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Abstract

Aim: This study aimed to evaluate the human brain temporal lobe white matter pathways with respect to microsurgical anatomy,
reveal the relationship between these white matter pathways, evaluate their functions, which are already known in the literature, and
contribute to the literature to establish safe temporal region surgical interventions.

Material and Methods: 10 specimens of postmortem human brain hemispheres were fixed in accordance with Klingler's method.
Subsequently, dissection of the temporal lobe white matter pathways was performed under a surgical microscope. Each stage of
dissection was achieved using the technique of merging multiple focus images in high-quality three-dimensional images.

Results: The data obtained in lateral-to-medial and medial-to-lateral dissections were compatible with the literature. Moreover,
microsurgical three-dimensional architectural structure of temporal lobe white matter pathways has been clearly revealed. The
horizontal and vertical segments of superior longitudinal fasciculus were detected. The limbic system, connection of central
cores with the temporal lobe, temporal stems region, and relationship with other fiber systems have been shown in this study. The
importance of the temporal stem and Meyer's loop for safe interventions on temporal lobe has been noted.

Conclusion: Temporal region white matter pathways should be handled in a multimodal system, and anatomical knowledge of these
white matter pathways should be mastered before performing temporal surgical interventions. Furthermore, the surgical strategy
and preoperative planning should be discussed considering the relationship between the lesion and white matter pathways, thereby
reducing neurosurgical morbidity and mortality.
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INTRODUCTION

The information on the structure and functions of the
human brain is insufficient. Both the organization
and management of the cerebral cortex are still being
examined, and new information is emerging. Moreover,
three-dimensional examination of brain parenchyma
architecture and macroscopic display of white matter
pathways are of great importance for current studies.
The ability of neurosurgeons to master the functional
architecture of the brain in a 3D macroscopic manner

Because of these studies, a specific major association
of fiber bundles, such as the cingulum and uncinate
fasciculus, were identified and named. Approximately
80 years ago, Klingler published a new method that has
attracted considerable attention from researchers (1). The
dramatic improvement in skull base surgery was achieved
because of cadaver dissection (2). A 3D examination of
the brain parenchyma structure in microneurosurgical
laboratories of neurosurgeons allowed the development of
safe surgical techniques. Macroscopic exposure of white

facilitated the development of safe surgical techniques. In
the 1800s, in demonstrating the white matter fiber system,
researchers used gross dissection and then myelin dyeing
materials and degeneration methods in clinical cases.

matter pathways played an important role in revealing
the functions and roles of the brain (3,4). Furthermore,
imaging methods are of considerable importance in
the development of neuroscience and brain research.
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Moreover, improvements in magnetic resonance imaging
techniques since the mid-1980s and development of
diffusion tensor MRI technique have facilitated the in
vivo definition of major white matter pathways. With
developments in magnetic resonance tractography and
diffusion spectrum imaging techniques, major steps have
been taken in the in vivo presentation of white matter fiber
bundles (5). In this study, a macroscopic demonstration of
the relationship between temporal white matter pathways
and other brain regions is shown, their algorithmic
classification was established, and their role and
functions within the framework of macroscopic anatomy
was evaluated, contributing to modern neurosurgical
techniques by revealing safe surgical areas.

MATERIALS and METHODS

In this study, 10 specimens of postmortem brain
hemispheres were included. The cause of death in donors
of these specimens was not brain pathology. The mean
postmortem period of brain fixation with formalin was
16.50 + 4.05 (10-25) h. Based on Klingler's method; these
specimens were stored in 10% formalin solution for at
least 2 months. Subsequently, the arachnoid, pia mater,
and vascular structures were removed using an operating
microscope. The specimens were then washed under
running water for several hours to remove the formalin
and frozen in the refrigerator freezer (-20°C) for at least 2
weeks. Then, dissection was performed under a surgical
microscope. A professional photograph studio was
created such that high-quality 3D images of each stage
of dissection were obtained by combining multiple-focus
imagesusingCanonEOS 550D (Tokyo, Japan). The cerebral
cortex was decorticated using an aspirator and spatula.
Lateral-to-medial and medial-to-lateral dissections of
the specimens were obtained. Short association fibers (U
fibers) were removed, and long major association fibers
were accessed on the lateral and medial faces of the
specimens. Moreover, each stage was observed under
the Leica M620 microscope (Leica Microsystems GmbH,
Wetzlar, Germany). The primary major connections of
the temporal lobe with the parietal, frontal, occipital,
and central cores were examined. The importance of the
temporal stem region, which provides the central core
connection of the temporal lobe and is greatly important
in temporal surgery, was emphasized. The fiber systems
forming the temporal stems, i.e., anterior commissure,
amygdala fugal fibers, inferior fronto-occipital fasciculus,
uncinate fascicle, corpus callosum, and Meyer's loop, and
the relationship among them were examined.

Our research study has received review and approval
was obtained from the Ethics Committee of Izmir Katip
Celebi University Non-Interventional Clinical Research
Institutional Review Board (26 November 2015; approval
no.221).

RESULTS

Hemispheres were examined first by lateral and then
medial dissection. Dissections were then performed in a

systematically gradual manner using a certain algorithm.
The gradual dissections and the anatomical formations
observed were then explained in detail by images. The
relation of the temporal lobe with the other lobes was then
systematically examined.

Connection between Temporal Lobe and Frontal—Parietal
Lobe

At this stage, the arcuate fasciculus was examined
using the horizontal and vertical segment of the superior
longitudinal fasciculus, which is the primary pathway.
Figure 1 shows that this connection.

Figure 1. After decortication and gradual dissection, the arcuate
fasciculus, which is the vertical segment of SLF, was reached.
The insula was clearly exposed with removal of the temporal,
frontal, and parietal operculum

Connection between Temporal and Parietal Lobes

At this stage, the middle longitudinal fasciculus, which
was the primary pathway, was examined. Although the
tractography studies in the literature identified that it
was more superficial than the inferior fronto-occipital
fasciculus and extended from temporal pole to the angular
gyrus towards the parietal lobe, it was not clear in our
dissection study.

Connection between Temporal Lobe and Occipital Lobe
At this stage, the inferior longitudinal fasciculus, which is
the primary fiber pathway connecting the temporal region
to the occipital lobe, was examined. Figure 2 shows that
this connection.

Figure 2. Representation of the arcuate fasciculus, which is the
vertical segment of the superior longitudinal fasciculus on the
surface and whose orientation to the temporal lobe has been
clearly revealed and, at a deeper level, the representation of the
inferior longitudinal fasciculus parallel to the level of inferior
temporal gyrus in the temporal lobe
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Connection between Temporal Lobe and Limbic System
In this stage, the connections of cingulum, fornix,
hippocampus, mammillary body, and thalamus were
examined. Figure 3 shows that limbic system.
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Figure 3. Representation of the fornix, mamillary body, and
mammillothalamic tract

Figure 4. Anterior commissure fibers connecting both temporal
lobes and the relationship between the deeper optic nerve and
chiasma

_— N
Figure 5. Anterior commissure and the Meyer's loop that is
located deeper

Connection between Temporal Lobe and Central Core

At this stage, insula dissection was performed at the
central core. In particular, the temporal stem region,
comprising six different fiber systems and intersecting
the main fiber paths connecting the temporal lobe to the
central core, was observed.

Figure 4,5 shows that these connections. These major
fibers are as follows: anterior commissure, amygdala

fugal fibers, inferior fronto-occipital fasciculus, uncinate
fasciculus, corpus callosum, and Meyer's loop.

DISCUSSION

In our study, the relationship between temporal region
white matter pathways and other lobes was algorithmically
classified and systematically evaluated in this context.
The connections of the temporal region are examined
under five main topics. These topics include frontal lobe,
parietal lobe, occipital lobe, limbic system, and central core
connections. Catani et al. described the superficial anterior
segment in humans using diffusion tensor imaging (DTI)
tractography (6,7). In their studies, Fernandez-Miranda et
al. and Martino et al. described (i) the superficial anterior
segment, (ii) superficial posterior segment, and (iii) deep
and long tract that classically represents the arcuate
fasciculus (8,9). In addition to these studies, Thiebaut de
Schotten et al. demonstrated that the caudal connection
of this fiber ended in the inferior parietal lobe. DTI
tractography and anatomical examinations in their study
reported that the posterior connection of this tract was to
the supramarginal gyrus and posterior part of the superior
temporal gyrus (10). Kaplan et al. reported that the tract
is connected to the ventral part of the precentral gyrus in
the frontal lobe, while Ingham et al. revealed that the tract
is divided into two groups: anterior region, which is the
Broadmann area 6 (ventral premotor cortex), and posterior
region, which is the Broadmann area 4 responsible for
the somatotropic representation of the tongue, lip, and
pharynx. They reported that both areas were responsible
for the last step of producing speech (11,12). Duffau et
al. induced repeatable spelling disorders (dysarthria or
anarthria) by intraoperative electrical stimulation of this
pathway on the left side. Based on this observation, Duffau
designed this fiber as a “dorsal phonological pathway"
and suggested that there might be a network between the
spelling loop and verbal working memory (13). Clearly, the
studies revealed that the superficial posterior segment
of the SLF connects the posterior temporal lobe and
angular gyrus (6-9). Consequently, the connections of
the inferior parietal lobe have been clearly indicated: the
anterior part of the perisylvian SLF is connected to the
supramarginal gyrus, while its posterior part is projected
into the angular gyrus. This anatomical distinction of the
SLF demonstrates the rostro-caudal organization of the
function of the dominant inferior parietal lobe. Duffau
et al. reported that the connection of the supramarginal
gyrus to the anterior component of the SLF plays a role
in speech articulation, while Parker et al. revealed that
the connection of the angular gyrus to the posterior
component functions plays a role in language perception
(13,14). Martino et al. and Bernal et al. reported that
there is an extended direct link between the temporal and
frontal lobes of the arcuate fasciculus and that this tract is
connected to the precentral gyrus and posterior part of the
inferior and middle frontal gyri in the frontal lobe (9,15).
Catani et al., Martino et al., and Glasser et al. revealed that
the tract is connected to the posterior part of the middle
and inferior temporal gyri in the temporal lobe (6,9,16).
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Duffau etal. and Saur et al. induced reproducible phonemic
paraphasia, i.e., disorders that affect the phonological
structure with intraoperative electrostimulation of the
arcuate fasciculus. In these studies, the transformation
of the target word was provided by substitution, deletion,
insertion, or displacement of one and more phonemes
(17,18). Naeser et al. reported that the arcuate fasciculus
functions in differentiating semantic and phonetic actions
in accordance with the dual current model, while Hickok
et al. reported that it is the dorsal phonological route of
language function (19,20). The isotope studies in non-
human primates by Schmahmann et al. and the DTI
analyses in humans by Makris et al. revealed that the
SLF has two non-perisylvian components that provide
frontoparietal connections horizontally and called these
tracts SLF-1 and SLF-2 (21,22). In our study, all SLF-
related components were not clearly identified; however,
the horizontal and vertical segments of the SLF have been
demonstrated according to the literature.

In their human DTI tractography studies, Cabeza et
al. , Makris et al. , and De Witt Hamer et al. defined the
middle longitudinal fasciculus but its function was not
clearly revealed. In these studies, they indicated its
traject and terminations using DTI of the human brain.
They described it as a thin tract deep in the arcuate
fasciculus, which is connected to the superior temporal
and angular gyri (23-25). The anatomical connectivity of
this tract supports the hypothesis that it is involved in
understanding the language in the dominant hemisphere
and spatial attention and episodic (comprising episodes)
memory in the nondominant hemisphere. Although the
DTI tractography studies in the literature showed that it
extended more superficially compared to the IFOF and
from the temporal pole to the parietal lobe toward the
angular gyrus, our dissection study did not clearly reveal
it.

In their DTI tractography studies, Catani et al. , Epelbaum
et al. , and Martino et al. demonstrated that the inferior
longitudinal fasciculus (ILF) contains direct and indirect
routes (26-28). The indirect path, e.g., occipital projection
system, is formed by connecting the adjacent gyrus in
the inferior temporal and occipital convections using
U-shaped fibers; however, the direct pathway is formed by
long fibers localized in the middle of the short fibers. They
demonstrated that the connections of this fiber are located
on the lateral surface of the temporal lobe, anterior part
of the middle and inferior temporal gyri, fusiform gyrus,
parahippocampal gyrus, amygdala, and hippocampus.
Furthermore, there are still uncertainties regarding the
ILF function. Epelbaum et al., Catani et al. , and Fox et al.
suggested that the function of the fiber is related to facial
recognition, visual perception, reading, and language (27).
In their study, Mandonnet et al. reported that, particularly,
this tract and the UF form the indirect ventral semantic
pathway in the semantic mechanism of language (29).
In our study, ILF was clearly demonstrated and revealed
to be the pathway connecting the temporal and occipital
lobes.

The IFOF is the ventral association fiber connecting the
frontal lobe to the occipital, parietal and temporal lobes.
It was originally described by Curran in 1909 using
postmortem fiber dissection. Using this time period,
many researchers have illuminated this tract using DTI
tractography and white matter dissection (29). In our study,
IFOF has been clearly demonstrated, and its relationship
to other fiber systems has been revealed in accordance
with the literature. Particularly, its close relationship to the
UF and its importance in the 3D architecture of temporal
stems were emphasized.

The UF is a "C"-shaped pathway connecting the temporal
anterior region and frontal lobe. The UF belonged to the
limbic system; however, its functions were not clearly
understood. Its functions are related to emotional
processing: memory, behavioral process, social cognition,
and language. Moreover, studies on neurophysiology,
neuroimaging, and lesion have demonstrated that,
considering that its lesions cause cognitive dysfunction
and semantic dementia resulting in slight memory loss, UF
is important for recombining and creating memory that is
divided into sections (30). Vigneau et al. reported that the
temporal pole is part of the semantic network that begins
with the inferior longitudinal fasciculus (connecting the
posterior temporal and occipital areas to the temporal
pole) and continues with the UF (31). Duffau et al. reported
only temporary language skill losses with removal of the
UF in their study (32). In the studies on the long-term
results of other studies on naming well-known faces, this
fiber pathway is involved in gathering and creating proper,
meaningful, and smooth nouns (33). In our study, the UF
is shown in coherence with the literature. Its proximity
and depth relations with the IFOF and Meyer's loop are
particularly noteworthy, and attention should be given to
this relationship in temporal lobe surgery.

The distance between Meyer's loop and temporal pole is
important for safe epilepsy surgery. Wang et al. reported
this distance at approximately 36 mm in the South Chinese
population andrevealed that these values are similar to that
in the Caucasian and Japanese populations (34). Meyer's
loop was located deep in the middle temporal gyrus. In
the temporal stem, the posterior boundary of the UF and
anterior boundary of the Meyer's loop are extremely close
to each other (35). The inferior occipitofrontal fasciculus
is located in the temporal stem around the Meyer's loop.
Optical radiation in both hemispheres laterally extends
between the lateral geniculate body and occipital pole.
Peltier et al. measured the distance from the front end of
the Meyer's loop to the sulcus 105 mm on average. They
determined the average width of optical radiation at the
level of the inferior horn at 17 mm and reported an increase
in the thickness of the optical radiation from the temporal
lobe to the occipital lobe and width close to 23 mm (36).

The corpus callosum, divided into five anatomical zones
(from front to back), is the largest pathway that connects
the two cerebral hemispheres with >300 million fibers:
genu, rostrum, body (anterior, middle, posterior), isthmus,
and splenium (37). The corpus callosum is one of the few
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white matter pathways that are individually defined using
conventional MRI. Demonstration of the morphology
of the corpus callosum has been the aim of extensive
studies to explain Tourette's syndrome, Down's syndrome,
depression, schizophrenia, and dyslexia observed in HIV/
AIDS (38). In our study, corpus callosum fibers were clearly
revealed in coherence with those in the literature.

CONCLUSION

Significance of optical radiation and temporal stem in
temporal lobe surgery

It is quite difficult to demonstrate optical radiation and
Meyer's loop without damaging other fiber structures
using the fiber dissection technique because of the dense
network of the fibers of the UF, occipitofrontal fasciculus,
anterior commissure, inferior thalamic peduncle, posterior
thalamic peduncle, temporopontine fibers, occipitopontine
fibers, and other fiber systems. This structure is called the
sagittal stratum, and demonstration of one fiber occurs
with damage to others (39).

Aftermultipleyears of studies, atemporal stem terminology
has been developed. The temporal stem comprises the
anterior temporal lobe, thalamus, and connections of
the brain stem and frontal lobe. Moreover, the functional
importance of the temporal stem in surgical approaches
is because it connects the polymodal association areas
in the anterior temporal lobe to the frontal lobe, basal
forebrain, thalamus, and opposite temporal lobe (40).

The understanding of 3D microsurgical anatomical
architecture of the human brain is indisputably important
for the success of the surgical intervention. White matter
pathways, their relationship with each other, localizations,
and functions should be discussed in a multimodal
system, and preoperative planning should be performed
in accordance with this anatomical knowledge.

The temporal lobe has a rich structure in terms of
function. It is necessary to have detailed anatomical
knowledge before performing surgical interventions in
this area because of the visual and auditory pathways
located therein and their importance for speech and
understanding and connection to the limbic system. In
surgical approaches, the terminology of safe surgical
areas is considerably important.

The functions of white matter pathways and their
relationship with each other should be determined for safe
surgical approaches. Moreover, morbidity and mortality
will be reduced in surgeries performed in this manner.

Highlights

* Temporal region white matter pathways and functions should be
handled in a multimodel system.

* In safe temporal surgical approaches, the temporal stem anatomy
should be known.

* Anatomical knowledge of these white matter pathways should be
mastered before performing temporal surgical interventions.
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