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REVIEW ARTICLE

Insights into Adult Postlesional Language Cortical
Plasticity Provided by Cerebral Blood Oxygen
Level–Dependent Functional MR Imaging

J.J. Pillai SUMMARY: BOLD fMRI has provided new insights into postlesional brain language plasticity by
providing a noninvasive in vivo approach to evaluate longitudinal changes in brain cortical activation
during performance of language tasks. Specifically, BOLD fMRI has provided the opportunity to
investigate not only changes in eloquent language cortex resulting from different types of brain
pathology such as brain tumors, stroke, and epilepsy but also changes in eloquent language cortex
occurring as a result of actual surgical resection of diseased but, nevertheless, partially functional
tissue. In addition to reviewing the literature relating to stroke and epilepsy-related language plasticity
as well as the more intriguing phenomenon of postsurgical plasticity in the setting of brain tumors, 2
unusual cases illustrating this latter manifestation of language plasticity are briefly described in this
review article.

ABBREVIATIONS: BOLD � blood oxygen level�dependent; DECS � direct electrical cortical stim-
ulation (intraoperative mapping); fMRI � functional MR imaging; GABA � gamma-aminobutyric
acid (neurotransmitter); L � left; LI � laterality index; LIFG � left inferior frontal gyrus; MPRAGE �
magnetization-prepared rapid acquisition gradient echo; NV � noun-verb (association); P � phono-
logical (rhyming); PET � positron-emission tomography; R � right; RIFG � right inferior frontal
gyrus; S1 � first (preoperative) fMRI scanning session; S2 � second (first postoperative) fMRI
scanning session; S3 � third (second postoperative) fMRI scanning session; SPM � Statistical
Parametric Mapping; TLE � temporal lobe epilepsy

BOLD fMRI has provided new insights into brain plasticity
with a valuable method for noninvasive in vivo evaluation

of longitudinal changes in brain cortical activation. Arguably,
some of the most intriguing applications of BOLD fMRI to the
study of cortical adaptation have involved the exploration of
language plasticity, particularly in adults who have sustained
injury to eloquent cortex through neoplastic infiltration, in-
farction, demyelination, or epilepsy. It has long been thought
that the human language cortex loses most of its adaptive ca-
pabilities beyond childhood, but evidence during the past de-
cade from BOLD fMRI suggests otherwise. Recent emerging
evidence has also suggested that in adults, postsurgical plastic-
ity may occur in the setting of resection of diseased but never-
theless partially functional cortex. The latter form of language
plasticity has been considered rare. This review of the litera-
ture pertaining to fMRI investigations of cortical plasticity will
begin with a brief illustration of 2 rare cases of brain tumor
postsurgical language plasticity as an introduction to the more
general phenomenon of postlesional language plasticity. We

will discuss in detail the literature relating to language plas-
ticity following stroke and epilepsy, as well as the more
recently described phenomenon of postsurgical cortical
reorganization.

Brief Case Studies Demonstrating Postsurgical Plasticity
Figures 1 and 2 depict BOLD activation maps of 2 patients who
were each scanned 3 times by using identical block-design lan-
guage paradigms and identical statistical thresholding, once
preoperatively and twice postoperatively, as part of a prospec-
tive institutional review board�approved investigation of
postsurgical language plasticity. An NV semantic association
task was used for patient 1 (Loring et al1) and a P task was used
for patient 2 (Pillai et al2), both of which have been previously
described in detail. For both tasks, visual stimuli were deliv-
ered via video goggles (Resonance Technologies, Northridge,
California) by using PsyScope presentation software (Cohen
et al3) and a hand-held keypad for response monitoring.

Images were acquired on a 1.5T MR imaging scanner, with
preprocessing and statistical analysis conducted by using SPM
(SPM99, Wellcome Department of Cognitive Neurology,
London, United Kingdom [Friston4]) implemented in Matlab
6.0 (MathWorks, Natick, Massachusetts). Statistical thresh-
olding at P � .001 (without correction for multiple compari-
sons) with additional 10-voxel clustering (ie, spatial extent
threshold) was performed. Supratentorial (entire frontal and
anterior temporal lobe) hemispheric rectangular volume re-
gions of interest were used to compute activated voxel LIs. LIs
were calculated according to the following formula, which re-
fers to number of activated voxels in each L or R hemispheric
region of interest: LI � (L � R) / (L � R).

Figure 1 displays NV task activation maps for patient 1, a
33-year old man, who underwent left parietal anaplastic astro-
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cytoma resection; scans were obtained 2 weeks preoperatively
and 5.5 and 15.5 months postoperatively. Postoperative
BOLD activation maps were normalized to preoperative anat-
omy. An 82.4% decrease in LI was noted from S1 to S2, and a
72.92% decrease from S1 to the S3 was observed. Greater right
middle frontal gyrus activation was seen in S2 compared with
S1, which was maintained in S3. The patient was initially noted
to have Broca aphasia based on Western Aphasia Battery test-
ing, with moderate-to-severe anomia and difficulty with
phrase repetition. Three weeks after beginning speech rehabil-
itation, he demonstrated significant improvement in confron-
tation naming (90% accuracy). After 3 months of therapy, the
patient’s naming abilities were all within functional limits.

Figure 2 displays P task activation maps for patient 2, a
48-year-old man who underwent left frontotemporal anaplas-
tic astrocytoma resection; scans were obtained 2 weeks preop-
eratively and 5.5 and 31 months postoperatively. No normal-
ization was performed, but instead postoperative functional

maps were overlaid on actual postoperative anatomy. We
noted a 28.96% increase in LI from S1 to S2, a 562.35% de-
crease from S2 to S3, and a 696.23% decrease from S1 to S3.
More extensive and robust right inferior and middle frontal
gyral activation was seen on S3 than on S1 or S2. Immediately
postoperatively, he exhibited mild expressive aphasia but re-
gained fluent speech within 2 months.

Significance of These Findings in the Context of the
Literature on Postlesional Language Plasticity
Both of the patients described above demonstrated changes in
language lateralization resulting from new right frontal acti-
vation in the postoperative setting. Both of these patients were
left-language-dominant preoperatively. These 2 cases provide
demonstration of the great potential of the brain to adapt to
surgical insults sustained during the resection of diseased but
nevertheless partially functional cerebral tissue, and they dem-
onstrate how the timeframe associated with contralesional ho-

Fig 1. BOLD activation maps (P � .001, 10-voxel clustering) for patient 1, who was scanned 2 weeks preoperatively (top row) and 5.5 (second row) and 15.5 (third row) months postoperatively
with performance of an NV task. Both postoperative functional datasets are normalized to the initial preoperative anatomy with overlay of each postoperative BOLD activation map on the preoperative
postgadolinium 3D MPRAGE anatomic image set, thus allowing evaluation of interval changes in topography of activation clusters in the same stereotactic space. Note the greater right middle frontal
gyrus activation in the second scan compared with the preoperative scan, which is maintained in the third (ie, second postoperative) scan.
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mologous reorganization varied considerably despite similar
clinical recovery from expressive aphasia within 2–3 months.

Language is a very complex cognitive function that relies
on a widely distributed network with a hierarchical organiza-
tion that is differentially activated on the basis of the complex-
ity of the particular task performed.5 Language hemispheric
dominance patterns and regional primary cortical representa-
tions of language function are based on effective transcallosal
and collateral inhibition of secondary language areas that may
not be normally involved in the performance of a particular
language task; changes in such inhibition may account for cor-
tical functional adaptation in the setting of specific insults to
the brain.5 Different patterns of language-activation change
from baseline have been described as indicative of cortical
functional reorganization in various studies using BOLD
fMRI; both ipsilesional cortical reorganization and contralat-
eral homotopic reorganization have been described. All of the
fMRI language plasticity studies to date have shown either 1 or
both of these general patterns of change of activation, though
the functional significance of each as it relates to completeness
of language recovery appears to vary according to the exact
nature of the particular insult. Most of what has been learned

about such language plasticity stems from the stroke and epi-
lepsy imaging literature, though some work relating to plastic-
ity in patients with brain tumor has also been performed and
will be reviewed as well in this article.

The actual neuronal mechanisms for language plasticity (re-
gardless of etiology) at the microscopic level have not been clearly
elucidated thus far, though some ideas have been formulated on
the basis of animal models.6 Unmasking of latent horizontal con-
nections or modulation of synaptic activity through mechanisms
such as long-term potentiation or long-term depression via in-
hibitory GABAergic and/or excitatory glutamatergic systems
have been proposed as possible explanations for the macroscopic
manifestations of plasticity observed in functional imaging stud-
ies.6-8 However, further work will be needed to delineate more
clearly the actual mechanisms underlying language recovery in
humans to understand better the heterogeneous nature of such
lesion-induced plasticity.

Epilepsy-Related Language Plasticity
The epilepsy imaging literature has certainly shed some light
on the phenomenon of language plasticity. We will review 2
representative studies in this article. First, Cousin et al9 studied

Fig 2. BOLD activation maps (P � .001, 10-voxel clustering) for patient 2, who underwent
left frontotemporal anaplastic astrocytoma resection; scans were obtained 2 weeks preop-
eratively (top row) and 5.5 (second row) and 31 months (last row) postoperatively, with
performance of the identical P task. No normalization of data was performed, but instead
postoperative functional maps were overlaid on actual corresponding postoperative post-
gadolinium 3D MPRAGE anatomic images from the same scanning session as the respective
BOLD acquisitions. Note the more extensive and robust right inferior and middle frontal gyri
activation in the second postoperative scanning session compared with the preoperative
and first postoperative sessions.
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7 patients with TLE with a BOLD fMRI rhyming task and 7
right-handed healthy controls, and they observed that the pa-
tients with TLE demonstrated atypical (lower degree of) hemi-
spheric language lateralization compared with controls with
associated greater right hemispheric activation. In addition,
they noted that patients who developed their seizure disorder
earlier in life demonstrated temporal and parietal cortical re-
organization more frequently than those with later onset of
their seizures. Furthermore, patients with early-onset seizures
demonstrated more frequent intrahemispheric frontal reorga-
nization, whereas those with hippocampal sclerosis tended to
demonstrate more frequent interhemispheric shift of tempo-
ral lobe activation.

Mbwana et al10 studied 45 patients with epilepsy with left
hemispheric lesions with an fMRI word-definition language
paradigm. They identified 4 patient subgroups: One did not
differ in activation patterns from healthy controls, 1 had in-
creased left temporal activation on the margin of regions acti-
vated in controls, and 2 others had recruitment in the right
inferior and middle frontal gyri and the right temporal cortex
in regions homologous to those activated in the left hemi-
sphere. However, the authors noted 1 limitation that applies to
much of fMRI evaluation of postlesional cortical plasticity—
the differentiation of actual functional cortical reorganization
and simply functional compensation cannot be readily made
on the basis of fMRI results. While activation in right hemi-
spheric cortical regions may indicate newly reorganized lan-
guage-processing function, which previously was represented
in the left hemisphere, it may also simply represent activation
reflecting recruitment of these areas by some patients to
achieve adequate task performance by compensating for inad-
equacy of the typical left hemispheric areas for this purpose.10

It has been well-documented that increased language task dif-
ficulty or linguistic complexity is generally associated with in-
creased magnitude and spatial extent of right hemispheric lan-
guage cortical activation.10-12

Rosenberger et al,13 in their study of 50 patients with a
left hemispheric seizure focus and 20 right-handed con-
trols, found increased frequency of activation in right
hemispheric homologues of Broca area and broadly defined
Wernicke area in the patient group, but they did not find
evidence for intrahemispheric reorganization in patients
who were left-language-dominant.

Effect of Age of Onset on Cortical Adaptation
Other studies suggest that the age of onset of brain injury is an
important determinant of type of language plasticity encoun-
tered. Brain injury or epilepsy onset before 6 years of age is
associated with interhemispheric transfer of language repre-
sentation as demonstrated by Wada testing or fMRI and is also
supported by behavioral studies of children with early brain
injury.10,14-17 There is ample evidence that early-onset left
hemispheric brain lesions do not result in long-term language
disabilities that are common in adult patients who experience
left-hemispheric stroke.18 Transcallosal reorganization is of-
ten seen in such cases with involvement of right hemispheric
cortical regions that are homotopic to the left hemispheric re-
gions involved in language processing under normal conditions,
with resultant normal language function, though subtle deficits
in certain nonlanguage functions (eg, visuospatial processing)

generally represented in the right hemisphere have been noted
in some individuals on neuropsychological testing.18,19

Lidzba et al20 have even suggested that verbal and nonver-
bal tasks are mediated not only within the same right hemi-
sphere but also within the same network of the right hemi-
sphere. This likely accounts for the fact that while normal right
hemispheric�lateralized language function is not associated
with deficits of visuospatial processing, right hemispheric lan-
guage representation occurring as a result of a left hemispheric
lesion may be associated with such deficits, likely on the basis
of the “crowding hypothesis,” which refers to dominance of
certain functions within a common right hemispheric func-
tional network.20,21 Intraoperative cortical stimulation data sug-
gest that intrahemispheric reorganization, on the other hand, is
associated with later onset epilepsy or brain injury.10,22

Extensive Literature Describing Stroke-Related Language
Plasticity
Many of the stroke brain plasticity studies to date have re-
ported increased contralateral (contralesional) activation or
transcallosal shifts in activation as a manifestation of recovery
from language deficits. For instance, Thulborn et al23 have
shown in their study of 2 patients with left hemispheric stroke
with aphasia that shifts in lateralization of activation to the
right hemisphere arose with new activation in right hemi-
spheric Broca and Wernicke area homologues. Other studies
of patients recovering from stroke with left hemispheric le-
sions resulting in aphasia have also demonstrated activation
on expressive language fMRI and PET tasks in right hemi-
spheric homologues of typical left hemispheric�dominant
language cortical regions.24,25

However, many other stroke imaging studies have sug-
gested that in adults, the role of perilesional left hemispheric
regions may be as substantial as that of the contralateral (right
hemispheric) functional cortex and may in some cases be even
more important for long-term recovery.25-29 For example,
Seghier et al30 have shown in their study of a patient with
aphasia secondary to a hemorrhage from a right frontal arte-
riovenous malformation that both preoperatively and postop-
eratively, only right hemispheric language activation was
present, suggesting preservation of an ipsilateral language net-
work; no homotopic left hemispheric reorganization was
demonstrated either before or after surgery, despite the devel-
opment of a severe aphasia immediately postoperatively with
subsequent return to presurgical baseline after 70 days. In ad-
dition, Fernandez et al29 have shown, in a patient with a left
hemispheric perisylvian stroke involving the Wernicke area,
the posterior insula, and the inferior supramarginal gyrus, that
on a P language task, right hemispheric homotopic functional
recruitment occurred 1 month after stroke onset. However, at
12 months following onset of the stroke, large left hemispheric
perilesional activation was noted. On the basis of these find-
ings, they postulated that recovery may be either “restorative,”
from perilesional areas or “compensatory” from different
neural circuits that contribute to regaining of the lost function.

Another stroke study by Rosen et al31 has also supported
the concept that ipsilateral activation may be more important
than contralateral activation when both occur during lan-
guage recovery in stroke. In this study, a group of 6 patients
with left hemispheric stroke who all demonstrated imaging

AJNR Am J Neuroradiol 31:990 –96 � Jun-Jul 2010 � www.ajnr.org 993



evidence of LIFG infarction underwent fMRI and PET while
performing attention-demanding lexical tasks (including
word stem completion tasks) that typically activate the LIFG,
in addition to a reading task that typically does not activate the
LIFG. They noted that increased ipsilateral (perilesional) LIFG
activation during long-term (�6 months) recovery from ini-
tial aphasia was associated with higher verbal performance
and more complete aphasia recovery than increased activation
in the contralateral RIFG. On the basis of these findings, Rosen
et al31 speculated that while RIFG activation may represent
recruitment from a pre-existing neural pathway, perilesional
(LIFG) activation, which may represent sparing or restoration
of normal function in previously inactive (immediately fol-
lowing infarction) peri-infarct tissue, may be more indicative
of a definitive recovery mechanism from aphasia.

This stroke imaging study,31 in addition to others (Heiss,5

Cao et al,32 Heiss et al,33 Perani et al,34 and Crosson et al,35),
suggests that effective recovery from aphasias is associated
predominantly with ipsilateral adaptive changes, with only a
secondary contribution from contralateral homologous re-
gions, while poorer recovery of language function is associated
with greater right hemispheric than perilesional left hemi-
spheric reorganization. In fact, Heiss5 suggests that increased
activation within the right hemispheric homologous regions
may actually be a marker of failed or inadequate recovery at-
tempts stemming from maladaptive plasticity or the loss of
normal interhemispheric control within the distributed neu-
ral network through impaired transcallosal inhibition. Simi-
larly, a case report by Rosenberg et al36 suggests that such
transcallosal reorganization may not necessarily be as effective
in restoring language function as perilesional reorganization.
In this report of a 28-year-old patient with a low-grade left
frontotemporal glioma, language fMRI was performed twice
preoperatively during the course of 2 years during conserva-
tive management. The authors noted that with time, with
growth of the tumor, activation in the inferior frontal gyrus,
which had been strongly left-lateralized in the first fMRI scan,
became bilateral in the second fMRI examination, primarily
due to greater right hemispheric activation. Although at the
time of the second scanning, the patient was not aphasic, his
language performance was significantly below average, sug-
gesting that the functional reorganization was not effective in
preserving language function.

Saur et al37 proposed a more comprehensive 3-stage model
of language recovery from stroke based on their unique serial
imaging evaluation during the evolution of infarction. These
authors performed repeated fMRI examinations of patients in
the acute, subacute, and chronic stages of stroke evolution in
their study of 14 patients with middle cerebral artery infarc-
tion and 14 age-matched controls, who performed an auditory
comprehension task. They noted weak LIFG activation in the
acute phase, during which low language recovery scores were
noted on clinical aphasia examinations. However, 2 weeks
later, along with improvement in language performance on
clinical testing, strong up-regulation of the entire language
network was noted on follow-up fMRI, with the greatest in-
crease of activation seen in the contralateral RIFG. In the
chronic stage, months after the stroke, normalization of fMRI
activation was observed with a return of peak activation to the
left hemisphere, which was accompanied by progressive im-

provement of language function and near-complete recovery
in most patients. The authors also noted that the left and right
hemispheric language areas demonstrated differential pat-
terns of activation change across successive examinations.37

Specifically, they noted that the RIFG and the supplementary
motor area demonstrated a biphasic course with early promi-
nent increase followed by subsequent decrease in activation,
while the left hemispheric language areas demonstrated a
monophasic course with progressive increase in activation
during recovery from the acute-to-chronic phases.

Crosson er al,35 in their review of the literature relating to
functional imaging of recovery of language in stroke-induced
aphasia, suggest that the size of a left hemispheric infarct may
also be a major factor in determining the respective contribu-
tions of right hemispheric and left hemispheric mechanisms to
overall language reorganization. Specifically, they cited the
work of Heiss et al,33 which suggests that small left hemi-
spheric lesions result in effective perilesional reorganization,
while larger lesions destroying larger volumes of eloquent lan-
guage cortex result in less effective contralesional right hemi-
spheric reorganization.35 In addition, Crosson et al35 raised
the possibility that under some circumstances, activation of
either the right or left hemisphere may actually interfere with
rather than promote recovery of language function. Only a few
studies using fMRI to monitor aphasia therapy have been pub-
lished to date (eg, Wierenga et al,39 Crosson et al,40 Meinzer et
al,41 Peck et al,42 Fridriksson et al,43 and Vitali et al,38), but
unfortunately these studies included only small sample sizes
and demonstrated divergent results regarding predominance
of left-versus-right hemispheric recruitment as manifestation
of posttreatment language plasticity.

The Phenomenon of Postsurgical Plasticity
However, despite all this investigation into poststroke- and
epilepsy-related plasticity, to our knowledge, relatively little
work has been published to date relating specifically to post-
surgical plasticity and, in particular, adult postsurgical lan-
guage plasticity as assessed with fMRI. In particular, investiga-
tion of language cortical plasticity following brain tumor
resection with fMRI has not been performed to any substantial
extent.

Most studies of postsurgical plasticity have dealt with mo-
tor or somatosensory systems rather than language networks.
For example, Meunier et al44 showed by using magnetoencepha-
lography that resections of the somatosensory cortex have
caused recruitment of perilesional sites adjacent to the resec-
tion cavity within the postcentral gyrus. In addition, Dong et
al45 studied the effects of decompression for cervical spondy-
lotic myelopathy on primary somatosensory activation.

Furthermore, postsurgical language plasticity has been
demonstrated in children, even older than 6 years of age. For
example, Hertz-Pannier et al24 showed, in their study of a
9-year-old child who underwent left hemispherectomy, strong
evidence of a postoperative shift of language activation to the
right hemisphere on expressive and receptive language tasks
following original preoperative left hemispheric language lat-
eralization. The new right hemispheric areas activated were
contralateral homologues of the left hemispheric regions that
were activated preoperatively, including the inferior frontal,
temporal, and parietal cortices.24 This change in activation
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was accompanied by rapid initial recovery of receptive lan-
guage and slower and incomplete recovery of expressive lan-
guage and reading from initial postoperative profound apha-
sia and alexia. Hertz-Pannier et al24 also inferred that receptive
language may have a more bilateral representation than ex-
pressive language.

However, only a few studies to date have investigated adult
postsurgical language plasticity. For example, Duffau et al46

demonstrated reorganization within the premotor cortex, the
pars orbitalis, and the insula via direct electric cortical stimu-
lation immediately following Broca area resection. In addi-
tion, Duffau et al47 showed, in a different study, that language
networks can evolve from surgery to surgery when successive
resections have to be performed, suggesting dynamic plastic-
ity. Desmurget et al48 made the argument that brain plasticity
is greatly influenced by the temporal progression of cerebral
insults, such that functional recovery is better achieved in the
context of slow-growing injuries than following acute lesions
because recruitment of areas remote to the insult in both ipsi-
lateral and contralateral hemispheres is more efficient in
slowly progressing lesions such as low-grade tumors than in
acute lesions such as ischemic stroke.

Duffau49 has suggested that this potential for differential re-
covery in slow-growing-versus-acute lesions may have major
therapeutic implications: Low-grade gliomas may be surgically
resected safely without resultant significant postoperative func-
tional deficits, even when the tumor involves classic “eloquent
cortex,” and iterative surgical resection strategies may be used
instead of single definitive resection to reduce the risk of substan-
tial postsurgical deficits.49 Furthermore, a recent study by Wu et
al50 of 4 patients with low-grade gliomas involving Broca area
who underwent fractionated resections demonstrated com-
plete overall tumor resection without any permanent language
deficits. In all cases, after transient language deficits, the pa-
tients recovered to normal status within 3– 6 months, and nei-
ther perilesional nor contralateral hemispheric functional cor-
tical reorganization was noted in these cases on fMRI.

Furthermore, interesting older studies of postsurgical plas-
ticity in animals, predating the fMRI era, have shown that
regardless of the exact interoperative interval, postsurgical re-
covery in rats from multistage frontal lobe resections was
greater than that with single-stage resections of comparable
total resection volume.51 This finding also suggests that the
brain may be able to adapt to milder progressive damage more
readily than to catastrophic single events such as from massive
infarction. Epidemiologic data appear to support this notion
as well, because the incidence of permanent substantial neu-
rologic deficit tends to be much higher in cases of ischemic
stroke than with slow-growing brain tumors such as low-
grade gliomas, as suggested by Desmurget et al.48

Even intraoperative plasticity has been documented, and
this evidence suggests that the time course for plasticity may be
shorter than previously thought. Specifically, very rapid func-
tional sensorimotor cortical remapping within the first 15– 60
minutes of initiation of surgical resection has been observed;
this remapping is probably related to the resection itself.48,52-55

Duffau et al52 and Duffau53 suggested that a possible mecha-
nism for this may involve local increases in cortical excitability
that may unmask latent intracortical connections. Perhaps a
similar rapid reorganization of language systems occurs to

some degree during resection of eloquent language cortex,
though this has not been clearly documented to date.

Intraoperative cortical stimulation mapping studies sup-
port the findings on fMRI of brain plasticity in patients with
infiltrative brain neoplasms. Duffau et al46 studied 77 patients
with brain tumors without preoperative significant neurologic
deficit and suggested, on the basis of their results with intra-
operative cortical stimulation mapping, that recruitment of
functionally compensatory brain regions adjacent to the tu-
mor margins may account for the absence of preoperative def-
icits. In 4 patients with low-grade gliomas that infiltrated
Broca area (Brodmann areas44,45), they noted recruitment of
the middle frontal gyrus and precentral gyrus, as well as the
pars orbitalis of the inferior frontal gyrus as determined by
speech arrest in these areas during intraoperative DECS. They
also noted that eloquent structures may be present even within
an area of brain tissue infiltrated by a low-grade glioma; they
cite examples of 6 patients with gliomas infiltrating the insular
cortex in which DECS of the insula resulted in speech arrest.
Duffau et al46 suggested that eloquent brain tissue infiltration
by gliomas results in local reorganization or reshaping of ad-
jacent functional cerebral networks, which may account for
the absence of significant preoperative neurologic deficits and
rapid recovery from any immediate postsurgical deficits. Fur-
thermore, they also suggest that, in addition to short-term
recruitment of areas adjacent to the surgical resection cavity,
long-term reorganization may occur related to progressive re-
cruitment of more distant areas within the dominant hemi-
sphere or recruitment of contralateral (right) nondominant
hemispheric areas via transcallosal disinhibition.25,46,56-58 This
conjecture is intriguing, especially in light of the above-de-
scribed stroke functional imaging literature, which suggests
the opposite phenomenon; this discordance suggests that per-
haps the mechanisms of recovery in slow-growing lesions are
different from those used in cases of sudden insult such as with
stroke (infarction). This observation again highlights the im-
portance of the time course of the cerebral insult in the deter-
mination of the most efficient mode of language plasticity.

Conclusions
This composite evidence from the literature that is pre-
sented in this review suggests that postlesional plasticity
manifests as a heterogeneous spectrum of functional corti-
cal reorganization patterns, dependent on factors such as
the time course of initial and/or subsequent sporadic or
iatrogenic cerebral insult, age of onset of the insult, and
extent of compensation by local and distant anatomic re-
gions. More research will be needed to determine exactly
which patterns signify the fullest extent of language recov-
ery in each category of disease; greater knowledge regarding
these optimal patterns may aid in tailoring individual ther-
apeutic interventions to fully realize the potential to maxi-
mize recovery of language function.
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