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OBJECTIVE The functional importance of the superior temporal lobe at the level of Heschl’s gyrus is well known.
However, the organization and function of these cortical areas and the underlying fiber tracts connecting them remain
unclear. The goal of this study was to analyze the area formed by the organization of the intersection of Heschl’s gyrus–
related fiber tracts, which the authors have termed the “Heschl’s gyrus fiber intersection area” (HGFIA).
METHODS The subcortical connectivity of Heschl’s gyrus tracts was analyzed by white matter fiber dissection and by
diffusion tensor imaging tractography. The white matter tracts organized in relation to Heschl’s gyrus were isolated in 8
human hemispheres from cadaveric specimens and in 8 MRI studies in 4 healthy volunteers. In addition, these tracts and
their functions were described in the surgical cases of left temporal gliomas next to the HGFIA in 6 patients who were
awake during surgery and underwent intraoperative electrical stimulation mapping.
RESULTS Five tracts were observed to pass through the HGFIA: the anterior segment of the arcuate fasciculus, the
middle longitudinal fasciculus, the acoustic radiation, the inferior fronto-occipital fasciculus, and the optic radiation. In
addition, U fibers originating at the level of Heschl’s gyrus and heading toward the middle temporal gyrus were identified.
CONCLUSIONS This investigation of the HGFIA, a region where 5 fiber tracts intersect in a relationship with the primary auditory area, provides new insights into the subcortical organization of Wernicke’s area. This information is valuable
when a temporal surgical approach is planned, in order to assess the surgical risk related to language disturbances.
https://thejns.org/doi/abs/10.3171/2019.11.FOCUS19778
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istorically, since Wernicke’s description of the
“aphasic symptom complex” in 1874,29 the posterior segment of the superior temporal gyrus (STG)
in the dominant hemisphere has been recognized as a key
element in language processing. This area is not only important for language comprehension, but more importantly, it has a crucial role in speech production, phonologic
retrieval, and semantic processing.1
Heschl’s gyrus is a major component of the posterior

portion of the STG and forms the anatomical substrate of
the primary auditory area. The unique trajectory of the
acoustic radiation from the middle geniculate body to the
cortex of Heschl’s gyrus has been well described.10,17 Virtually all language models emphasize the importance of
the connectivity between the primary auditory area and
the dorsal language stream. In fact, in the dual-stream
hypothesis for language, these connections have a crucial
role in processing auditory speech signals to allow articu-
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lation and speech output.9 Numerous authors have considered the arcuate fasciculus as the main connection mediating this function, as it directly connects the temporal and
frontal lobes.4,13,17,21 However, many important questions
remain concerning the specific organization of these connections at the temporal lobe and the exact route out from
the primary auditory area to the parietal and frontal lobes.
In the present study, the relationships of these tracts
were analyzed, including a fiber intersection area at the
level of the posterior area of the superior temporal lobe,
around Heschl’s gyrus and the acoustic radiation. We have
named this area the “Heschl’s gyrus fiber intersection
area” (HGFIA). We combined cortex-sparing fiber dissection and diffusion tensor imaging (DTI) tractography to
perform a detailed anatomical description of the topography of these neighboring tracts and their relationships. In
this sense, the HGFIA anatomical organization described
here adds new functional insights to the current knowledge of the role of this area in language processing. The
importance of this region for the planning of temporal approaches to surgery is also discussed.

Methods

Cortex-Sparing Fiber Dissection
A total of 8 human cerebral hemispheres (4 left sides
and 4 right sides; mean age of the subjects 73 years, range
63–82 years) were dissected by J.M. between October
2018 and November 2018. The methodology used was
previously described by the author’s group.15,17,18,20
Briefly, a detailed study of the sulcal and gyral anatomy was performed in each specimen. Heschl’s gyrus and
the angular and supramarginal gyri, among others, were
identified based on previous anatomical descriptions.27,28
Other relevant surface landmarks, such as the limen insulae, the planum polare, and the planum temporale, were
also noted. All of the bundles of fibers with cortical terminations in Heschl’s gyrus or crossing the subcortical
area underneath were isolated, including the anterior segment of the arcuate fasciculus (A-Arc), the long segment
of the arcuate fasciculus (L-Arc), the middle longitudinal
fasciculus (MLF), the optic radiation (OR), the inferior
fronto-occipital fasciculus (IFOF), and the acoustic radiation. The acoustic radiation was approached by starting
the dissection from the posterior third of the superior temporal sulcus as described by Sarubbo et al.,23 whereas the
rest of the fascicles (the A-Arc, MLF, OR, and IFOF) were
dissected according to the method described previously
by our group.16
DTI Tractography Analysis
Brain MRI studies obtained from 4 healthy volunteers
(mean age 36 years) were included in the analysis. These
studies were performed with a whole-body 3.0-T scanner (Achieva 3.0T; Philips Healthcare) with an 8-channel
head coil. DTI tractography was performed as follows,
using the same methodology previously described by our
group.17,20 DTI was performed using a single-shot, multislice, spin echo–echo planar sequence with the following attributes: diffusion sensitization 1300 sec/mm2, TR
9577 msec, TE 77 msec, voxel size 2 mm3, no gap between
2

slices, and matrix 224 × 224. Sixty-four diffusion gradient
directions were obtained. The DTI data sets and anatomical MRI scans were analyzed with Fiber Track software
from MR Workspace (Philips Healthcare) for diffusion
tensor analysis and fiber tracking. To increase the number of detectable fibers, we applied a probabilistic tracking algorithm with progressive lowering of the fractional
anisotropy value. A knowledge-based multiple region of
interest (ROI) approach was applied, in which the tracking algorithm was initiated from user-defined seed regions. Axonal projections were traced in both anterograde
and retrograde directions according to the direction of the
principal eigenvector in each voxel of the region of interest. Tracking terminated when the fractional anisotropy
value was < 0.18.
The seed regions used to reconstruct the A-Arc, MLF,
IFOF, and OR were placed according to previous descriptions by our group and other groups.5,17 The fiber tracking of the acoustic radiation (AR) was performed by using
a 2-ROI approach previously described by Javad et al.,10
in which the first ROI was placed in the white matter of
Heschl’s gyrus and the target ROI was set in the middle
geniculate body, and both ROIs were identified in the anatomical T1-weighted MRI sequence. Outside the AR, a set
of ROIs was chosen to avoid errant fiber trajectories. Fiber
tracts passing through the starting and target points, but
not through the excluded regions, were kept as the AR.
Surgical Technique
Six surgical patients with left temporal gliomas close to
the HGFIA were included for the analysis. These patients
were selected according to the following inclusion criteria:
1) age > 18 years, 2) tumor located within or in proximity to the HGFIA, 3) intraoperative electrical stimulation
mapping with an asleep-awake-asleep surgical technique19
(all surgeries were performed by the same author, J.M.,
between 2011 and 2014), and 4) histological confirmation
of diffuse low-grade glioma WHO grade II–III. For the
surgical results, a neuronavigation system was used to
correlate the functional areas with the preoperative DTI
tractography. The limits of the resection were defined depending on the eloquent regions identified in the surgical
cavity.
All participants provided signed informed consent to
participate in the research; all procedures were approved
by the Hospital Universitario Marqués de Valdecilla Committee of Human Research (protocol number 2019.117),
and all research procedures were directed according to the
Declaration of Helsinki.
Statistical Analysis
The side of the hemisphere (right vs left) was selected
as the independent variable. Meanwhile, the distances
measured at Heschl’s gyrus and the HGFIA and the identification or not of the different tracts at the HGFIA were
chosen as independent variables. The Mann-Whitney Utest was used for quantitative variables, and Fisher’s exact
test was used for qualitative variables. In all cases the accepted significance level was 5% (p < 0.05). The analysis
was performed with SPSS software version 20.0 (IBM).
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TABLE 1. Tracts identified and distances measured at the HGFIA
Hemisphere
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
Total

Side

FD vs
DTI

Lt
Rt
Lt
Rt
Lt
Rt
Lt
Rt
Lt
Rt
Lt
Rt
Lt
Rt
Lt
Rt
50% Lt
50% Rt

FD
FD
FD
FD
FD
FD
FD
FD
DTI
DTI
DTI
DTI
DTI
DTI
DTI
DTI
50% FD
50% DTI

HGFIA Tracts

HGFIA Distance (mm)

A-Arc

MLF

AR

IFOF

OR

U Fibers

D1

D2

D3

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
100%

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
100%

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
100%

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
100%

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
100%

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
100%

51
46
53
50
47
45
—
52
51
52
51.3
51.8
50
52.3
45.5
50.2
Mean 49.87,
range 45–53

82
74
84
75
76
72
—
77
76.9
79
77.9
77.4
79
80.6
79
76.3
Mean 77.74,
range 72–84

53
47
55
56
55
42
46
55
55.6
50.3
54.1
53.6
53.2
53.8
49.9
48.5
Mean 51.75,
range 42–56

FD = fiber dissection; — = measurement could not be obtained because the specimen was missing the temporal pole.
FD performed in 8 cadaveric specimens; DTI tractography performed in 4 healthy volunteers.

Results

The tracts identified at the HGFIA and the distances
measured in each hemisphere are detailed in Table 1.
Tracts Identified and Their Organization at the HGFIA
Five white matter associative tracts were identified at
the HGFIA (Figs. 1–3).
1. AR. These fibers originate from the middle geniculate
body and project to the ipsilateral primary auditory
cortex in Heschl’s gyrus.
2. A-Arc. These fibers have an anteroposterior orientation and run lateral to the long segment of the L-Arc
connecting the inferior parietal lobe and posterior
temporal lobe to the ventral part of the precentral
gyrus.
3. MLF. This pathway, running within the STG with an
anteroposterior and superior orientation, connects the
STG with the parietal lobe.
4. IFOF. This pathway runs within the frontal lobe, insula,
temporal stem, and sagittal stratum and connects the
frontal operculum with the occipital, parietal, and temporobasal cortex.
5. OR. These tracts originate from the lateral geniculate
body and project to the ipsilateral primary visual cortex in the middle temporal gyrus (MTG), medial to the
IFOF, and form the roof of the temporal horn.
In addition, in all hemispheres dissected and studied
by tractography, U fibers from the inferior segment of the
STG to the MTG were also identified. These fibers curve
around the superior temporal sulcus and are connected to
the L-Arc at their termination.

Tract Organization Within the HGFIA
The associative tracts crossing the HGFIA are anatomically organized into 2 different layers. The superficial
layer includes the AR, MLF, and A-Arc, and the U fibers
connecting Heschl’s gyrus with the MTG. The deep layer
of tracts is formed by the IFOF and the OR.
Superficial Layer

Within the superficial layer (Fig. 3B), the tracts are
intricately arranged from lateral to medial in the following order: A-Arc, AR, and MLF. In a similar way, the
cortical projections of these tracts are organized from
anterior to posterior as follows: 1) the MLF terminates
anteriorly at the STG, 2) the AR terminates at Heschl’s
gyrus, and 3) more posteriorly, the A-Arc terminates at
the supramarginal gyrus and the more posterior part of
the STG (Fig. 3A).
The fibers of the AR, from lateral to medial, have a superior and posterior orientation. Medially, they converge
at the caudal end of the insula, and laterally, at Heschl’s
gyrus, the fibers unfold in a fan.
The MLF is differentiated from the A-Arc by its deeper
location and its anteroposterior and superior orientation.
At the HGFIA, the fibers of the MLF terminate more anteriorly at the STG than the fibers of the AR (Figs. 1 and 2).
In addition to the associative tracts within the superficial layer of the HGFIA, U fibers connecting Heschl’s
gyrus with the MTG were identified in both the DTI-tractography and the fiber dissection (Figs. 2, 3B, and 3C).
Deep Layer

The deep layer of the HGFIA (Fig. 3C) includes the
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FIG. 1. Fiber dissection of the tracts identified at the HGFIA in a left hemisphere. Heschl’s gyrus and the A-Arc have been tilted
superiorly to expose the MLF, L-Arc, and IFOF. The dissection demonstrates that 5 white matter tracts cross the HGFIA, the A-Arc,
MLF, AR, IFOF, and OR. These tracts are anatomically organized in 2 different layers. The most superficial layer includes the AR,
LF, and A-Arc (arranged from anterior to posterior), whereas the IFOF and the OR are located in the deeper layer. H = temporal
horn; HG = Heschl’s gyrus; OR = optic radiation; Unc = uncinate fasciculus.

FIG. 2. Fiber dissection of the tracts identified at Heschl’s gyrus in a left hemisphere. Heschl’s gyrus has been tilted superiorly to
expose the MLF. The dissection demonstrates that Heschl’s gyrus is connected with the MTG through some U-fiber bundles. The
dissection demonstrates the MLF fibers ending more anteriorly than the AR in the STG and some fibers originating more anteriorly
in the STG and coursing posteriorly and deeper toward the MTG. HG = Heschl’s gyrus.

4
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FIG. 3. A: DTI tractography 3D reconstruction of the tracts that cross at the HGFIA in a left hemisphere (white dashed rectangle).
1 = A-Arc; 2 = MLF; 3 = AR; 4 = IFOF; 5 = OR; 6 = anterior comissure; 7 = left thalamus. B: DTI tractography 3D reconstruction of
the tracts identified at Heschl’s gyrus in a left hemisphere and the connections between them. 1 = A-Arc; 2 = MLF; 3 = AR; 4 = U
fibers. C: DTI tractography 3D reconstruction of the tracts that cross at the HGFIA in a left hemisphere (white dashed rectangle). 1
= A-Arc; 2 = MLF; 3 = AR; 4 = IFOF; 5 = OR; 6 = anterior comissure; 7 = U fibers.
Neurosurg Focus Volume 48 • February 2020
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FIG. 4. Schematic representation depicting the location of Heschl’s gyrus, the cortical projections of the main tracts crossing
the HGFIA (black dashed rectangle), the distance D1 (black dashed line with arrowheads) between the temporal pole and the
anterior limit of Heschl’s gyrus at the convexity surface of the hemisphere (average 49.87 mm, range 45–53 mm), and a U-fiber
bundle (white dashed line with arrowheads). CS = central sulcus; HG = Heschl’s gyrus; ITG = inferior temporal gyrus; SupraMG =
supramarginal gyrus.

IFOF superiorly and the OR inferiorly (Figs. 1 and 3A).
The IFOF crosses under the A-Arc in an anterior-posterior
and superior direction. Similarly, the OR runs medial to
the IFOF, following the same orientation, and is located
above the fibers of the lateral limb of the anterior commissure and tapetum, forming the roof of the temporal horn
and atrium.
Distances Measured
The following 3 distances were measured at the HGFIA
(Table 1, Fig. 4):
1. D1: The shortest distance between the temporal pole
and the anterior limit of Heschl’s gyrus at the convexity
surface of the hemisphere (average 49.87 mm, range,
45–53 mm).
2. D2: The shortest distance between the temporal pole
and the anterior limit of Heschl’s gyrus at the inferior
limiting sulcus of the insula (average 77.74 mm, range
72–84 mm).
3. D3: The shortest distance between the limen insulae
and Heschl’s gyrus at the inferior limiting sulcus of the
insula (average 51.75 mm, range 42–56 mm).
These 3 distances were compared between both hemispheres. The differences were not statistically significant
(p > 0.05).
Surgical Findings
Cortical electrical stimulation at the HGFIA elicited
6

language disorders in all patients (Fig. 5). Anomia presented in 4 patients, in 1 patient at 3 cortical areas and in 4
patients at 1 cortical area. Semantic paraphasia was found
in 4 patients at 1 cortical area.
During subcortical stimulation, language disorders were
detected in 4 patients (Fig. 5). Anomia was elicited in 3
patients, and semantic paraphasia in 1 patient.
The histopathological analysis revealed diffuse infiltrative astrocytoma in 4 patients, anaplastic glioma in 1 patient, and glioblastoma in 1 patient.
To visually depict the functional anatomy of the HGFIA,
pre- and intraoperative images for 2 illustrative cases are
presented: a patient with diffuse infiltrative astrocytoma
(case 1; Fig. 6) and a patient with an anaplastic astrocytoma (case 2; Fig. 7).

Discussion

HGFIA Organization and New Insights on Language
Processing
The unique trajectory of the AR from the middle geniculate body to the cortex of Heschl’s gyrus is well described, but the relationship of these structures with the
adjacent language pathways has been analyzed in only a
few previous works.2,13,21 Moreover, the complex tract organization within the HGFIA could be considered the anatomical substrate of the functional connection between the
primary auditory cortex, the endpoint of the AR, and the
dorsal language stream, and hence to other language net-
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FIG. 5. A–F: Schematic representation of the 6 surgical cases presented. In all cases the cortical and subcortical stimulation in
the HGFIA elicited language disorders (anomia or semantic paraphasia). White dotted line areas indicate cortical (posterior part
of the STG) and subcortical (HGFIA) areas where language disorders were elicited (Spanish flags indicate areas where language
function was detected).

works. Based on our findings, the primary auditory area is
at the center of a region encircled by 3 important connections: 1) inferiorly, by U fibers that connect the primary

auditory area with the MTG, and then to the L-Arc; 2)
posteriorly, by the A-Arc that connects the posterior portion of the STG with the ventral premotor cortex; and 3)
Neurosurg Focus Volume 48 • February 2020
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FIG. 6. Images of case 1, a 48-year-old, monolingual, right-handed woman with a left frontotemporal diffuse infiltrative astrocytoma (representation of patient position for orientation shown in upper right corner of A–D). The patient had smelling-type partial
seizures and partial seizures with aphasia 2 months before admission. No preoperative deficits were observed. A: Preoperative
sagittal FLAIR MRI with DTI tractography reconstruction of the tracts ending at the HGFIA (white dashed rectangle). The tumor at
the temporal lobe is anterior to the HGFIA, in direct contact with Heschl’s gyrus and the MLF, A-Arc, IFOF, and the OR. 1 = A-Arc;
2 = MLF; 3 = IFOF; 4 = OR; 5 = pyramidal pathway; T = tumor. B: Postoperative sagittal FLAIR MRI with DTI tractography reconstruction of the tracts ending at the HGFIA (white dashed rectangle). 1 = A-Arc; 2 = MLF; 3 = IFOF; 4 = OR; 5 = pyramidal pathway.
C: Intraoperative photograph before tumor resection exposing the left frontal and temporal lobes. Intraoperative cortical electrical
stimulation at the posterior part of the STG elicited anomia. This area corresponding to the HGFIA was located with neuronavigation. Intraoperative cortical electrical stimulation elicited the following responses: Spanish flag 1 = speech arrest at the premotor
lateral ventral cortex; Spanish flags 2 and 3 = anomia at the posterior part of the STG and MTG; Spanish flag 4 = anarthria at
the inferior part of the postcentral circumvolution. T = tumor. D: Intraoperative photograph after tumor resection. The limits of the
resection were defined depending on the eloquent regions identified in the surgical cavity. Intraoperative subcortical electrical
stimulation elicited the following responses: Spanish flags 5–7 = anomia; Spanish flag 8 = language difficulties with perseveration
because of the resection near to the caudate nucleus head.

anteriorly, by the MLF that connects the middle and anterior portions of the STG with the parietal lobe.
Auditory feedback is an essential component of speech
8

articulation. In fact, ischemic lesions of Heschl’s gyrus
white matter result in impaired feedback connectivity to
auditory areas, which may cause speech comprehension
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FIG. 7. Images of case 2, a 59-year-old, monolingual, right-handed woman with a temporoinsular anaplastic WHO grade III astrocytoma. The patient had an isolated partial seizure with aphasia 1 month before admission. No preoperative deficit was observed
(representation of patient position for orientation shown in upper right corner of A–C). A: Preoperative sagittal FLAIR MRI with DTI
tractography reconstruction of the tracts ending at the HGFIA (white dashed rectangle). The tumor at the temporal lobe is anterior
to the HGFIA, in direct contact with Heschl’s gyrus and the MLS, the A-Arc, the IFOF, and the OR. 1 = A-Arc; 2 = MLF; 3 = IFOF;
4 = OR; 5 = pyramidal pathway. B: Intraoperative photograph before tumor resection exposing the left frontal and temporal lobes.
Intraoperative cortical electrical stimulation at the posterior part of the STG elicited anomia and semantic paraphasia. This area,
corresponding to the HGFIA, was located with neuronavigation. Intraoperative cortical electrical stimulation elicited the following
responses: Spanish flag 1 = speech arrest at the premotor lateral ventral cortex; Spanish flag 2 = anomia at the posterior part of
the STG; Spanish flag 3 = anomia at the MTG; Spanish flag 4 = syntax disorder in the task of lecture at the inferior part of the postcentral circumvolution. T = tumor. C: Intraoperative photograph after tumor resection. Spanish flags 1–4 = responses as described
for panel C. The limits of the resection were defined according to the eloquent regions identified in the surgical cavity. Intraoperative subcortical electrical stimulation elicited the following responses: Spanish flags 5, 6, and 8 = anomia.

difficulties.26 The voice is simultaneously produced in
the mouth and heard at the primary auditory cortex. This
auditory-motor loop is essential to constantly monitor and
correct speech output.9,11,12 The dysfunction of this loop
produces the articular disorder that is observed in deaf in-

dividuals. The present work supports the hypothesis that
the primary auditory area is in direct contact posteriorly
with the A-Arc. The A-Arc represents a direct and rapid
connection between the temporal lobe and the speech output area at the ventral premotor cortex.24,25 Therefore, this
Neurosurg Focus Volume 48 • February 2020
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connection represents a very suitable route to explain the
articulatory loop. In sum, our findings may support the
hypothesis that the voice is produced in the mouth and
simultaneously heard through the auditory system (external loop). Then, from the primary auditory cortex the
information may be rapidly sent posteriorly to the cortex
connected to the A-Arc. Finally, the A-Arc sends it to the
speech output area for precise monitoring of speech articulation (internal loop).
The L-Arc is considered an essential network for phonological integration, as it plays a key role in the linkage
between the acoustic sensorial input and speech production.3,7 In fact, intraoperative electrical stimulation of this
connection induces phonemic paraphasias with high reproducibility. In a phonemic paraphasia, the target word is
correct, but the phonemes are transpositioned or substituted,7,25 for example, “blate” instead of “table.” In the present
work, we identified U fibers that connect the STG with the
MTG. These U fibers may represent a direct connection
between the primary auditory area and the arcuate fascicle
and would explain the integration of the auditory entrance
into the MTG, and from there to the ventral premotor cortex and the posterior segment of the lower frontal gyrus
through the L-Arc.
The last superficial connection related to Heschl’s gyrus is the MLF. The MLF connects the cortex immediately anterior to the primary auditory area to the parietal
lobe.14 The functional role of this connection is much
more speculative. The parietal lobe is important to sensorimotor and visual integration; therefore, this connection
between the auditory and parietal cortex may be important to localize the source of a sound.8,22,25 Further connection with the eye movement control area would cause
saccadic movement of the eyes toward the source. This
connection may also be important for the verbal working
memory circuit. The frontoparietal networks are essential
for retaining words in memory and manipulating verbal
information. After a word is heard, the MLF may send
the information to the parietal lobe, where the working
memory network keeps firing through the delay period in
which there is no stimulus, in order to temporarily hold
the information in memory.24,25 For example, imagine that
you are at a scientific meeting, and you hear in a lecture
the unusual word “scarecrow.” Five hours later you hear
that word again, and you remember that you heard the
word during the lecture.
Surgical Implications
Intraoperative electrical stimulation of the HGFIA elicited language disturbances in all cases at the cortical and
subcortical level. These results emphasize the important
functional role of this area, which must be identified and
preserved during surgery. It is important to note that resection of the STG, anterior to Heschl’s gyrus, did not result in
a permanent language deficit in any of the study patients,
despite the resection of a large part of the MLF. This result
is in line with the hypothesis that the MLF in humans is
not essential for language processing.6 Moreover, the distances measured in the laboratory dissections and tractography analyses are in accordance with the posterior limit
of the resection in the left temporal approaches, because
10

the function was detected posterior to the connection of
the MLF.
The HGFIA is also associated with other tracts that are
not directly connected to it, but that pass through the deep
white matter. Within this deep layer of tracts, the IFOF
and the OR are highly eloquent and should also be preserved. In the cases described here, semantic paraphasias
were elicited during subcortical electrical stimulation at
the deepest level, in line with the hypothesis of the IFOF
as an essential component of the semantic language system. Therefore, the HGFIA is related to the 2 streams of
language, superficially to the dorsal phonological stream,
as it is connected to the L-Arc and A-Arc, and deeply to
the ventral semantic stream, as it is related to the IFOF.
Limitations
The results presented here have the following limitations. First, the potential variability of the connectivity of
the HGFIA cannot be evaluated on the basis of our results
because of the small number of study patients. Second, it
is well known that fiber dissection techniques and DTI
tractography are limited methods to analyze white fiber
intersection areas. Finally, the intraoperative electrical
stimulation mapping to evaluate function was limited due
to the current dispersion in tract intersection areas. Consequently, further studies are necessary to analyze in more
detail the connectivity and the function of this region.

Conclusions

This anatomical study delineated the HGFIA, a region where 5 fiber tracts intersect in a relationship with
the primary auditory area. The HGFIA is a key region in
the language system, allowing the integration of auditory
input and speech production. Our findings support the hypothesis that the output of information at the level of the
auditory cortex is sent via the arcuate fasciculus complex
to the speech output areas through 2 pathways, indirectly
through the small U fibers connecting the auditory area
with the MTG and the L-Arc and directly through the AArc. In addition, the auditory input is also integrated in
the parietal association cortex via the MLF. Moreover, the
HGFIA is also intimately related to the ventral semantic
stream, as the IFOF crosses through the deep white matter.
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