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The use of functional neuroimaging techniques has
advanced what is known about the neural mechanisms
used to support language processing in aphasia result-
ing from brain damage. This paper highlights recent
findings derived from neuroimaging studies focused on
neuroplasticity of language networks, the role of the
left and right hemispheres in this process, and studies
examining how treatment affects the neurobiology of
recovery. We point out variability across studies as well
as factors related to this variability, and we emphasize
challenges that remain for research.

Introduction

The use of functional neuroimaging techniques has
advanced what is known about the neural mechanisms
used to support language processing in aphasia result-
ing from brain damage. Prior to the advent of functional
neuroimaging, the network supporting language recov-
ery was largely elucidated by lesion-deficit studies in
patients. Studies are now available using positron emis-
sion tomography (PET), functional MRI (fMRI), and
magnetoencephalography (MEG). PET and fMRI allow
examination of processing in the spatial domain and
reveal the areas of the brain that are active under certain
language conditions. MEG is capable of examining the
time course of language processing (as in electroenceph-
alography) and spatial processing. However, it has been
used less widely than other methods, primarily because
of availability and associated costs. In this article, we
discuss recent findings derived from these neuroimaging
techniques in studies focused on neuroplasticity of lan-
guage networks, the role of the left and right hemisphere
in this process, and the effect of treatment on the neuro-
biology of recovery.

Neural Mechanisms of Language Recovery

It has been just over a decade since it was firmly estab-
lished that neuroplasticity extends to the adult brain
[1], providing neurophysiologic evidence for behavioral
observations that individuals with aphasia often show
substantive recovery after brain damage to left perisylvian
areas, even in the chronic phase [2]. As to which brain
regions and processes subserve such recovery, two pri-
mary patterns have been observed: 1) language function,
premorbidly subserved by the damaged left hemisphere, is
shifted to right hemisphere areas homologous to left hemi-
sphere areas involved in affected language functions; and
2) neural tissue in the left hemisphere is recruited, extend-
ing the functional map to include perilesional regions.
This tissue may be able to subsume processes typically
controlled by the damaged regions, perhaps because of
functional redundancy.

One issue with regard to the validity of these pat-
terns concerns whether right and left hemisphere regions
shown to be active following brain damage were engaged
premorbidly in language processing. Neuroimaging stud-
ies of language processing with healthy volunteers show
right hemisphere activation as well as extrasylvian recruit-
ment across language domains [3,4]. These observations
indicate that right hemisphere activation seen in studies
with aphasic patients may reflect, at least in part, the
large-scale neural network that subserves language under
normal conditions. In a recent study, Thompson et al. [5]
found right posterior perisylvian activation for verb argu-
ment structure processing in three of five patients with
Broca’s aphasia who had damage to this region in the left
hemisphere. However, data from 12 healthy control partic-
ipants who were age-matched with the aphasic participants
showed activation in the same region bilaterally. The right
hemisphere activation noted for the aphasic participants
may thus represent a premorbidly available network.

Not all studies, however, are clear-cut. Healthy volun-
teers sometimes show weak and diffuse right hemisphere
activation under language processing conditions, whereas
aphasic patients show relatively greater and more focal
regions of activation [4]. Because of strong left hemisphere
activation in healthy individuals, right brain activation
may not reach threshold; however, in the case of reduced
left hemisphere activity, as in aphasia, right hemisphere
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activation may pass the statistical thresholds imposed in
neuroimaging studies. Observed increases in right hemi-
sphere activation after stroke may therefore not reflect
a true quantitative increase but, rather, the emergence
of activity that was hitherto overshadowed by the lan-
guage-dominant hemisphere. Further research examining
language processing in healthy and aphasic participants
will help to clarify these issues.

Below, we review studies showing patterns of right
and left hemisphere tissue recruitment associated with
recovery of language and discuss related factors. We first
highlight a recent finding pertaining to blood flow changes
in stroke-induced aphasia and how they may affect the
activation patterns derived from neuroimaging studies of
aphasia recovery [6¢,7].

Stroke affects blood flow
In a recent study, Bonakdarpour et al. [6¢] found that
the blood oxygen level-dependent (BOLD) signal
time-to-peak (TTP) is delayed in some patients with
stroke-induced aphasia. Using an event-related design
and a 30-second interval between stimulus presentations,
allowing examination of the true hemodynamic response
of the patients, three of five patients showed TTPs up to 20
seconds after stimulus, particularly in the left perisylvian
region. Because many fMRI studies with stroke patients
use a canonical hemodynamic response function (HRF)
for data analysis, peaking at about 6 seconds following
the cognitive event, it is possible and likely that activation
was missed or underestimated in these studies. Thus, it
is important in patient studies to examine the HRF and
use it for analysis of data, particularly in event-related
designs, because the shape change may alter the results.
In our own recent work [5], we measured patients’
hemodynamic responses (as reported by Bonakdarpour et
al. [6¢]) in 16 regions of interest (Brodmann’s areas 7, 9,
21, 22, 39, 40, 44, and 45 bilaterally) in an independent
run and then used the obtained HRF patterns as weights
to postevent time bins in the statistical model using a
finite impulse response function. Specific contrasts were
calculated for regions of interest by assigning positive and
negative values to these weights.

Right versus left hemisphere recruitment

Most individuals with left hemisphere lesions resulting in
aphasia, even those with large lesions encompassing the
entire perisylvian region, recover language to some degree.
In turn, recovered language further deteriorates following
a second (right hemisphere) stroke. These observations
have led researchers to believe that the right hemisphere
“takes over” language function or at least plays a strong
role in recovery of language [8,9]. Corroborating these
behavioral observations, a number of neuroimaging studies
have shown right hemisphere activation in aphasic patients
during language-processing tasks. In an early PET study,
Weiller et al. [10] found greater regional cerebral blood flow

in the right hemisphere homologues of both Wernicke’s
and Broca’s areas (ie, in the superior temporal gyrus and
the inferior premotor and lateral prefrontal cortices) for
Wernicke’s aphasics as compared with healthy, non—brain-
damaged volunteers. Similar findings were reported by Cao
et al. [11] at least 5 months after stroke. Using fMRI to
examine lexical-semantic processing, they found signifi-
cantly greater right hemisphere activation in the patients
than in the healthy subjects. In a more recent fMRI study
examining word retrieval, Perani et al. [12] also found
right hemisphere activation to be associated with language
processing. Their aphasic speakers with damage to the
left inferior frontal area showed activation of the right
hemisphere homologue of this region when performing a
word-retrieval task. Notably, participants with sparing of
this region in the left hemisphere activated the left rather
than right inferior frontal region. Data such as these indi-
cate that homologous right hemisphere regions can assume
the function of damaged left hemisphere regions.

Several neuroimaging studies also have found activation
of left hemisphere regions to be associated with language
processing in aphasia [12-17], with language function
extending to tissue adjacent to the damaged region. A
strong interpretation of left hemisphere recruitment fol-
lowing brain damage is that it reflects “better” recovery.
According to this view, right hemisphere recruitment may
be maladaptive and reflect inefficient language processing
rather than being beneficial to recovery [14,18,19]. An early
study by Belin et al. [14], for example, found left anterior
activation associated with improved word processing fol-
lowing a period of melodic intonation therapy. Supporting
this position, Naeser et al. [20] reported that application of
repetitive transcranial magnetic stimulation to right inte-
rior frontal cortex improved picture naming in four chronic
nonfluent aphasic speakers, suggesting that this stimula-
tion inhibited the right hemisphere and at the same time
facilitated left brain processing. However, a recent finding
by Winhuisen et al. [21] does not support this claim. They
found that inhibiting right inferior frontal gyrus function-
ing using repetitive transcranial magnetic stimulation in
patients with acute aphasia led to decreases in language
performance on a semantic task.

Many studies have found correlations between left
hemisphere activation and less severe forms of aphasia [135,
22]. However, in a study with severely impaired patients
with global aphasia, Zahn et al. [23] reported no correla-
tion between the neural recruitment site on fMRI scans
and comprehension ability of the patients. Like healthy
control subjects, the patients showed bilateral activation
for phonetic, lexical, and semantic tasks, mainly in left
extrasylvian temporal and right posterior parietal regions.

Lesion characteristics

The extent to which the brain’s hemispheres are engaged to
support language recovery depends to some degree on the
size and extent of the lesion. Vitali et al. [24] reported pre-
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treatment and posttreatment fMRI data for two patients,
one with a small lesion and one with a large lesion encom-
passing the entire perisylvian region. Results showed left
hemisphere perilesional increases for the patient with the
small lesion and increased activation in the right hemisphere
homologue of Broca’s area in the patient with the large
lesion. Grafman [25] suggested that homologous right-
brain adaptation is most likely when lesions completely
destroy cortical regions that serve a particular function.
Transfer of function is less likely to occur when damage is
incomplete because homologous sites are inhibited under
normal conditions by connections from contralateral
regions. When damage is incomplete, inhibitory input is
retained, thereby precluding transfer of function.

The specific right hemisphere areas that show upregu-
lation of activity are also influenced by site of lesion
[26,27]. Thulborn et al. [27] reported on two patients
with different lesions, one in Broca’s area and one in
Wernicke’s area, in whom recovery of simple sentence
(reading) comprehension was correlated with an activa-
tion shift over time to the right hemisphere homologues of
their respective lesions.

An important consideration with regard to the relation
between lesion characteristics and recovery concerns the
precision with which the dimensions of the lesion are deter-
mined. In large groups of patients, correlations between
lesion characteristics and aphasic symptoms have been
found to be fairly stable [28,29]. However, recent struc-
tural fMRI studies show that lesions associated with classic
types of aphasia are heterogeneous and often involve tissue
regions beyond those expected [30]. In addition, perfusion
weighted imaging studies show that lesion-adjacent tissue
may be hypoperfused. Although not necrotic, this tissue is
dysfunctional and therefore may not be recruited to sup-
port language function, in either the acute and chronic
stage [31-33]. Thus, in effect, lesions often occupy more
cortical tissue than structural scans reveal. Interestingly,
Hillis et al. [34] have shown that, in acute stroke, reperfu-
sion of perilesional hypoperfused areas is possible through
intervention, and this reperfusion is highly correlated with
improvements on specific language tasks.

Poststroke disconnections or modifications of white
matter pathways also need to be considered, because they
are sometimes affected by stroke, and this can influence
recovery. Diffusion tensor imaging (DTI), an MRI technique
that tracks the direction of water molecule movement, is use-
ful for mapping pathways between cortical and subcortical
regions. Using this method, Breier et al. [35] found a strong
relation between damage to the left hemisphere superior
longitudinal and arcuate fasciculi and repetition deficits (as
predicted by Lichtheim and by Geschwind [36]).

More generally, lesions resulting in aphasia may not
only reflect damage to cortical regions. Changes in connec-
tivity between cortical regions also may underlie language
disruption, at least in part. Using dynamic causal modeling
to investigate the affected connectivity between different

cortical areas in the language network in patients with
primary progressive aphasia, Sonty et al. [37¢] showed
reduced effective connectivity between Broca’s and Wer-
nicke’s areas in these patients, and this was correlated with
semantic task performance. Research with stroke-induced
aphasia using this method may show similar patterns.

Shifts from the right to the left hemisphere

Several longitudinal studies of aphasia have shown that
neural tissue recruitment changes relative to time after
stroke. Heiss et al. [16] showed that recovery progresses
from early recruitment of right brain tissue during the
spontaneous recovery period to reactivation of areas
in the left hemisphere surrounding the infarction. In
another study, de Boissezon et al. [38] used PET to inves-
tigate recovery in seven aphasics with subcortical lesions.
Improvement after 1 year was correlated with bilateral
temporal activation, with strong left hemisphere inferior
temporal activation. Using fMRI 1 month after stroke
and 1 year later in a patient with conduction aphasia,
Fernandez et al. [39] showed a shift in activation to the
perilesional (parietotemporal) cortex during phonologic
task performance. Similarly, Ino et al. [40] reported on
a patient recovering from letter-by-letter reading (a form
of alexia) after a left basal-occipitotemporal traumatic
hemorrhage who underwent fMRI 7 and 50 days after
stroke. Initial activation of a bilateral network, including
the right hemisphere homologue of the lesioned area (the
visual word-forming area), shifted to perilesional and left
superior parietal activation with successful recovery.

In an interesting study showing activation shifts over
time, Saur et al. [41¢] performed fMRI on 14 aphasic speak-
ers in the acute (< 4 days after stroke), subacute (about 2
weeks after stroke), and chronic phases of recovery (4-12
months after stroke) using an auditory comprehension
task. Analysis revealed little activation overall in the acute
phase. A sharp increase in activation bilaterally occurred
in the subacute phase, peaking in the right hemisphere
homologue of Broca’s area, while in the chronic phase,
activation patterns resembled those of control subjects
(ie, left hemisphere perilesional activation) in the chronic
phase. Both the upregulation of activity in the right hemi-
sphere in the subacute phase and the “normalization” to
left hemisphere activation peaks in the chronic phase were
correlated with improved language functions, suggesting
that right hemisphere structures may well have a beneficial
role to play in early stages of recovery from aphasia but
that ultimately it is the left hemisphere that remains best
equipped to sustain effective language functions.

Effects of Treatment on the

Neurobiology of Recovery

An important variable that influences the neural mecha-
nisms of language processing is language treatment. Even
studies providing short-term treatment show that activation



478 Behavior

patterns shift after treatment. During a single fMRI ses-
sion, Blasi et al. [42] provided eight patients with repeated
blocks of word-stem completion tasks. Results showed
increased activity in the right inferior frontal region and
concomitant decreased activation in the left occipital region
associated with learning. These data indicate that, as ani-
mal studies have shown, the brain is an organ of plasticity
and is directly affected by environmental manipulation.

Several studies using fMRI, PET, or MEG have directly
charted changes in neural activation resulting from appli-
cation of more long-term treatment. We reviewed 17 papers
reporting the results of such studies since 2000 (Table 1
and Table 2). All showed that language improvement maps
onto the brain, with activation patterns changing from
pretreatment to posttreatment scans. However, the derived
activation patterns differ across studies, likely because of
lesion-related or language deficit-related differences in
the patients studied. For example, participants across and
sometimes within studies vary with regard to the type of
aphasia. Other factors related to differences across stud-
ies include the type and dosage of treatment provided, the
scanning tasks used to evaluate treatment effects, and the
methods of data analysis employed.

Language and treatment variables

Table 1 and Table 2 show that the language behavior
subjected to treatment as well as the type and dosage of
treatment provided has varied across studies examining
the neuroplastic effects of language treatment. These
variables likely impact the mechanisms engaged to accom-
modate language-processing changes. Most of the studies
have examined the effects of treatment for word-level pro-
cessing, with fewer focused on treatment of sentence-level
processing and on training nonspecific requesting and
responding behavior (using constraint-induced aphasia
therapy [43-46]). Indeed, animal studies show that audi-
tory stimulation and motor experience strongly influence
the neural organization of primary auditory and motor
cortices, respectively [47,48]. Thus, it follows that treat-
ment targeting different aspects of language processing
will differentially influence the neural recruitment pat-
terns observed following treatment.

In the domain of word-level processing, studies have
focused on word retrieval, naming, and word compre-
hension and have used a variety of treatment approaches,
including visually aided production [49], contextual
priming [13], various forms of phonologic and semantic
treatment [24,50-52], and intention treatment [53]. Three
of the studies found left hemisphere activation to be asso-
ciated with improvement [13,24,49]. Cornelissen et al.
[13] found perilesional, left inferior parietal activation to
be associated with improved naming. Conversely, three
studies found right hemisphere recruitment [24,52,53].
Raboyeau et al. [52] showed that improved picture nam-
ing was associated with increased activation in the right
inferior frontal gyrus and insula. Finally, four studies

found bilateral activation to be associated with treatment
improvement [45,50,51,54]. Davis et al. [54] showed acti-
vation in the left inferior frontal and the right posterior
inferior temporal cortices after semantic feature treatment.
Similar variation exists for studies of sentence-level
treatment. Cherney and Small [26] investigated the
effects of multisensory facilitation, Wierenga et al. [55]
studied syntactic mapping, and Thompson et al. [3,5,56]
tested treatment of underlying forms. Notably, all stud-
ies examining the effects of sentence-level treatment
have enrolled patients with nonfluent aphasia. Never-
theless, differences have been noted across studies with
regard to changes in activation patterns from before to
after treatment. Cherney and Small [26] found generally
increased right hemisphere activation, and bilaterally
decreased activation was noted for one patient. Con-
versely, Wierenga et al. [55] found increased left inferior
frontal gyrus activation in their two patients. In our own
studies [3,56], we found right inferior frontal activation
to be associated with improved sentence comprehension
and production. In addition, two patients showed right
superior and middle temporal gyrus activation, and three
showed bilateral superior temporal gyrus activation.
In our recent study [5], which included six individuals
with agrammatic Broca’s aphasia, we found increased
right hemisphere temporoparietal activation (bilateral in
patients where the lesion spared this area in the left hemi-
sphere) to be associated with treatment effects (Fig. 1).

Scanning tasks and task performance

The tasks used in the scanner to evaluate treatment-
induced change have varied across studies, which likely
influenced the derived activation patterns. Studies
examining the effects of sentence comprehension and pro-
duction treatment have used a number of tasks, including
oral sentence reading and passive story comprehension
[26], covert picture description [53], and auditory verifi-
cation [3,5,56], which required participants to respond
by pushing one of two buttons if the sentence matched a
picture. Indeed, research has shown task-specific activa-
tion in patients with aphasia. Calvert et al. [57] reported
on a 28-year-old woman who, after partial recovery
from a left hemisphere stroke, showed a lack of activa-
tion in the inferior frontal gyrus (in either hemisphere)
when performing a semantic task. However, when she
performed a rhyming task, she showed prominent activa-
tion in the right hemisphere homologue of Broca’s area.
Although this finding may not be surprising, it points out
that activation patterns are directly tied to scanner task
requirements. Neuroimaging studies of recovery from
aphasia may benefit from including several tasks (tap-
ping language performance in several domains) in order
to obtain a full picture of language recovery. Researchers
also should consider including nonlanguage control tasks
to confirm normal, reliable activation under these condi-
tions, in contrast to the language condition tested.
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Table 2. Treatment-induced aphasia recovery studies with PET and MEG

Study Aphasia types LBT Treatment
Cornelissen 3 anomic Naming Contextual
etal. [13] priming
Breier 1 expressive Unspecified; CIAT using
etal. [43]  and receptive  requesting items  dual card

and responding to task
requested items
Raboyeau 2 Broca Naming Lexical
etal. [52] training
3 conduction
4 anomic
1 apraxia of
speech

Scan task
Dosage (study) Activation changes*
3 wk; Delayed naming LH inferior parietal
3 1-h sess/wk (MEG) lobule (perilesional)
3 wk; Target word RH language

4 3-h sess/wk comprehension
(MEG)

homologues: immediate
increase; BL recruitment
after 3 mo of treatment

4 wk; Picture naming  RH insula and inferior
5 15-min in English and frontal gyrus
sess/wk French (PET)

*Pretreatment to posttreatment activation changes, correlated with improved language function.
BL—bilateral; CIAT—constraint-induced aphasia therapy; LBT—Ilanguage behavior targeted; LH—Ileft hemisphere; MEG—magnetoen-
cephalography; PET—positron emission tomography; RH—right hemisphere; sess—sessions.

Scan task performance may also have influenced the
results. This can be tricky in treatment studies, primarily
because the task selected needs not only to be relevant
to the language behavior(s) trained but also needs to be
sufficiently challenging for the aphasic participants. If
the task is too easy, it may not be sensitive to interven-
tion effects; changes from before to after treatment may
not be forthcoming if the patient can already perform
the dependent task at a high level. However, if the task
is too difficult, pretreatment activation may reflect effort
rather than task execution. In our work, we include prac-
tice sessions in a simulated scanner prior to collecting the
neuroimaging data. During practice sessions, patients are
presented with tasks and stimuli that are similar but not
identical to those used in the experiment. This provides
data relevant to the patient’s ability to perform the task
(ie, accuracy and response time), and it acclimates the
patient to the scanner environment (eg, scanner noise).
For patients who have highly inaccurate performances
or very long reaction times even after repeated simulator
sessions, the difficulty level of the task is altered or the
patient is excluded from the study.

In addition, tasks that require overt responding are
recommended in order to register participants’ compli-
ance and responding ability. When covert tasks are used,
it is difficult if not impossible to determine the cognitive
processes engaged by the patient during task performance.
Wierenga et al. [55] asked participants, while in the scan-
ner, to silently produce sentences describing pictured
events. Indeed, one cannot be certain whether the patients
actually were producing sentences. Although designing
a task to tap participants’ ability to produce sentences is
challenging due to motion artifact, timing issues, and the
like, overt tasks allow analysis of response time and accu-
racy, which are particularly important for detecting the
effects of treatment for aphasia.

Data analysis

Another source of variability likely relates to the methods
of data analysis used. In longitudinal studies, it should
be taken into account that statistical comparison of
activity levels in different scanning sessions can be made
only through a direct comparison, as in a paired test (for
fMRI, see Smith et al. [58]). Using a statistical threshold
in each session separately and then counting and compar-
ing the “surviving” voxels in a region is invalid, because
noise levels may differ between sessions and there may be
much activity that only just fails to meet the statistical
threshold. Practically, this means that noise levels across
sessions should be normalized and that general session
effects should be statistically modeled. Such procedures,
in turn, are not always without their own problems and
may sometimes lead to underestimation of activity due to
a general or session-specific “flattening” of the data.

In our work with fMRI, we combined the data of
individual subjects’ scanning sessions into single models
for within-subject statistical analysis, adding regressors
for individual runs within each session and for the ses-
sions themselves. Increases and decreases over time were
then analyzed using direct contrasts [5].

Rather than measuring change in activation per se,
some studies have used more fine-grained measures of
neural activity as indices of recovery. Peck et al. [7] mea-
sured HRF changes resulting from treatment and found
that their three nonfluent aphasic participants showed
normalized HRFs in the presupplementary motor cortex
following intention treatment for word retrieval deficits.
In another interesting study, Meinzer et al. [59] used MEG
to examine perilesional delta activity (slow wave forms
indicative of pathological functioning due to disconnec-
tion of tissue from relevant input sources) in patients
with stroke-induced aphasia, before and after constraint-
induced aphasia therapy. Sixteen of 28 patients presenting
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Figure 1. Each row shows one individual’s activation differences for auditory verification of complex sentences between pretraining (black)
and posttraining (white) functional MRI scans (false discovery rate corrected, P < 0.05; k > 3). A posttreatment temporoparietal activation
increase was seen for all patients except the one represented in the third row. The graphs show each corresponding subject’s percent correct
scores on behavioral production probes of object relatives (OR), object clefts (OC), and object-extracted “wh-" questions (OWH: eg, Whom
did the bride carry?) before (black) and after (white) training of OR structures. (Adapted from Thompson et al. [5].)

with a variety of aphasia syndromes showed decreased
left hemisphere delta oscillation in the vicinity of their
lesions after treatment, suggesting changes in connectiv-
ity as well as an important role for perilesional tissue in
aphasia recovery.

Conclusions

Perilesional left hemisphere regions and right hemisphere
regions contralateral to the aphasia-inducing lesion may be
recruited to support recovery of language. Several variables
affect language recovery-related neuroplastic processes,
including patient variables. Patients vary with regard to
lesion characteristics and the language deficits that they

present. Lesions may extend beyond their structural bound-
aries, and we therefore recommend using perfusion imaging
as well as structural imaging to determine the dimensions
of the lesion and, in turn, to determine candidate tissue for
recovery. Because it is possible that damage to white matter
connections may play a role in aphasia recovery, we recom-
mend that future studies of language recovery use diffusion
tensor imaging to evaluate the integrity of these path-
ways. Finally, we point out that subcortical mechanisms,
particularly the basal ganglia involved in monitoring, coor-
dinating, and adjusting cortical activation across regions
and hemispheres, may play a role in the dynamic shifts of
activity between the hemispheres that are crucial in differ-
ent stages of recovery [53].
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Patients also vary with respect to the aspects of language
that are disrupted following stroke. Some show lexical-
semantic impairments, some show syntax-based deficits,
and some show other language problems. The severity of the
aphasia may influence activation patterns, or vice versa, and
should be taken into account in the design, analysis, and
reporting of studies. Time after stroke also must be consid-
ered because several studies have shown a shift in activation
from the right to the left hemisphere over time.

Whether or not treatment is provided, the type of
treatment, and other related issues also play a role in the
neurobiology of recovery. This paper highlights heterogene-
ity in activation patterns resulting from treatment and points
out that the treatment variables applied may at least in part
underlie this heterogeneity. A more programmatic approach
to research in this area is needed, not only detailing the
treatment provided but also examining the effects of various
components of treatment. Finally, both direct and systematic
replications of treatment studies are needed. With few excep-
tions, researchers have published single “demonstration”
studies (often with only a few patients) showing pretreat-
ment to posttreatment changes in activation patterns.

Finally, we point out experimental design and data
analysis considerations that are important for research.
We recommend that researchers develop a set of stan-
dards for scan task selection, patient task performance,
stimulus presentation parameters, and data analysis to
decrease the impact of these variables on the outcome of
studies. We also suggest that researchers consider more
fine-grained analysis of neurophysiologic changes associ-
ated with recovery of language. Indeed, future research
that considers patient-related, treatment-related, and
experiment-related variables will move us toward a bet-
ter understanding of language recovery in the brain of
patients with aphasia.
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