SURGICAL ANATOMY AND TECHNIQUE

Ventral Precentral Fiber Intersection Area: A Central
Hub in the Connectivity of Perisylvian Associative
Tracts
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BACKGROUND: The ventral part of the precentral gyrus is considered one of the most
eloquent areas. However, little is known about the white matter organization underlying
this functional hub.

OBJECTIVE: To analyze the subcortical anatomy underlying the ventral part of the
precentral gyrus, ie, the ventral precentral fiber intersection area (VPFIA).

METHODS: Eight human hemispheres from cadavers were dissected, and 8 healthy
hemispheres were studied with diffusion tensor imaging tractography. The tracts that
terminate at the ventral part of the precentral gyrus were isolated. In addition, 6 surgical
cases with left side gliomas close to the VPFIA were operated awake with intraoperative
electrical stimulation mapping.

RESULTS: The connections within the VPFIA are anatomically organized along an antero-
posterior axis: the pyramidal pathway terminates at the anterior bank of the precentral
gyrus, the intermediate part is occupied by the long segment of the arcuate fasciculus, and
the posterior bank is occupied by the anterior segment of the arcuate fasciculus. Stimu-
lation of the VPFIA elicited speech arrest in all cases.

CONCLUSION: The present study shows strong arguments to sustain that the fiber organi-
zation of the VPFIA is different from the classical descriptions, bringing new light for under-
standing the functional role of this area in language. The VPFIA is a critical neural epicenter
within the perisylvian network that may represent the final common network for speech
production, as it is strategically located between the termination of the dorsal stream and

the motor output cortex that directly control speech muscles.
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he precentral gyrus has been divided

into ventral and dorsal portions, based

on anatomical and functional considera-
tions. The dorsal part controls arm and hand
movements, while the ventral part is involved
in orofacial movements and language. The exact
border between them is controversial, but most
authors accept that it is located at the ventral
margin of the omega zone (hand knob).!* The
ventral part of the precentral gyrus is considered
one of the most eloquent cortical areas, with
crucial roles in motor, language, and higher
cognitive functions. 1,3.5-9

ABBREVIATIONS: DTI, diffusion tensor imaging;
VPFIA, ventral precentral fiber intersection area
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In recent years, numerous publications have
demonstrated that this area is highly connected
with the main associative tracts of the brain.
In this sense, connections with the arcuate
fasciculus, pyramidal pathway, frontal aslant
tract, and inferior fronto-occipital fasciculus have
been described.!*"!> However, there is significant
discussion regarding the exact cortical termina-
tions of these tracts within the frontal operculum,
and the organization of all these connections
within the precentral gyrus.!?:16-20

In the current anatomical study, the organi-
zation of white matter underlying the ventral
part of the precentral gyrus has been analyzed
applying cortex sparing fiber dissection and
diffusion tensor imaging (DTI) tractography.
We named this area the ventral precentral fiber
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Jasciculus; SF = Sylvian fissure.

FIGURE 1. Fiber dissection of the tracts that terminate at the ventral precentral fiber intersection area
(VPFIA) in a left hemisphere. The anterior segment of the arcuate fasciculus has been tilted superiorly and
inferiorly to expose the long segment of the arcuate fasciculus. The dissection demonstrates that the termi-
nations within the VPFIA are anatomically organized along an anterior-posterior axis. Anterior segment of
the arcuate fasciculus terminates at the posterior part of the ventral precentral gyrus. The course of the long
segment of the arcuate fasciculus within the parietal lobe is deep compared to the anterior segment of the
arcuate fasciculus what determines a connection of the long segment of the arcuate fasciculus further anterior
at the precentral gyrus. A-Arc: Anterior segment of the arcuate fasciculus; L-Arc: Long segment of the arcuate

intersection area (VPFIA) as it is a peculiar brain area crossed
by numerous axons from 3 important tracts: anterior segment
of the arcuate fasciculus, the long segment of the arcuate fasci-
culus, and pyramidal pathway. The specific cortical projections
of these tracts within the precentral gyrus have been studied in
detail. Our results show a renewed and elaborated description of
the connectivity organization within the VPFIA that may help to
have a better understanding of the functional role of this complex
subcortical hotspot.

METHODS

Cortex-Sparing Fiber Dissection

Eight human cerebral hemispheres were dissected with a method-
ology that has been previously described in detail, ie, cortex-sparing fiber
dissection.'%'1-21-22 Tt was possible to completely isolate the fibers and
cortical terminations of the anterior and long segments of the arcuate
fasciculus, and pyramidal pathway within the VPFIA (Figures 1 and
2).The specimens were dissected between March 2017 and April 2017,
and all dissections were performed by the same experienced author
(J.M.).Specific cortical landmarks such as the anterior sylvian pointor the
hand knob were defined based in previous anatomical publications.?>4
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DTI Tractography Analysis

Four healthy volunteers (mean age = 36 yr) were studied with brain
magnetic resonance imaging. The study was performed on a whole-body
3.0-T scanner (Achieva 3.0T; Philips Healthcare, Best, the Netherlands)
with an 8-channel head coil. DTI tractography was performed using the
same methodology previously described by our group.?>-?® The tractog-
raphy analysis was performed between June 2017 and July 2017, and
the reconstructions and measurements were performed by 2 experienced
authors (A.G. and E.M.L.).

Surgical Technique

In order to analyze the functional anatomy of the VPFIA, 6 surgical
cases with left side gliomas close to the VPFIA are presented. All patients
were operated using intraoperative electrical stimulation mapping with
an asleep-awake-asleep technique, a method previously described in
detail by our group in previous reports.””-*® All surgeries were performed
between January 2015 and February 2017, and all surgeries were
performed by the same surgeon (J.M.).

All participants signed a written informed consent to participate in
the study. The study protocol (Protocol number 28/2016) was approved
by the Hospital Committee of Human Research.
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FIGURE 2. A, Fiber dissection of the tracts that terminate at the ventral precentral fiber intersection area (VPFIA) in a left hemisphere.
The ventral part of the precentral gyrus has been splitted in order to isolate the termination of each tract. The anterior segment of the arcuate
Jasciculus terminates at the posterior portion of the VPFIA. The pyramidal pathway is connected to the anterior portion of the VPFIA. The
long segment of the arcuate fasciculus terminates at the intermediate part of the VPFIA. B, Fiber dissection of the tracts that terminate at the
VPFIA in another left hemisphere. The tracts organization within the VPFIA is similar to the hemisphere presented in A. A-Arc: Anterior
segment of the arcuate fasciculus; CS = Central sulcus; L-Arc: Long segment of the arcuate fasciculus; P = Pyramidal pathway.

Statistical Analysis

The independent variable for the analysis was the side of the
hemisphere (right vs left). The dependent variable was the distance
measured at the VPFIA, and the identification or not of the different
tracts at the VPFIA. For quantitative variables, a Mann-Whitney U test
was used, and for qualitative variables the Fisher’s exact test was used. A
significance level of 5% (P < .05) was accepted in all cases. The analysis
was performed with SPSS software version 20.0 (SPSS, IBM, Armonk,
New York).

RESULTS

Table resumes the tracts identified at the VPFIA, cortical termi-
nations of the different connections, and distances measured.

Tracts Identified at VPFIA

Three white matter tracts were identified at the VPFIA
(arranged from posterior to anterior; Figures 1-5):

1. Anterior segment of the arcuate fasciculus. This pathway
consists of anterior-posterior oriented fibers that run lateral
to the long segment of the arcuate fasciculus and connect the
inferior parietal lobe and posterior temporal lobe to the ventral
part of the precentral gyrus.

2. Long segment of the arcuate fasciculus. This long and large
pathway, located deeply to the anterior segment of the arcuate
fasciculus, connects the posterior temporal lobe with the
ventral part of the precentral gyrus and the posterior frontal
lobe.

3. Ventral part of the pyramidal tract. This tract consists of a well-
defined group of fibers that are connected to the ventral part
of the precentral gyrus, then run within the stem of this gyrus
anterior and parallel to the terminations of the long segment
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of the arcuate fasciculus, and finally course within the white
matter of the central core.

The posterior cortical terminations of the different portions
of the arcuate fasciculus were dissected and studied. Connections
of the inferior fronto-occipital fasciculus and frontal aslant tract
to the VPFIA were not identified.

Tracts Organization Within the VPFIA

The fibers projecting to the ventral part of the precentral gyrus
are segregated in separated columns that terminate in specific
cortical areas of the precentral gyrus (Figures 1-5). Three basic
columns organized along an anteroposterior disposition were
identified at the white matter of the VPFIA (Figures 1-5):

* Posterior Column: Contains fibers of the anterior segment of
the arcuate fasciculus that terminates at the posterior part of
the ventral precentral gyrus, with connections to the cortex of
the central sulcus and the posterior part of the precentral gyrus.

o Intermediate Column: The fibers of the long segment of the
arcuate fasciculus run within the precentral gyrus, immediately
anterior to the fibers of the anterior segment of the arcuate fasci-
culus. These fibers are connected to the cortex of the ventral
precentral gyrus, immediately anterior to the terminations of
the anterior segment of the arcuate fasciculus.

* Anterior Column: The pyramidal pathway runs in the anterior
part of the ventral precentral gyrus, immediately anterior to
the fibers of the long segment of the arcuate fasciculus. The
pyramidal pathway terminates in the cortex of the precentral
sulcus and the anterior part of precentral gyrus. Anterior to
the pyramidal pathway, U fibers connecting the posterior part
of the inferior frontal gyrus with the precentral gyrus were
encountered.
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TABLE. Tracts Identified, Posterior Cortical Terminations and Distances Measured at the Ventral Precentral Fiber Intersection Area
Posterior cortical
VPFIA tracts terminations VPFIA distances (mm)
FD vs
No Side DTI A-Arc L-Arc PT A-Arc L-Arc D1 D2 D3 D4
1 L FD Yes Yes Yes SM mT3 40 47 55 8
2 R FD Yes Yes Yes SM mT3 65 53 70 17
3 L FD Yes Yes Yes SM mT2, mT3 25 57 48 9
4 R FD Yes Yes Yes SM pT2, PT3 22 58 60 2
5 L FD Yes Yes Yes SM pT3 45 55 58 3
6 R FD Yes Yes Yes SM mT2, mT3 38 57 50 7
7 L FD Yes Yes Yes SM pT1, pT2 62 62 67 5
8 R FD Yes Yes Yes SM mT2 45 60 51 9
9 L DTI Yes Yes Yes SM pT2 37 47 65 18
10 R DTI Yes Yes Yes SM, ANG pT2,pT3 36 66 53 13
n L DTI Yes Yes Yes SM mT2 38 68 50 18
12 R DTI Yes Yes Yes SM, ANG mT2, mT3 37 55 60 5
13 L DTI Yes Yes Yes SM, ANG pT2 45 72 55 17
14 R DTI Yes Yes Yes SM, ANG mT2 37 65 57 8
15 L DTI Yes Yes Yes SM pT2 37 60 57 3
16 R DTI Yes Yes Yes SM pT2 38 58 62 4
Total 50% L 50% FD 100% 100% 100% 100% SM 25% 43.8% pT2 Mean 40.4 Mean 58.8 Mean 57.4 Mean 9.1
50% R 50% DTI ANG 37.5% mT2 (22-65) (47-72) (48-70) (2-18)
31.3% mT3
18.8% pT3
6.3% pT1

A-Arc: anterior segment of the arcuate fasciculus; ANG: angularis gyrus; DTI: diffusion tensor imaging tractography; FD: fiber dissection; IPS: intraparietal sulcus; L-Arc: long segment of
the arcuate Fasciculus; mT2: middle portion of middle temporal gyrus; mT3: middle portion of inferior temporal gyrus; pT1: posterior portion of superior temporal gyrus, pT2: posterior
portion of middle temporal gyrus, pT3: posterior portion of inferior temporal gyrus; PT: pyramidal tract; SM: supramarginal gyrus; VPFIA: ventral precentral fiber intersection area;
D1: distance from the anterior sylvian point to the dorsal limit of the anterior segment of the arcuate fasciculus; D2: distance from the anterior sylvian point to the dorsal limit of the
long segment of the arcuate fasciculus; D3: distance from the anterior sylvian point to the ventral limit of the hand knob; D4: distance from the inferior limit of the hand knob to the

dorsal limit of the long segment of the arcuate fasciculus.

Distances Measured at the VPFIA

Distances were measured at the ventral premotor area (Figure 6
and Table). All distances were compared between both sides. The
differences observed were not statistically significant (P > .05).

Surgical Findings

Stimulation of the VPFIA elicited speech arrest in all cases
(Figures 7-9). In 2 cases, 1 cortical area related to speech arrest
was found. In 4 cases, 2 cortical areas related to speech arrest were
found. The histopathological diagnosis revealed low-grade glioma
in 4 cases, anaplastic glioma in 2 cases, and glioblastoma in 1 case.
The VPFIA defined a functional unresectable limit in all cases, as
reorganization of function was never outside the ventral part of
the precentral gyrus.

DISCUSSION

The present study revealed that the VPFIA is a central hub in
the frontoparietal connectivity as it is connected to 3 important
perisylvian bundles: anterior segment of the arcuate fasciculus, the
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long segment of the arcuate fasciculus, and pyramidal pathway.
Importantly, the connections within the VPFIA appear to be
anatomically organized along an anterior-posterior disposition.
The most posterior connections are the fibers projecting from
the anterior segment of the arcuate fasciculus, and the most
anterior connection is the pyramidal pathway. The termination
of the long segment of the arcuate fasciculus lies in between
the anterior and posterior connections. The present findings
can be explained based on the disposition of the dorsal stream
within the frontoparietal operculum, and the pyramidal pathway
within the precentral gyrus. The dorsal stream, composed by the
long segment of the arcuate fasciculus and anterior segment of
the arcuate fasciculus, is connected posteriorly to a wide area
in the parietal and posterior temporal lobes, then runs in a
posterior to anterior direction converging at the frontoparietal
operculum.'%10:29-31 Then, the stream enters in the frontal
operculum through the posterior margin of the precentral gyrus.
Within the precentral gyrus, the dorsal stream encounters the
pyramidal pathway that consists of long axons that directly
project from the motor cortex via de cortico-bulbar tract to
the brainstem, ie, to the orofacial motor nuclei.’*** It is worth
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FIGURE 3. A, Left hemisphere where the sylvian fissure (SF) and the ventral part of the precentral gyrus (PreCG) and postcentral gyrus (PostCG) are
marked. B, Schematic representation of the tracts that terminate at the ventral part of the precentral gyrus (VPFIA) in a left hemisphere. The tracts projecting
to the VPFIA are organized in separated columns that terminate in specific cortical areas of the precentral gyrus. Three basic columns organized along an
anteroposterior disposition were identified at the white matter of the VPFIA. The posterior column contains the anterior segment of the arcuate fasciculus
(orange), the intermediate column contains the long segment of the arcuate fasciculus (blue), and the anterior column contains the pyramidal pathway (red).
C, Schematic representation of the tracts that terminate at the VPFIA. A-Arc: Anterior segment of the arcuate fasciculus; CS = Central sulcus; L-Arc: Long
segment of the arcuate fasciculus; P = Pyramidal pathway; PreCG = Precentral gyrus; PostCG = Postcentral gyrus; SF = Sylvian fissure; UF = U fibers

to note that the pyramidal pathway conforms a vertical barrier
within the precentral gyrus for the passage of axons of the dorsal
stream. Consequently, it seems logical that the dorsal stream
connects to the posterior bank of the precentral gyrus, as it
enters the frontal lobe passing underneath the central sulcus,
while the pyramidal pathway occupies the anterior bank as it
is displaced by the projections of the dorsal stream. In the
same way, the terminations of the anterior and long segments
of the arcuate fasciculus have an anteroposterior organization.
The course of the long segment of the arcuate fasciculus within
the parietal lobe is deep compared to the anterior segment of
the arcuate fasciculus what determines a connection of the long
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segment of the arcuate fasciculus further anterior at the precentral
gyrus.

The VPFIA connectivity map presented here apparently
conflicts with the established neuroanatomical cortical maps. The
most widely used cortical map is that of Brodmann, in which
the cortex is parcellated based in cytoarchitectonic criteria. In
Brodmann’s cortical atlas, the primary motor cortex is located
in the posterior part of the precentral gyrus, just anterior to the
central sulcus (Brodmann area 4), and the ventral premotor cortex
is situated anterior to the primary motor cortex (Brodmann area
6).>* This s just the opposite of what we have found at the ventral
part of the precentral gyrus: pyramidal pathway connected to the

www.operativeneurosurgery-online.com
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pathway; SF = Sylvian fissure.

FIGURE 4. A and B, Diffusion tensor imaging tractography 3D reconstruction of the tracts that terminate at the ventral precentral
fiber intersection area (VPFIA). C, T1 sagittal weighted magnetic resonance imaging with diffusion tensor imaging tractography recon-
struction of the arcuate fasciculus, and pyramidal pathway terminating at the VPFIA. The anterior segment of the arcuate fasciculus
terminates at the posterior portion of the VPFIA. The intermediate part of the VPFIA is occupied by the long segment of the arcuate
Jasciculus. The pyramidal pathway terminates at the anterior portion of the VPFIA. D, Detailed view of the image presented in C.
A-Are: Anterior segment of the arcuate fasciculus; CS = Central sulcus; L-Arc: Long segment of the arcuate fasciculus; P = Pyramidal

anterior part of the precentral gyrus, and dorsal stream connected
to the posterior bank. The following arguments may help to better
understand these apparently contradictory results: (1) cytoarchi-
tectonic and myeloarchitectonic maps reflect different aspects of
connectivity. Brodmann divided the cerebral cortex into distinct
cytoarchitectonic areas based on differences in cell types, and
in the organization of neurons in specific cortical layers.** On
the other hand, the current study presents a myeloarchitectonic
map that reflects the organization of axons, terminating at the
cortex.”> (2) The borders of the Brodmann’s cytoarchitectonic
areas are more disperse than classical maps suggested. In this
sense, the margin between the premotor and motor cortex is still
rather unclear, and it has been described at the precentral sulcus,

OPERATIVE NEURO

within the anterior precentral gyrus, and posterior part of inferior,
middle, and superior frontal gyrus.36 (3) The giant pyramidal
cells of Betz are considered a landmark of the primary motor
cortex. However, Betz cells are not the only main output from the
motor area to the spinal cord and brainstem, with numerous corti-
cospinal connections distributed at numerous motor planning
areas and sensory cortex.’’

The functional anatomy of language processing implicates
multiple cortical and subcortical areas that are organized in 2
processing streams: a dorsal stream (composed by the arcuate
fasciculus) involved in sensory motor mapping of acoustic
language signals to articulatory networks at the frontal lobe
and a ventral stream (composed by the inferior fronto-occipital
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FIGURE 5. Diffusion tensor imaging tractography 3D reconstruction of the
tracts that terminate at the ventral precentral fiber intersection area (VPFIA).
The pyramidal pathway terminates at the anterior portion of the VPFIA,
while the arcuate fasciculus terminates posteriorly. P = Pyramidal pathway;
Arc = Arcuate fasciculus.

FIGUREG6. Schematic representation of the tracts that terminate at the ventral

part of the precentral gyrus (VPFIA) in a left hemisphere. The following
distances were measured at the VPFIA: D1 = minimal distance from the
anterior sylvian point to the dorsal limit of the anterior segment of the arcuate
Sasciculus. D2 = minimal distance from the anterior sylvian point to the dorsal
limit of the long segment of the arcuate fasciculus. D3 = minimal distance from
the anterior sylvian point to the ventral limit of the hand knob. D4 = minimal
distance from the inferior limit of the hand knob to the dorsal limit of the long
segment of the arcuate fasciculus. A-Arc: Anterior segment of the arcuate fasci-
cubus; CS = Central sulcus; L-Arc: Long segment of the arcuate fasciculus;
P = Pyramidal pathway.
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fasciculus, uncinated fasciculus, middle longitudinal fasciculus,
and inferior longitudinal fasciculus) involved in processing
speech signals for comprehension.?®3% Our results revealed that
the VPFIA is mainly connected with the dorsal stream (poste-
riorly), with only few connections through U fibers with the
ventral stream and the Broca’s area anteriorly. In the last decades,
numerous authors have questioned the classical view of Broca’s
area as the main language production center.**"*> In the same
way, stimulation studies demonstrated that, in brain tumors
cases and using mapping techniques, it is possible to remove the
Broca’s area completely, without generating language deficits. 44
At a fundamental level, our results support this hypothesis as the
small number of connections between Broca’s area and the motor
speech output center would greatly hamper Broca’s control over
speech muscles.

A comprehensive understanding of the anatomical organi-
zation within the VPFIA is capital to infer its function. The
VPFIA has been proposed as the final pathway for speech
production. Our results support this hypothesis, as ventral part
of the VPFIA is strategically located between the termination
of the dorsal stream and the motor output cortex that directly
control speech muscles. This area may integrate the information
that has been processed at the dorsal pathway, and send the final
outputs to coordinate the complex movements of the tongue,
lips, and larynx necessary for speech production.’” Interest-
ingly, previous studies had demonstrated that the plastic potential
of the VPFIA is very low as reorganization of function never
occurred outside the precentral gyrus, despite the infiltration of
a glioma.” These stimulation results are entirely in accordance
with the surgical cases presented here, as we detected function
in all cases within the precentral gyrus despite the fact that the
tumor was infiltrating or immediately in contact with the VPFIA.
The authors of the previous study interpreted these observa-
tions based on the limited subcortical plastic potential, and the
necessity for the VPFIA to be connected to the anterior segment
of the arcuate fasciculus. We raise here an alternative hypothesis,
and focus the attention on the importance for the VPFIA to
be connected to the pyramidal pathway. The neurons of the
pyramidal pathway form a unique and long connection between
the cortex and the motor nucleus of the nerves that control
language muscles (one connection - one function). Therefore,
such neurons are irreplaceable as it is not possible to rebuild new
connections if they are damaged. Contrary, the plastic potential
of other associative perisylvian areas is very high, including the
so-called Broca’s and Wernicke’s areas.®*4%4¢ These associative
areas, unlike the VPFIA, have multiple and redundant connec-
tions (multiple connections — one function), so if one network
is damaged another is activated and the global function is not

affected.

Limitations

The results presented here are subject to some limitations.
First, the number of subjects studied with fiber dissection and

www.operativeneurosurgery-online.com
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VPFIA elicited speech arrest in all cases.

FIGURE7. A-F, Schematic representation of the 6 surgical cases presented. The VPFIA has been marked in every case with a dotted line. Stimulation of the

tractography (16) is not enough to evaluate the potential
variability of the connectivity of the VPFIA. Second, fiber
dissection technique and DTI tractography have known limita-
tions to analyze the fiber organization in areas where the trajectory
of different axons intersects. Third, the limitation of intraop-
erative electrical stimulation mapping to evaluate the function
of areas of tract intersection, due to the dispersion of current.
Fourth, previous reports have demonstrated that, in the language

OPERATIVE NEUROSURGERY

nondominant side, a portion of the face motor cortex can be
resected without causing a permanent language, articulatory,
or motor deficit.#” The most accepted view considers that the
recovery is mediated by the contralateral side, as the ventral
motor cortex is projected bilaterally to the brainstem nuclei.
Consequently, further anatomical and functional studies about
this area are necessary to analyze in more detail the difference in
connectivity and function between the right and left VPFIA.
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FIGURE 8. A 43-yr-old, trilingual (Spanish, English, and French), right-handed man with a left frontal glioblastoma. The patient had 2
partial seizures with dysphasia one week before admission. No preoperative neurological deficit was observed. A, Preoperative sagittal fluid-
attenuated inversion-recovery (FLAIR) magnetic resonance images with diffusion tensor imaging tractography reconstruction of the tracts
terminating at the ventral precentral fiber intersection area (VPFIA). The tumor is anterior to the VPFIA, in direct contact with the anterior
termination of the anterior and long segments of the arcuate fasciculus. B, Postoperative sagittal FLAIR magnetic resonance images with
diffusion tensor imaging tractography reconstruction of the tracts terminating at the VPFIA. The residual tumor volume was 4.2 mL. C,
Intragperative photograph taken before tumor resection in which the frontal, parietal, and temporal left lobes are exposed. Intraoperative
electric stimulation of the cortex and white matter immediately posterior to the tumor elicited speech arrest. These areas were located with
neuronavigation corresponding to the VPFIA. Intraoperative cortical electric stimulation elicited the following responses: Spanish flags 1, 2,
4, and 5 = speech arrest; Spanish flag 3 = dysarthria; Spanish flag 6 = anomia; English flags 1 and 2 = phonemic paraphasia; French
Slags 1 and 2 = phonemic paraphasia; Red tag 2 and 3 = lower lip movement. D, Intraoperative photograph taken after tumor resection.
Resection was pursued until eloquent structures were encountered around the surgical cavity. Intraoperative electric stimulation of the white

matter elicited the following responses: Spanish flag 8 = semantic paraphasia. The final pathology was glioblastoma.

CONCLUSION

The present anatomic study delineated the VPFIA, a capital
neural center within the perisylvian language network connected
to the pyramidal pathway, and 2 important associative tracts:
anterior and long segments of the arcuate fasciculus.

The present study shows strong arguments to sustain that the
fiber organization of the VPFIA is different from the classical
descriptions, bringing new light for understanding the functional
role of this area in language. The connections within the VPFIA
are anatomically organized along an anteroposterior axis. The
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pyramidal pathway is connected to the anterior bank of the
precentral gyrus, as the posterior bank is occupied by the connec-
tions of the dorsal stream (anterior and long segments of the
arcuate fasciculus). Therefore, this area is strategically located
between the termination of the dorsal stream and the motor
output cortex that directly control speech muscles. Consequently,
this area may represent the final common pathway for speech
production, as it may integrate the information that has been
processed at the dorsal pathway, and send the final outputs to
coordinate the complex movements of the tongue, lips, and larynx
necessary for speech.
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FIGURE 9. Magnetic resonance imaging (MRI) and surgical pictures of a 41-yr-old right-handed woman with a left frontal WHO grade 11
astrocytoma. The patient had a partial seizure with dysphasia 1 month before admission. No preoperative neurological deficit was observed.
A, Preoperative sagittal fluid-attenuated inversion-recovery (FLAIR) magnetic resonance images with diffusion tensor imaging tractography
reconstruction of the tracts terminating at the ventral precentral fiber intersection area (VPFIA). The tumor is located at the posterior part of the
middle and inferior frontal gyrus. The tumor is anterior and superior to the VPFIA, in contact with the anterior termination of the anterior and
long segments of the arcuate fasciculus. B, Postoperative sagittal FLAIR magnetic resonance images with diffusion tensor imaging tractography
reconstruction of the tracts terminating at the VPFIA. Postoperative MRI revealed complete tumor resection. C, Intraoperative photograph
taken before tumor resection in which the frontal, parietal, and temporal left lobes are exposed. Intraoperative electric stimulation of the cortex
and white matter immediately posterior to the tumor elicited speech arrest. These areas were located with neuronavigation corresponding to
the VPFIA. Intraoperative cortical electric stimulation elicited the following responses: Spanish flags 1 = speech arrest; Red tag 1 = thumb
movement. D, Intraoperative photograph taken after tumor resection. Resection was pursued until eloquent structures were encountered around

the surgical cavity. The final pathology was diffuse low-grade astrocytoma.
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W. In vivo mapping of

COMMENT

The authors present an interesting and complete research about

the main white-matter fiber bundles found at the “ventral precentral
fiber intersection area”, collecting data from anatomical fiber dissection,
diffusion tensor imaging tractography, and surgeries. Their results add
significant information for the understanding of the complex connec-
tivity of the brain, clarifying the position of fiber bundles related to motor
and language functions at this region. Deep knowledge of the subcor-
tical fiber architecture is essential for neurosurgeons, particularly in brain
mapping procedures where finding the location of the main white matter
fiber bundles is mandatory to define functional boundaries. Congratula-
tions to the authors for the good work.
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