliged to remove the temporal operculum and the
Figure 1. (A) Lateral aspect of a left hemisphere. The regional surface
anatomy is shown. Inferolateral view of a left hemisphere. The surface
anatomy of the orbitofrontal area is shown. The cruciform sulcus divides the
basal frontal area into 4 orbital gyri. (BeD) Variations of the insular surface
anatomy. Lateral aspect of 3 left hemispheres. The cortex of the orbital
surface, inferior frontal gyrus, part of the middle frontal gyrus, and anterior
temporal lobe has been removed and the short arcuate fibers become
apparent. In (C) and (D) the temporal pole has also been removed for better
access to the insular and orbitofrontal areas. The morphologic variation of
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temporal pole to gain better access to the orbitofrontal surface and
to the region of the insula. To study and record the fiber
terminations of the tract to the ventromedial frontal area, we
subsequently performed confined medial to lateral white matter
dissections, focusing on the area of the gyrus rectus, paraterminal
gyrus, paraolfactory gyrus, and ventral cingulate gyrus. Hemi-
spheric asymmetries or objective measurements of the dimensions
of the tract were not examined because it was out of the scope of
the study.
We used thin metallic periosteal elevators, microscissors, and

fine anatomic forceps as our main dissection tools. All dissections
were performed under the operating microscope and were
documented with digital unenhanced photographs.
RESULTS

Mapping the Orbitofrontal Terminations of the UF
On removing the gray matter of the 4 orbital gyri, gyrus rectus,
inferior and middle frontal gyrus, anterior part of T1, 2, 3, and
temporal operculum, we expose the superficial short U fibers and
gain access to the insular surface (Figure 1). We then peel away the
cortex of the limen insula, anterior insular surface, and insular
apex to show fibers of the extreme capsule. Dissecting the most
superficial part of the extreme capsule at the level of the limen
insula and insular apex aids in the exposure of the main stems
of the UF and occipitofrontal fascicule. By following the
direction of these fibers under the microscope, we were able to
adequately distinguish the 2 tracts, because they show different
trajectories and termination patterns (i.e., the UF curves around
the limen insula in a hook-shape fashion to radiate to the
temporal pole, whereas the occipitofrontal fasciculus travels
diagonally through the anterior part of the insula to fan out to the
middle and posterior temporo-occipital cortices). At this point, we
consistently recorded the most superficial fibers of the UF (what
we define as the first layer of uncinate fibers) to terminate at the
area of the posterior orbital gyrus and adjacent posterior part of
the pars orbitalis, after exhibiting a short course (Figure 2).
the surface anatomy of the insula is shown particularly regarding the area of
the insular apex. Green disk, insular apex; blue disk, limen insula. Alig,
anterior long insular gyrus; AO, anterior orbital gyrus; Asig, anterior short
insula gyrus; ITG, inferior temporal gyrus. LO, lateral orbital gyrus; MFG,
middle frontal gyrus; MO, medial orbital gyrus; Msig, middle short insular
gyrus; MTG, middle temporal gyrus; Plig, posterior long insular gyrus; PO,
posterior orbital gyrus; Psig, posterior short insular gyrus; PsO, pars
orbitalis; PsT, pars triangularis; RS, sulcus of Rolando; STG, superior
temporal gyrus.
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Figure 2. (AeC) The same specimens and same views as in Figure 1. The first
fiber layer of the uncinate fasciculus is shown. The insular apex is introduced
as a surface landmark for differentiating the uncinate from the occipitofrontal
fasciculus. Progressive dissection of the short arcuate fibers of the anterior
insular and orbitofrontal areas shows the first layer of fibers of the uncinate
fasciculus (yellow bundle), which are followed and seen to terminate at the
posterior orbital gyrus and pars orbitalis (dotted area). Fibers proved to belong
to the occipitofrontal fasciculus (magnified area with the red bundle) are also
evident, travelingclose to theuncinate fasciculus. Thearea of the insular apex
ismarkedwith a green disk. Note that in all cases, fibers that travel just under
and dorsal to the area of the insular apex are occipitofrontal fibers, whereas
those that lie ventrally to the insular apex belong to the uncinate fasciculus.
Yellow bundle, trajectory of the first layer of the uncinate fasciculus; red
bundle, trajectory of the occipitofrontal fasciculus; green disk, insular apex.
AO, anterior orbital gyrus; Cl, claustrum; EC, external capsule; IFOF, inferior
fronto-occipital fascicle; LO, lateral orbit gyrus;MO,medial orbital gyrus; PO,
posterior orbital gyrus.
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Progressive dissection of the orbitofrontal area, part of the
lateral prefrontal U fibers of the inferior frontal gyrus, and inferior
part of the middle frontal gyrus helps identify the trajectory of the
second fiber layer of the UF. These fibers, which are longer in
relation to those of the first layer, are consistently recorded to
terminate at the posterior two thirds of the gyrus rectus (Figure 3).
At this stage of dissection, we did no track any fibers branching off
the main stem of the UF and projecting toward the inferior or
middle frontal gyri.
Proceeding deeper and removing the U fibers of the gyrus

rectus, we expose the third fiber layer of the UF, seen to travel
toward the medial surface of the hemisphere and to wrap around
the ventral surface of the putamen (Figure 4).
Differentiating the Stems of the UF and Occipitofrontal Fasciculus
at the Area of the Insular Apex
By following the trajectory and direction of the fibers seen to travel
through the anterior part of the temporal stem (an area in which
the 2 tracts lie in close proximity), we were able to thoroughly
distinguish the UF from the occipitofrontal fasciculus. In that
respect, fibers that were found to curve around the limen insula
and project toward the temporal pole were designated to belong to
the UF, whereas fibers that were recorded to pass posterior to the
limen insula, obliquely through the temporal stem and toward the
temporo-occipital area, were defined as occipitofrontal fibers. In
all specimens studied, the area of the insular apex (i.e., the area in
which the short insular gyri converge to form a pyramidal prom-
inence) proved to be a crucial landmark regarding the topographic
differentiation of these subcortical pathways. More specifically, all
fibers that reside ventral to the area of the insular apex belong to
the stem of the UF, whereas fibers that travel just under and dorsal
to the level of the insular apex clearly belong to the stem of the
occipitofrontal fasciculus. In that way, we could confidently follow
the fibers of the UF up to their respective frontal terminations.
Exploring the Ventromedial Frontal Terminations of the UFe
Evidence from Medial to Lateral Dissections
We applied stepwise medial to lateral dissections focused on the
ventromedial frontal area to identify and record the regional
distribution of the fibers of the UF (Figure 5A). On removing the
cortex, we exposed the short arcuate U fibers connecting the
cingulate gyrus with the paraolfactory gyrus and gyrus rectus
(Figure 5B and C). Further dissection showed the ventral fibers
of the cingulum radiating to the area of the paraolfactory gyrus.
We then consistently identified a group of fibers seen to
terminate at the posterior third of the paraolfactory gyrus and
showed a close spatial relationship with the fibers of the ventral
end of the cingulum. These fibers were carefully followed along
their course and were found to merge with the main stem of the
UF (Figure 5D and E).
We invariably identified 3 consecutive fiber layers seen to

radiate from the main stem of the UF and recorded to terminate at
the posterior area of the orbitofrontal territory, pars orbitalis, and
ventromedial frontal lobe (Brodmann areas 11, 47, and 25,
respectively) (Figure 6). It is therefore clear that the frontal
terminations of this tract project to the posterior orbitofrontal
region and that there are no fibers documented to follow a
www.journals.elsevier.com/world-neurosurgery e627
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Figure 3. (AeC) Same specimens and same views as in Figure 2, showing
the second layer of the uncinate fasciculus. Progressive dissection shows
the second layer of uncinate fibers radiating to the posterior two thirds of
the gyrus rectus. At this stage, a clear cleavage plane between the stems of
the uncinate and inferior occipitofrontal fasciculi can be developed.
Between these 2 fiber pathways, the plane of dissection deepens so as to

show the ventral surface of the putamen centrally and the lateral part of the
anterior limb of the internal capsule at the periphery. Pink bundle, trajectory
of the second layer of the uncinate fasciculus;, orange bundle, trajectory of
the occipitofrontal fasciculus. ALIC, anterior limb of the internal capsule; Cl,
claustrum; EC, external capsule; GR, gyrus rectus; IFOF, inferior
fronto-occipital fascicle; Pu, putamen.
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more dorsal trajectory toward the prefrontal cortex of the inferior,
middle, or superior frontal gyrus.
DISCUSSION

Ever since the seminal fiber dissection study of the structure of the
human UF by Ebeling and Von Cramon, most of the anatomoi-
maging literature has converged toward a common topographic
and morphologic architecture of the tract. According to this
literature, the UF connects the pars orbitalis, lateral and medial
orbital gyri, gyrus rectus, and subcallosal area with the anterior
part of the superior, middle, and inferior temporal gyri and uncus
by traveling in a hooklike shape around the limen insula and
through the anterior third of the temporal stem. This anatomic
description, with some minor differences concerning the frontal
terminations of the tract, is encountered in most studies of
research groups that have shed light into the cerebral
subcortical architecture and brain anatomofunctional
connectivity.23-27,29-31,33-36

However, recent evidence stemming primarily from tracto-
graphic protocols suggests a wider distribution pattern of the
frontal terminations of the tract, thus introducing ambiguity and
perplexity into its structural silhouette. More specifically, apart
from the orbitofrontal cortex and pars orbitalis, which are
constantly and traditionally described as cortical termination ter-
ritories, Hau et al.37,38 have proposed that the UF in addition
radiates to a large area of the dorsolateral and ventrolateral
prefrontal cortices, including the superior, middle, and inferior
frontal gyri. In a similar vein, a tractographic study by Leng
et al.39 and a fiber dissection investigation by Baydin et al.40

showed widespread terminations of the tract to the inferior and
middle frontal gyri, lending support to the emerging concept of
a more extended pattern of axonal connectivity than previously
believed.,
e628 www.SCIENCEDIRECT.com WORLD NE
In an effort to elucidate this controversial topic, we used
focused white matter dissections with the aim of identifying,
following, and recording the topographic pattern of the frontal
termination of the UF. We intentionally used the fiber dissection
technique as our stand-alone method of investigation because it
has been microscopically documented to preserve the anatomic
integrity of the neural axons,52 thus providing structural evidence
of high accuracy. In addition, we opted to implement a method
that offers robust and direct anatomic data and is considered as
the gold-standard technique for validating results coming from
tensor tractographic studies.53-59

With this method of investigation in our armamentarium, we
invariably identified 3 consecutive and discrete layers of uncinate
fibers, which were found to project and terminate in 3 distinct
cerebral areas. More specifically and in a lateromedial direction of
dissection, the first and most superficial layer was seen to
terminate at the posterior orbital gyrus and adjacent part of the
pars orbitalis; the second, intermediate layer projects to the
posterior two thirds of the gyrus rectus; and the third, deeper layer
was documented to radiate to the posterior one third of the par-
aolfactory gyrus. All these fiber layers were meticulously followed
along their trajectory and were found to blend into the main stem
of the UF. In Table 1, we provide a summary of the pertinent
literature and compare the available data with our study.
We were diligent in the process of differentiating the fibers of

the UF from those of the occipitofrontal fasciculus, because we
believe that this is the most crucial step in defining the spatial
relationship of these tracts and, in our view, is the main source of
confusion and perplexity to have emerged. In this vein, special
attention has to be paid to the narrow insular area in which the
stems of these 2 pathways meet and travel in close proximity,
because the correct differentiation of these tracts at this point
accurately shows their respective frontal termination pattern. To
this end, one has to follow the trajectory of the fibers either to the
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.06.012
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Figure 4. (AeC) Inferior views of the same specimens as in Figure 2,
exposing the third layer of fibers of the uncinate fasciculus. Progressive
dissection exposes the third layer of uncinate fibers seen to radiate toward
the medial surface of the hemisphere. These fibers are exposed and their
termination pattern shown in Figure 5. Aqua bundle, trajectory of the third
layer of uncinate fibers; red bundle, trajectory of the occipitofrontal
fasciculus. ALIC, anterior limb of the internal capsule; FP, frontal pole;
IFOF, inferior fronto-occipital fascicle; ITG, inferior temporal gyrus; Pu,
putamen.
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anterior temporal lobe for the UF or to posterior temporo-occipital
areas for the occipitofrontal tract. In this endeavor, we have
consistently identified the area of the insular apex to be the most
important surface landmark in differentiating with confidence
these adjacent tracts. In all studied specimens, the fibers seen to
travel ventrally in relation to the insular apex were recorded to
belong to the stem of the UF, whereas the fibers that course just
WORLD NEUROSURGERY 152: e625-e634, AUGUST 2021
under and dorsal to the level of the insular apex proved to belong
to the stem of the occipitofrontal bundle, because they all radiate
to posterior temporo-occipital cortices. Hence, by following the
trajectory of the designated uncinate fibers, we could thoroughly
map their frontal termination pattern. In that respect and with a
high level of accuracy, we did not show any uncinate fibers as
projecting and radiating toward the inferior, middle, and superior
frontal gyri apart from the area of the pars orbitalis. On the
contrary, fibers that project from temporo-occipital areas blend to
form the main stem of the occipitofrontal fasciculus and fan out to
project and terminate abundantly at dorsolateral and ventrolateral
prefrontal cortices.
We believe that the current controversy regarding the distribu-

tion pattern of the frontal termination of the UF mainly derives
from the different methods that research groups have used to
differentiate and allocate adjacent fibers either to the UF or to the
occipitofrontal fasciculus. Because the area in which the stems of
the tracts meet is narrow and their respective regional morphology
similar, the level of difficulty and uncertainty increases for trac-
tographic and white matter dissection techniques to accurately
map the respective connectional anatomy of the tracts. In a further
step, both tensor and nontensor diffusion tensor imaging pro-
tocols are proved to be prone to false-positive results, mainly
because of noisy peaks or ambiguous bending and fanning fiber
populations.60-63 This effect is accentuated when long distance
connections are explored, because the reconstruction error accu-
mulates with each tracking step. The literature has particularly
stressed the fact that, even in ideal experimental conditions, the
accuracy of an indirect method such as DWI is suboptimal and the
application of a direct anatomic procedure is mandatory for
validating or ruling out tractographic data. In this context, the
white matter dissection technique stands as a direct anatomic
process providing structural evidence of high accuracy and
reproducibility, should it be properly used (see section on “Study
strengths and limitations”).
Our results are largely in agreement with the classic description

of the tract and support its structure to function
relationship.23,26,30,31,64,65 Although the pertinent literature on the
functional significance of the UF and its possible involvement in
conditions such as anxiety, epilepsy, autism, frontotemporal
dementia, and antisocial behavior is extensive and, in a way,
generalistic, there is converging evidence that the tract is
primarily associated with certain aspects of episodic memory,
language and social-emotional processing. More specifically, the
role of the dominant UF in language is linked to processes that
underpin the explicit lexical retrieval of certain aspects of semantic
memory as those implicated in the retrieval of proper names of
famous faces. Sound evidence for this claim has been provided by
a study by Papagno et al.,64 in which the preoperative and
postoperative status of retrieval of proper names of famous faces
was assessed and was found to be impaired in patients
submitted to obligatory removal of the anatomic area of the UF.
More basic linguistic processes such as speech production,
speech comprehension, phonology, semantics, and syntax do
not seem to be associated with the function of the UF and
therefore the notion that advocates a more widespread
projection of the tract to specific language-related cortices is not
favorable. Further and in relation to memory and emotion, the
www.journals.elsevier.com/world-neurosurgery e629
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Figure 5. Medial view of a left hemisphere. (A) The regional surface
anatomy is shown. The paracingulate gyrus continues ventrally as the
paraolfactory gyrus. The gyrus rectus continues as the superior medial
frontal gyrus. The mammillary body, the anterior commissure, and the
anterior perforated substance are also shown. (B and C) Exposing the short
arcuate fibers. Medial views of 2 left hemispheres. On removing the cortex
of paraolfactory gyrus, gyrus rectus, and cingulate gyrus, the short arcuate
U fibers connecting adjacent gyri are exposed. (D and E) Medial aspect of
the third layer of the uncinate fasciculus. Inferomedial views of the
specimens in Figure 5B and C. Progressive fiber dissection shows the fibers

of the third layer of the uncinate fasciculus (green bundle in the magnified
area) that are followed to their lateral extension. These fibers are
documented to terminate at the posterior paraolfactory gyrus (green disk in
the magnified area) close to the ventral end of the cingulum (deep blue
bundle). Green bundle, trajectory of the third layer of the uncinate
fasciculus; green disk, posterior end of the paraolfactory gyrus; deep blue
bundle, cingulum. AC, anterior commissure; APS, anterior perforated
substance; CC, corpus callosum; CG, cingulate gyrus; GR, gyrus rectus;
MB, mammillary body; PCG, paracingulate gyrus; POG, paraolfactory gyrus;
SFG, superior frontal gyrus.
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tract seems to play a crucial role in linking temporal cortical areas
that are implicated in encoding and storing mnemonic and
emotionally colored representations to regions of the orbitofrontal
cortex that are believed to assign values of reward or punishment
to the presented stimuli and consequently underlie associative
learning, behavioral shaping, and decision making.65-69 The UF is
potentially involved in the connectivity of areas that integrate
memory and executive functions in a way that memory-based
representations alter the way we behave.65 A good body of
evidence both on human and nonhuman primates lends support
to these contentions but clearly more data need to be
aggregated for a better understanding of the anatomofunctional
significance of the tract.

The Concept of the Insular Apex in Differentiating the Inferior
Fronto-Occipital Fascicle from the UF and its Potential Implication
in Clinical Practice
As shown in the “Results” section, the area of the insular apex was
consistently observed and recorded to be a crucial landmark
regarding the accurate differentiation of the inferior fronto-
occipital fascicle (IFOF) and UF stems. In most cases, the
insular apex is a prominent area of convergence of the short
e630 www.SCIENCEDIRECT.com WORLD NE
insular gyri and is usually visible just under and medial to the
triangular part of the inferior frontal gyrus. The relationship
between the pars triangularis and insular apex is well known and
is mainly attributed to the fact that the triangular part is retracted
upward, thus leaving a window of vision to the insular surface.
This insular window is covered by an arachnoid membrane and
has been traditionally used by neurosurgeons as a safe and
effective corridor to access insular and middle cerebral artery
lesions.
By introducing the area of the insular apex as a landmark related

to subcortical structures and particularly to the structural archi-
tecture of the IFOF, one could improve the spatial resolution of
subcortical brain mapping carried out when treating patients
harboring tumors in and around the insula. In these cases, the
proper identification and preservation of the IFOF, which serves as
the primary ventral semantic language pathway, is imperative in
decreasing language-related morbidity and in achieving an
optimal oncofunctional balance in each patient. When the insular
apex comes into view, the surgeon can form a mental picture of
the trajectory and subcortical architecture of the IFOF, which
subsequently allows for a faster and more effective brain mapping
strategy. This accurate knowledge of the cortical and subcortical
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.06.012
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Figure 6. The termination areas of uncinate fasciculus projected in the
surface anatomy of the frontal lobe. The lateral and medial aspects of the
same specimen are shown. The first layer projects in the posterior orbital
gyrus and the adjacent segment of the pars orbitalis (Brodmann areas 11

[BA11] and 47 [BA47]). The second layer terminates at the gyrus rectus
(Brodmann area 11) and the third layer ends at the posterior third of the
paraolfactory gyrus (Brodmann area 25 [BA25]). Yellow area, first layer; pink
area, second layer; green area, third layer.
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anatomy, what is known as the three-dimensional surgical view,
supplemented with the proper use of the intraoperative neuro-
navigation system, is the cornerstone in optimizing outcomes in
surgical neuro-oncology.
In the context of DWI-based tractography, the area around the

insular apex can be used for the placement of regions of interest to
accurately delineate and differentiate the IFOF from the UF. This
strategy can theoretically improve the spatial resolution of both
tensor and nontensor tractographic protocols, which are
abundantly used not only for practical intraoperative purposes but
also for contemporary neuropsychological research.
Study Strengths and Limitations
The white matter fiber dissection technique is an anatomic
method that involves the freezing and defrosting of formalin-fixed
cerebral hemispheres before their blunt dissection. During the
freezing process, ice crystals separate the cerebral fibers, and in
that way, they can be subsequently identified and dissected.
Recently, this technique has been microscopically documented to
preserve the integrity of the nerve axons, intervening only with the
extracellular matrix, and hence the direct structural evidence
provided is of high accuracy.52 For this reason, the fiber dissection
technique is considered as one of the gold-standard procedures to
validate indirect anatomic data from both tensor and nontensor
WORLD NEUROSURGERY 152: e625-e634, AUGUST 2021
tractographic protocols and has been our method of choice for
exploring the intricate subcortical architecture and fiber tract
silhouette.41,47

Apart from being an expensive, ex vivo, delicate, time-
consuming, and operator-dependent process, the fiber dissec-
tion method provides data of lower spatial resolution compared
with polarized light imaging, optical coherence tomography, and
classic histology. However, it maintains the three-dimensional
architecture of the subcortical structures. The sensitivity of the
technique can be reduced when exploring white matter pathways
that show perpendicular trajectories, because the proper
dissection of the one involves the partial destruction of the other.

CONCLUSIONS

By using the white matter dissection technique, we were able to
provide direct anatomic evidence of high sensitivity and accuracy
of the intricate morphologic pattern of the frontal termination of
the UF. We consistently showed terminations of the tract on the
posterior orbital gyrus, pars orbitalis, gyrus rectus, and posterior
part of the paraolfactory gyrus. We did not record any fibers
projecting from the main stem of the UF and radiating toward the
cortices of the superior, middle, or inferior frontal gyrus apart
from the pars orbitalis. This finding seems to be consistent with
the putative functional significance of the tract. To our knowledge,
www.journals.elsevier.com/world-neurosurgery e631
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Table 1. Literature Review Summarizing Evidence of the Structural Morphology of the Uncinate Fasciculus and Comparison with the
Current Study

Reference Type of Study Frontal Termination Area Additional Comments Proposed Segmentation of UF

Ebeling and Von
Cramon, 199223

Fiber dissection Retro-orbital cortex and gyrus rectus
(BA11 and 25)

IFOF and UF can be separated by
following their different trajectories

NA

Ture et al., 200035 Fiber dissection Fronto-orbital cortex No exact delineation between UF
and IFOF

NA

Catani et al., 200224 DTI Medial and lateral orbitofrontal
cortex

NA Ventral and dorsal component

Peuskens et al.,
200431

Fiber dissection Ventromedial part: subcallosal area
and gyrus rectus; dorsolateral part:

orbital gyrus

IFOF joins UF in the area of the limen
insulae

Ventromedial and dorsolateral part

Kier et al., 200426 DTI Subcallosal area, gyrus rectus,
orbital gyri

IFOF and UF enter extreme and
external capsulesethe 2 bundles
intermingle at the frontal pole

Ventral part: connects orbital
cortex with amygdala; dorsal part:

connects temporal pole with
rostral end of middle frontal gyrus

Wang et al., 200834 DTI Orbital gyri and inferior frontal gyrus UF joins the IFOF at its anatomic
midpoint

NA

Fernandez-Miranda
et al., 200825

Fiber dissection
and DTI

Lateral part of orbitofrontal region,
gyrus rectus and subcallosal area

IFOF located dorsal to the UF NA

Peltier et al., 201030 Fiber dissection
and DTI

Gyrus rectus and retro-orbital cortex
(BA11), subcallosal area (BA25)

IFOF travels rostral to the UF Three parts: ventral, intermediate,
and dorsal

Martino et al., 201129 Fiber dissection
and DTI

Medial and lateral orbitofrontal
cortex

UF passes through anterior temporal
stem and limen insulae

NA

Thiebaut de Schotten
et al., 201233

DTI Ventrolateral branch: orbital frontal
cortex (BA11 and 47).

Anteromedial branch: frontal pole
(BA10) and cingulate gyrus (BA32)

NA Ventrolateral and anteromedial
branch

Hau et al., 201638 DTI Middle frontal gyrus, inferior frontal
gyrus, gyrus rectus, fronto-orbital

gyri

NA NA

Leng et al., 201639 Fiber dissection
and DTI

Middle frontal gyrus, pars orbitalis
(BA47), pars triangularis (BA45)

IFOF travels ventral to the UF. Can be
differentiated according to its

termination pattern

2 branches: 1 toward ventrolateral
frontal cortex and 1 toward rostral

middle frontal cortex

Bhatia et al., 201727 DTI Frontal pole, orbital gyri and
subgenual area

NA Frontopolar stem, lateral orbital
gyrus stem, medial orbital gyrus

stem, and subgenual stem

Hau et al., 201737 Fiber dissection
and DTI

Superior frontal gyrus, middle frontal
gyrus, inferior frontal gyrus. fronto-

orbital gyri, gyrus rectus

NA 5 subcomponents: dorsolateral,
ventrolateral, ventromedial,
posteromedial, anteromedial

Baydin et al., 201740 Fiber dissection Fronto-orbital area, septal area,
nucleus accumbens, superolateral

part of the frontal lobe

NA 2 subcomponents: ventromedial
and anterolateral part

Gungor et al., 201736 Fiber dissection
and DTI

Orbitofrontal and septal areas IFOF and UF travel along the ventral
part of the external capsule

Anteroinferior and posterosuperior
parts

Current Study Fiber dissection Posterior orbital lobule (BA11), pars
orbitalis (BA47), posterior 2/3 of the
gyrus rectus (BA11), subgenual area

(BA25)

Insular apex can be used as a
superficial landmark to differentiate
the UF from the IFOF. UF fibers travel
ventral to the apex, whereas IFOF
fibers travel under and dorsal to the

level of the apex

3 subcomponents: superficial,
middle, and deep layer

UF, uncinate fasciculus; BA, Brodmann area; IFOF, inferior fronto-occipital fascicle; NA, not available; DTI, diffusion tensor imaging.
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the insular apex is introduced for the first time in the relevant
literature as a crucial landmark regarding the accurate topographic
differentiation of the UF from the occipitofrontal fasciculus in the
area in which the main stems of these fasciculi converge. In that
respect, axons that travel ventrally to the insular apex belong to the
uncinate stem, whereas fibers that reside just under and dorsal to
the insular apex are documented to radiate from the stem of the
occipitofrontal fasciculus. This finding could inform surgical
practice by refining the spatial resolution of awake subcortical
mapping and by improving the accuracy of in vivo diffusion tensor
imaging fiber dissection protocols used for preoperative planning.
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