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Abstract Recent anatomical and DTI data demonstrated new
aspects in the subcortical occipito-temporal connections. Al-
though a direct (inferior longitudinal fasciculus, ILF) pathway
has been previously described, its fine description is still
matter of debate. Moreover, a fast and direct subcortical
connection between the limbic system and the occipital lobe
has been previously recognized in many functional studies but
it still remains poorly documented by anatomical images. We
provided for the first time an extensive and detailed anatom-
ical description of the ILF subcortical segmentation. We dis-
sected four human hemispheres with modified Klingler’s
technique, from the basal to the lateral occipito-temporal
surface in the two steps, tracking the ILF fibers until their
cortical termination. Pictures of this direct temporo-occipital
pathway are discussed in the light of recent literature regard-
ing anatomy and functions of occipito-temporal areas. The
dissection confirmed the classical originating branches of ILF
and allowed a fine description of two main subcomponent of
this bundle, both characterized by separate hierarchical distri-
bution: a dorsal ILF and a ventral ILF. Moreover, a direct
pathway between lingual cortex and amygdala, not previously
demonstrated, is here described with anatomical images. Even
if preliminary in results, this is the first fine description of
ILF’s subcomponents. The complex but clearly segregated
organization of the fibers of this bundle (dILF and vILF)
supports different level of functions mediated by visual rec-
ognition. Moreover, the newly described direct pathway from
lingual to amygdala (Li-Am), seems involved in the limbic
modulation of visual processing, so it may support physiolog-
ical conditions the crucial role of this connection in human
social cognition. In pathological conditions, on the other hand,

this may be one of the hyperactivated pathways in temporo-
occipital epileptic and nonepileptic syndromes.
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Introduction

Since its initial description [27, 72], the inferior longitudinal
fasciculus (ILF) has been the subject of several contrasting
studies. While some authors consider the ILF to be the major
occipito-temporal associative tract [24, 27, 40], others deny its
existence [72, 73, 87]. The Klinger methods allowed the first
3D description of the ILF [56] even if the anatomical dissec-
tion of this associative bundle is not so simple to demonstrate
because of its strict interconnection between the optic path-
ways in human and also in nonhuman brain. For instance,
Tusa and Ungerleider [87] were unable to demonstrate long
associative fibers interconnecting occipital and anterior tem-
poral lobes distinct from those of the optic radiation using
blunt dissection in human and monkey. While the anatomical
evidence for an ILF was disputed, over the last century,
several neuropsychological syndromes have been attributed
to a disruption of specific fiber connections between visual
and temporal cortex. These syndromes include: associative
visual agnosia [48], prosopagnosia [6, 59], visual amnesia (a
deficit of registering novel visual experiences in short-term
memory with the preserved ability to register novel, nonvisual
experiences [75]), and visual hypo-emotionality (a deficit of
visually evoked emotions with preserved emotional responses
to nonvisual stimuli [5, 82]) [36, 37, 39]. All these authors
share the common idea that the transection or reduction of
fractional anisotropy (FA) of the pathways between “visual”
areas, “emotional” and “memory” areas result in a visually
specific semantic [66] emotional or memory deficit. Advances

F. Latini (*)
Division of Neurosurgery, Department of Neuroscience and
Rehabilitation, S. Anna University Hospital, Ferrara, Italy
e-mail: francesco.latinimd@gmail.com

Neurosurg Rev
DOI 10.1007/s10143-014-0583-1



in noninvasive functional imaging and the doctrine of func-
tional specialization have led to a reinterpretation of some of
these syndromes in terms of damage of specialized cortical
modules (e.g., prosopagnosia with lesions of face-specialized
cortex) [80]. However, some deficits seem still better ex-
plained by a disconnection than a loss of specialized cortex
(e.g., visual amnesia and visual hypo-emotionality) [15, 70].
Recent DTI studies have confirmed the classical anatomical
description of ILF (direct pathway) and also seemed to con-
firm the neurophysiological data regarding the latency of
activation of visual neurons in occipital region and in medial
temporal structures [47, 90]. Unfortunately, this method could
not describe the fine cortical terminations of this bundle and
could neither give a real segmentation of the pathways’ sub-
components. As widely demonstrated, anatomical studies rep-
resent often the best option to understand or confirm connec-
tions between different cerebral areas, even if the complex
architecture of ILF is really difficult to discover with classical
Klingler’s technique, because of the multiple interconnected
boundaries present in a thin sub cortical layer. In our opinion,
this is the first anatomical study focusing on the ILF segmen-
tation. Particular attention is focused on the hierarchical dis-
tribution of the different fiber subgroups especially the ones in
relationships with the limbic system. Their comprehension
can be crucial to define the true cortical areas sub-served by
this important and at the same time poorly understood bundle.

Methods

Four human cerebral hemispheres (two right and two left),
obtained from fresh autopsy specimens, were fixed in 10 %
formalin solution for at least 40 days. The pia mater, arachnoid
membrane, and vascular structures were carefully removed.
The specimens were then washed under running water for
several hours, afterward, the specimens underwent freezing at
−35 °C for 48 h and then thawed before performing the
dissection. After every session, the specimens were covered
with alcohol solution. Before the dissection started, a detailed
study of the superficial anatomy of the sulci and gyri was
reported. The specimens were dissected in a stepwise manner,
from basal surface to the lateral surface, with a modified fiber
dissection technique in respect to the one described by
Klingler [52, 53, 56, 86]. The dissections were performed
under the loops magnification (0.4–0.6–1–2.5–4). Microscop-
ic dissectors were used in the initial steps of the dissection, to
peel away the brain cortex preserving after the first step the
most superficial subcortical fibers of the basal and lateral brain
surface. Once the fibers of the ILF were identified, the re-
maining dissection was performed using curving metallic
dissectors with various tip sizes. Several digital pictures were
acquired during dissection.

Results

The dissection started from the occipito-temporal gyrus, just
laterally to the collateral sulcus. The cortex of the fusiform
gyrus was peeled away with extreme care, and then the cortex
of the parahippocampal gyrus was then easily removed, re-
vealing the radiation of the cingulum. The dissection contin-
ued peeling away the “U” fibers in the entire temporo-
occipital surface. Then, we started removing the middle tem-
poral gyrus (MTG) cortex, exposing the terminations of the C-
shaped arcuate fasciculus (AF) in the middle and superior
temporal gyrus (STG). The dissection of the inferior parietal
lobule demonstrated the indirect component of superior lon-
gitudinal fasciculus (SLF). Thus, removing it, we exposed the
complete C-shaped course of the AF. Underneath supra-
marginal gyrus (SMG), the fibers from AF turn forward and
enter the frontal lobe, terminating in the inferior frontal gyrus
(IFG) and middle frontal gyrus (MFG). This C-shape fascic-
ulus turning around the insula, connects the temporal, occip-
ital, parietal, and frontal lobes [63, 83, 86]. Moreover, in
temporo-occipital basal regions, the AF terminations result
partially overlapped with superficial fibers of ILF [34]
(Fig. 1). Based on the anatomical landmarks previously iden-
tified by other authors [14, 24, 27, 63], the dissection
proceeded recognizing the lateral portion of the inferior lon-
gitudinal fasciculus (ILF). The ILF is located deep in the
temporal segment of the arcuate fasciculus, running inferiorly
and laterally to the optic radiation (OR) and temporal horn of
the lateral ventricle [14] (Fig. 1). Once the bundle has been
identified and recognized as different from the sagittal stratum
(SS), we have been able to track the fibers to the cortical
terminations in occipital and temporal lobes. No long fibers
were identified with an origin in the calcarine fissure. As
classically described, we recognized all three branches of
origin: a lateral occipital branch, a cuneal branch, and a
lingual-fusiform branch.

ILF

Dorsolateral occipital termination appears to be the most
superficial branch of ILF. The fibers arising from the anterior
portion of the middle occipital gyrus just posterior to the
human motion area (MT) [43] run laterally in the occipital
white matter and we have been able to track this subcompo-
nent of ILF trough the temporal WM until the TP (Figs 1, 2,
3). The cuneal branch represents the second dorsal component
of ILF. Removing the lateral occipital component of ILF, we
have been able to follow the fibers from the lateral portion of
ILF until the cuneal cortex. All these fibers originate from
medial cuneal cortex and at the level of the posterior horn of
the lateral ventricle; they become a single bundle that become
lateral and more superficial in respect to the SS (Figs. 3, 4, 5).
ILF and IFOF, optic radiation and callosal (tapetal) fibers
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correspond respectively to the external, intermediate, and
internal sagittal strata of Sachs [24, 27, 63]. ILF fibers run
on the lateral surface of the brain until the temporal pole in
T2–T3 subcortical regions, where the terminal fibers are lat-
eral to the temporal terminations of uncinate fasciculus (UF)
(Fig. 1). The SS external layer in the occipital pole (IFOF
occipital termination) is identified to split the dorsal compo-
nent (dILF) from the ventral component (vILF) (Figs. 1, 2, 3,
4, 5) [34, 58]. The ventral branch runs from the posterior part
of the fusiform gyrus (FG) posterior and basal occipital region
forward and slightly lateral, until the temporal pole following
the course of the lateral ventricle (Figs 6 and 7). This ventral
pathway represents the infero-lateral wall of the lateral ventri-
cle for its entire course, and beyond the temporal horn it
reaches to T3–T4 subcortical region, into the temporal pole
(TP) (Figs. 6 and 7).

Li-Am bundle

The dissection of medial structures in the occipital basal
region surprisingly revealed a constant lingual branch of
ILF, which arises from the mesial posterior lingual cortex.
This bundle runs with the fusiform fibers for the average of its
length, maintaining a medial and deeper position in respect to
the other fibers. From the lingual cortex, these fibers describe
an arch-shaped bundle that follows the other ventral pathway
until the temporal horn, but this different fascicle leaves the

other fibers to turn around the tip of the temporal horn
reaching the medial temporal region. As we show in Figs. 6,
7, 8, this thin bundle seems to connect the medial posterior
occipital region to the mesial temporal region. Indeed, this
fascicle ends with a connection to the parahippocampal re-
gion, a few millimeters anteriorly to the head of hippocampus
and more medial, into the amygdaloidal region (Li-Am)
(Figs. 6, 7, 8).

Discussion

Anatomo-functional considerations on ILF

The aim of this study was, first of all, the analysis of the ILF
cortical terminations in respect to the classical anatomical
description and functional studies. Secondly, we focused at-
tention on ILF subcomponent in order to achieve a better
comprehension of this bundle trough the fine description of
hierarchical distribution of ILF fibers. According to initial
anatomical studies, we can confirm the existence of ILF as a
direct bundle, connecting the temporal and occipital regions
[27]. On the base of classical anatomical reports, the occipital
branches of the ILF arise in extrastriate cortical regions on the
dorsolateral occipital surface, dorsomedially from the cuneus
and ventromedially from the posterior lingual gyrus and fusi-
form gyri. As classically described, our dissection confirms

Fig. 1 Artistic illustration of the left hemisphere on lateral (sagittal) view
with the main association bundles recreated. The ILF (dILF) originates
from occipital extrastriate cortices (cuneal-dorsomedial/DLOC-dorso lat-
eral), runs lateral to the IFOF terminations and OR and reach to the
temporal pole. The temporal portion of ILF remains caudal in respect to

the AF terminations, lateral and inferior in respect to the OR and ends at
level of anterior portion of the middle and inferior temporal gyrus, just
lateral to the UF temporal terminations. (1) arcuate fasciculus AF; (2)
inferior longitudinal fasciculus ILF; (3) inferior fronto-occipital fasciculus
IFOF; (4) optic radiation OR; (5) uncinate fasciculus UF
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Fig. 2 Illustrations of left hemisphere with the red circle indicating the
dorsolateral occipital cortex and the yellow dotted line that indicates the
trajectory of the dorsal portion of ILF (dILF). The picture shows a latero-
basal view of anatomical specimen. The lateral occipital branch appears
to be the most superficial on lateral surface (lateral occipital cortex,
DLOC, indicated by the red circle). The fibers from this branch run
forward to the temporal pole creating the lateral portion of dILF. A

anterior, P posterior, M medial, L lateral, I inferior, S superior, BS brain
stem, Li lingual cortex, Un uncus, ON optic nerve, OT optic tract, TP
temporal pole, FP frontal pole, Fo frontal operculum, CiR radiation of
cingulum, Lv lateral ventricle, HB hippocampus body, vILF ventral
component of inferior longitudinal fasciculus, dILF dorsal component
of inferior longitudinal fasciculus, Fu fusiform branch, OP occipital pole

Fig. 3 Artistic illustration of detailed representation of the Dorsal ILF
terminations. The dorsolateral occipital cortical termination (2) appears to
be the most superficial branch of ILF. The fibers arising from anterior
portion of middle occipital gyrus (DLOC) run laterally in the occipital
white matter. The cuneal branch (1) represents the second dorsal compo-
nent of ILF. All these fibers originate frommedial cuneal cortex (Cu), just
caudal in respect of the parieto-occipital sulcus (POS). At the level of the
posterior horn of the lateral ventricle they become a single bundle (dILF,

3) that turns laterally andmore superficial in respect to the deeper fibers of
IFOF within the sagittal stratum (5) and caudal in respect to the arcuate
fasciculus (4). ILF and IFOF with optic radiation and callosal (tapetal)
fibers correspond respectively to the external, intermediate, and internal
sagittal strata of Sachs. In this picture, we can appreciate the different
depth of the ILF (more superficial in the occipital portion) the IFOF (5)
and more deep the OR (6) which reaches to the visual cortex medially in
respect to the other bundles. The internal layer of SS is not represented
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the three originating branches: a lateral occipital branch, a
cuneal branch, and a lingual-fusiform branch.

From the functional point of view, it is currently thought
that the posterior basal temporal areas are involved in visual
recognition [16, 26, 33, 44, 45], with specific areas for faces
(faces fusiform area (FFA), on the right hemisphere [50], tools

(bilateral temporal regions [16]), houses (bilateral
parahippocampal gyrus [33]), and words (visual word form
area (VWFA), left hemisphere, dominant in language process-
ing [22, 64]). We can suppose then, that both dILF and vILF
represent a fast direct pathway which connects cortices acti-
vated by several visual inputs such as face, object, houses,

Fig. 4 Illustrations of right hemisphere with the red areas indicating the
cuneal cortex in the occipital region. The yellow dotted lines indicate the
trajectory of the dorsal portion of ILF (dILF) until the temporal pole. The
picture shows the lateral view of an anatomical specimen after the
removal of latero-occipital component of dILF. The cuneal branch repre-
sents the dorsomedial origin of ILF. These fibers are directed caudally and
remain superficial in respect of the IFOF. At the level of posterior horn of
the lateral ventricle they turn anteriorly and become parallel to the others

fibers within the sagittal stratum (IFOF) until the temporal pole. The AF
fibers (cut and retracted) is always cranial and more superficial in the
temporal portion of these fibers. A anterior, P posterior, I inferior, S
superior, AF arcuate fasciculus, Cu cuneal branch, vILF ventral compo-
nent of inferior longitudinal fasciculus, dILF dorsal component of inferior
longitudinal fasciculus, STG superior temporal gyrus; IFOF inferior
occipito-frontal fasciculus

Fig. 5 Illustration of right
hemisphere with the yellow
rectangle indicating the
anatomical region magnified in
the picture. The picture shows
with higher magnification the
relationship between dILF and the
other layers of SS. The AF fibers
(more superficial) have been
lifted under the metallic spatula.
Parts of the SS have been opened
and reflected posterior to show
the deep component of SS. The
inferior occipital terminations of
IFOF (within the SS) seem to split
the two components of ILF (dILF
and vILF). AF arcuate fasciculus,
Cu cuneal originating branch of
dILF, IFOF inferior occipito-
frontal fasciculus, SS sagittal
stratum, vILF ventral component
of inferior longitudinal fasciculus
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animals (LO and V3–V7) [43], cortical regions involved in
multimodal processing of stimuli (lateral infero-temporal mul-
timodal area (LIMA) for language [21]) and anterior temporal
pole, where the overlapped terminations between the ILF and
the UF create a communication with (1) the semantic ventral
stream (IFOF) for language analysis and (2) the dorsal visual
stream (SLF-IFOF) involved in analysis of spatial position
(the “where” and “how” pathway) of the visual cue [10, 41,
79]. Our hypothesis is supported by several data regarding the
activation of LIMA served by this subcomponent of ILF,
which appears as an optional component of both written and
spoken word processing [9, 21]. Its multimodal activation
pattern fits the general role of the left lateral temporal cortex
in providing a convergence zone supporting the linkage of
orthographic, phonemic, and semantic information [8, 12, 13,
17, 25, 29, 31, 38, 68, 71, 88, 92]. Indeed, posterior inferior
lesions of the lateral temporal cortex yield word-finding diffi-
culties, which may reflect impaired links between word forms
and semantics [18, 20, 21, 30, 35, 62].

Li-Am Bundle

For the first time, we identified a separate lingual component
of ILF, which maintains medial position in respect to the other
fibers for the entire length of the vILF. This Li-Am pathway
describes an arch-shaped bundle that follow the other ventral
pathway until the temporal horn, where it leaves the other

fibers to turn around the tip of the temporal horn reaching the
medial temporal region just anterior to the hippocampus,
within the amygdaloidal region (Figs. 6, 7, 8). Even if not
yet validated on a large number of specimens, this bundle may
represent the key of the visual limbic pathway that subserves
emotional, learning, and memory functions that are modality-
specific to vision [18]. Several DTI studies reported correla-
tions between reduced FA in some portions of the ILF and
impairments of higher visuo-perceptual functions [76] includ-
ing object and picture naming [57, 81], dyslexia [28, 74, 84],
and alexia [32]. Moreover, according to Catani et al. [14] the
role of this ventral bundle is even more complex. Indeed, once
that emotional valence of a visual stimulus has been identified,
the signals will be fed-back directly to early visual areas,
enhancing the visual processing of emotionally significant
stimuli. The emotional context in which a stimulus is encoun-
tered can markedly affect the memory trace of that stimulus.
Indeed our visual system gradually modifies the way it pro-
cesses sensory stimulation according to prior experience [60,
77, 79, 93]. Hung et al. demonstrated how the early amygdala
activation indicates a fast and an automatic response, inde-
pendent of the location of the fearful stimuli in the visual field
[46]. So we may identify in lingual-amygdaloidal bundle the
pathway subserving fast limbic response to visual stimuli
figured in many other studies. The functions of these brain
regions are essential for interpersonal communication [85].
The amygdala serves as a protective “brake” in social

Fig. 6 Artistic illustration of a left hemisphere in a ventral (basal) view of
the temporo-occipital region with the main white matter bundles recreat-
ed. The dILF (1) as previously described represents the most lateral
component of this longitudinal pathway. The ventral component of ILF
(vILF, 2) originates from the fusiform subcortical white matter and runs
forward as a single bundle along the infero-lateral wall of the lateral
ventricle until the parahippocampal gyrus and the basal portion of tem-
poral pole. The Li-Am bundle (3) is identified as originating from the

lingual cortex, medially. The fibers within this thin bundle run with a
arch-shaped trajectory following the infero-lateral wall of the lateral
ventricle but always medial and deeper in respect to the vILF. So, in
order to expose the Li-Am bundle part of the vILF needs to be removed or
reflected. At the level of the tip of the temporal horn (5) the Li-Am bundle
turns medially and it reach the amygdoidal region (4) just in front of the
hippocampus (6). At the same depth, this region (4) shows a medial
relationship with the radiation of cingulum (7)
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situations [1]. Lesions of the amygdala cause a lack of fear and
lead to a kind of “socially uninhibited” pattern of behavior,
which can be seen in people without fear who cannot avoid
persons bearing them potential harm. Furthermore, amygdala
lesions also have deleterious consequences on primate social
behavior [1]. In support of this view, recent imaging studies
have found neuromodulatory effects of the amygdala on
extrastriate visual cortex [61, 69], and psychophysical studies
have identified an equivalent modulatory effect of emotional
content on visual perceptual processing [2]. Thus, it has been
hypothesized [4] that improved occipito-temporal connectiv-
ity may contribute to developmental and individual differ-
ences in social cognition. Choi et al. [19] suggest that an
imbalance between the integrity of the left and right ILF
may predispose individuals to interpret relatively neutral stim-
uli in a more negative way, which may increase their vulner-
ability to psychopathology. Recent data seem to encourage the
idea of a symmetric development of ILF in a nonpathologic
condition. Considering the imitated number of specimens, we
did not recognize quantitative or morphologic inter-
hemispheric variability nor in dorsal or in ventral subcompo-
nents. Hence, we believe that this symmetry could justify the

residual functioning in the visual input processing after ILF
damages due to primitive lesions or, for example, temporal
lobectomy. The loss of symmetry on the other hand could lead
the network to express positive symptoms due to the hyper-
activation of the subserved cortical areas and seizures. The
actual seizure focus, in these cases, might be obscured by
rapid propagation of the ictal epileptic activity from one brain
region to another. This has been described in patients with
occipital lobe seizures spreading to the temporal lobe [67].
Occipital lobe epilepsy (OLE) represents less than 10 % of
extratemporal epilepsies and as few as 2 % of resective epi-
lepsy procedures [7, 55]. Sir William Richard Gowers first
described OLE in 1879 as “epileptoid attacks with visual
auras” in a patient with a parieto-occipital tumor [42]. Al-
though there are typical clinical features of occipital lobe
attacks such as visual hallucinations, ictal blindness, and
oculomotor symptoms, patients with OLE may also have
features of temporal or fronto-parietal epilepsy [89]. The
specific localization of OLE is difficult due to the deep loca-
tion of the occipital lobe relative to scalp EEG and the poten-
tial for rapid propagation of seizures through functional white
matter tracts [3, 54]. This has led some authors to speculate

Fig. 7 Illustrations of right hemisphere with the red areas indicating the
lingual cortex and the yellow area indicating the fusiform region in the
occipital basal region. The yellow dotted line describes the trajectory of
the ventral portion of ILF (vILF) from the posterior part of fusiform gyrus
until the basal cortex of temporal pole. The red dotted line indicates the
trajectory of the lingual-amygdaloidal bundle (Li-Am). The picture shows
a basal view of ventral originating branches of ILF. The first branch arises
from the posterior occipito-temporal gyrus-fusiform region (Fu, yellow
area), inferiorly and medially to the dorsolateral component of ILF, and
sagittal stratum previously described. This ventral branch runs from
posterior and basal occipital region forward, until the temporal pole. This
ventral pathway represents the infero-lateral wall of lateral ventricle for its
entire course, and beyond the temporal horn it reaches to T3–T4

subcortical region (vILF-T4), into the temporal pole (TP). The lingual
branch of ILF (Li), originates from the mesial and posterior lingual cortex
(Red areas). This bundle runs with the fusiform fibers for the average of
its length, maintaining a medial position in respect to the other fibers.
From the lingual cortex these fibers (Li-Am) describe an arch shaped
bundle that follow the other ventral pathway until the temporal horn, but
surprisingly this fascicle leaves the other fibers to turn around the tip of
the temporal horn reaching the medial temporal region. SLF superior
longitudinal fasciculus, Li lingual subcortical region, Fu fusiform branch,
LV lateral ventricle, opened, HB hippocampus body; TH Temporal Horn,
opened, Am amygdala, Ta tapetal fibers, TP temporal pole; FP frontal
pole, Li-Am lingual-amygdaloidal bundle
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that some forms of nonlocalizable epilepsy may have their
onset within the occipital lobes [49]. In OLE, the most com-
mon findings on scalp EEG are spikes and sharp waves in
temporal and temporo-occipital regions [89]. In 50 % of
patients with OLE, temporal lobe automatisms have been seen
[78], probably related to rapid propagation from the occipital
lobe to anterior temporal regions [89]. Hence, the clinical
evidences of variable epileptic propagation have been demon-
strated with basic researches involving evoked potential ex-
citability studies in humans and anatomic studies with tracer
injections and single-unit recordings with histological studies
in animals. These reports confirmed the involvement of the
amygdala and the hippocampus in the epileptogenic network
[11, 51, 91]; it is reasonable to think, therefore, that this
pathway of propagation involves the inferior longitudinal
fasciculus [23, 65]. We can suppose that the Li-Am bundle
which represents a direct connection from V4 (BA 19) to the
hippocampus and amygdala, could be one of the most fre-
quent hyperactivated ways of the epileptic onset propagation
in OLE. The recognition of the different pathways direct
involved in OLE onset and its propagation could be crucial
to define a most effective strategy to prevent new seizures
(i.e., in order to avoid specific stimuli) to determine outcome
and to choose eventually the best therapeutic option, modu-
lating bundles activity or interrupting in according to the new
anatomical landmarks. More anatomical and functional

studies are needed in order to better understand this new/old
anatomical pathway.

Methodological considerations

Previous anatomical studies focused on the temporo-occipital
connections have been performed with classical Klingler’s
technique for the specimens’ preparation and dissection. If
we consider the particular morphology of the basal region
which, actually, because of gravity due to the standing posi-
tion, results pressed down to the tentorium and middle cranial
fossa from its own-weight, we hypothesized that subcortical
organization of WM should have been slightly different in
respect to another “not compressed” cortical regions. For this
reason, we decided to start the dissection from the basal
temporo-occipital region. The cortex and the superficial white
matter layers were more carefully dissected on the basal
surface than in other regions in order to preserve the hierar-
chical distribution of the longitudinal fibers. Moreover, we
experimented this technique (described above) for specimen
preparation that seems very useful in preserving the very thin
layers, especially during the first step of dissection. The use of
a microdissector since the first stage of dissection allowed us
to be very careful in preserving the multiple subcortical layers
and interestingly allowed us to clearly identify at each step the
ILF fibers, also defining the trajectory of the very thin Li-Am

Fig. 8 Illustration of the basal surface of the right hemisphere, with the
two components of the vILF. The yellow dotted line describes the fusi-
form component, originating from the posterior fusiform area (yellow
circle) running inferiorly and lateral to the ventricle. The red dotted line
describe the Li-Am bundle originating from the lingual cortex (red
circle), which runs in a arch shaped trajectory until the mesial temporal
lobe . The picture shows the area described by the yellow rectangle in
Fig. 7. Particular of this is the thin bundle (Li-Am) which connects the

medial posterior occipital region to the mesial temporal region. Indeed,
this fascicle ends with a connection to the parahippocampal region, few
millimeters anterior to the head of hippocampus andmoremedial, close to
amygdale nucleus. HB hippocampus body, TH temporal horn, opened;
Am amygdala, Li-Am, lingual-amygdaloidal bundle, vILF ventral compo-
nent of inferior longitudinal fasciculus, vILF-T4 anterior termination of
vILF at the level of parahippocampal gyrus (T4)
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bundle which would have been damaged or neglected with
standard dissection technique.

Limitations

The numbers of specimens represents the first and most im-
portant limitation. However, despite the restricted number of
hemispheres dissected no anatomical variability was reported.
The second limitation regards the preparation technique, be-
cause there are no sufficient data in literature about this
modification from the standard Klingler’s technique. Further
studies are then required in order to validate this technique as
trustable. Third, the white matter dissection studies in the past,
explored preferentially the anatomy of the main bundles. The
ILF incredibly received poor attention, so a more extensive
fine description of the originating branches and fibers segre-
gation are needed in order to confirm this peculiar subcortical
anatomy.

Conclusion

According to our preliminary results, this is the first fine
description of ILF’s subcomponents. The complex but clearly
segregated organization of the fibers of this bundle (dILF and
vILF) is here for the first time described in details. These
anatomical features seem to be constant and may support
different levels of functions, mediated by visual recognition
and modulated by the ILF relationships with the other main
associative bundles. Moreover, this is the first anatomical
description of a direct pathway from the lingual cortex to
amygdala (Li-Am), which might be involved in the limbic
modulation of visual processing. In physiological conditions,
indeed, the interaction between ILF and Li-Am bundle may
represent the anatomo-functional substrate of social cognition,
which may originate from cortical activation in occipito-
temporal cortices due to perception of visual inputs during
childhood. The visual cues, for instance, would be filtered
(i.e., categories, shapes, colors) and modulated in specialized
cortical areas by limbic response, which can enhance (short
subcortical fibers) or decrease attention on finer details. The
expertise and emotional value of an object, a face, or a
situation would continuously modulate our visual analysis.
This neural circuit may create the human being’s skill of
reading, in more extensive sense, a word, a face expression
or in generally each possible circumstance, creating and re-
trieving semantic and emotional memories. In pathological
conditions, on the other hand, the Li-Am may be one of the
hyperactivated pathways responsible for the fast temporal
propagation of the epileptic focus elicited, for example, by
visual stimuli in the occipital regions, with obvious possible
therapeutic implications. Further anatomical and functional

studies will be necessary to clarify the role of this newly
described network.

Acknowledgments We acknowledge Dr Roberta Schivalocchi from
Ferrara University-Hospital (Italy) for her constant support and we would
like to express our sincere thanks for the enthusiastic help and courtesy in
providing the fine artistic illustrations of this article.

References

1. Amaral DG (2002) The primate amygdala and the neurobiology of
social behavior: implications for understanding social anxiety. Biol
Psychiatry 51:11–17

2. Anderson AK, Phelps EA (2001) Lesions of the human amygdala
impair enhanced perception of emotionally salient events. Nature
411:305–309

3. Babb TL, Halgren E, Wilson C, Engel J, Crandall P (1981) Neuronal
firing patterns during the spread of an occipital lobe seizure to the
temporal lobes in man. Electroencephalogr Clin Neurophysiol 51:
104–107

4. Barnea-Goraly N, Menon V, Eckert M, Tamm L, Bammer R,
Karchemskiy A, Dant CC, Reiss AL (2005) White matter develop-
ment during childhood and adolescence: a cross-sectional diffusion
tensor imaging study. Cereb Cortex 15(12):1848–1854

5. Bauer RM (1982) Visual hypoemotionality as a symptom of visual±
limbic disconnection in man. Arch Neurol 39:702–708

6. Benson DF, Segarra J, Albert ML (1974) Visual agnosia-
prosopagnosia. A clinicopathologic correlation. Arch Neurol 30:
307–310

7. Bien CG, Benninger FO, Urbach H, Schramm J, Kurthen M, Elger
CE (2000) Localizing value of epileptic visual auras. Brain 123(Pt 2):
244–253

8. Binder JR, Frost JA, Hammeke TA, Rao SM, Cox RW (1996)
Function of the left planun temporale in auditory and linguistic
processing. Brain 119:1239–1247

9. Booth JR, Burman DD, Meyer JR, Gitelman DR, Parrish TB,
Mesulam MM (2002) Functional anatomy of intra- and cross-
modal lexical tasks. NeuroImage 16:7–22

10. Borowsky R, Owen WJ, Wile TL, Friesen CK, Martin JL, Sarty GE
(2005)Neuroimaging of language processes: fMRI of silent and overt
lexical processing and the promise of multiple process imaging in
single brain studies. Can Assoc Radiol J 56:204–213

11. Bragin A, Wilson CL, Engel J Jr (2000) Chronic epileptogenesis
requires development of a network of pathologically interconnected
neuron clusters: a hypothesis. Epilepsia 41(Suppl 6):S144–S152

12. Buchel C, Price C, FristonK (1998) Amultimodal language region in
the ventral visual pathway. Nature 394:274–277

13. Buckner RL, Koutstaal W, Schacter DL, Rosen BR (2000)
Functional MRI evidence for a role of frontal and inferior temporal
cortex in amodal components of priming. Brain 123:620–640

14. Catani M, Jones DK, Donato R, Ffytche DH (2003) Occipito-
temporal connections in the human brain. Brain 126:2093–2107

15. Catani M, Jones DK, Ffytche DH (2005) Perisylvian language net-
works of the human brain. Ann Neurol 57:8–16

16. Chao LL, Haxby JV, Martin A (1999) Attribute-based neural sub-
strates in temporal cortex for perceiving and knowing about objects.
Nat Neurosci 2:913–919

17. CheeMWL, O’Craven KM, Bergida R, Rosen BR, Savoy RL (1999)
Auditory and visual word processing studied with fMRI. Hum Brain
Mapp 7:15–28

18. Chertkow H, Bub D, Deaudon C, Whitehead V (1997) On the status
of object concepts in aphasia. Brain Lang 58:203–232

Neurosurg Rev



19. Choi J, Jeong B, Polcari A, Rohan ML, Teicher MH (2012) Reduced
fractional anisotropy in the visual limbic pathway of young adults
witnessing domestic violence in childhood. NeuroImage 59:1071–
1079

20. Cohen L, Dehaene S (2004) Specialization within the ventral stream:
the case for the visual word form area. NeuroImage 22:466–476

21. Cohen L, Jobert A, Le Bihan D, Dehaene S (2004) Distinct unimodal
and multimodal regions for word processing in the left temporal
cortex. NeuroImage 23:1256–1270

22. Cohen L, Lehéricy S, Chochon F, Lemer C, Rivaud S, Dehaene S
(2002) Language-specific tuning of visual cortex? Functional prop-
erties of the visual word form area. Brain 125(Pt 5):1054–1069

23. Collins RC, Caston TV (1979) Functional anatomy of occipital lobe
seizures: an experimental study in rats. Neurology 29(5):705–716

24. Crosby EC, Humphrey T, Lauer EW (1962) Correlative anatomy of
the nervous system. Macmillan, New York

25. Damasio AR (1989) Time-locked multiregional retroactivation: a
systems-level proposal for the neural substrates of recall and recog-
nition. Cognition 33:25–62

26. Dehaene S, LeClec’HG, Poline JB, LeBihan D, Cohen L (2002) The
visual word form area: a prelexical representation of visual words in
the fusiform gyrus. Neuroreport 13:321–325

27. Dejerine J (1895) Anatomie des centres nerveux, vol 1. Rueff et Cie,
Paris

28. Delaney-Black V, Covington C, Ondersma SJ, Nordstrom-Klee B,
Templin T, Ager J, Janisse J, Sokol RJ (2002) Violence exposure,
trauma, and IQ and/or reading deficits among urban children. Arch
Pediatr Adolesc Med 156:280–285

29. Démonet J-F, Chollet F, Ramsay S, Cardebat D, Nespoulous J-L,
Wise R et al (1992) The anatomy of phonological and semantic
processing in normal subjects. Brain 115:1753–1768

30. De Renzi E, Zambolin A, Crisi G (1987) The pattern of neuro-
psychological impairment associated with left posterior cerebral ar-
tery infarcts. Brain 110(Pt. 5):1099–1116

31. D’Esposito. M. Detre. J.A. Aguirre. G.K. Stallcup. M. Alsop. D.C.,
Tippet, L.J., et al. (1997). A functional MRI study of mental image
generation. Neuropsychologia

32. Epelbaum S, Pinel P, Gaillard R, Delmaire C, Perrin M, Dupont S,
Dehaene S, Cohen L (2008) Pure alexia as a disconnection syndrome:
new diffusion imaging evidence for an old concept. Cortex 44:962–974

33. Epstein R, Harris A, Stanley D, Kanwisher N (1999) The
parahippocampal place area: recognition, navigation, or encoding?
Neuron 23:115–125

34. Fernández-Miranda J.C. Rhoton AL. Álvarez-Linera J. Kakizawa Y.
Choi C. De Oliveira E. (2008) Three Dimensional Microsurgical and
Tractographic anatomy of the white matter of the Human Brain.
Neurosurgery 62[SHC Suppl 3]:SHC-989–SHC-1027.

35. Foundas AL, Daniels SK, Vasterling JJ (1998) Anomia: case studies
with lesion localization. Neurocase 4:35–43

36. Geschwind N (1965) Disconnexion syndromes in animals and man.
Part I. Brain 88:237–294

37. Geschwind N (1965) Disconnexion syndromes in animals and man.
Part II. Brain 88:585–644

38. Giraud AL, Price CJ (2001) The constraints functional neuroanatomy
places on classical models of auditory word processing. J Cogn
Neurosci 13:754–765

39. Girkin CA, Miller NR (2001) Central disorders of vision in humans.
Surv Ophthalmol 45:379–405

40. Gloor P (1997) The temporal lobe and the limbic system. Oxford
University Press, New York

41. Goodale MA, Milner D (1992) Separate visual pathways for percep-
tion and action. Trends Neurosci 15:20–25

42. Gowers W.R. (1879). Cases of cerebral tumour illustrating diagnosis
and localisation. Lancet i, 363–365

43. Grill-Spector K (2003) The neural basis of object perception. Curr
Opin Neurobiol 13:159–166

44. Hasson U, Levy I, Behrmann M, Hendler T, Malach R (2002)
Eccentricity bias as an organizing principle for human high-order
object areas. Neuron 34:479–490

45. Haxby JV, Ungerleider LG, Clark VP, Schouten JL, Hoffman
EA, Martin A (1999) The effect of face inversion on activity
in human neural systems for face and object perception.
Neuron 22:189–199

46. Holl N, Noblet V, Rodrigo S, Dietemann JL, Ben Mekhbi M, Kehrli
P, Wolfram-Gabel R, Braun M, Kremer S (2011) Temporal lobe
association fiber tractography as compared to histology and dissec-
tion. Surg Radiol Anat 33:713–722

47. Hung Y, Smith ML, Bayle DJ, Mills T, Cheyne D, Taylor MJ (2010)
Unattended emotional faces elicit early lateralized amygdala-frontal
and fusiform activations. Neuroimage 50:727–733

48. Jankowiak J, Albert ML (1994) Lesion localization in visual agnosia.
In: Kertesz A (ed) Localization and neuroimaging in neuropsychol-
ogy. Academic, San Diego

49. Jobst BC, Williamson PD, Thadani VM, Gilbert KL, Holmes GL,
Morse RP, Darcey TM, Duhaime AC, Bujarski KA, Roberts DW
(2010) Intractable occipital lobe epilepsy: clinical characteristics and
surgical treatment. Epilepsia 51:2334–2337

50. Kanwisher N, McDermott J, Chun MM (1997) The fusiform face
area: a module in human extrastriate cortex specialized for face
perception. J Neurosci 17(1 (11)):4302–4311

51. Kemppainen S, Jolkkonen E, Pitkänen A (2002) Projections from the
posterior cortical nucleus of the amygdala to the hippocampal for-
mation and parahippocampal region in rat. Hippocampus 12(6):735–
755

52. Klingler J, Gloor P (1960) The connections of the amygdala and of
the anterior temporal cortex in the human brain. J Comp Neurol 115:
333–369

53. Klingler J (1935) Erleichterung der makroskopischen praeparation
des gehirns durch den gefrierprozess. Schweiz Arch Neurol Psychiatr
36:247–256

54. Kun Lee S, Young Lee S, Kim DW, Soo Lee D, Chung CK (2005)
Occipital lobe epilepsy: clinical characteristics, surgical outcome, and
role of diagnostic modalities. Epilepsia 46:688–695

55. Kuzniecky R (1998) Symptomatic occipital lobe epilepsy. Epilepsia
39(Suppl 4):S24–S31

56. Ludwig E, Klingler J (1956) Atlas cerebri humani. Little, Brown,
Boston

57. Mandonnet E, Gatignol P, Duffau H (2009) Evidence for an occipito-
temporal tract underlying visual recognition in picture naming. Clin
Neurol Neurosurg 111:601–605

58. Martino J, Brogna C, Robles SG, Vergani F, Duffau H (2010)
Anatomic dissection of the inferior fronto-occipital fasciculus
revisited in the lights of brain stimulation data. Cortex 46(5):691–699

59. Meadows JC (1974) The anatomical basis of prosopagnosia. J Neurol
Neurosurg Psychiatry 37:489–501

60. Morel S, Beaucousin V, Perrin M, George N (2012) Very early
modulation of brain responses to neutral faces by a single prior
association with an emotional context: evidence from MEG.
Neuroimage 61(4):1461–1470

61. Morris JS, Ohman A, Dolan RJ (1998) Conscious and uncounscious
emotional learning in the human amygdala. Nature 393:467–470

62. Mummery CJ, Patterson K, Wise RJ, Vandenbergh R, Price CJ,
Hodges JR (1999) Disrupted temporal lobe connections in semantic
dementia. Brain 122(Pt. 1):61–73

63. Nieuwenhuys R. Voogd J. and van Huijzen C. (1988) The human
central nervous system. Berlin.

64. Nobre AC, Allison T, McCarthy G (1994) Word recognition in the
human inferior temporal lobe. Nature 372(17 (6503)):260–263

65. Olivier A, Gloor P, Andermann F, Ives J (1982) Occipitotemporal
epilepsy studied with stereotaxically implanted depth electrodes and
successfully treated by temporal resection. Ann Neurol 11(4):428–
432

Neurosurg Rev



66. Ortibus E, Verhoeven J, Sunaert S, Casteels I, De Cock P, Lagae L
(2012) Integrity of the inferior longitudinal fasciculus and impaired
object recognition in children: a diffusion tensor imaging study. Dev
Med Child Neurol 54:38–43

67. Palmini A, Andermann F, Dubeau F, Gloor P, Olivier A,
Quesney LF, Salanova V (1993) Occipitotemporal epilepsies:
evaluation of selected patients requiring depth electrodes stud-
ies and rationale for surgical approaches. Epilepsia 34(1):84–
96

68. Perani D, Paulesu E, Sebastian Galles N, Dupoux E, Dehaene S,
Bettinardi V et al (1998) The bilingual brain: proficiency and
age of acquisition of the second language. Brain 121:1841–
1852

69. Pessoa L, Adolphs R (2002) Emotion processing and the amygdala:
from a ‘low road’ to ‘many roads’ of evaluating biological signifi-
cance. Nat Rev Neurosci 11:773–783

70. Philippi CL, Mehta S, Grabowski T, Adolphs R, Rudrauf D
(2009) Damage to association fiber tracts impairs recognition
of the facial expression of emotion. J Neurosci 29:15089–
15099

71. Pihlajamaki M, Tanila H, Hanninen T, Kononen M, Laakso M,
Partanen K et al (2000) Verbal fluency activates the left medial
temporal lobe: a functional magnetic resonance imaging study. Ann
Neurol 47:470–476

72. Polyak S (1957) The vertebrate visual system. University of Chicago
Press, Chicago

73. Putnam TJ (1926) Studies on the central visual connections. Arch
Neurol Psychiatr 16:566–596

74. Rollins NK, VachhaB, Srinivasan P, Chia J, Pickering J, Hughes CW,
Gimi B (2009) Simple developmental dyslexia in children: alterations
in diffusion-tensor metrics of white matter tracts at 3 T. Radiology
251:882–891

75. Ross ED (1980) Sensory-specific and fractional disorders of recent
memory in man. I. Isolated loss of visual recent memory. Arch
Neurol 37:193–200

76. Rudrauf D, Mehta S, Grabowski TJ (2008) Disconnection’s renais-
sance takes shape: formal incorporation in group-level lesion studies.
Cortex 44:1084–1096

77. Sagi D (2011) Perceptual learning in vision research. Vision Res 51:
1552–1566

78. Salanova V, Andermann F, Olivier A, Rasmussen T, Quesney LF
(1992) Occipital lobe epilepsy: electroclinical manifestations, elec-
trocorticography, cortical stimulation and outcome in 42 patients
treated between 1930 and 1991. Surgery of occipital lobe epilepsy.
Brain 115(Pt 6):1655–1680

79. Sasaki Y, Nanez JE, Watanabe T (2010) Advances in visual percep-
tual learning and plasticity. Nat Rev Neurosci 11:53–60

80. Sergent J, Ohta S, MacDonald B (1992) Functional neuroanatomy of
face and object processing. Brain 115:15–36

81. Shinoura N, Suzuki Y, Tsukada M, Yoshida M, Yamada R, Tabei Y,
Saito K, Koizumi T, Yagi K (2010) Deficits in the left inferior
longitudinal fasciculus results in impairments in object naming.
Neurocase 16:135–139

82. Sierra M, Lopera F, Lambert MV, Phillips ML, David AS
(2002) Separating depersonalisation and derealisation: the rel-
evance of the ‘lesion method’. J Neurol Neurosurg Psychiatry
72:530–532

83. Standring S. Crossman AR. Turlough FitzGerald MJ. and Collins P.
(2005) Gray’s Anatomy: the Anatomical Basis of Clinical Practice.
New York

84. Steinbrink C, Vogt K, Kastrup A, Muller HP, Juengling FD,
Kassubek J, Riecker A (2008) The contribution of white and gray
matter differences to developmental dyslexia: insights from DTI and
VBM at 3.0 T. Neuropsychologia 46:3170–3178

85. Takeuchi H, Taki Y, Sassa Y, Hashizume H, Sekiguchi A, Nagase T,
Nouchi R, Fukushima A, Kawashima R (2013) White matter

structures associated with emotional intelligence: evidence from dif-
fusion tensor imaging. Hum Brain Mapp 34(5):1025–1034

86. Ture U, Yasargil MG, Friedman AH, Al-Mefty O (2000) Fiber
dissection technique: lateral aspect of the brain. Neurosurgery 47:
417–426

87. Tusa RJ, Ungerleider LG (1985) The inferior longitudinal fasciculus:
a reexamination in humans and monkeys. Ann Neurol 18:583–591

88. Vandenberghe R, Price C, Wise R, Josephs O, Frackowiak RSJ
(1996) Functional anatomy of a common semantic system for words
and pictures. Nature 383:254–256

89. Williamson PD, Thadani VM, Darcey TM, Spencer DD,
Spencer SS, Mattson RH (1992) Occipital lobe epilepsy:
clinical characteristics, seizure spread patterns, and results of
surgery. Ann Neurol 31:3–13

90. Wilson CL, Babb TL, Halgren E, Crandall PH (1983) Visual recep-
tive fields and response properties of neurons in human temporal lobe
and visual pathways. Brain 106:473–502

91. Wilson CL, Engel J Jr (1993) Electrical stimulation of the human
epileptic limbic cortex. Adv Neurol 63:103–113

92. Wise RJS, Howard D, Mummery CJ, Fletcher P, Leff A, Bqchel C
et al (2000) Noun imageability and the temporal lobes. Neuro-
psychologia 38:985–994

93. Wong. A.C. Palmeri. T.J. Rogers. B.P. Gore. J.C. Gauthier. I. (2009).
Beyond shape: how you learn about objects affects how they are
represented in visual cortex. PLoS One. 22;4(12):e8405

Comments

Guilherme Carvalhal Ribas, São Paulo, Brazil
The fiber dissection technique was already employed by early anato-

mists as Thomas Willis (1621–1675), Nicholas Steno (1638–1686),
Raymond Vieussens (1641–1715), Charles Bell (1774–1842), Johan
Christian Reil (1759–1813), Achille Foville (1799–1878), Bartholomeo
Panizza (1785–1867), Louis Pierre Gratiolet (1815–1865), and Theodor
H Meynert (1833–1892) among others(2,5) in order to understand the
complex white matter architectural organization and to better describe
its tracts, fasciculi, and commissural fibers, but it was only with the
contribution of Joseph Klinger (1888–1963) that this technique became
more feasible and widely used(4,5). Klinger described in 1935 the
freezing technique of previously formalin-fixed brains, which gen-
erates the development of formalin ice crystals between the fibers
which facilitates their dissection that is done by their progressive
peeling(3).

More recently, the advent of tractography, which is a 3D MRI model-
ing technique based on collected data obtained by diffusion tensor imag-
ing (DTI) that evaluates brain water diffusion in a tensor, which is the
major axis parallel to the direction of fibers—different bundles of fiber
tracts make the water diffuse asymmetrically in a tensor, which is directly
related with the number of fibers and is known as anisotropy—is gener-
ating a significant amount of imaging data which subsequently requires to
be validated, and the Klinger technique or its variations still are the most
practical way of doing it.

In this direction, Dr. Latini, taking into consideration also previous
DTI findings, studied the inferior longitudinal fasciculus and its related
subcomponents. Although based on the dissections of only four hemi-
spheres of two brain specimens, this interesting article brings some more
light into the understanding of the complex inferior longitudinal fascicle,
and, above all, has the merit of describing a new bundle, the lingual-
amygdaloidal bundle.

Nevertheless, for a proper appraisal of the author’s study, it is impor-
tant to consider that both fiber dissection and DTI techniques have similar
limitations regarding the identification of small bundles, particularly in
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regions where fibers intermingle. Even when the fiber dissection tech-
nique is done under magnification, it is very difficult to dissect and peel
the multiple layers of fibers that are intermingled with fibers that run in
other directions, and also to securely identify the fibers that belong to
different fasciculi which are superimposed and running along the same
direction. On the other hand, the DTI technique, although extremely
helpful, uses a computer-based image analysis to do a nondirect measure
of the fiber’s structure and integrity, which implies some degree of
subjectiveness since this technique is in part dependent on a number of
factors under the control of the experimenter, such as the angular and
anisotropy thresholds and the choice of the tractography algorithm itself,
as stated by Catani et al.(1).

Considering these methodological issues and the small number
of dissected specimens, the results of this elegant study, and their
discussed inferential functional roles, should now motivate further
research of this important subject in order to corroborate its
findings and considerations.
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