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Abstract: Background: The arcuate fasciculus (AF) is a critical white matter (WM) tract

that connects key cortical language-processing regions, including the so-called Broca’s and

Wernicke’s areas. The aim of the present study was to quantitatively assess its radiological—-

anatomical-morphometric modifications according to different brain tumor histotypes.

Methods: A retrospective multicentric Italian study was conducted. AF reconstructions

were calculated for both hemispheres for each patient diagnosed with glioblastoma (GBM),

low-grade glioma (LGG), brain metastasis, and meningioma using Elements Fibertracking

2.0 software (Brainlab AG, Munich, Germany). A 3D object of each fascicle was evalu-

ated for its volume, average fractional anisotropy (FA), and length. The cerebral healthy
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hemisphere was compared to the pathological contralateral in different tumor histotypes.
Results: In total, 1294 patients were evaluated. A total of 156 met the inclusion criteria. We
found a significant difference between healthy hemisphere and the contralateral for AF
mean length and volume (p = 0.01 and p < 0.001, respectively). Considering separately the
different tumor histotypes, the GBM subgroup (98, 63%) confirmed the results for mean
FA and volume (p-value < 0.001); LGG patients (26, 17%) showed no significant difference
between healthy and pathological hemisphere for AF mean length, mean FA, and volume
(p-value 0.5, p-value 0.3, p-value <0.1, respectively). In patients affected by brain metas-
tasis (18, 12%), Student’s t-test showed a significant difference for FA (p-value 0.003). No
differences were found in patients affected by meningiomas (14, 9%) (14). Conclusions:
Thorough knowledge of the microscopic anatomy and function of the arcuate fasciculus,
as well as the pattern of growth of the different brain tumor histotypes, along with a
careful preoperative neuroradiological assessment are mandatory to plan a tailored surgical
strategy and perform a safe and effective surgical technique. The AF could be displaced
and infiltrated /destructed by the solid component and peritumoral edema, respectively, of
GBM. LGG shows a prevalent infiltrative pattern. Metastases account for AF dislocation
due to peritumoral edema. Meningiomas do not affect WM anatomy.

Keywords: glioblastoma; low-grade glioma; metastasis; meningioma; arcuate fascicle;
connectome

1. Introduction

The arcuate fasciculus (AF) is a critical white matter (WM) tract that connects key cor-
tical language-processing regions, including the so-called Broca’s and Wernicke’s areas. Its
integrity is fundamental for effective communication and cognitive function [1,2] (Figure 1).
In patients with brain tumors, especially those located near perisylvian regions, the AF may
undergo significant morpho-volumetric alterations, which can lead to language deficits

and other cognitive impairments [3].

Figure 1. (A) Lateral perspective of the arcuate fasciculus (AF) in a human brain specimen (indicated
by white arrows). The white matter dissection was conducted in an anatomical laboratory using an
adult human brain preserved with the Klingler technique. Cortical layers were gently removed using
a blunt spatula, followed by a stepwise fiber dissection proceeding from lateral to medial. (B) Sagittal
T2-weighted magnetic resonance imaging (MRI) slice illustrating the AF (arrows).
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This study is grounded in the premise that different brain tumor histotypes exhibit
distinct growth patterns, which in turn leads to variable alterations in the surrounding
brain parenchyma. For example, glioblastomas (GBMs) typically originate within the
WM and display a highly infiltrative yet rapid growth pattern, often resulting in both
parenchymal invasion/disruption and mass effect, with the consequent compression and
displacement of adjacent structures [4]. In contrast, lower-grade gliomas (LGGs) grow
more slowly and infiltratively, allowing for greater neuroplastic adaptation and typically
lacking a significant mass effect [5]. Metastases, despite recent evidence suggesting close
interactions with the white matter and potential microinfiltrative behavior, are generally
characterized by a macroscopically compressive growth pattern [6,7]. Meningiomas, on the
other hand, exert pressure on the cortex from an extrinsic origin and grow slowly, typically
causing displacement rather than infiltration [8].

Traditional neuroimaging methods have primarily focused on gross anatomical
changes; however, advances in morpho-volumetric analysis now allow for a detailed
quantitative assessment of WM tracts [9-13]. This approach provides deeper insights into
how tumor-induced mass effects and infiltrative processes alter the integrity, volume, and
shape of the AF. Moreover, different histotypes differ in terms of their growing pattern
and interplay with nearby brain tissue [4,14-19]. In a previous paper, we demonstrated a
specific alteration to Inferior Fronto-Occipital Fascicle (IFOF) across different brain tumors.
Despite emerging research on functional reorganization in tumor-affected brains, the spe-
cific morpho-volumetric characteristics of the AF in this populations remain underexplored.

This study would like to address a significant gap in the current literature concerning
morphometric alterations of the AF, building upon our previous investigations into other
WM tracts, such as the IFOF. While many existing studies have focused on macroscopic
anatomy through cadaveric dissection, functional mapping, or diffusion tensor imaging
(DTI), few have explored the morphometric relationship between the AF and different
histological tumor subtypes. In this study, we aim to quantify anatomo-morphometric
changes—including tract volume, average fractional anisotropy (FA), and length—in the
arcuate fasciculus of patients with various brain tumors. By comparing these parameters to
those of healthy controls, we seek to elucidate the relationship between tumor pathology
and WM tract integrity. We expect our findings to provide valuable insights to support
pre-surgical planning and improve prognostic evaluations in neuro-oncology, ultimately
contributing to more personalized and effective treatment strategies.

2. Materials and Methods
2.1. Study Design and Patient Population

This retrospective multicenter study was conducted across six Italian neurosurgical
centers: two in the northern region (University of Turin; IRCCS Ospedale Policlinico San
Martino, Genoa, Italy), two in the central region (Universita Cattolica del Sacro Cuore,
Rome; Mater Olbia Hospital, Olbia, Italy), and two in the southern region (University of
Campania “Luigi Vanvitelli”, Naples; A.O.R. San Carlo, Potenza, Italy).

This study was conducted in accordance with the Declaration of Helsinki.

We reviewed the clinical records of 1294 patients who underwent surgery for in-
tracranial tumors between January and December 2023. Inclusion criteria comprised
(i) age > 18 years; (ii) histopathological and / or molecular diagnosis of glioblastoma (GBM),
low-grade glioma (LGG), brain metastases, or WHO grade I meningiomas; (iii) availability
of preoperative contrast-enhanced MRI, including T1-weighted, FLAIR, and DTI sequences;
and (iv) tumor proximity to the arcuate fasciculus (AF).

Patients were classified into four groups based on tumor histology: GBM (Group A),
LGG (Group B), metastases (Group C), and meningiomas (Group D).
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2.2. MRI Acquisition and Tractography Analysis

MRI scans were acquired using either 1.5 Tesla (A.O.R. San Carlo) or 3 Tesla systems
(academic centers). DTI protocols varied: 32 directions (University of Turin, A.O.R. San
Carlo, University of Campania, Mater Olbia Hospital), 60 directions (IRCCS San Martino),
and 64 directions (Universita Cattolica). Preoperative fiber tractography of the AF was
performed using Elements Fibertracking and SmartBrush V. 2.0 (Brainlab AG) by neurosur-
geons with proved neuro-oncological expertise. Regions of interest (ROIs) were manually
drawn based on anatomical landmarks, as described by Feconja et al., targeting the subcal-
losal and ventral premotor cortices anteriorly, and the lateral occipital cortex posteriorly.
Deterministic tractography was applied with a minimum streamline length of 50 mm and
a fractional anisotropy (FA) threshold of 0.15. Only streamlines traversing the extreme
capsule were retained, excluding fibers belonging to adjacent bundles. Fiber bundles were
normalized to a standard anatomical template. The results were then reviewed by an expert
interdisciplinary team of neuroradiologists and neuroanatomists. For each hemisphere, we
measured fascicle volume, mean FA, and length. Comparisons were made between the
pathological and healthy sides.

2.3. Statistical Analysis

Quantitative variables are reported as mean =+ standard deviation, while categorical
variables are presented as absolute and relative frequencies. Student’s paired t-tests were
used to compare AF characteristics between hemispheres. Determinants of paired mean
differences were analyzed using mixed-effects linear regression models, incorporating
patient ID as a random effect in order to account for the effect and variability of each
patient’s characteristics on the relationship between the determinants and the outcomes.
For all models, significant confounders were identified using crude models and then added
to the adjusted models. Statistical significance was set at p < 0.05. Analyses were performed
using R software (v4.4.0).

3. Results

In the selected period, 1294 patients underwent neuro-oncological surgery at the
abovementioned institutions. Among these patients, 156 met the inclusion criteria. In
total, 98 (63%) were affected by GBM, 26 (17%) by low-grade glioma (LGG), 14 (9.0%) had
meningioma, and 18 (12%) had brain metastasis.

In total, 83 patients were males (53%) and 73 were females (47%). A total of 109 (70%)
patients had a tumor located on the left cerebral hemisphere, while the remaining 47 (30%)
had a tumor on the contralateral side. All patients had a tumor harboring in proximity of
the AF according to the inclusion criteria. The mean age was 59.

All demographic data are summarized in Table 1.

The mean volume of the enhancing nodule (EN) was 25 cm?, while the mean FLAIR
volume beyond EN was 49 cm?.

The mean length of the AF of the healthy side and contralateral side was 102 mm and
100 mm, respectively. The mean FA of the healthy side and contralateral side was 0.46
and 0.44, respectively. The mean AF volume of the healthy side and contralateral side was
22 cm? and 16 cm3, respectively.

All these quantitative measures of the AF in the healthy and affected side are summa-
rized in Table 1. Additionally, these differences are displayed in Figure 2.
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Table 1. Demographic and neuroradiological data. Data reported as mean (SD) and as frequency (%).

Variable N =156
Sex
Female 73 (47%)
Male 83 (53%)
Age 59 (13)
Diagnosis
GBM 98 (63%)
LGG 26 (17%)
Meningioma 14 (9.0%)
Met 18 (12%)
Location
Bilateral frontal 1 (0.6%)
Clinoid 1 (0.6%)
Frontal 45 (29%)
Frontal insular 2 (1.3%)
Fronto-parietal 7 (4.5%)
Fronto-temporal 4 (2.6%)
Fronto-temporo-insular 6 (3.8%)
Insular 1 (0.6%)
Occipital 1 (0.6%)
Parasagittal 1 (0.6%)
Parietal 16 (10%)
Parieto-occipital 8 (5.1%)
Parieto-temporal 4 (2.6%)
Temporal 44 (28%)
Temporal-parietal 9 (5.8%)
Temporo-insular 4 (2.6%)
Temporo-occipitale 1 (0.6%)
Thalamic 1 (0.6%)
Side
Left 109 (70%)
Right 47 (30%)
Affected arcuate fascicle mean length mm 100 (11)
Affected arcuate fascicle mean fractional anisotropy 0.44 (0.04)
Affected arcuate fascicle volume ¢cm?3 16 (10)
Healthy arcuate fascicle mean length mm 102 (16)
Healthy arcuate fascicle mean fractional anisotropy 0.46 (0.04)
Healthy arcuate fascicle volume cm? 22 (9)
Tumor volume Enhancing Nodule 25 (21)
Volume of FLAIR hyperintensity beyond EN 49 (34)
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Figure 2. Differences between means of AF measures in the healthy and affected sides.

Considering the overall sample (n = 156), Student’s t-test showed a significant dif-
ference between the healthy hemisphere and the hemisphere harboring tumor for AF
mean length (p-value = 0.01), mean FA, and its volume (p-value < 0.001). Considering
only patients with GBM (n = 98), Student’s t-test confirmed the results for the mean FA
and volume (p-value < 0.001). Student’s t-test, evaluating LGG patients (n = 26), showed
no significant difference between the healthy hemisphere and the hemisphere harboring
tumor for AF mean length, mean FA, and volume (p-value 0.5, p-value 0.3, p-value < 0.1,
respectively). In patients affected by brain metastasis (n = 18), Student’s t-test showed
a significant difference for FA (p-value = 0.003). No differences were found in patients
affected by meningiomas (n = 14).

e  Regression analysis

Hemisphere status, healthy vs. affected side, was significantly associated with the
AF mean length; in particular, the healthy side had a significantly higher AF mean length
than the hemisphere harboring tumor (adj. § = 2.5, 95% CI 0.62, 4.5, p = 0.01). Tumor
histology was significantly associated with AF mean length; in particular, LGG had a
significantly lower AF mean length than GBM (adj. § =—9.3, 95% CI —15, —3.1, p = 0.003),
while meningioma had an AF mean length significantly higher (adj. 3 =19, 95% CI 14,
25, p < 0.001). EN volume was also significantly associated with AF mean length (adj.
p =—0.19,95% CI —0.29, —0.08, p < 0.001).

Hemisphere status was also significantly associated with AF mean FA; the healthy
side had a significantly higher AF volume than the contralateral side (adj. 3 = 0.2, 95% CI
0.01, 0.03, p < 0.001).

Patient’s gender was significantly associated with AF mean FA; males had a signifi-
cantly higher AF mean FA than females (adj. 3 = 0.01, 95% CI 0.00, 0.08, p < 0.013).

Hemisphere status was also significantly associated with AF volume; the healthy side
had a significantly higher AF volume than the contralateral side (adj. 3 = 5.4, 95% CI 3.9, 7,
p < 0.001).

Patient’s gender was significantly associated with AF volume; males had a significantly
higher AF volume than females (adj. = 3.1, 95% CI 0.67, 5.5, p = 0.013).

Tumor histology was significantly associated with AF volume; LGG had a significantly
higher AF volume than GBM (adj. 3 = 5.2, 95% CI 0.56, 9.8, p = 0.028), while meningioma
had a significantly lower AF volume (adj. p = —5.9, 95% CI —10, —1.6, p = 0.008).

FLAIR volume was significantly associated with AF volume (adj. = —0.05, 95% CI
—0.09, —0.01, p < 0.026) (Table 2).
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Table 2. Analysis of the determinants of the paired mean differences between the healthy and affected
brain hemispheric sides.

Outcome: Arcuate Fascicle
Mean Length (mm)

Outcome: Arcuate Fascicle
Volume ¢m?

Outcome: Arcuate Fascicle
Mean Fractional Anisotropy

Characteristic Acg:tsated 95% CI Va’;:le A(g:tsated 95% CI V. a’;;e A(Eleltsated 95% CI V. ali:le
Group
Affected — — — — — —
Healthy 25 062,45 0010 002 001,003 <0001 54 39,70  <0.001
Sex
Female — — — — — —
Male 27  —051,59 0099 001 000,002 0013 31 0.67,55  0.013
Age —0.14 030,001 0068 000 000,000 005 000  —012,012 099
Diagnosis
GBM — — — — — —
LGG 93 —15,-31 0003 001  —001,003 0333 52 0.56,9.8  0.028
Meningioma 19 14,25  <0.001 001  —001,003 0166 —59  —10,—1.6 0.008
Met 4.0 -12,91 0129 001  —001,003 0273 -21  —60,1.7 0278
Side
Left — — — — — —
Right 0.14 ~34,37 093 000  —001,001 0958  —029  —29,24 0827
Tumor
Er\:ﬁ;‘ggig ~0.19 :8%3' <0.001 000 000,000 0323 007  —001,014 0097
Nodule
Volume of
FLftl:niIii’ger' 002  —003,008 0434 000 000,000 0107  —0.05 :(())'.g?' 0.026
Beyond EN

Bold was used to indicate p-values < 0.05.

The multiple mixed-effect linear regression conducted on the subgroup of GBM
showed that the healthy side had a significantly higher AF mean FA and volume than the
contralateral side (adj. = 0.02, 95% CI1 0.02, 0.03, p < 0.001 and adj. 3 = 6.6, 95% CI 4.6,
8.6, p < 0.001, respectively). In these subgroups, it was shown that FLAIR volume was
significantly associated with AF mean FA (adj. 5 = 0.0001, 95% CI 0.0000, 0.0001, p = 0.012)
(Table 3).

3.1. Results

Among the 1294 patients screened, 156 fulfilled the inclusion criteria: 98 (63%) with
GBM, 26 (17%) with LGG, 14 (9%) with meningiomas, and 18 (12%) with metastases. The
cohort included 83 males (53%) and 73 females (47%), with a mean age of 59 years. Tumors
were located in the left hemisphere in 70% and in the right hemisphere in 30% of cases.
Table 1 summarizes the demographic characteristics.

The mean enhancing nodule (EN) volume was 25 cm?, and the mean FLAIR hyperin-
tensity volume was 49 cm?.
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Table 3. Analysis of the determinants of the paired mean differences between the healthy and affected
brain hemispheric sides in the GBM subgroup.

Outcome: Arcuate Fascicle Mean

. . Outcome: Arcuate Fascicle Volume (cm?)
Fractional Anisotropy

Characteristic Ad];usted 95% CI p-Value Adjusted 95% CI p-Value
eta Beta
Group
Affected — — — —
Healthy 0.02 0.02,0.03 <0.001 6.6 4.6,8.6 <0.001
Sex
Female — — — —
Male 0.00 —0.01, 0.02 0.382 2.7 —0.46,5.8 0.094
Age 0.00 0.00, 0.00 0.299 0.00 —0.16, 0.16 0.985
Side
Left — — — —
Right 0.00 —0.01, 0.01 0.807 —0.03 —35,34 0.985
Tumor Volume Enhancing 0.00 0.00,0.00 0.743 0.08 002,017 0.100
Nodule
Hype\;‘l’rll‘g‘;fyf I;E}‘fgrlf qENy 00001 8‘888?’ 0.012 —0.04 —0.09, 0.02 0.168

Bold was used to indicate p-values < 0.05.

Across the cohort, the mean AF length was 102 mm on the healthy hemisphere and
100 mm on the affected side. The mean FA was 0.46 (healthy) versus 0.44 (affected), and
the mean tract volumes were 22 cm? (healthy) versus 16 cm? (affected). Table 1 provides all
quantitative metrics.

Significant reductions were observed in AF length (p = 0.01), FA (p < 0.001), and
volume (p < 0.001) in the pathological hemisphere. Subgroup analyses revealed significant
FA and volume reductions in GBM patients (p < 0.001), while in LGG and meningioma
cases, no significant differences were detected. Among metastases, only FA showed a
significant reduction (p = 0.003).

3.2. Results of the Regression Analysis

Regression analysis confirmed that healthy hemisphere status was associated with
greater AF length (adj. 3 = 2.5 mm, 95% CI: 0.62—4.5, p = 0.01), FA (adj. = 0.02, 95% CI:
0.01-0.03, p < 0.001), and volume (adj. 3 =5.4 cm3, 95% CI: 3.9-7.0, p < 0.001).

Histological type significantly influenced AF parameters. Compared to GBM

LGG was associated with reduced AF length (adj. p = —9.3 mm, p = 0.003) and larger
volume (adj. p =5.2 cm3, p =0.028);

Meningiomas exhibited increased AF length (ad. § = +19 mm, p < 0.001) and reduced
volume (adj. = —5.9 cm?, p = 0.008).

Higher EN volumes were associated with shorter AF length (adj. # = —0.19 mm per
cm?, p < 0.001). Additionally, larger FLAIR volumes were negatively correlated with AF
volume (adj. p = —0.05 cm? per cm?, p = 0.026).

In the GBM subgroup, healthy hemispheres consistently showed higher FA (adj.
B =0.02, p < 0.001) and greater AF volume (adj. B = 6.6 cm?, p < 0.001). FLAIR volume
remained significantly associated with FA values (adj. f = 0.0001, p = 0.012).
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4. Discussion

This study highlighted significant morpho-volumetric alterations of the AF in pa-
tients with brain tumors located near its course. GBM is particularly highly aggressive
and infiltrative and profoundly impacts overall brain structure and function, including
vital white matter tracts. This destructive process leads to a significant reduction in the
mean length and volume of these critical neural pathways. Given this pervasive impact,
numerous attempts have been made to identify and characterize tumoral invasion in GBM
by quantifying structural abnormalities within the brain’s connectome [20,21]. The col-
lected data demonstrate a significant reduction in the length, FA, and volume of the AF
in the pathological region compared to the healthy hemisphere, with marked differences
in patients affected by GBM and brain metastases (Figure 3). The AF exhibits significant
hemispheric asymmetry, especially concerning its morpho-volumetric characteristics and
functional specialization, also in healthy subjects (for Broca’s area and Wernicke’s area
connection). For instance, the horizontal curvature ranges of the AF are quite similar
between the right and left hemispheres, whereas the vertical curvature ranges show that
the right hemisphere generally exhibits larger ranges compared to the left hemisphere [22].

A comparison with the existing literature confirms that WM impairment in neuro-
oncological patients is well-documented; however, our study provides a detailed quantifi-
cation of AF alterations, particularly in terms of its length, FA, and volume [23-30]. The
data obtained indicate that GBM, compared to other tumor histotypes, is associated with a
more pronounced reduction in FA and AF volume, suggesting a stronger destructive effect
on the integrity of WM fibers. Conversely, patients with meningioma did not show signifi-
cant alterations in the analyzed parameters, indicating a lesser impact on the underlying
structures compared to more invasive tumors.

Another relevant aspect emerging from this study is the relationship between AF
volume and the volume of the FLAIR-positive region. The significant association between
lesion volume and FA and AF volume reduction suggests a mechanism of compression and
infiltration contributing to WM pathway impairment. This finding aligns with previous
studies demonstrating the ability of brain tumors to alter neural connectivity through direct
(infiltration) and indirect (compression and fiber displacement) effects [31,32].

Additionally, our findings resonate with our previous research on the IFOF, another
major associative multitasking WM bundle involved in language and cognitive func-
tions [33-35]. Like the AF, the IFOF exhibits morpho-volumetric changes due to tumor
presence, with different tumor histotypes exerting varying effects. GBM, characterized
by its infiltrative and destructive nature, profoundly impacts the IFOF by reducing its
mean length and volume. In contrast, LGGs mainly influence the IFOF by displacing and
infiltrating fibers, reflecting their slow-growing yet pervasive characteristics. Metastases,
on the other hand, lead to displacement of the IFOF due to peritumoral edema rather
than direct infiltration, while meningiomas, as extra-axial tumors, generally preserve the
integrity of WM tracts despite inducing mechanical displacement [36].

From a clinical perspective, these alterations can significantly impact patients’ lan-
guage function. The lateralization of the AF in our cohort showed a predominance of
tumors in the left hemisphere, confirming the potential involvement of the language net-
work. Although no specific functional data were collected in this cohort, reductions in
FA and AF volume could be correlated with language deficits, as reported in previous
studies. Similarly, previous investigations have highlighted the role of IFOF in language
and attention networks, emphasizing the need for meticulous preoperative planning to
preserve these crucial pathways during surgery.
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Figure 3. In the left column (from above to below), an LGG primarily exhibiting an infiltrative effect
on the AF is visible (LGG had a significantly lower AF mean length than GBM). The middle column
illustrates the mixed effect of a GBM on the AF, characterized by predominant displacement and
partial infiltration. The right column shows the AF displacement due to compression by a metastasis.

The main limitations of this study include its retrospective nature and the variability
in imaging acquisition parameters across different centers. Although data were normalized
to reduce heterogeneity, differences in DTI protocols might have influenced the results.
However, these limitations were mitigated by applying a standardized reconstruction
workflow across all cases, using the same software platform and consistent ROI placement
methodology. Furthermore, all tract reconstructions performed by neurosurgeons were
independently reviewed and validated by expert neuroradiologists and neuroanatomists,
ensuring anatomical accuracy and methodological consistency throughout the dataset.
Additionally, the lack of postoperative follow-up prevents the assessment of possible AF
and IFOF functional reorganization and language recovery in treated patients.

5. Conclusions

Our retrospective study provides new evidence on the impact of brain tumors on AF
morphology, particularly in patients with GBM and metastases. Furthermore, the findings
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align with previous studies on IFOF alterations in the presence of different tumor types,
reinforcing the importance of WM preservation in neurosurgical planning. Understanding
these alterations can improve neurosurgical planning and functional prognosis, paving
the way for more personalized therapeutic strategies, such as connectivity-guided surgery
or targeted neurocognitive rehabilitation. Future studies, including longitudinal data and
more in-depth functional evaluations, will be essential to better understand the role of the
AF and IFOF in postsurgical neuroplasticity and language function preservation.

Author Contributions: Conceptualization, R.A.; validation, G.C., D.G., A M. (Antonio Mezzogiorno),
A.O,M.P,RR, GS. (Giovanni Sabatino), G.S. (Giovanna Sepe), A.V., G.Z. and M.B.; formal analysis,
D.P,; data curation, A.B., S.C. (Stefano Caneva), G.C., EC.,0.d.D., GM.D.P, PFE, G.G., GLR,SM,,
EM., GM., AM. (Antonio Mezzogiorno), A.M. (Alberto Morello), RR., A.V,, G.S. (Giovanna Sepe),
G.V. and R.V; writing—original draft preparation, R.A.; writing—review and editing, S.C. (Sergio
Corvino) and C.D.L.; supervision, G.C., D.G., A.M. (Antonio Mezzogiorno), A.O., M.P, RR., A.V,,G.S.
(Giovanni Sabatino), G.S. (Giovanna Sepe), G.Z. and M.B.; project administration, R.A. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not required.
Informed Consent Statement: Not applicable as the patients” data are completely anonymized.

Data Availability Statement: Data of the current original research are available from the corre-
sponding author on reasonable request. The data have been delivered to the authors and belong
to them.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

Giampiccolo, D.; Parmigiani, S.; Basaldella, F.; Russo, S.; Pigorini, A.; Rosanova, M.; Cattaneo, L.; Sala, F. Recording Cortico-
Cortical Evoked Potentials of the Human Arcuate Fasciculus under General Anaesthesia. Clin. Neurophysiol. 2021, 132, 1966-1973.
[CrossRef] [PubMed]

Dick, A.S.; Tremblay, P. Beyond the Arcuate Fasciculus: Consensus and Controversy in the Connectional Anatomy of Language.
Brain 2012, 135, 3529-3550. [CrossRef] [PubMed]

Nakajima, R.; Yordanova, Y.N.; Duffau, H.; Herbet, G. Neuropsychological Evidence for the Crucial Role of the Right Arcuate
Fasciculus in the Face-Based Mentalizing Network: A Disconnection Analysis. Neuropsychologia 2018, 115, 179-187. [CrossRef]
[PubMed]

Altieri, R.; Certo, F.; Rocca, G.L.; Melcarne, A.; Garbossa, D.; Bianchi, A.; Crimi, S.; Pluchino, A.; Peschillo, S.; Barbagallo, G.M.V.
Radiological Evaluation of Ex Novo High Grade Glioma: Velocity of Diametric Expansion and Acceleration Time Study. Radiol.
Oncol. 2020, 55, 26-34. [CrossRef]

Rauch, P; Gmeiner, M.; Aichholzer, M.; Sterrer, M.; Wagner, H.; Katletz, S.; Serra, C.; Bohm, P.; Sonnberger, M.; Stroh, N.; et al.
Low-Grade Gliomas Do Not Grow along White Matter Tracts: Evidence from Quantitative Imaging. Brain Commun. 2025, 7,
fcaf157. [CrossRef]

Shen, E.; Van Swearingen, A.E.D.; Price, M.].; Bulsara, K.; Verhaak, R.G.W.; Baéta, C.; Painter, B.D.; Reitman, Z.].; Salama, A K.S,;
Clarke, ].M.; et al. A Need for More Molecular Profiling in Brain Metastases. Front. Oncol. 2021, 11, 785064. [CrossRef]

Altieri, R.; Corvino, S.; La Rocca, G.; Cofano, E; Melcarne, A.; Garbossa, D.; Barbarisi, M. Clinical Implication of Brain Metastases
En-Bloc Resection: Surgical Technique Description and Literature Review. J. Pers. Med. 2024, 14, 1110. [CrossRef]

Corvino, S.; Altieri, R.; La Rocca, G.; Piazza, A.; Corazzelli, G.; Palmiero, C.; Mariniello, G.; Maiuri, E; Elefante, A.; de Divitiis, O.
Topographic Patterns of Intracranial Meningioma Recurrences-Systematic Review with Clinical Implication. Cancers 2024, 16,
2267. [CrossRef]

Catani, M.; Thiebaut de Schotten, M. A Diffusion Tensor Imaging Tractography Atlas for Virtual in Vivo Dissections. Cortex 2008,
44, 1105-1132. [CrossRef]

Forkel, S.J.; Thiebaut de Schotten, M.; Kawadler, ].M.; Dell’Acqua, F; Danek, A.; Catani, M. The Anatomy of Fronto-Occipital
Connections from Early Blunt Dissections to Contemporary Tractography. Cortex 2014, 56, 73-84. [CrossRef]


https://doi.org/10.1016/j.clinph.2021.03.044
https://www.ncbi.nlm.nih.gov/pubmed/34119407
https://doi.org/10.1093/brain/aws222
https://www.ncbi.nlm.nih.gov/pubmed/23107648
https://doi.org/10.1016/j.neuropsychologia.2018.01.024
https://www.ncbi.nlm.nih.gov/pubmed/29360518
https://doi.org/10.2478/raon-2020-0071
https://doi.org/10.1093/braincomms/fcaf157
https://doi.org/10.3389/fonc.2021.785064
https://doi.org/10.3390/jpm14111110
https://doi.org/10.3390/cancers16122267
https://doi.org/10.1016/j.cortex.2008.05.004
https://doi.org/10.1016/j.cortex.2012.09.005

Brain Sci. 2025, 15, 625 12 of 13

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Thiebaut de Schotten, M.; ffytche, D.H.; Bizzi, A.; Dell’Acqua, E; Allin, M.; Walshe, M.; Murray, R.; Williams, S.C.; Murphy,
D.G.M.; Catani, M. Atlasing Location, Asymmetry and Inter-Subject Variability of White Matter Tracts in the Human Brain with
MR Diffusion Tractography. Neurolmage 2011, 54, 49-59. [CrossRef] [PubMed]

Catani, M.; Howard, R.J.; Pajevic, S.; Jones, D.K. Virtual in Vivo Interactive Dissection of White Matter Fasciculi in the Human
Brain. Neurolmage 2002, 17, 77-94. [CrossRef]

Mandonnet, E.; Sarubbo, S.; Duffau, H. Proposal of an Optimized Strategy for Intraoperative Testing of Speech and Language
during Awake Mapping. Neurosurg. Rev. 2016, 40, 29-35. [CrossRef] [PubMed]

Mandonnet, E.; Delattre, ].Y.; Tanguy, M.L.; Swanson, K.R.; Carpentier, A.F; Duffau, H.; Cornu, P.; Van Effenterre, R.; Alvord,
E.C., Jr; Capelle, L. Continuous growth of mean tumor diameter in a subset of grade II gliomas. Ann. Neurol. 2003, 53, 524-528.
[CrossRef]

Altieri, R,; Hirono, S.; Duffau, H.; Ducati, A.; Fontanella, M.; LA Rocca, G.; Melcarne, A.; Panciani, PP.; Spena, G.; Garbossa,
D. Natural History of de Novo High Grade Glioma: First Description of Growth Parabola. J. Neurosurg. Sci. 2017, 64, 399-403.
[CrossRef]

Pallud, J.; Taillandier, L.; Capelle, L.; Fontaine, D.; Peyre, M.; Ducray, E.; Duffau, H.; Mandonnet, E. Quantitative Morphological
Magnetic Resonance Imaging Follow-up of Low-Grade Glioma: A Plea for Systematic Measurement of Growth Rates. Neurosurgery
2012, 71, 729-739. [CrossRef]

Eidel, O.; Burth, S.; Neumann, ].-O.; Kieslich, PJ.; Sahm, F; Jungk, C.; Kickingereder, P.; Bickelhaupt, S.; Mundiyanapurath, S.;
Baumer, P; et al. Tumor Infiltration in Enhancing and Non-Enhancing Parts of Glioblastoma: A Correlation with Histopathology.
PLoS ONE 2017, 12, €0169292. [CrossRef]

Altieri, R.; Certo, E,; Pacella, D.; Cammarata, G.; Garozzo, M.; Broggi, G.; Caltabiano, R.; Magro, G.; Russo, G.; Cosentino, S.;
et al. Metabolic Delineation of IDH1 Wild-Type Glioblastoma Surgical Anatomy: How to Plan the Tumor Extent of Resection. J.
Neuro-Oncol. 2023, 162, 417-423. [CrossRef] [PubMed]

Zlatescu, M.C.; TehraniYazdi, A.R.; Sasaki, H.; Megyesi, ].E; Betensky, R.A.; Louis, D.N.; Cairncross, J.G. Tumor Location and
Growth Pattern Correlate with Genetic Signature in Oligodendroglial Neoplasms. Cancer Res. 2001, 61, 6713-6715.

Sun, Y.; Wang, X.; Zhang, D.Y.; Zhang, Z.; Bhattarai, ].P.; Wang, Y.; Park, K.H.; Dong, W.; Hung, Y.-E; Yang, Q.; et al. Brain-Wide
Neuronal Circuit Connectome of Human Glioblastoma. Nature 2025, 641, 222-231. [CrossRef]

Wei, Y; Li, C; Cui, Z,; Mayrand, R.C.; Zou, J.; Wong, A.LK.C.; Sinha, R.; Matys, T.; Schonlieb, C.-B.; Price, S.J. Structural
Connectome Quantifies Tumour Invasion and Predicts Survival in Glioblastoma Patients. Brain 2023, 146, 1714-1727. [CrossRef]
[PubMed]

Lee, D.H.; Hong, C.P; Kwon, Y.H.; Hwang, Y.T.; Kim, ]. H.; Park, ]. W. Curvature Range Measurements of the Arcuate Fasciculus
Using Diffusion Tensor Tractography. Neural Regen. Res. 2013, 8, 244-250. [CrossRef] [PubMed]

Duffau, H. Diffuse Low-Grade Gliomas and Neuroplasticity. Diagn. Interv. Imaging 2014, 95, 945-955. [CrossRef] [PubMed]

Ius, T.; Angelini, E.; Thiebaut de Schotten, M.; Mandonnet, E.; Duffau, H. Evidence for Potentials and Limitations of Brain
Plasticity Using an Atlas of Functional Resectability of WHO Grade II Gliomas: Towards a “Minimal Common Brain”. Neurolmage
2011, 56, 992-1000. [CrossRef]

Duffau, H. Hodotopy, Neuroplasticity and Diffuse Gliomas. Neurochirurgie 2017, 63, 259-265. [CrossRef]

Altieri, R.; Melcarne, A.; Junemann, C.; Zeppa, P.; Zenga, F.; Garbossa, D.; Certo, F.; Barbagallo, G. Inferior Fronto-Occipital
Fascicle Anatomy in Brain Tumor Surgeries: From Anatomy Lab to Surgical Theater. J. Clin. Neurosci. 2019, 68, 290-294. [CrossRef]
Sarubbo, S.; De Benedictis, A.; Merler, S.; Mandonnet, E.; Barbareschi, M.; Dallabona, M.; Chioffi, F.; Duffau, H. Structural and
Functional Integration between Dorsal and Ventral Language Streams as Revealed by Blunt Dissection and Direct Electrical
Stimulation. Human. Brain Mapp. 2016, 37, 3858-3872. [CrossRef]

Guerrini, F; Roca, E.; Spena, G. Supramarginal Resection for Glioblastoma: It Is Time to Set Boundaries! A Critical Review on a
Hot Topic. Brain Sci. 2022, 12, 652. [CrossRef]

Aabedi, A.A.; Young, ].S.; Chang, E.F,; Berger, M.S.; Hervey-Jumper, S.L. Involvement of White Matter Language Tracts in Glioma:
Clinical Implications, Operative Management, and Functional Recovery After Injury. Front. Neurosci. 2022, 16, 932478. [CrossRef]
Haddad, A.F; Young, ].S.; Morshed, R.A.; Berger, M.S. FLAIRectomy: Resecting beyond the Contrast Margin for Glioblastoma.
Brain Sci. 2022, 12, 544. [CrossRef]

Altieri, R.; Cammarata, G.; Grasso, E.; Certo, F.; Barbagallo, G. Circumferential or Sulcus-Guided Resection of Rolandic IDH1
Wildtype Glioblastoma: How I Do It: 2-Dimensional Operative Video. Oper. Neurosurg. 2023, 25, e49. [CrossRef] [PubMed]

De Luca, C.; Virtuoso, A.; Papa, M.; Certo, E; Barbagallo, G.M.V.; Altieri, R. Regional Development of Glioblastoma: The
Anatomical Conundrum of Cancer Biology and Its Surgical Implication. Cells 2022, 11, 1349. [CrossRef] [PubMed]

Altieri, R.; Raimondo, S.; Tiddia, C.; Sammarco, D.; Cofano, F; Zeppa, P.; Monticelli, M.; Melcarne, A.; Junemann, C.; Zenga, F,;
et al. Glioma Surgery: From Preservation of Motor Skills to Conservation of Cognitive Functions. J. Clin. Neurosci. 2019, 70, 55-60.
[CrossRef] [PubMed]


https://doi.org/10.1016/j.neuroimage.2010.07.055
https://www.ncbi.nlm.nih.gov/pubmed/20682348
https://doi.org/10.1006/nimg.2002.1136
https://doi.org/10.1007/s10143-016-0723-x
https://www.ncbi.nlm.nih.gov/pubmed/27194132
https://doi.org/10.1002/ana.10528
https://doi.org/10.23736/S0390-5616.17.04067-X
https://doi.org/10.1227/NEU.0b013e31826213de
https://doi.org/10.1371/journal.pone.0169292
https://doi.org/10.1007/s11060-023-04305-7
https://www.ncbi.nlm.nih.gov/pubmed/37039952
https://doi.org/10.1038/s41586-025-08634-7
https://doi.org/10.1093/brain/awac360
https://www.ncbi.nlm.nih.gov/pubmed/36189936
https://doi.org/10.3969/j.issn.1673-5374.2013.03.006
https://www.ncbi.nlm.nih.gov/pubmed/25206594
https://doi.org/10.1016/j.diii.2014.08.001
https://www.ncbi.nlm.nih.gov/pubmed/25218490
https://doi.org/10.1016/j.neuroimage.2011.03.022
https://doi.org/10.1016/j.neuchi.2016.12.001
https://doi.org/10.1016/j.jocn.2019.07.039
https://doi.org/10.1002/hbm.23281
https://doi.org/10.3390/brainsci12050652
https://doi.org/10.3389/fnins.2022.932478
https://doi.org/10.3390/brainsci12050544
https://doi.org/10.1227/ons.0000000000000711
https://www.ncbi.nlm.nih.gov/pubmed/37083507
https://doi.org/10.3390/cells11081349
https://www.ncbi.nlm.nih.gov/pubmed/35456027
https://doi.org/10.1016/j.jocn.2019.08.091
https://www.ncbi.nlm.nih.gov/pubmed/31537460

Brain Sci. 2025, 15, 625 13 of 13

34. Lemaitre, A.-L.; Herbet, G.; Duffau, H.; Lafargue, G. Preserved Metacognitive Ability despite Unilateral or Bilateral Anterior
Prefrontal Resection. Brain Cogn. 2018, 120, 48-57. [CrossRef]

35. Nikolova Yordanova, Y.; Duffau, H.; Herbet, G. Neural Pathways Subserving Face-Based Mentalizing. Brain Struct. Funct. 2017,
222,3087-3105. [CrossRef]

36. Altieri, R.;; Bianconi, A.; Caneva, S.; Cirillo, G.; Cofano, F; Corvino, S.; de Divitiis, O.; Pepa, G.M.D.; De Luca, C.; Fiaschi, P; et al.
Quantitative Evaluation of Neuroradiological and Morphometric Alteration of Inferior Fronto-Occipital Fascicle across Different
Brain Tumor Histotype: An Italian Multicentric Study. Acta Neurochir. 2025, 167, 71. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.bandc.2017.10.004
https://doi.org/10.1007/s00429-017-1388-0
https://doi.org/10.1007/s00701-025-06488-6

	Introduction 
	Materials and Methods 
	Study Design and Patient Population 
	MRI Acquisition and Tractography Analysis 
	Statistical Analysis 

	Results 
	Results 
	Results of the Regression Analysis 

	Discussion 
	Conclusions 
	References

