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The anatomy of Meyer’s loop revisited: changing the
anatomical paradigm of the temporal loop based on
evidence from fiber microdissection
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OBJECT The goal in this study was to explore and further refine comprehension of the anatomical features of the tem-
poral loop, known as Meyer’s loop.

METHODS The lateral and inferior aspects of 20 previously frozen, formalin-fixed human brains were dissected under
the operating microscope by using fiber microdissection.

RESULTS A loop of the fibers in the anterior temporal region was clearly demonstrated in all dissections. This temporal
loop, or Meyer’s loop, is commonly known as the anterior portion of the optic radiation. Fiber microdissection in this
study, however, revealed that various projection fibers that emerge from the sublentiform portion of the internal capsule
(IC-SL), which are the temporopontine fibers, occipitopontine fibers, and the posterior thalamic peduncle (which includes
the optic radiation), participate in this temporal loop and become a part of the sagittal stratum. No individual optic radia-
tion fibers could be differentiated in the temporal loop. The dissections also disclosed that the anterior extension and
angulation of the temporal loop vary significantly.

CONCLUSIONS The fiber microdissection technique provides clear evidence that a loop in the anterior temporal region
exists, but that this temporal loop is not formed exclusively by the optic radiation. Various projection fibers of the IC-SL,
of which the optic radiation is only one of the several components, display this common course. The inherent limitations
of the fiber dissection technique preclude accurate differentiation among individual fibers of the temporal loop, such as
the optic radiation fibers.
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particularly the temporal loop of the anterior optic

radiation fibers commonly known as Meyer’s loop,
continue to elude us. This ambiguity persists because, in
humans, contemporary histological staining techniques,
which distinguish degenerated and nondegenerated fi-
bers, and brain dissection techniques have so far been
unable to indisputably demonstrate and comprehensively
illustrate the definite course of individual optic radiation
fibers, which originate from the lateral geniculate body
and terminate in the occipital visual cortex. Applying his-

r I ~YHE ultimate anatomical details of the optic radiation,

tological degeneration staining techniques, in 1907 Adolf
Meyer (Fig. 1) defined the first detailed configuration of
the optic radiation, according to which the anterior fibers
of the optic radiation detour from the lateral geniculate
body into the temporal region before reaching the oc-
cipital cortex.>>* The myelin-stained anterior fibers of the
optic radiation are visible within the temporal lobe in his
serial coronal brain sections, but neither the term “tempo-
ral loop” nor “Meyer’s loop” was mentioned in his work.
Serial brain sections are an inadequate method to evaluate
and reconstruct the course of these temporal optic fibers.

ABBREVIATIONS AC = anterior commissure; IC = internal capsule; IC-SL = sublentiform portion of the internal capsule; SS = sagittal stratum.
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FIG. 1. Adolf Meyer (1866-1950), Professor of Psychiatry at Johns
Hopkins School of Medicine in Baltimore, Maryland, was an influential
psychiatrist, neurologist, neuropathologist, and neuroanatomist. He
provided the first detailed configuration that asserted the peculiar detour
into the temporal lobe of the anterior part of the optic radiation. Re-
printed from Winters E (ed): The Collected Papers of Adolf Meyer, Vol. 1
Neurology. Baltimore: The Johns Hopkins Press, 1950.

Therefore the existence and anatomical features, such as
composition and location of the supposed temporal loop,
had not been clarified at that time.

The first reconstruction of Meyer’s configuration of
the optic radiation was an artistic diagram published by
Cushing to support his clinical correlations of visual field
defects with temporal lobe tumors.> This diagram illus-
trates the peculiar temporal detour of the optic radiation
that became associated with the term “temporal loop,” and
later “Meyer’s loop.” The popularization of this configu-
ration and its perpetuation through reproduction of these
diagrams in standard anatomical texts seem to have given
finality to the regional anatomy. Although we are fasci-
nated by the logic of this diagrammatic representation,
this actually oversimplifies one of the most complex fiber
systems, the projection fibers of the temporal and occipital
regions, one component of which is the optic radiation.
The true structure and course of the temporal and occipi-
tal projection fibers, such as temporopontine fibers, occipi-
topontine fibers, and posterior thalamic peduncle remain
obscure even today.

Recent studies in which the fiber dissection technique
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has been applied claim to have demonstrated the optic ra-
diation and, therefore, support the paradigm that the tem-
poral loop is composed exclusively of visual projection
fibers.234.6.1022.28-30.34.44.4647 However, close analysis of their
supporting illustrations fails to demonstrate unequivocal-
ly the course of individual fibers from their origin in the
lateral geniculate body to their termination in the visual
occipital cortex. To understand the anatomical concept of
the temporal loop and engender a realistic appreciation of
the anatomical information that can be inferred from fiber
microdissection, we revisited the anatomy of the temporal
loop. The intention of this report is to explore and attempt
to clarify the ambiguities that surround this anatomical
structure.

Methods

Twenty formaldehyde-fixed and previously frozen
human brain hemispheres were dissected and studied
under the operating microscope by applying the fiber
microdissection technique, which has been extensively
described.'#-16:21515256 The achievement of skillful and
meticulous microtechniques during fiber microdissection
to reveal the most minute fibers requires certain tools: an
operating microscope, fine watchmaker’s forceps, and
a pressure-regulated surgical suction system. Dissec-
tion always began at the lateral and inferior aspects and
proceeded in a stepwise manner, according to the meth-
od recommended by the senior author (U.T.).>'»2% The
anatomy of every progressive stage of the dissection was
photographed (Nikon D7000 camera; AF-S VR Micro-
Nikkor 105 mm f/2.8 G IF-ED lens, Nikon Corp.).

Results

Dissection of the Lateral Aspect of the Cerebral
Hemisphere

Dissection involves the lateral aspect of the temporal
and occipital regions of the cerebral hemisphere. The ce-
rebral cortex and U fibers are removed to reveal the infe-
rior aspect of the superior longitudinal fasciculus around
the insula (Fig. 2A). Removal of the insular cortex, ex-
treme capsule, claustrum, and the external capsule reveals
the putamen and the corona radiata at its periphery (Fig.
2B). The basal surface of the putamen is covered by 2 long
association fiber systems, the uncinate fasciculus and the
occipitofrontal fasciculus, which display a parallel course
in this region, and are in fact compacted to a single bun-
dle without a clear demarcation. As they advance into the
temporal lobe, both fiber systems fan out and follow diver-
gent courses. The uncinate fasciculus turns anteriorly to
reach the temporal pole region and displays a typical C-
shaped configuration, while the occipitofrontal fasciculus
maintains its direct, posterior course and then becomes
part of the sagittal stratum (SS) to reach temporal and oc-
cipital regions.”>® The occipitofrontal fasciculus is, in fact,
the lateral component of the SS.

The putamen is removed to reveal the globus pallidus
and the internal capsule (IC) in continuity with the co-
rona radiata (Fig. 2C). Dissection of the basal part of the
putamen is particularly delicate, to prevent damage to the
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FIG. 2. Photographs of brain specimens showing serial dissections of the lateral aspect of the left cerebral hemisphere. A: The
cortex and the U fibers of the temporal and occipital regions are dissected to demonstrate the inferior aspect of the superior
longitudinal fasciculus (sIf) around the insula. B: Removal of the insular cortex, extreme capsule, claustrum, and external capsule
demonstrates the uncinate fasciculus (uf), occipitofrontal fasciculus (off), putamen (pu), corona radiata (cr) and SS (sas). The
occipitofrontal fasciculus proceeds into the temporal region and becomes a part of the SS. C: The globus pallidus (gp) with the

IC at its periphery becomes visible after removal of the putamen. Dissecting away the uncinate fasciculus and the occipitofrontal
fasciculus reveals the lateral extension of the AC (ac) that participates in the formation of the SS by intercrossing the fibers of the
IC-SL (ic-sl) in the vicinity of the temporal loop. D: Removing the globus pallidus reveals the temporopontine and occipitopontine
projection fibers located in the lateral aspect of the IC-SL passing over the optic tract (ot) to proceed into the temporal loop and
then become a part of the SS. The lateral extension of the AC has been severed to fully expose the temporal loop of the projec-
tion fibers (arrows) that emerge from the IC-SL. Individual optic radiation fibers are indistinguishable from the various projection
fibers that form the temporal loop. The temporal loop of the projection fibers, which includes the optic radiation, is located in the
roof of the temporal horn of the lateral ventricle, and becomes fully exposed after removal of the inferior longitudinal fasciculus (ilf).
Further dissection in the mediobasal temporal region reveals the basolateral nucleus of amygdala (ab) and the Ammon’s horn on
the medial aspect of the floor of the temporal horn of the lateral ventricle. Removal of the alveus demonstrates the CA-1 field of
Ammon’s horn (ah-1). Abbreviations with white letters denote the sulci and fissures. The asterisk (in panel D) denotes the uncal re-
cess of the temporal horn of the lateral ventricle. cer = cerebellum; cs = central sulcus of Rolando; F, = superior frontal gyrus; F, =
middle frontal gyrus; F, = inferior frontal gyrus; f, = superior frontal sulcus; f, = inferior frontal sulcus; i-a = insular apex; ic-a = ante-
rior limb of the internal capsule; ic-p = posterior limb of the internal capsule; ic-rl = retrolentiform portion of the internal capsule; li =
limen insula; na = nucleus accumbens; op = pars opercularis of F5; or = pars orbitalis of F5; po = pons; pog = postcentral gyrus; pos
= postcentral sulcus; prg = precentral gyrus; prs = precentral sulcus; ps-a = anterior periinsular sulcus; ps-i = inferior periinsular
sulcus; sf-a = ascending ramus of the sylvian fissure; sf-h = horizontal ramus of the sylvian fissure; spl = superior parietal lobule; tr
= pars triangularis of F,.

lateral extension of the anterior commissure (AC). The lat-
eral extension of the AC is visible as a compact cylindrical
structure covered by a thin sheet (Gratiolet’s canal), and
is completely revealed after dissecting away the uncinate
fasciculus and the occipitofrontal fasciculus.'®'>! Thus the
coiled, rope-like arrangement of fibers forming the lateral
extension of the AC can be clearly demonstrated. The fi-
bers located in its posterior portion follow an inferior rota-
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tion and proceed beneath the compact bundle anteriorly, to
the temporal pole and amygdala, where they overlap and
intermingle with the uncinate fasciculus fibers. The anteri-
or fibers of the lateral extension of the AC pass above and
advance posteriorly into the temporal region, where they
intercross with the fibers of the sublentiform portion of the
internal capsule (IC-SL) to form the SS. The point of inter-
crossing between the AC fibers and the projection fibers of
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the IC-SL is located in the vicinity of the temporal loop.
The lateral extension of the AC is, therefore, another com-
ponent that participates, together with the laterally located
occipitofrontal fasciculus and the medially located IC-SL,
in the formation of the SS.

The IC is the broad white-matter band of projection fi-
bers interposed between the lenticular nucleus (putamen
and globus pallidus) on the lateral side and the caudate nu-
cleus and the thalamus on the medial side.*'*8 Based on
the orientation of the component fibers, it may be divided
into an anterior limb between the lenticular nucleus and
the caudate nucleus (lenticulocaudate portion), and a pos-
terior limb between the thalamus and the caudate nucleus.
The posterior limb is more complex and may be subdivid-
ed into a lenticulothalamic portion, a retrolentiform por-
tion, and IC-SL. The IC-SL is composed of the projection
fibers that are located beneath the lenticular nucleus and
above the tail of the caudate nucleus.

The projection fibers of all these portions of the IC di-
verge beyond the limits of the lentiform nucleus into the
corona radiata and the SS. Within the corona radiata these
projection fibers become intermingled with the commis-
sural fibers of the corpus callosum and, together, follow a
joint course, which extends to and from their correspond-
ing cortical areas.#*“ The equivalent of the corona ra-
diata in the temporal and occipital regions would be the
SS. The difference, in these regions, is that the projection
fibers of the IC-SL become intermingled with 2 additional
components, the commissural fibers of the AC and the
association fibers of the occipitofrontal fasciculus. All
of these become interwoven and follow a joint course to
the temporal and the occipital regions as the compact SS,
and cannot be differentiated during the dissection pro-
CCSS.IG*IS’W*ZI’25*36’51

At this stage, the globus pallidus is carefully removed to
completely reveal the IC. Next, the lateral extension of the
AC is severed to expose the IC-SL and the temporal loop
(Fig. 2D). The projection fibers of the IC-SL pass under
the globus pallidus and over the tail of the caudate nucleus
and consist of the following: the temporopontine fibers
(Tiirck’s bundle), occipitopontine fibers, and the cortico-
thalamic and thalamocortical fibers of the inferior thalam-
ic peduncle and posterior thalamic peduncle.*#434851.56 The
temporopontine and occipitopontine projection fibers are
located in the lateral aspect of the IC-SL and are revealed
when a lateral dissection is performed, whereas an inferior
dissection reveals the inferior thalamic peduncle and pos-
terior thalamic peduncle, which are located in the medial
aspect of the IC-SL. These temporopontine and occipito-
pontine projection fibers originate in the pontine nuclei,
course in the lateral aspect of the cerebral peduncle, and
then continue their course in the IC-SL by passing above
the optic tract. In the temporal region, some of the IC-SL
fibers proceed anteriorly and course over the uncal recess
of the temporal horn to reach the posterolateral aspect of
the amygdala or the temporal pole.

At this point in our dissection it became evident that all
the projection fibers of the IC-SL that join the SS form a
loop posteriorly, after making an initial anterior detour in
the temporal region. The most anterior fibers describe the
longest detour and the greatest angular loop. This loop of
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the projection fibers in the anterior temporal region was
clearly visible in all specimens. However, we could not
distinguish which of these were individual optic radiation
fibers in the temporal loop. It is absolutely clear that all
projection fibers that emerge from the IC-SL and join the
SS pursue this common course in the temporal lobe, and
therefore together compose the temporal loop. The transi-
tion between the IC-SL and the SS—in other words, the
point of intercrossing of all the projection fibers of the IC-
SL with the AC fibers—can be identified in the vicinity of
the temporal loop. This intercrossing of the AC fibers with
the IC-SL complicates the dissection of the temporal loop.

Dissecting the inferior longitudinal fasciculus con-
cludes the dissection and demonstrates fully the temporal
loop and the SS. The inferior longitudinal fasciculus joins
the inferolateral aspect of the SS without a clear demar-
cation. In the anterior temporal region, the fibers of the
inferior longitudinal fasciculus overlap and intercross with
the projection fibers of the temporal loop. It is extremely
difficult to delineate the fine fibers that participate in the
temporal loop from the intercrossing fibers, such as the
AC or the inferior longitudinal fasciculus. Even applying
the most proficient fiber microdissection, the tip of the
temporal loop could not be accurately delineated. Rather,
the boundaries of the loop were established arbitrarily,
and we retained most of the fibers participating in the loop
intact and sharply severed the intervening fibers at the in-
tercrossing point. For this reason, we were precluded from
gathering morphometric data related to the precise loca-
tion of the temporal loop.

Dissection of the Inferior Aspect of the Cerebral
Hemisphere

Dissection begins in the mediobasal temporal region.
The midbrain is severed to achieve adequate visualization
of the parahippocampal gyrus and the uncus. The para-
hippocampal gyrus, the hippocampus, and the fimbria of
the fornix are detached at the level of the isthmus of the
cingulate gyrus and from between the collateral sulcus
and the choroidal fissure. With this maneuver, the entire
anatomy of the roof of the temporal horn is demonstrated
(Fig. 3A). The choroid plexus is then removed along the
choroidal fissure. Careful removal of the ependyma and
the subependymal veins from the roof of the temporal
horn reveal the stria terminalis, the tail of the caudate nu-
cleus, and the tapetum (Fig. 3B). The tapetum is composed
of a subgroup of callosal fibers in the splenial region that
arch anteriorly in the roof of the atrium and the temporal
horn of the lateral ventricles, and separate the ependyma
from the laterally placed SS. The tapetal fibers extend over
the whole lateral portion of the roof of the temporal horn,
just lateral to the tail of the caudate nucleus.

At this point, removing the stria terminalis and then the
tail of the caudate nucleus reveals the medial aspect of IC-
SL, which is composed of the inferior thalamic peduncle
and the posterior thalamic peduncle (Fig. 3C). The infe-
rior thalamic peduncle consists of the temporopulvinar
fibers (the temporopulvinar bundle of Arnold), which are
the projection fibers that originate in the pulvinar of the
thalamus and terminate in the amygdala and the temporal
pole.!s The posterior thalamic peduncle includes thalamo-



The anatomy of Meyer’s loop revisited

FIG. 3. Photographs of brain specimens showing serial dissections of the inferior aspect of the left cerebral hemisphere. A: The parahippocampal
gyrus and hippocampus are removed to expose the roof of the temporal horn of the lateral ventricle covered by the ependyma () and choroid plexus
(chp). B: Removing the ependyma reveals the stria terminalis (st), the tail of the caudate nucleus (cn-t) and the tapetum of the corpus callosum (ta).
Dissecting the cortex and U fibers of the fusiform gyrus and inferior temporal gyrus reveals the inferior longitudinal fasciculus (ilf), which borders the
floor of the temporal horn. C: Removal of the stria terminalis and the tail of the caudate nucleus reveals the projection fibers located in the medial
aspect of the IC-SL (ic-sl), which are the inferior thalamic peduncle (thp-i) and the posterior thalamic peduncle (thp-p). The inferior thalamic peduncle
(itp) that extends as far as the amygdala (ab) and temporal pole (tp) is demonstrated. The temporal loop (arrows) of the posterior thalamic peduncle
becomes visible. The posterior thalamic peduncle is one of the several projection fibers of the IC-SL and includes the optic radiation. D: Removal of
the amygdala and further dissection at the level of the anterior perforated substance (apes) reveals the AC (ac), globus pallidus (gp) and putamen (pu).
Extensive dissection of the inferior aspect of the temporal lobe completely exposes the posterior thalamic peduncle that together with various projection
fibers of the IC-SL forms the temporal loop (arrows), and then intercrosses with the AC fibers to become a part of the SS (sas).  FIG. 3. (continued)—
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FIG. 3. Abbreviations with white letters denote the sulci and fissures.
cas-a = anterior calcarine sulcus; cc-s = splenium of the corpus cal-
losum; fg = fusiform gyrus; fma = forceps major (radiation of the corpus
callosum); foo = frontoorbital operculum; fpo = frontoparietal operculum;
hi-t = tail of hippocampus; Il = optic nerve; Ig-i = inferior lingual gyrus;
Ig-s = superior lingual gyrus; Igb = lateral geniculate body; m-cp = cere-
bral peduncle of midbrain (crus cerebri); mgb = medial geniculate body;
ot = optic tract; ots = occipitotemporal sulcus; pon = preoccipital notch;
sco = superior colliculus; sn = substantia nigra; th-p = pulvinar of the
thalamus; T, = superior temporal gyrus; T, = inferior temporal gyrus.

cortical and corticothalamic projection fibers that extend
between the pulvinar region of the thalamus and the tem-
poral and occipital cortex. Among these projection fibers
are the optic and the auditory radiations. In fact, the optic
radiation is only one of the components of the posterior
thalamic peduncle.

Our dissections clearly show that both the inferior and
posterior thalamic peduncle fibers originate in the pulvi-
nar of the thalamus and arch anteriorly in the roof of the
temporal horn to advance above the tail of the caudate nu-
cleus. The inferior thalamic peduncle comprises the fibers
that extend over the anteromedial portion of the roof of the
temporal horn to reach the posterior and lateral aspects of
the amygdala and the temporal pole. The posterior tha-
lamic peduncle includes the fibers of the IC-SL that extend
from the pulvinar to the anterolateral portion of the roof of
the temporal horn, where they curve posteriorly and dis-
play a sequence of loops (the temporal loop or Meyer’s
loop), to become part of the SS. In the roof of the temporal
horn, all the projection fibers of the posterior thalamic pe-
duncle, of which the optic radiation is a component part,
participate in this temporal loop. Among these fibers, in-
dividual fibers that originate in the lateral geniculate body
and course in the temporal loop, fibers that would form
the true optic radiation, could not be distinguished. It is
evident in our dissections that the projection fibers of the
posterior thalamic peduncle, visible in the roof of the tem-
poral horn, originate in the pulvinar of the thalamus and
not in the lateral geniculate body; therefore these fibers
are not optic radiation but various projection fibers to the
temporal and occipital regions.

The dissection proceeds at the level of the anterior per-
forated substance, after the amygdala is removed. The re-
lationship of the amygdala with the ansa peduncularis, the
basal ganglia, and the AC is demonstrated in the process
(Fig. 3D). The fibers of the temporal loop together with
the AC, as well as the tapetum and the inferior longitudi-
nal fasciculus, are intricately intertwined in the anterior
temporal region. Therefore the difficulties pertaining to an
accurate delineation of the temporal loop are obvious. The
temporal loop is visible in the anterior portion of the roof
of the temporal horn, occupying the space between the tail
of the caudate nucleus and the collateral eminence, but
never reached as far as the amygdala or the uncal recess
of the temporal horn. In our dissections the anterior exten-
sion and the angulation of the temporal loop varied, but
was always located in the anterolateral portion of the roof
of the temporal horn, whereas the anteromedial portion of
the roof, behind the amygdala, did not contain projection
fibers involved in the temporal loop.
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Discussion

The first illustrations of the temporal loop formed of
projection fibers appeared in the work on fiber dissection
by Johann Christian Reil* in 1807, but this anatomical pe-
culiarity was not described in his publication. In 1854 Lou-
is Pierre Gratiolet and Francois Leuret described the optic
radiation, but with indefinite anatomical details.!*?° The
paradigm that the temporal loop is composed exclusively
of visual projection fibers originates from the histologi-
cal studies of Paul Emil Flechsig in 1896'"'> and LaSalle
Archambault in 1906.! Expanding on these observations
in 1907, Adolf Meyer provided evidence that a temporal
component of the optic radiation exists.>>>* He analyzed
the patterns of fiber degeneration following ischemic and
traumatic lesions in myelin-stained, serial, coronal brain
sections. This technique is inadequate for unequivocally
clarifying the composition, location, and course of the sup-
posed temporal loop because it fails to accurately trace the
course of fibers from one brain section to another, and to
distinguish the individual optic radiation from the other
intricately arranged and intermingling projection fibers.
Meyer himself acknowledged that “In the temporal region
the auditory radiation to the transverse temporal gyrus and
Tiirck’s bundle (temporopontine fibers) to the lateral part
of the crus (...) complicate the simple arrangement of the
visual fibers of the optic path.”?

To depict the supposed temporal loop, artistic diagrams
showing the optic radiation from different views were pub-
lished in 1922 by Cushing, and became extensively popu-
larized.’ These diagrams depict an unrealistic, oversimpli-
fied representation of the projection fibers for the temporal
and occipital regions, of which the optic radiation is only
one of several components. Thus the true location and
composition of the temporal loop and the possibility that
it might be composed exclusively from the optic radiation
fibers remained ambiguous. In addition, the subsequent
clinical studies that correlated the postoperative visual
field defects following temporal lobe resections with the
extent of the resection, an association that could indirect-
ly demonstrate the location of the optic radiation fibers,
failed to clarify these ambiguities.>!7-23-26.32.33.49.53

Evidence Derived From Fiber Microdissection Supports
the Existence of a Temporal Loop Composed of Various
Projection Fibers and not Exclusively of the Optic
Radiation

The few fiber dissection studies that followed Meyer’s
original observations contributed inconsistent results re-
garding the anatomical details of the temporal loop and
provided only schematic illustrations.?>-7-4042 The tempo-
ral loop is demonstrated in Klingler’s work.*-1¢2! He al-
ludes to the topic of optic radiation, although this was a
secondary focus of his investigations and he discussed it
only in relation to the rest of the projection fibers. Recent
fiber dissection studies claimed to have demonstrated indi-
vidual optic radiation fibers and Meyer’s loop.236:10.22.28-30,
34444647 The temporal loop is clearly visible in the accom-
panying illustrations, but it is unclear which of the com-
ponent fibers in the temporal loop originate precisely in
the lateral geniculate body and terminate in the occipital



visual cortex, because in these illustrations such a course
of the temporal loop fibers cannot be completely traced
and unequivocally distinguished. Therefore the validity of
the anatomical details pertaining to the temporal loop that
are derived from these studies remains questionable.

Our fiber dissection examinations on 20 brain speci-
mens and our previous expertise with fiber microdissection
of the white matter on more than 200 brains clearly show
that a temporal loop of the fibers in the anterior temporal
region exists. Contrary to previous assertions, we made a
significant observation: all the projection fibers that emerge
from the IC-SL, the temporopontine fibers, occipitopontine
fibers, and posterior thalamic peduncle (which includes the
optic radiation) participate in this temporal loop. In our
lateral stepwise dissections, the temporopontine and oc-
cipitopontine projection fibers that are located in the lateral
aspect of the IC-SL become visible. These projection fibers
of the IC-SL continue their course as far as the temporal
and occipital cortex by becoming a part of the SS. Our in-
ferior stepwise dissections revealed the roof of the tempo-
ral horn covered by the posterior thalamic peduncle, which
consists of the projection fibers located in the medial aspect
of the IC-SL that originate in the pulvinar of the thalamus
and become a component of the SS. The posterior thalamic
peduncle incorporates the optic radiation together with the
auditory radiation, as well as other temporal and occipital
thalamic projection fibers that intermingle and possibly in-
tercross because of their different orientations and cannot
be individually differentiated, particularly in the region of
the lateral geniculate body.

All these projection fibers of the IC-SL compose the
temporal loop and, in their further course, intercross and
merge with the fibers of the AC and occipitofrontal fascic-
ulus to become a compact layer, namely the SS. The point
of intercrossing that is visible in our dissections is located
in the vicinity of the temporal loop of the projection fibers.
Beyond the temporal loop the layer of fibers demonstrated
in our dissections contains not only the projection fibers
but also the commissural and association fibers, which
comprise the SS. It is clearly visible in our dissections
that the temporal loop is not exclusively composed of the
optic radiation but includes all the projection fibers that
emerge from IC-SL. We speculate that the existence of a
loop of the projection fibers in the anterior temporal region
might be related to the embryological development of the
brain. The temporal lobe pursues an anterior rotation and
forward advancement to attain the definitive position of
the temporal pole that entertains a loop of those projec-
tion fibers that originate in the subcortical structures, and
which then terminate in the more posterior temporal and
occipital cortex.?’

The evidence derived from our fiber microdissection
that a temporal loop exists is consistent with the observa-
tions of previous studies applying this technique.2-46:10-22
24.28-30,34444647 Contrary to the assertions in these previous
studies, we could not distinguish in this temporal loop be-
tween the various projection fibers that emerge from the
IC-SL and compose the temporal loop. We could demon-
strate with certainty the compact layer of projection fibers
in the temporal loop, but it was not possible to irrefutably
identify individual components, such as the optic radia-
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tion, because we were unable to demonstrate fibers that
originate exclusively in the lateral geniculate body and
to trace such fibers or differentiate them in their further
course in the temporal loop. This evidence derived from
our fiber microdissection supports the concept that the
temporal loop is composed of various projection fibers,
including the optic radiation.

The intrinsic limitations of the fiber microdissection
technique preclude us from identifying distinctly the op-
tic radiation. Because of these limitations, we believe that
what has been defined as the optic radiation in previous
studies?3:6:1022.28-30.34444647 of fiber dissection may in fact be
an oversimplified interpretation of the projection fibers in
the temporal and occipital regions and the SS. Although
there is only sparse reference to these complex projec-
tion fibers, they are visible in these studies’ illustrations of
the temporal loop. Such an interpretation may have some
educational and practical purposes, but we are obliged to
maintain our scientific reliability with regard to the com-
plex arrangement of the white matter and respect the limits
of fiber dissection investigations when analyzing anatomi-
cal observations.

Fiber microdissection is a gross technique that is limited
by an inability to trace with precision the origin, termina-
tion, and boundary of a certain fiber tract.> The fiber mi-
crodissection technique provides a unique, insightful per-
spective on the complex anatomical features of the white
matter that is essential for neurosurgical procedures. The
key element offered by applying this technique is a unique,
practical appreciation of the anatomical structures, but an
awareness of the limitations is necessary. The projection
fibers are very thin structures and, even with the highest
magnification provided by the operating microscope and
the most delicate microtechniques, the fiber microdissec-
tion cannot distinguish between the paths of individual
fibers. The anatomy of the brain, particularly of the white
matter, is far more complex than we are currently able to
comprehend. The architecture of the white matter fibers
includes intermingling, intercrossing and, possibly, bifur-
cation of minute axons that take place in a submillimet-
ric space. The fiber dissection technique cannot currently
evolve beyond demonstrating and discriminating among
gross fiber bundles of millimetric dimensions. Further-
more, a significant amount of anatomical data would be
lost in the attempt to dissect and demonstrate individual
fiber bundles from this complex structure. Therefore, we
concede that the fiber microdissection technique is unable
to resolve with accuracy the definite configuration, course,
and boundaries of the optic radiation.

Fiber Microdissection Reveals Individual Variations in the
Anterior Extent and Angulation Patterns of the Temporal
Loop

Our fiber microdissection examinations revealed sig-
nificant individual variations in the anterior extension
and angulation patterns of the temporal loop (Fig. 4). The
temporal loop was located in the anterolateral portion of
the roof of the temporal horn, lateral to the tail of the cau-
date nucleus. The anterior extent of the temporal loop was
variable, but never reached as far as the uncal recess or
the amygdala. The anteromedial portion of the roof of the
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FIG. 4. Photographs of brain specimens showing the inferior aspect of
the left cerebral hemispheres dissected to demonstrate the temporal
loop of the projection fibers (arrows). The posterior thalamic peduncle
(thp-p), which includes the optic radiation, is visible in the roof of the
temporal horn of the lateral ventricle. Individual variations of the anterior
extent and angulation of the temporal loop of the projection fibers that
become a part of the SS (sas) are illustrated.

temporal horn medial to the tail of the caudate nucleus was
free of posterior thalamic peduncle fibers, and therefore of
the optic radiation.

The precise delineation of the temporal loop eluded us
and precluded us from obtaining reliable morphometric
data to determine the precise location of this structure,
and to quantify the relationship of the temporal loop with
key landmarks located on the surface of the temporal lobe.
The AC, and the inferior longitudinal fasciculus, on a lat-
eral dissection, and the tapetum, on an inferior dissection,
complicate the delineation of the temporal loop. All these
fiber systems intertwine and merge with the projection fi-
bers in the temporal loop to form an intricate arrangement
in the anterior temporal region. This intricate relationship
contributes to the impossible task of distinguishing with
accuracy the temporal loop of projection fibers from sev-
eral other intercrossing fibers, and thus causes inaccurate
assessments of the temporal loop’s precise anatomical lo-
cation. The precise location of the temporal loop cannot be
determined and quantified by applying the fiber microdis-
section technique. This limitation of the fiber dissection
technique may explain the inconsistent and controversial
anatomical quantitative data on the location of the tem-
poral loop, as reported in previous fiber dissection stud-
ies.6,28.29,42,46

Fiber microdissection is inadequate to accurately de-
lineate the temporal loop from the intricate network of
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adjoining fibers. Furthermore, because individual optic
radiation fibers cannot be distinguished among the vari-
ous projection fibers of the temporal loop, fiber microdis-
section is an unsuitable method to elucidate the precise
location of the optic radiation fibers in the anterior tem-
poral region. Several investigators support the assertion
that the use of fiber microdissection may provide precise
and reliable anatomical measurements of the location of
the optic radiation, data that can be incorporated into the
surgical decision process.5282%46 This assertion poses po-
tential risks, because it implies that the accuracy of this
method has been validated and can be trusted implicitly.
Therefore, proceeding with caution is advocated, as is the
recommendation to understand the characteristics and
limitations of the fiber dissection technique when inter-
preting anatomical data. This is an especially important
issue relevant to Meyer’s loop and to the optic radiation,
because of the valuable functional role of these structures.

Our fiber microdissection showed clear individual
variations, not only in the anterior extension but also in
the angulation patterns of the temporal loop. From our ob-
servations, the variations in angulation patterns and ante-
rior extensions of the temporal loop might be potentially
related to individual morphological characteristics of the
cranium. A narrow angulation of the temporal loop may
be related to a dolichocephalic morphological type, and
a wider, rounder angulation may be a characteristic of a
brachycephalic cranium type. A possible method for eval-
uating our hypothesis may be to correlate the anatomical
features of the temporal loop of the projection fibers dem-
onstrated by diffusion tensor fiber tractography, in vivo,
with the cranium’s dimensions assessed by MRI (Fig. 5).
This hypothesis could be further explored following ad-
vancements in technology, emergence of high-resolution
tractography, and improvements in fiber-tracking algo-
rithms that would discriminate more accurately between
projection fibers in the temporal loop and the complex net-
work of adjoining fibers.

Conclusions

The fiber microdissection technique provides clear
evidence to support the definition of the temporal loop as
being composed of various projection fibers that course
in the IC-SL, rather than only individual optic radiation
fibers. The complexity of the white matter fiber network
involved in the temporal loop and the significant individ-
ual variations form a complex pattern requiring further
study and precise analysis. We emphasize the need for
further research and advancements in techniques to reveal
the complex architecture of the white matter of the brain.
Combining fiber microdissection and advanced histologi-
cal techniques, along with future, higher-resolution fiber
tractography, may improve our understanding and prevent
misinterpretation of the complex anatomical features of
these structures.
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FIG. 5. Diffusion tensor fiber tractography renderings of the temporal
loop demonstrating individual variations in the angulation patterns of the
temporal loop in 2 previously healthy human volunteers with extreme
dolichocephalic and brachycephalic head shapes. Images obtained
using a 3T MR unit (Achieva, Philips) with an 8-channel sensitivity
encoding head coil. Anatomical morphometric data, derived from a
T1-weighted 3D turbo field echo sequence (TR 8.5 msec, TE 4 msec,
slice thickness 1 mm), was used to identify the brachycephalic and doli-
chocephalic types of cranial shape, according to the cranial index.® Dif-
fusion tensor images were acquired using single-shot spin echo planar
imaging (TR 10,000 msec, TE 53 msec, echo planar imaging factor 67,
slice thickness 2.5 mm, gap 0 mm). Sixteen diffusion directions at b =
800 seconds/mm? were acquired in addition to b = 0 images. Sixty slices
were taken for whole-brain coverage from the vertex to the foramen
magnum. The fiber tracking software (Release 2.6; Achieva, Philips) was
used to generate 3D diffusion tensor fiber tractography images. Diffu-
sion tensor tractography imaging of the temporal loop of the posterior
thalamic peduncle, which includes the optic radiation, was completed

by placing one region of interest in the region of the lateral geniculate
nucleus on a sagittal image, and then by placing a second region of in-
terest in the occipital lobe using a coronal image. The 3D reconstructed
fibers have been superimposed on axial T2-weighted turbo spin echo
(TR 80 msec, TE 3000 msec, slice thickness 4 mm) images to facilitate
anatomical orientation. Left: A narrow angulation of the temporal loop
demonstrated in a dolichocephalic cranium type. Right: A wide angula-
tion of the temporal loop demonstrated in a brachycephalic cranium
type. These images suggest a potential correlation of the angulation of
the temporal loop with the shape of the cranium.

tractography analysis. We are grateful to Dianne C. H. Yasargil for
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