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Abstract

Purpose Right-hemisphere gliomas have traditionally been regarded as less eloquent than left-sided lesions, influencing sur-
gical decision-making and anesthetic approach. However, these tumors produce diverse non-motor manifestations affecting
cognition, behavior, and socio-emotional functioning with important consequences for quality of life. This review aimed to
characterize these manifestations and their implications for functional eloquence.

Methods Following PRISMA guidelines, PubMed, Scopus, and Embase were searched using predefined terms for right-
hemisphere gliomas and their manifestations. Eligible studies included patients with supratentorial right-hemisphere gliomas
reporting motor and/or non-motor clinical manifestations. Studies were excluded if the clinical presentation was incom-
pletely described or if glioma pathology lacked histopathological confirmation. Extracted data included tumor location,
histopathology, clinical manifestations, neuropsychological assessments, and functional outcomes.

Results A total of 372 patients from 88 studies were included. Median age was 42 years (range, 11-87), with slight male
predominance (49% vs. 48% female). Preoperative non-motor manifestations were common and heterogeneous, most fre-
quently compromising cognition and executive performance (43%), followed by vision and visuospatial deficits (28.4%)
and language deficits (24%). Postoperatively, the most common deficits involved language (46%), followed by vision and
visuospatial deficits (40%), and cognition and executive dysfunction (23.1%). Analyses relating extent of resection to post-
operative deficits were considered exploratory because reporting of extent of resection and postoperative outcome assess-
ment were incomplete and heterogeneous.

Conclusions Right-hemisphere gliomas carry a substantial and under-recognized burden of non-motor manifestations that
challenge conventional definitions of functional eloquence and support the expansion of functional assessment and surgical
planning encompassing right-hemisphere cognitive and behavioral networks.
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Introduction

Historically, hemisphere dominance has been defined largely
by language lateralization, with approximately 90-95% of
right-handed and 70-80% of left-handed individuals show-
ing left-hemisphere dominance [1]. Together with motor
function, the term eloquence has been largely reserved for
the primary motor cortex and the dominant-hemisphere cor-
tical language areas, which in most cases are situated on
the left hemisphere [1]. As a consequence, lesions involving
the right hemisphere have often been underestimated from
a functional perspective in neurosurgery. Surgical decision-
making has historically been influenced by the perception
that the “non-dominant” hemisphere carries lower func-
tional risk, which has contributed to more permissive surgi-
cal strategies and less systematic evaluation of non-motor
functions in this population [2, 3].

However, this traditional model—Ilargely centered on
hemispheric dominance and language lateralization—does
not fully capture the functional complexity of the right
hemisphere and has increasingly been challenged in recent
years. The right hemisphere subserves a wide range of
higher-order functions beyond gross motor control, includ-
ing visuospatial cognition, attentional processing, execu-
tive functions, nonverbal and verbal memory, emotional
processing, language prosody and semantics, and, more
recently, social cognition [2, 4-6].

Not surprisingly, in glioma surgery, the right hemisphere
has been significantly underestimated, with neurosurgeons
traditionally advocating for more aggressive resections
based on the misconception that this “non-dominant” hemi-
sphere lacks eloquence [7]. This misconception stems from
the well-established finding that over 90% of the general
population exhibits left-hemispheric dominance for lan-
guage — a figure that, while accurate for language later-
alization specifically, has been inappropriately extrapolated
to imply that the right hemisphere is functionally silent [§].
Consequently, right hemisphere tumors have been resected
less frequently under awake functional mapping, which has
been shown to contribute to higher rates of postoperative
neurological and cognitive deficits and lower return to work
rates compared with right hemisphere lesions treated under
awake monitoring [9, 10].

Despite their clinical relevance, non-motor manifesta-
tions of right-hemisphere gliomas are reported inconsis-
tently and assessed heterogeneously in the surgical literature,
limiting accurate functional risk stratification and outcome
interpretation. Accordingly, this systematic review aims to
characterize the spectrum of clinical manifestations associ-
ated with right hemisphere gliomas, with particular empha-
sis on non-motor deficits, and to explore their implications
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for evolving concepts of cortical eloquence and surgical
decision-making.

Methods
Study design and population

This study was conducted as a systematic review in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines and was
registered on Prospero (CRD420251181135). The review
protocol was developed a priori to identify studies that report
clinical manifestations associated with right-hemisphere gli-
omas. Eligible studies included patients with supratentorial
right-hemisphere gliomas confirmed by histopathological
analysis. Studies reporting both motor and non-motor clini-
cal manifestations were eligible for inclusion. Studies were
excluded if the medical record was incompletely described,
tumor laterality was not specified, only an abstract was
available without full-text, or glioma pathology was absent
or lacked histopathological confirmation.

Additionally, studies were excluded if they did not pro-
vide laterality-stratified reporting of clinical manifestations
or lacked structured perioperative follow-up of neurologi-
cal outcomes specific to patients with right-hemisphere
lesions. This criterion was applied regardless of sample size
or methodological quality, as studies primarily designed to
assess oncological outcomes (i.e., overall survival [OS], pro-
gression-free survival [PFS], extent of resection, or global
functional autonomy) do not permit meaningful extraction
of right-hemisphere-specific non-motor clinical data, even
when neuropsychological assessments are included as sec-
ondary outcomes. Accordingly, several large, methodologi-
cally rigorous cohorts were excluded on this basis, despite
their significant contributions to the broader low-grade gli-
oma literature.

Tumor diagnoses and grades were extracted as reported
in the original publications. Because the aim of this review
was to characterize right-hemisphere clinical manifestations
and their implications for surgical planning and functional
monitoring, rather than to compare tumor-specific biology,
retrospective molecular reclassification was not attempted.

For the purposes of this review, right-hemisphere gliomas
were defined anatomically as supratentorial gliomas located
in the right cerebral hemisphere, irrespective of handedness
or language dominance. The terms “right hemisphere” and
“right-sided” were used anatomically and were not consid-
ered synonymous with “non-dominant hemisphere.” Hand-
edness was extracted when reported; however, language
dominance was inconsistently documented and therefore
could not be used for stratified analysis.
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Data collection

A comprehensive literature search was performed in
PubMed, Scopus, and Embase from database inception
through September 2025. The search strategy included
terms related to pathology (glioma, brain tumor), anatomi-
cal location (right hemisphere and lobes), and clinical mani-
festations. Boolean operators were used to combine terms
within concepts (OR) and between terms (AND). Titles and
abstracts were screened independently by three reviewers,
followed by full-text reviews of potentially eligible studies.
Discrepancies were resolved by consensus, and study qual-
ity was assessed using the Joanna Briggs Institute’s (JBI)
Critical appraisal checklist [11] (Supplementary material
Table 1) selected according to the design of each included
study when possible. Case reports, case series, and cohort-
type studies were appraised using the corresponding JBI
checklists. Quality appraisal was used to characterize the
strength and limitations of the available evidence and was
not used as an exclusion criterion for studies that otherwise
met eligibility criteria.

Data were extracted using a standardized form and
included study characteristics, patient demographics, tumor
location and histopathology, reported preoperative and
postoperative clinical manifestations, methods of clinical
or neuropsychological assessment, and reported functional
outcomes. Non-motor clinical manifestations were catego-
rized into predefined domains, including language, auditory,
visuospatial deficits, cognitive and executive dysfunc-
tion, attention and memory, and socio-emotional changes.
Reported manifestations were categorized according to the
construct assessed or, when only clinical descriptions were
available, by reviewer consensus. Also, when formal neuro-
psychological testing was reported, the deficit was catego-
rized according to the assessed construct. When only clinical
descriptions were available, three reviewers assigned the
manifestation to the most appropriate predefined domain
by consensus. Ambiguous findings were not forced into a
domain and were retained as “other” or not pooled when
insufficiently described. Disagreements regarding eligi-
bility, extraction, or categorization were resolved by con-
sensus. Formal inter-rater agreement was not calculated.
Overall perioperative deficit status was coded as “no defi-
cit” only when the original publication explicitly described
the absence of neurological, neuropsychological, or rel-
evant perioperative deficits. When clinical status was not
described, the case was coded as “not reported.” Domain-
specific manifestations were recorded only when explicitly
reported in the source article; lack of mention of a specific
domain was not interpreted as evidence of normal perfor-
mance in that domain.

Potential cohort overlap was assessed by comparing
author groups, institutions, recruitment periods, tumor
locations, clinical presentations, and reported operative or
neuropsychological details. When duplicate or overlapping
cases were explicitly identified or strongly suggested, the
most comprehensive report was prioritized for extraction.
Studies from the same institution or author group were not
excluded solely on that basis if patient-level overlap could
not be confirmed.

Statistical analysis

Given the heterogeneity of study designs, assessment tools,
and outcome reporting across the included studies, a quan-
titative meta-analysis was not performed. Descriptive statis-
tics were used to summarize patient characteristics, tumor
features, and the frequency of reported clinical manifesta-
tions. Categorical variables were reported as counts and per-
centages, and continuous variables were summarized using
medians and ranges when available. Preoperative and post-
operative clinical manifestations were compared descrip-
tively to assess differences in the reporting of non-motor
deficits. All statistical analyses were performed using SPSS
software (IBM Corp., Armonk, NY, USA).

Results
Study selection

A comprehensive literature search was performed in
PubMed, Scopus, and Embase, yielding a total of 4,315
records. After removal of duplicates, titles and abstracts
were screened for relevance. Following full-text review,
88 studies met eligibility criteria and were included in the
final qualitative synthesis (Fig. 1). These studies comprised
372 patients with histopathologically confirmed right-hemi-
sphere gliomas. Included studies are listed in (Supplemen-
tary material Table 2).

Patient demographic, tumor diagnosis, location and
performance status

A total of 372 patients with right hemisphere gliomas were
included. The mean age was 42.6 years (CI 95% 40.5-44.6),
with a slight male predominance (49%). Gender was not
documented in 12 cases (3%). Handedness was reported
in 279 patients, of whom 60% were right-handed, 13%
left-handed, 1.9% ambidextrous, and handedness was not
reported in 25% of cases (Table 1).

Tumor location was most frequently documented in the
insular lobe (26%), followed by the frontal lobe (20%) and
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multicompartmental fronto-temporo-insular lobes (19%).
Less common locations included multicompartmental
fronto-parietal (1.8%), temporo-occipital (1.6%), temporo-
parietal (0.8%), and fronto-temporal (0.8%). The occipital
lobe and basal ganglia were rare (0.3%). Regarding tumor
diagnosis, 81% were low-grade gliomas (LGGs) and 19%
were high-grade gliomas (HGGs). Among the included
studies, 119 patients had a specific diagnosis reported. Of
these, the most common tumors were Glioblastoma (10%)
and Oligodendroglioma WHO grade 2 (5%) (Table 1).
A Sankey diagram (Fig. 2A) illustrating the proportional
relationships between tumor grade and perioperative non-
motor neurological deficits showed that high-grade tumors
accounted for a greater burden of deficits, both before and
after surgery. Nevertheless, low-grade gliomas (LGGs)
were not exempt from perioperative morbidity, as a consid-
erable proportion also presented with neurological deficits
in the perioperative period.

@ Springer

Preoperative performance status, showed a preserved
baseline performance (i.e., KPS>70) in 43%, and was not
reported in 57% of the cohort (Table 1).

Perioperative clinical manifestations

Preoperative motor function was documented on 316 (85%)
patients, of whom 218 (59%) had preoperative motor defi-
cits. In contrast, postoperative motor deficits were reported
less frequently, occurring in 15 patients (4%) (Table 1).

Additionally, new postoperative deficits (i.e., patients
preoperatively intact with postoperative deficits) were doc-
umented in 26 of 61 patients in whom this follow up was
reported (Table 1).

Non-motor clinical manifestations and
intraoperative tests

Complete preoperative clinical status, including non-motor
function, was available in 334 (90%) patients. Among these,
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Table 1 Demographics, handedness, location, tumor grade, pathology, KPS, outcomes

Variable n (%) or median [range] or mean {CI 95%}"
Age
Mean (CI 95) 42.6 (40.5-44.6)
Gender
Male n (%) 182 (48.9)
Female n (%) 178 (47.8)
Not reported 12 (3.2)
Handedness
Right-handed 222 (59.6)
Left-handed 50 (13.4)
Ambidextrous 7(1.9)
Not reported 93 (25)
Location
Insular 97 (26.1)
Frontal lobe 74 (19.8)
Fronto-temporo-insular 70 (18.8)
Temporal lobe 57 (15.3)
Parietal lobe 40 (10.7)
Fronto-parietal 7(1.8)
Temporo-occipital 6(1.6)
Temporo-insular 3(0.8)
Fronto-insular 3(0.8)
Parieto-occipital 3(0.8)
Fronto-temporal 3(0.8)
Temporo-parieto-occipital 3(0.8)
Temporo-parietal 3(0.8)
Fronto-temporo-parietal 1(0.3)
Occipital lobe 1(0.3)
Basal ganglia 1(0.3)
Tumor grade
Low-grade gliomas 300 (80.6)
High-grade gliomas 72 (19.4)
Specified Tumor pathology
Glioblastoma WHO grade 4 38 (10.2)
Astrocytoma WHO grade 4 7(1.9)
Gliosarcoma WHO grade 4 5(1.3)
Astrocytoma WHO grade 3 7(1.9)
Oligodendroglioma WHO grade 3 8(2.2)
Oligoastrocytoma WHO grade 3* 1(0.3)
Ganglioglioma WHO grade 3 1(0.3)
Oligodendroglioma WHO grade 2 20 (5.4)
Astrocytoma WHO grade 2 14 (3.8)
Oligoastrocytoma WHO grade 2* 3(0.8)
Pleomorphic Xantoastrocytoma WHO grade 2 3(0.8)
Pilocytic Astrocytoma WHO grade 1 3(0.8)
Ganglioglioma WHO grade 1 9(2.4)
Preoperative KPS
>70 159 (42.7)
<70 1(0.3)
Not reported 212 (57)
Preoperative Motor Deficit
Yes 218 (58.6)
No 98 (26.3)
Not reported 56 (15.1)
Preoperative Non-Motor Deficit
Yes 116 (31.2)
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Table 1 (continued)

Variable n (%) or median [range] or mean {CI 95%}B
No 218 (58.6)
Not reported 38 (10.2)

Postoperative Motor Deficit
Yes 15 (4.0)
No 196 (52.7)
Not reported 161 (43.3)

Postoperative Non-Motor Deficit
Transient 40 (10.8)
Permanent 12 (3.2)
No deficit 189 (50.8)
Not reported 131 (35.2)

Patients without preoperative deficit
No postoperative deficit 35(09.4)
Postoperative deficit 26 (7.0)
Not reported 311 (372)

Postoperative Rehabilitation
Yes 28 (7.5)
No 344 (92.5)

Patients who had postoperative rehabilitation (n=28)

Improvement after rehabilitation 14 (50)
No improvement after rehabilitation 1(3.6)
Not reported outcome after rehabilitation 13 (46.4)

Extent of Resection
Supratotal resection 8(2.2)
Gross total resection 62 (16.7)
Near-total resection 18 (4.8)
Subtotal resection 126 (33.9)
Biopsy 4(1.1)
Not reported 154 (41.4)

Progression Free Survival (months)

Median (range) 12 [1-168]

Overall survival (months)

Median (range) 6[0-168]

Return to work
Yes 142 (38.2)
No 0(0)

Not reported 219 (58.9)
Did not work and were reported 11 (3.0)
Time to RTW (months) 3.5[1-48]

P, Percentages represent reported frequencies among published cases and should not be interpreted as incidence or prevalence estimates, given
heterogeneous reporting, incomplete assessment, and case-report enrichment.*, diagnosis retained as reported in the original publication and
based on prior WHO CNS tumor classifications; retrospective reclassification according to WHO 2021 molecular criteria was not possible;
KPS, Karnofsky Performance Status; NOS, Not Otherwise Specified, according to the WHO classification.

preoperative non-motor deficits were reported in 116 (31%)
patients and were absent in 218 (59%). In 38 cases (10%),
preoperative non-motor status was not reported (Table 1).
Among published cases with extractable preoperative
non-motor manifestations, the most frequently reported
domains included visuospatial cognitive impairment (23%),
combined language deficits (17%), and social cognition
dysfunction (14.7%), including deficits in theory of mind
and social perception. Other manifestations included work-
ing memory impairment (10%) and executive dysfunction
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(7%), whereas visual disturbances such as visual hallucina-
tions or alterations in acuity and perception, speech apraxia,
and auditory or somatosensory phenomena were reported
less frequently (Table 2).

Postoperative non-motor clinical status was documented
in 241 patients (65%), of whom 52 (15%) presented with
deficits. Among those with postoperative deficits, 26
patients (7%) were neurologically intact preoperatively,
representing new surgical morbidity, and 23% (12 out
of 52) of the patients with reported postoperative deficits
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were permanent (Table 1). The most common postoperative
deficits included visuospatial cognition deficits (27%) and
combined (phonological plus semantic) language deficits
(23%). Other deficits included semantic (12%) and social-
cognitive (12%) dysfunctions (Table 3). A Sankey diagram
(Fig. 3) maps the proportional relationships across three
variables — preoperative non-motor neurological status,
lesion location within the right hemisphere, and postopera-
tive non-motor outcomes — highlighting how deficit bur-
den distributes across tumor locations. Most patients had no
documented preoperative or postoperative deficits, although
tumors involving the frontal, insular, temporal, and parietal
lobes were associated with a broad range of higher-order
impairments. The most frequent postoperative deficits,
involving visuospatial, social cognition, and phonological/
semantic functions, were primarily associated with the pari-
etal, temporal, and frontal lobes. Collectively, these findings
underscore the heterogeneity of right-hemisphere dysfunc-
tion and its network-based clinical expression (Fig. 2B).

Right-sided gliomas are infrequently resected under
awake craniotomy. Intraoperative neuropsychological test-
ing was reported in 185 cases, of which 102 originated from
a single large retrospective study [12]. Because this study
contributed a substantial proportion of the tested cases and
used a specific testing strategy, we separately described the
remaining reports to avoid overrepresenting its paradigms.
After excluding the large retrospective study — which
exclusively employed mentalizing tasks and the Pyramids
and Palm Trees test — the most commonly reported tests
across the remaining studies were line bisection (70%),
naming (27%), counting (24%), and reading (12%) (Sup-
plementary Material, Table .3). Testing categories were not
mutually exclusive, as more than one paradigm could be
used in the same patient. These findings should therefore
be interpreted as a descriptive summary of reported intra-
operative testing practices rather than pooled estimates of
task utilization.

Postoperative rehabilitation, extent of resection
and functional outcomes

Postoperative rehabilitation and return-to-work outcomes
were inconsistently reported across the included literature.
Rehabilitation was reported in 28 patients, of whom 14 had
documented improvement, 1 had no improvement, and 13
had no reported rehabilitation outcome. Return to work was
explicitly reported in 142 patients, while most cases lacked
sufficient information to determine occupational outcome
(Table 1). Therefore, these data should be interpreted as
descriptive reported outcomes among published cases rather
than true functional recovery or return-to-work rates.

Near-total to supratotal resection (including gross total
resection) was achieved in 24% of cases, with a median PFS
of 12 months and OS of 6 months (Table 1). Because extent
of resection, postoperative deficit assessment, and follow-
up timing were incompletely and heterogeneously reported,
analyses evaluating the relationship between extent of
resection and postoperative deficits were considered explor-
atory. In this limited analysis, no statistically significant
association was observed between the extent of resection
and postoperative non-motor or motor deficits; however,
these findings should be interpreted with caution and should
not be considered evidence of the absence of risk.

Discussion

This systematic review summarizes the reported spectrum
of clinically meaningful perioperative non-motor mani-
festations associated with right-hemisphere gliomas in a
heterogeneous and selected published literature. Although
these data do not provide robust estimates of prevalence,
perioperative trajectory, or long-term burden, they highlight
non-motor domains that may be insufficiently captured by
traditional motor- and language-centered assessment frame-
works. Across 88 studies comprising 372 patients, preopera-
tive non-motor deficits were identified in 35% of cases and
postoperative deficits in 22%, of whom 23% were perma-
nent. Strikingly, among patients who were neurologically
intact before surgery, 43% developed new non-motor deficits
postoperatively — underscoring the surgical vulnerability
of right-hemisphere networks and the critical need for com-
prehensive perioperative neuropsychological monitoring.
Nevertheless, functional recovery, rehabilitation response,
return to work, and survival outcomes were too inconsis-
tently reported to support reliable pooled interpretation.
The anatomical substrate underlying this vulnerability
lies in the organization of the right hemisphere’s white mat-
ter, which comprises a complex system of association, pro-
jection, and commissural pathways subserving higher-order
cognitive and behavioral functions [13]. Among the princi-
pal association tracts, the superior longitudinal fasciculus/
arcuate complex is involved in attentional control, visuospa-
tial processing, and prosodic and pragmatic aspects of com-
munication [14]. The inferior fronto-occipital fasciculus
and inferior longitudinal fasciculus connect frontal, tempo-
ral, and occipital regions and contribute to semantic integra-
tion, visual processing, and socio-emotional interpretation
[15]. The uncinate fasciculus links the orbitofrontal cortex
with the anterior temporal lobe and is relevant for emotional
regulation and social cognition, whereas the cingulum par-
ticipates in executive and limbic network integration [16].
The right uncinate fasciculus, in particular, plays a critical
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{ Fig. 2 (A) Sankey diagram of preoperative non-motor deficits, tumor
grade, and postoperative non-motor deficits in patients with right-
hemisphere gliomas. Sankey diagram illustrating the proportional flow
between preoperative non-motor deficits (left), tumor grade (center),
and postoperative non-motor deficits (right) across the 372 patients
included in the review. The width of each flow is proportional to the
number of patients transitioning between categories. High-grade glio-
mas accounted for a disproportionate share of perioperative non-motor
deficits relative to low-grade gliomas, though both groups contributed
to postoperative morbidity. The most frequent postoperative mani-
festations included visuospatial cognition, phonological and seman-
tic language deficits, and social cognition dysfunction. A substantial
proportion of patients who were neurologically intact preoperatively
transitioned to documented postoperative deficits, reflecting the surgi-
cal vulnerability of right-hemisphere networks across tumor grades.
(B) Sankey diagram of preoperative non-motor deficits, lesion loca-
tion, and postoperative non-motor deficits in patients with right-hemi-
sphere gliomas. Sankey diagram mapping the proportional relation-
ships between preoperative non-motor deficits (left), lesion location
within the right hemisphere (center), and postoperative non-motor
deficits (right). The width of each flow is proportional to the number of
patients transitioning between categories. While most patients had no
documented preoperative or postoperative deficits, tumors involving
the frontal, insular, temporal, and parietal lobes were associated with a
broad spectrum of higher-order impairments. The most frequent post-
operative deficits — involving visuospatial cognition, social cognition,
and phonological/semantic functions — were predominantly associ-
ated with parietal, temporal, and frontal lobe involvement, highlight-
ing the heterogeneity of right-hemisphere dysfunction and its network-
based clinical expression

role in emotional empathy—percentage damage to this tract
independently predicts error rates on emotional empathy
tasks after right hemisphere stroke—and its microstructure
correlates with the ability to decode facial expressions of
emotion and socioemotional sensitivity during face-to-face
interactions [17]. In parallel, projection fibers such as the
corticospinal tract and thalamocortical radiations remain
essential for motor and sensory function. Collectively, these
pathways establish that right-hemisphere eloquence is not
restricted to cortical topography but reflects the integrity
of distributed subcortical networks subserving language,
visuospatial awareness, attention, self-monitoring, and
socio-emotional behavior — precisely the domains most
frequently compromised in the patients captured by this
review.

The most commonly identified manifestations in this
review (language, visuospatial cognition, attention and
neglect, and social cognition deficits) are precisely those
expected from disruption of the association networks
described above, reinforcing the direct clinical relevance of
right-hemisphere subcortical anatomy to perioperative mor-
bidity [18-20]. Importantly, these deficits are not merely
ancillary findings; in addition to their impact on functional
independence and return to work, they carry measurable
consequences for patients’ social and interpersonal lives,
including documented increases in marital separations
[10, 21, 22]. Their presence underscores the limitations of

neurological examinations and outcome measures that pri-
oritize motor strength and language fluency while overlook-
ing higher-order cognitive and behavioral domains that are
mediated by the right hemisphere. Taken together, these
findings suggest that non-motor right hemisphere dysfunc-
tion remains underassessed across the perioperative period
and that current reporting practices limit accurate estimation
of'its true prevalence, trajectory, and long-term significance.

The heterogeneity of this clinical profile — spanning
language, visuospatial, attentional, and socio-emotional
domains across varying tumor locations and grades — is
not incidental but reflects the diffusely infiltrative biological
behavior that distinguishes gliomas from focal lesions such
as metastases or extra-axial tumors [23-25]. Unlike dis-
crete mass lesions that displace functional tissue, gliomas
infiltrate and progressively remodel cortical and subcortical
networks, producing a clinical phenotype that is inherently
distributed and difficult to predict from anatomical location
alone. This disruption is unsurprisingly more pronounced in
higher-grade tumors, whose aggressive growth and greater
infiltrative burden accelerate network-level dysfunction.
Experimental evidence of synaptic coupling between gli-
oma cells and neurons provides a compelling mechanistic
framework for understanding how tumor growth may alter
network function even in the absence of discrete focal def-
icits [26]. Within the right hemisphere, where function is
characteristically distributed rather than focally localized,
such tumor—network interactions may produce subtle yet
functionally significant impairments that elude conven-
tional mapping and assessment paradigms [27, 28].

These findings carry important implications for contem-
porary concepts of cortical eloquence and surgical deci-
sion-making. The observation that non-motor deficits are
common, heterogeneous, and clinically meaningful directly
challenges the long-standing notion of the right hemisphere
as functionally permissive, a conception that has histori-
cally justified more aggressive resection strategies with
less rigorous functional monitoring. Rather, eloquence in
the right hemisphere must be understood in network-based
terms, encompassing language, attentional, visuospatial,
executive, and socio-emotional domains whose disruption
carries measurable consequences for patients’ quality of
life and functional recovery. This reconceptualization has
concrete clinical implications: it supports the routine inte-
gration of standardized neuropsychological assessment into
preoperative evaluation and advocates for the development
of intraoperative mapping strategies specifically tailored to
non-motor domains — particularly in patients undergoing
resection of right-hemisphere gliomas [29].
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Table 2 Preoperative non-motor deficit Table 3 Postoperative non-motor deficit
Variable n=116 Variable n=>52

n (%)* n (%)*
Language 28 (24.1) Language 24 (46.2)
Phonological deficit 7 (6.0) Phonological deficit 4(7.7)
Semantic deficit 0 Semantic deficit 6 (11.5)
Speech apraxia 1(0.9) Apraxia of speech 2 (3.8)
Phonological and semantic deficit 20(17.2) Phonological and semantic deficit 12 (23.1)
Auditory 11 (9.5) Auditory 3(5.8)
Hallucinations 7 (6.0) Auditory hallucinations 1(1.9)
Alterations in auditory perception 2(1.7) Alterations in auditory perception 1(1.9)
Amusia 2(1.7) Amusia 1(1.9)
Vision and visuospatial 33 (28.4) Vision and visuospatial 21(40.4)
Visuospatial cognition 27 (23.3) Visuospatial cognition 14 (26.9)
Visual hallucination 1(0.9) Visual hallucination 1(1.9)
Alterations in visual perception (including impairment) 5 (4.3) Alterations in visual perception (including impairment) 6 (11.5)
Cognition and Executive 50 (43.1) Cognition and Executive 12 (23.1)
Executive dysfunction 8(6.9) Executive dysfunction 2(3.8)
Working memory dysfunction 12 (10.3) Memory dysfunction 2(3.8)
Attention dysfunction 5(4.3) Attention dysfunction 0(0)
Social cognition dysfunction 17 (14.7) Social cognition dysfunction 6 (11.5)
Dissociative symptoms 8(6.9) Dissociative symptoms 2 (3.8)
Other 14 (12.1) Other 1(1.9)
Olfactory 1(0.9) Olfactory 0
Eye skew deviation 1(0.9) Eye skew deviation 0
Somatosensory disturbance 12 (10.3) Somatosensory disturbance 1(1.9)

*, percentages represent reported frequencies among published cases
and should not be interpreted as incidence or prevalence estimates,
given heterogeneous reporting, incomplete assessment, and case-
report enrichment.

Clinical implications

The findings of this systematic review have several impor-
tant implications for the clinical management of patients
with right hemisphere gliomas. First, the high prevalence
and heterogeneity of non-motor manifestations underscore
the limitations of conventional neurological assessment
strategies that focus predominantly on motor strength and
language function. Attentional, visuospatial, behavioral, and
higher-order cognitive alterations can substantially affect
functional independence and quality of life, with recent
work suggesting that impairment in memory and executive
functioning accounts for over 40% of variance in patients’
ability to perform instrumental activities of daily living [30].
Unfortunately, deficits in these functions remain under-
recognized and without targeted evaluation, especially in
patients with non-dominant hemisphere glioma. Incorpo-
rating standardized neuropsychological screening into the
preoperative assessment of right-hemisphere gliomas may
therefore improve baseline characterization, enable more
informed surgical risk counseling, and provide the intra-
individual reference framework necessary for meaningful
interpretation of cognitive outcomes across repeated post-
operative assessments.

@ Springer

*, percentages represent reported frequencies among published cases
and should not be interpreted as incidence or prevalence estimates,
given heterogeneous reporting, incomplete assessment, and case-
report enrichment.

Second, these findings have direct relevance for surgi-
cal planning and intraoperative decision-making. The tra-
ditional perception of the right hemisphere as functionally
permissive may lead to underestimation of functional risk,
particularly in tumors involving association cortices and
network hubs [31]. A network-based understanding of right
hemisphere eloquence supports the selective use of awake
surgery and tailored intraoperative mapping paradigms
aimed at non-motor domains, such as attention, visuospatial
processing, and socio-emotional function [19]. While stan-
dardized protocols for non-motor mapping remain limited,
emerging paradigms suggest that functional preservation
in the right hemisphere requires approaches distinct from
those used for motor and language networks.

Finally, postoperative evaluation and outcome reporting
should extend beyond motor and language endpoints. The
observed increase in documented non-motor deficits after
surgery likely reflects both unmasking of network vulner-
ability and improved detection. Systematic postoperative
assessment may allow earlier identification of deficits ame-
nable to rehabilitation and provide a more comprehensive
framework for measuring surgical success in right hemi-
sphere glioma patients.
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In this context, awake surgery should not be considered
only a left-hemisphere or language-dominant strategy, but
rather a selective tool for preserving individualized right-
hemisphere networks. This review supports that rationale,
as preoperative non-motor deficits were present in 34.7%
of patients with documented status, and 43% of initially
intact patients developed new postoperative deficits. Intra-
operative testing should therefore be tailored to lesion loca-
tion and baseline neuropsychological profile. Based on the
domains most frequently affected in this review, practical
tasks may include line bisection or cancellation for visuo-
spatial neglect; naming, reading aloud, and semantic-asso-
ciation tasks for language and semantic processing; facial
emotion recognition or theory-of-mind paradigms for social
cognition; and dual-tasking or working-memory tasks for
executive control. This domain-mapped approach may help
balance maximal safe resection with preservation of cogni-
tion, social functioning, and quality of life.

Limitations and future directions

Several methodological limitations of the surveyed litera-
ture warrant consideration, as they likely contribute to an
underestimation of the true prevalence of perioperative non-
motor functional decline. Most included studies employed
outcome assessments focused on relatively narrow cogni-
tive domains (typically those historically associated with
presumed non-dominant-hemisphere functions) rather than
broad neuropsychological batteries that sample diverse func-
tional domains simultaneously. Furthermore, a substantial
proportion of the evidence base consists of case reports and
small case series, limiting the generalizability of findings
and precluding standardized cross-study comparisons. Our
eligibility criteria required extractable, laterality-specific
clinical manifestations in patients with right-hemisphere
gliomas. As a result, several large and methodologically
robust glioma cohorts were excluded because they reported
oncological outcomes, global neurocognitive outcomes, or
mixed-hemisphere results without right-hemisphere-spe-
cific perioperative manifestations. Although this criterion
was necessary to preserve the clinical specificity of the
review question, it may have reduced representativeness
and enriched the dataset for studies focused on cognitive or
unusual clinical deficits.

This is particularly consequential given that even studies
employing relatively comprehensive assessment approaches
reveal a substantial burden of postoperative cognitive mor-
bidity: evidence suggests that up to 40% of patients with
right temporal gliomas exhibit worsening in at least one
cognitive domain following resection, most frequently in
processing speed (40%), executive functioning (40%), and

verbal learning and memory (30%) [32]. Notably, even this
estimate is likely conservative, as the battery employed did
not include non-verbal memory or social cognition assess-
ments — domains particularly susceptible to disruption of
right-hemisphere network integrity.

An additional limitation relates to changes in glioma
classification over time. The included studies span multi-
ple decades, and many were published before the adoption
of the 2021 WHO Classification of Tumors of the Central
Nervous System and before routine integration of molecu-
lar markers into glioma diagnosis. Consequently, historical
diagnostic entities, including oligoastrocytoma, are rep-
resented in the dataset, and retrospective reclassification
according to current molecular criteria was not possible in
many cases. Therefore, tumor diagnoses and grades were
retained as reported in the original publications, which limits
direct generalizability to contemporary molecularly defined
glioma populations. Also, molecular markers such as IDH
mutation status, 1p/19q codeletion, MGMT promoter meth-
ylation, and CDKN2A/B alterations were inconsistently
reported or unavailable across the included studies. Because
contemporary glioma classification, prognosis, treatment
response, and clinical behavior are strongly influenced by
these molecular features, the relationship between molecu-
lar subtype and right-hemisphere clinical manifestations
could not be assessed. As a result, the generalizability of
the reported manifestations to current molecularly defined
glioma subgroups remains uncertain.

Finally, potential cohort overlap represents another limi-
tation, particularly among reports from high-volume awake-
mapping centers and right-insular glioma series. Although
studies were reviewed for overlapping authorship, institu-
tions, recruitment periods, and case characteristics, patient-
level overlap could not always be excluded. Unrecognized
overlap may therefore influence descriptive patient counts
and reported frequencies.

Despite these limitations, this review highlights critical
gaps and opportunities for future research. Prospective stud-
ies incorporating standardized, domain-specific neuropsy-
chological assessments are needed to better characterize the
true prevalence and trajectory of non-motor deficits in right
hemisphere gliomas. Integration of network-based imaging,
functional mapping, and longitudinal cognitive outcomes
may further refine risk stratification and surgical planning.
Ultimately, developing consensus-driven definitions and
assessment frameworks for right hemisphere eloquence will
be essential to advancing patient-centered care and improv-
ing functional outcomes in this population.
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Conclusions

Right-hemisphere gliomas are associated with a broad spec-
trum of clinically meaningful non-motor manifestations
involving cognitive, visuospatial, language, executive, and
socio-emotional domains. Although the available evidence
is heterogeneous and largely derived from selected pub-
lished cases, these findings challenge traditional concepts of
cortical eloquence based primarily on motor and dominant-
hemisphere language function. More systematic periopera-
tive neuropsychological assessment and domain-specific
intraoperative monitoring may refine surgical planning,
outcome evaluation, and patient counseling in patients with
right-hemisphere gliomas.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s11060-0
26-05728-8.

Author contributions Conception and design: ERF, KN, SSP. Acqui-
sition of data: ERF, JM, MS. Data analysis and interpretation: ERF,
KN, IM, MS, SSP. Manuscritp drafting: ERF, KN, HD, SSP. Critically
revising the article: ERF, KN, JPZ, PA, CE, SSF, JW, FL, HD, SSP.
Reviewed submitted version of manuscript: ERF, KN, CE, SSF, JW,
FL, HD, SSP. Study supervision: SSP, KN, FL, JW, SSF.

Funding None.

Data availability The data underlying this systematic review were
extracted from previously published, publicly accessible peer-reviewed
articles, all of which are cited within the manuscript and listed in Table
1. The extraction database and supporting analytic files generated dur-
ing this study are available from the corresponding author upon rea-
sonable request.

Declarations

Ethical approval This study is a systematic review of previously pub-
lished literature and did not involve direct investigation of human or
animal subjects; institutional review board approval and informed
consent were therefore not required. All data were extracted from
peer-reviewed publications in which the original investigators were
responsible for obtaining the appropriate ethical approvals and patient
consents. The review was conducted in accordance with the ethical
principles outlined in the World Medical Association Declaration of
Helsinki.

Competing interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if you modified the licensed
material. You do not have permission under this licence to share
adapted material derived from this article or parts of it. The images
or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative

@ Springer

Commons licence and your intended use is not permitted by statu-
tory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Gerritsen JKW, Zwarthoed RH, Kilgallon JL et al (2022) Effect
of awake craniotomy in glioblastoma in eloquent areas (GLIO-
MAP): a propensity score-matched analysis of an international,
multicentre, cohort study. Lancet Oncol 23(6):802—817. https://d
o0i.org/10.1016/S1470-2045(22)00213-3

2. Vilasboas T, Herbet G, Duffau H (2017) Challenging the Myth of
Right Nondominant Hemisphere: Lessons from Corticosubcorti-
cal Stimulation Mapping in Awake Surgery and Surgical Implica-
tions. World Neurosurg 103:449-456. https://doi.org/10.1016/j.w
neu.2017.04.021

3.  Mamadaliev DM, Saito R, Motomura K et al (2024) Awake Cra-
niotomy for Gliomas in the Non-Dominant Right Hemisphere: A
Comprehensive Review. Cancers 16(6):1161. https://doi.org/10.3
390/cancers16061161

4. Herbet G, Duffau H (2020) Revisiting the Functional Anatomy of
the Human Brain: Toward a Meta-Networking Theory of Cere-
bral Functions. Physiol Rev 100(3):1181-1228. https://doi.org/10
.1152/physrev.00033.2019

5. Monticelli M, Zeppa P, Mammi M et al (2021) Where We Mental-
ize: Main Cortical Areas Involved in Mentalization. Front Neurol
12:712532. https://doi.org/10.3389/fneur.2021.712532

6. Martin-Monzon I, Amores-Carrera L, Sabsevitz D, Herbet G
(2024) Intraoperative mapping of the right hemisphere: a system-
atic review of protocols that evaluate cognitive and social cogni-
tive functions. Front Psychol 15:1415523. https://doi.org/10.338
9/fpsyg.2024.1415523

7. Coluccia D, Roth T, Marbacher S, Fandino J (2018) Impact of
Laterality on Surgical Outcome of Glioblastoma Patients: A
Retrospective Single-Center Study. World Neurosurg 114:e121—
e128. https://doi.org/10.1016/j.wneu.2018.02.084

8. Verhelst H, Dhollander T, Gerrits R, Vingerhoets G (2021) Fibre-
specific laterality of white matter in left and right language domi-
nant people. Neurolmage 230:117812. https://doi.org/10.1016/j.n
euroimage.2021.117812

9. Hendriks EJ, Habets EJJ, Taphoorn MJB et al (2018) Linking late
cognitive outcome with glioma surgery location using resection
cavity maps. Hum Brain Mapp 39(5):2064-2074. https://doi.org/
10.1002/hbm.23986

10. Ramirez-Ferrer E, Aguilera-Pena MP, Duffau H (2024) Func-
tional and oncological outcomes after right hemisphere glioma
resection in awake versus asleep patients: a systematic review
and meta-analysis. Neurosurg Rev 47(1):160. https://doi.org/10.
1007/s10143-024-02370-8

11. Hilton M (2024) JBI critical appraisal checklist for systematic
reviews and research syntheses (product review). J Can Health
Libr Assoc J Assoc Bibl Santé Can 45(3). https://doi.org/10.2917
3/jchla29801

12. Duffau H (2022) Awake Mapping With Transopercular Approach
in Right Insular—Centered Low-Grade Gliomas Improves Neuro-
logical Outcomes and Return to Work. Neurosurgery 91(1):182—
190. https://doi.org/10.1227/neu.0000000000001966

13. Bullock DN, Hayday EA, Grier MD, Tang W, Pestilli F, Heil-
bronner SR (2022) A taxonomy of the brain’s white matter:
twenty-one major tracts for the 21st century. Cereb Cortex
32(20):4524-4548. https://doi.org/10.1093/cercor/bhab500

14. Makris N, Kennedy DN, Mclnerney S et al (2005) Segmentation
of Subcomponents within the Superior Longitudinal Fascicle in


https://doi.org/10.1007/s11060-026-05728-8
https://doi.org/10.1007/s11060-026-05728-8
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/S1470-2045(22)00213-3
https://doi.org/10.1016/S1470-2045(22)00213-3
https://doi.org/10.1016/j.wneu.2017.04.021
https://doi.org/10.1016/j.wneu.2017.04.021
https://doi.org/10.3390/cancers16061161
https://doi.org/10.3390/cancers16061161
https://doi.org/10.1152/physrev.00033.2019
https://doi.org/10.1152/physrev.00033.2019
https://doi.org/10.3389/fneur.2021.712532
https://doi.org/10.3389/fpsyg.2024.1415523
https://doi.org/10.3389/fpsyg.2024.1415523
https://doi.org/10.1016/j.wneu.2018.02.084
https://doi.org/10.1016/j.neuroimage.2021.117812
https://doi.org/10.1016/j.neuroimage.2021.117812
https://doi.org/10.1002/hbm.23986
https://doi.org/10.1002/hbm.23986
https://doi.org/10.1007/s10143-024-02370-8
https://doi.org/10.1007/s10143-024-02370-8
https://doi.org/10.29173/jchla29801
https://doi.org/10.29173/jchla29801
https://doi.org/10.1227/neu.0000000000001966
https://doi.org/10.1093/cercor/bhab500

Journal of Neuro-Oncology

(2026) 179:15

Page 130f 13 15

15.

16.

17.

18.

19.

20.

21.

22.

23.

Humans: A Quantitative, In Vivo, DT-MRI Study. Cereb Cortex
15(6):854-869. https://doi.org/10.1093/cercor/bhh186
Giampiccolo D, Herbet G, Duffau H (2025) The inferior fronto-
occipital fasciculus: bridging phylogeny, ontogeny and functional
anatomy. Brain 148(5):1507-1525. https://doi.org/10.1093/brain/
awaf055

Von Der Heide RJ, Skipper LM, Klobusicky E, Olson IR (2013)
Dissecting the uncinate fasciculus: disorders, controversies and a
hypothesis. Brain 136(6):1692—1707. https://doi.org/10.1093/bra
in/awt094

Oishi K, Faria AV, Hsu J, Tippett D, Mori S, Hillis AE (2015)
Critical role of the right uncinate fasciculus in emotional empa-
thy. Ann Neurol 77(1):68—74. https://doi.org/10.1002/ana.24300
Nakajima R, Kinoshita M, Miyashita K et al (2017) Damage of
the right dorsal superior longitudinal fascicle by awake surgery
for glioma causes persistent visuospatial dysfunction. Sci Rep
7(1):17158. https://doi.org/10.1038/s41598-017-17461-4

Ekert JO, Sabsevitz DS, Del Campo M (2024) Awake brain map-
ping paradigms for nondominant hemisphere gliomas. Neurosurg
Focus 56(2):E7. https://doi.org/10.3171/2023.11.FOCUS23610
Andreoli M, Medina-Pizarro M, Mackie MA, Tate MC (2024)
Association of disruption of the right posterior arcuate fasciculus
with spatial neglect. J Neurosurg 141(3):624—633. https://doi.org
/10.3171/2024.1.JNS232142

Fortin D, Iorio-Morin C, Tellier A, Goffaux P, Descoteaux M,
Whittingstall K (2021) High-Grade Gliomas Located in the Right
Hemisphere Are Associated With Worse Quality of Life. World
Neurosurg 149:€721-e728. https://doi.org/10.1016/j.wneu.2021.
01.111

Ng S, Duffau H (2025) Long-term family outcomes in grade 2
IDH-mutated glioma patients treated with awake-guided surgery:
Biological, professional, and therapeutic interactions. Neuro-
Oncol Adv 7(1):vdaf102. https://doi.org/10.1093/noajnl/vdaf102
Picart T, Hervey-Jumper S (2024) Central nervous system regu-
lation of diffuse glioma growth and invasion: from single unit
physiology to circuit remodeling. J Neurooncol 169(1):1-10. http
s://doi.org/10.1007/s11060-024-04719-x

24.

25.

26.

27.

28.

29.

30.

31.

32.

Venkatesh HS, Morishita W, Geraghty AC et al (2019) Electri-
cal and synaptic integration of glioma into neural circuits. Nature
573(7775):539-545. https://doi.org/10.1038/s41586-019-1563-y
Taylor KR, Monje M (2023) Neuron-oligodendroglial inter-
actions in health and malignant disease. Nat Rev Neurosci
24(12):733-746. https://doi.org/10.1038/s41583-023-00744-3
Taylor KR, Barron T, Hui A et al (2023) Glioma synapses recruit
mechanisms of adaptive plasticity. Nature 623(7986):366-374.
https://doi.org/10.1038/s41586-023-06678-1

Gotts SJ, Jo HJ, Wallace GL, Saad ZS, Cox RW, Martin A (2013)
Two distinct forms of functional lateralization in the human brain.
Proc Natl Acad Sci 110(36). https://doi.org/10.1073/pnas. 130258
1110

Baumann C, Tichy J, Schaefer JH et al (2020) Delay in diagnosing
patients with right-sided glioblastoma induced by hemispheric-
specific clinical presentation. J Neurooncol 146(1):63—69. https:/
/doi.org/10.1007/s11060-019-03335-4

Duffau H (2021) New Philosophy, Clinical Pearls, and Methods
for Intraoperative Cognition Mapping and Monitoring a la carte
in Brain Tumor Patients. Neurosurgery 88(5):919-930. https://do
i.org/10.1093/neuros/nyaa363

Noll KR, Bradshaw ME, Weinberg JS, Wefel JS (2018) Neuro-
cognitive functioning is associated with functional independence
in newly diagnosed patients with temporal lobe glioma. Neuro-
Oncol Pract 5(3):184-193. https://doi.org/10.1093/nop/npx028
Barberis M, Poisson I, Facque V et al (2022) Group-level sta-
bility but individual variability of neurocognitive status after
awake resections of right frontal IDH-mutated glioma. Sci Rep
12(1):6126. https://doi.org/10.1038/s41598-022-08702-2

Noll KR, Weinberg JS, Ziu M, Benveniste RJ, Suki D, Wefel JS
(2015) Neurocognitive Changes Associated With Surgical Resec-
tion of Left and Right Temporal Lobe Glioma. Neurosurgery
77(5):777-785. https://doi.org/10.1227/NEU.000000000000098
7

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1093/cercor/bhh186
https://doi.org/10.1093/brain/awaf055
https://doi.org/10.1093/brain/awaf055
https://doi.org/10.1093/brain/awt094
https://doi.org/10.1093/brain/awt094
https://doi.org/10.1002/ana.24300
https://doi.org/10.1038/s41598-017-17461-4
https://doi.org/10.3171/2023.11.FOCUS23610
https://doi.org/10.3171/2024.1.JNS232142
https://doi.org/10.3171/2024.1.JNS232142
https://doi.org/10.1016/j.wneu.2021.01.111
https://doi.org/10.1016/j.wneu.2021.01.111
https://doi.org/10.1093/noajnl/vdaf102
https://doi.org/10.1007/s11060-024-04719-x
https://doi.org/10.1007/s11060-024-04719-x
https://doi.org/10.1038/s41586-019-1563-y
https://doi.org/10.1038/s41583-023-00744-3
https://doi.org/10.1038/s41586-023-06678-1
https://doi.org/10.1073/pnas.1302581110
https://doi.org/10.1073/pnas.1302581110
https://doi.org/10.1007/s11060-019-03335-4
https://doi.org/10.1007/s11060-019-03335-4
https://doi.org/10.1093/neuros/nyaa363
https://doi.org/10.1093/neuros/nyaa363
https://doi.org/10.1093/nop/npx028
https://doi.org/10.1038/s41598-022-08702-2
https://doi.org/10.1227/NEU.0000000000000987
https://doi.org/10.1227/NEU.0000000000000987

	﻿Beyond motor: clinical manifestations of right hemisphere gliomas — a systematic review
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and population
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿Study selection
	﻿Patient demographic, tumor diagnosis, location and performance status
	﻿Perioperative clinical manifestations
	﻿Non-motor clinical manifestations and intraoperative tests
	﻿Postoperative rehabilitation, extent of resection and functional outcomes

	﻿Discussion
	﻿Clinical implications

	﻿Limitations and future directions
	﻿Conclusions
	﻿References


