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LEARNING OBJECTIVES
▸ State why clinical fMRI is a cognitive assessment.
▸ State two questions clinical fMRI can answer.
▸ State a rst step you could take to begin learning
clinical fMRI.
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FMRI AND COGNITIVE
ASSESSMENT.
WHAT FMRI CAN AND
CANNOT DO.
THE LANGUAGE SYSTEM
THROUGH FMRI
HOW TO GET INTO FMRI
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KEY MILESTONES IN THE DEVELOPMENT OF FUNCTIONAL SRI
▸ Late 1980s: MRI applied in humans.
▸ fMRI maps language regions (1993, 1994).
▸ fMRI similar to the Wada at lateralization (1995).
▸ fMRI v Wada in predicting language decline (2003).
▸ CPT codes allow billing (2007) by MDs and psychologists.

Outlined in Benjamin (2022), J Clin Neurophysiology 39 (2): 121
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WHY WOULD NEUROPSYCHOLOGISTS BE INVOLVED IN FMRI
▸ In fMRI:
▸ An individual completes a cognitive task in an MRI machine.
▸ Images of blood ow are acquired simultaneously.
▸ A map of brain regions active during that task is constructed.

FDA-NIH Biomarker Working Group. BEST (Biomarkers, EndpointS, and Other Tools) Resource (2016)
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WHY WOULD NEUROPSYCHOLOGISTS BE INVOLVED IN FMRI
▸ In fMRI:
▸ An individual completes a cognitive task in an MRI machine.
▸ Images of blood ow are acquired simultaneously.
▸ A map of brain regions active during that task is constructed.
▸ That is, a cognitively-de ned metric is acquired.
▸ A “cognitive biomarker:” An objective, reliable, and valid metric
“measured as an indicator of normal… processes, pathogenic
processes, or... responses to an exposure or intervention, including
therapeutic interventions.”
FDA-NIH Biomarker Working Group. BEST (Biomarkers, EndpointS, and Other Tools) Resource (2016)
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FMRI IS A FORM OF COGNITIVE ASSESSMENT
▸ As are:
▸ Wada testing
▸ Electrical stimulation mapping
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FMRI IS A FORM OF COGNITIVE ASSESSMENT

▸ Structural &
functional
neuroanatomy;

▸ Use and development
of cognitive
assessment;
▸ Basic MR physics;
▸ Image analysis.

*APA Division 40 guidelines (2004). TCN 18:349-351
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▸ Knowledge required:*

▸ Statistics;

fl

▸ Neuropsychologists are
trained in key clinical
fMRI skills.
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FMRI IS A FORM OF COGNITIVE ASSESSMENT
6
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is not widely appreciated.
▸ This
Primary training of individuals responsible for different aspects of clinical language fMRI in presurgical epilepsy programs (3 most

T AB LE 2

frequently reported disciplines)

Other professions are less frequently involved in (i) management [MR technicians; phys./eng.; neuroscientists]; (ii)/task selection [neuroscientists; phys./
eng.; MR technicians]; (iii) sequence selection [neuroscientists; neurologists]; (iv) patient preparation [radiologists; phys./eng.; neuroscientists; neuroloBenjamin
et al. (2018a),
HBM 39:4032.
gists]; (v) data acquisition [neuropsychologists; phys./eng.; neuroscientists; neurologists]; (vi) data analysis [research
assistants;
MR technicians;
neurologists; neuroscientists]; and (vii) clinical interpretation [phys./eng.; neuroscientists]. Note that “physicist/engineer” includes individuals who have this area
as their primary training but work as neuroscientists. Additional instances classified as “other” by respondents included a “technician trained in MRI”
(sequence selection; patient preparation; analysis); varying professionals (patient preparation); a PhD engineer who not classified as a neuroscientist
(analysis); a neurosurgical research associate (all stages except interpretation); and a neurosurgeon (management of the clinical fMRI service).

3.4 | Interpretation

3.5 | Practical considerations

Interpreting data from different protocols. In interpreting data from clini-

Personnel. Respondents were queried as to which professions were

cal language fMRI protocols, most programs reported considering the

involved in each of seven key tasks in clinical fMRI, including man-

maps from different tasks separately and reviewing them visually (73%)

aging the service; selecting fMRI tasks, and sequences; preparing the

(of n 5 45 respondents). One third of sites create a single map for inter-

patient; acquiring the data; analyzing the data; and clinical interpre-

pretation by combining the separate tasks’ maps (e.g., conjunction anal-

tation (TABLE 2). Respondents reported that no single profession is

ysis; 29%). A further 7% create a single map by combining the raw data

typically responsible for any one task; across sites professionals

during analysis. A single one of these approaches is typically used

from at least five queried disciplines were involved in each task.

(89%); for instance, overall most programs (62%) interpret data solely

Overall, at any given program, clinical language fMRI is typically

by visually comparing the findings from different protocols.

completed by individuals from over two backgrounds (average 2.54,
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FMRI IS A FORM OF COGNITIVE ASSESSMENT
Lateralization and localization. Analysts reported their institutions

SD 0.9; range 1–5) (n 5 50 respondents). When a single individual is

requested fMRI to lateralize language cortex (100%), and in most cases

responsible for fMRI, they are trained as a neuropsychologist (40%),

also to guide surgical margins to avoid language cortex (59%) (n 5 54).

radiologist (40%), or received doctoral training in neuroimaging (sin-

gle instance). Most programs completing fMRI involve input from
▸ Example: Manuscript feedback.

The location of activation is typically evaluated by overlaying the data
on the patient’s T1 image (89%), and less frequently on the patient’s T2

individuals trained as radiologists (66%) and MR technologists (64%),

(29%) or a canonical T1 (e.g., MNI152; 7%). Four analysts (9%) inde-

with other professionals frequently involved including neuropsychol-

tion did not impact interpretation.

sions (10%; e.g., neurosurgery).

Discussing
controlling
cognitive
strategy
toneuroscientists
ensurewith
valid
pendently▸noted
overlaying the data on
FLAIR imaging for specific
ogists (36%),
neurologists (24%),
expertise in
lesion types (e.g., dysplasia), and another noted overlaying the data on
physics or engineering (22%), neuroscientists more broadly (12%),
results.
an average EPI during interpretation to ensure the effects of EPI distorgeneral research assistants (20%) and individuals from other profes-

Time and billing. Analysts reported spending on average 2.3 h anathe discussion of potential
▸ Reviewer – ‘Two points about
review a written report (82%) and review the images visually at surgical
lyzing language fMRI data, including all required tasks (e.g., preprocessconference (78%)
(n
5
60).
The
individual
involved
in
analysis
typically
ing,
analysis, thresholding,
report generation,
differences in [cognitive] strategy.
One would
beexporting
to to BrainLab,
interprets this data at the conference (67%). Numerous programs also
etc.) (0.1–11 h; SD 2.1) (n 5 47). Sites who reported hours billed, bill an
call
this
a "confound,"
it for
is.‘
use the fMRI explicitly
data in an intraoperative
system
(e.g., STEALTH)
(55%).
average ofwhich
2 h (1–8; SD 1.8)
clinical fMRI (n 5 15). In the US, details
Reporting. Almost all respondents reported the referrer or team

Laterality indices (LIs) are used at 35% of programs, and an equal pro-

of CPT code use was provided by a fifth of respondents (n 5 13). While

portion of respondents use LIs based on select regions (22%) and

these response rates limit generalizability, respondents most often

isphysician
just oran
index.
▸ Cognition is central. The biomarker
billed fMRI as entirely
psychologist
administered, either

whole brain activity (22%).
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▸ When the centrality
of cognition is not
appreciated, it goes
unstandardized.

ET AL.

12

Clinical fMRI paradigm use
Respondents
using (n)

Most frequently used
Modality

a

Control conditions

Evaluation of task compliance

A

Noun-prompted verb generation

66% (36)

Fixation (56%)

None (56%)

B

Verbal fluency

59% (32)

Fixation (50%)

None (44%)

C

Semantic decision:
category judgment

36% (19)

Scramble | matched (32%)

Button (58%)

D

Object naming–visual
object stimuli

32% (18)

Fixation (61%)

None (39%)

E

Resting state

32% (16)

Eyes closed, rest (38%)

None (44%)

F

Narrative listening

29% (16)

Scramble (44%)

Postscan interview (50%)

G

Text reading, passive

21% (12)

Fixation | matched (42%)

Button | postscan
interview | none (33%)

H

Sentence listening, passive

20% (10)

Eyes closed, rest | scramble (30%)

Button | postscan
interview | none (30%)

I

Text reading, subvocalize

18% (9)

Fixation | matched (33%)

Button (44%)

J

j

Object naming-text or auditory stimuli

14% (7)

Fixation | scramble (29%)

None (43%)

K

Synonym judgment

13% (7)

Matched (57%)

Button (71%)

L

Phonological rhyming

11% (6)

Matched | other (33%)

Button (50%)

M

Word listening

9% (5)

Eyes closed, rest | fixation (40%)

Postrun query (40%)

N

Sentence completion

9% (5)

Fixation | scramble (40%)

None (80%)

O

Text reading, vocalized

4% (2)

Scramble (100%)

Postrun query (100%)

P

Semantic fluency

4% (2)

Fixation | unknown (50%)

Postscan interview (100%)

j
Q

Antonym generation

4% (2)

jB

Eyes open, rest | fixation (50%)

None; other (both 50%)

R

Sentence generation

2% (1)

Fixation (100%)

None (100%)

S

Verb generation

2% (1)

Scramble (100%)

Postrun query | postscan
interview (100%)

Note. (A) Noun-prompted verb generation. A noun is presented aurally or visually, patient asked to think of verbs associated with presented noun, either
silently or vocally. (B) Verbal fluency (“letter-prompted word generation”). A letter is presented aurally or visually, patient asked to think of words that start
with the presented letter, either silently or vocally. (C) Semantic decision: category judgment. Two words are presented aurally or visually, patients asked to
judge whether words belong to same higher category (e.g., “cat–dog” are in the same category, “cat–apple” are not). (D) Object naming: visual object stimuli.
Image of object presented, patient asked to imagine vocalizing name of object silently. (E) Resting state. Patient directed to rest, no response is required. (F)
Narrative listening. Auditory stimuli presented, no response is required. (G) Text reading, passive (“Visual language comprehension”). Text visually presented,
no response is required. (H) Sentence listening, passive. Auditory stimuli presented, no response is required. (I) Text reading, subvocalize. Text visually presented, patient asked to covertly imagine vocalizing text silently. (J) Object naming: text or auditory stimuli (“Verbal responsive naming/description-cued
object naming”). Description of object is presented aurally or visually, patients asked to name object. (K) Synonym judgment. Two words are presented visually
or aurally, patients asked to judge whether words have similar meanings. (L) Phonological rhyming. Two words are presented visually or aurally, patients are
asked to judge whether words rhyme. (M) Word listening. Auditory stimuli are presented, no response is required. (N) Sentence completion. A sentence is presented, the patient generates the final word (multiple respondents noted this was from the Invivo system). (O) Text reading, vocalized. Vocalized text reading
text presented visually, patient asked to read text aloud. (P) Semantic fluency (“category-prompted word generation”). The patient is given a category and
names things belonging to that category. (Q) Antonym generation. The patient generates antonyms of presented words. (R) Sentence generation. The patient
reads a visually displayed word and makes a sentence that includes the word. (S) Verb generation. Detail unclear; may reflect noun–verb generation.
a
Most frequently reported response(s) noted. Modality: stimulus modality; B 5 both. Respondents viewed the task title and could elicit a full description
by clicking on the title. For further detail, please see Supporting Information, B.

Benjamin et al. (2018a), HBM 39:4032.
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Clinical fMRI paradigm use
Most frequently used
Modality

a

Control conditions

Evaluation of task compliance

A

Noun-prompted verb generation

66% (36)

Fixation (56%)

None (56%)

B

Verbal fluency

59% (32)

Fixation (50%)

None (44%)

C

Semantic decision:
category judgment

36% (19)

Scramble | matched (32%)

Button (58%)

D

Object naming–visual
object stimuli

32% (18)

Fixation (61%)

None (39%)

E

Resting state

32% (16)

Eyes closed, rest (38%)

None (44%)

F

Narrative listening

29% (16)

Scramble (44%)

Postscan interview (50%)

G

Text reading, passive

21% (12)

Fixation | matched (42%)

Button | postscan
interview | none (33%)

H

Sentence listening, passive

20% (10)

Eyes closed, rest | scramble (30%)

Button | postscan
interview | none (30%)

I

Text reading, subvocalize

18% (9)

Fixation | matched (33%)

Button (44%)

J

j

Object naming-text or auditory stimuli

14% (7)

Fixation | scramble (29%)

None (43%)

K

Synonym judgment

13% (7)

Matched (57%)

Button (71%)

L

Phonological rhyming

11% (6)

Matched | other (33%)

Button (50%)

M

Word listening

9% (5)

Eyes closed, rest | fixation (40%)

Postrun query (40%)

N

Sentence completion

9% (5)

Fixation | scramble (40%)

None (80%)

O

Text reading, vocalized

4% (2)

Scramble (100%)

Postrun query (100%)

P

Semantic fluency

4% (2)

Fixation | unknown (50%)

Postscan interview (100%)

j
Q

Antonym generation

4% (2)

jB

Eyes open, rest | fixation (50%)

None; other (both 50%)

R

Sentence generation

2% (1)

Fixation (100%)

None (100%)

S

Verb generation

2% (1)

Scramble (100%)

Postrun query | postscan
interview (100%)

Note. (A) Noun-prompted verb generation. A noun is presented aurally or visually, patient asked to think of verbs associated with presented noun, either
silently or vocally. (B) Verbal fluency (“letter-prompted word generation”). A letter is presented aurally or visually, patient asked to think of words that start
with the presented letter, either silently or vocally. (C) Semantic decision: category judgment. Two words are presented aurally or visually, patients asked to
judge whether words belong to same higher category (e.g., “cat–dog” are in the same category, “cat–apple” are not). (D) Object naming: visual object stimuli.
Image of object presented, patient asked to imagine vocalizing name of object silently. (E) Resting state. Patient directed to rest, no response is required. (F)
Narrative listening. Auditory stimuli presented, no response is required. (G) Text reading, passive (“Visual language comprehension”). Text visually presented,
no response is required. (H) Sentence listening, passive. Auditory stimuli presented, no response is required. (I) Text reading, subvocalize.
TextPAPER
visually preWHITE
sented, patient asked to covertly imagine vocalizing text silently. (J) Object naming: text or auditory stimuli (“Verbal responsive naming/description-cued
object naming”). Description of object is presented aurally or visually, patients asked to name object. (K) Synonym judgment. Two words are presented visually
or aurally, patients asked to judge whether words have similar meanings. (L) Phonological rhyming. Two words are presented visually or aurally, patients are
asked to judge whether words rhyme. (M) Word listening. Auditory stimuli are presented, no response is required. (N) Sentence completion. A sentence is presented, the patient generates the final word (multiple respondents noted this was from the Invivo system). (O) Text reading, vocalized. Vocalized text reading
text presented visually, patient asked to read text aloud. (P) Semantic fluency (“category-prompted word generation”). The patient is given a category and
names things belonging to that category. (Q) Antonym generation. The patient generates antonyms of presented words. (R) Sentence generation. The patient
reads a visually displayed word and makes a sentence that includes the word. (S) Verb generation. Detail unclear; may reflect noun–verb generation.
a
Most frequently reported response(s) noted. Modality: stimulus modality; B 5 both. Respondents viewed the task title and could elicit a full description
by clicking on the title. For further detail, please see Supporting Information, B.

Benjamin et al. (2018a), HBM 39:4032.
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Neuroradiology–Recommended fMRI Paradigm Algorithms
for Presurgical Language Assessment
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ABSTRACT
INTRODUCTION: Functional MR imaging is increasingly being used for presurgical language assessment in the treatment of patients with
brain tumors, epilepsy, vascular malformations, and other conditions. The inherent complexity of fMRI, which includes numerous processing steps and selective analyses, is compounded by institution-unique approaches to patient training, paradigm choice, and an eclectic
array of postprocessing options from various vendors. Consequently, institutions perform fMRI in such markedly different manners that
data sharing, comparison, and generalization of results are difficult. The American Society of Functional Neuroradiology proposes widespread adoption of common fMRI language paradigms as the first step in countering this lost opportunity to advance our knowledge and
improve patient care.
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LANGUAGE PARADIGM REVIEW PROCESS: A taskforce of American Society of Functional Neuroradiology members from multiple
institutions used a broad literature review, member polls, and expert opinion to converge on 2 sets of standard language paradigms that
strike a balance between ease of application and clinical usefulness.
ASFNR RECOMMENDATIONS: The taskforce generated an adult language paradigm algorithm for presurgical language assessment
WHITE PAPER
including the following tasks: Sentence Completion, Silent Word Generation, Rhyming, Object Naming, and/or Passive Story Listening. The
pediatric algorithm includes the following tasks: Sentence Completion, Rhyming, Antonym Generation, or Passive Story Listening.

American Society of Functional
Neuroradiology–Recommended fMRI Paradigm Algorithms
for Presurgical Language Assessment

DISCUSSION: Convergence of fMRI language paradigms across institutions offers the first step in providing a “Rosetta Stone” that
provides a common reference point with which to compare and contrast the usefulness and reliability of fMRI data. From this common
language task battery, future refinements and improvements are anticipated, particularly as objective measures of reliability become
available. Some commonality of practice is a necessary first step to develop a foundation on which to improve the clinical utility of this
field.

▸ Consequences
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he use of fMRI in the presurgical assessment of language function, especially in patients with brain tumors, vascular malformations, or epilepsy, has become standard throughout numerous institutions in North America, Europe, and other parts of the
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and the reliance on this technology is increasing.1 fMRI

offers a valuable noninvasive means of assessing language function lateralization and localization, which complements, or in
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recently
published
a white
paper that
fMRI
research
INTRODUCTION: Functional MR imaging is increasingly being used for
presurgical
language
assessment
in theaddresses
treatment
of patients
with
reproducibility
transparency
of trial
design,numerous
tools used
brain
tumors,
epilepsy,
vascular
malformations,
and
other
conditions.
The inherentthrough
complexity
of fMRI, which
includes
proFrom the Mayo Clinic (D.F.B., K.W.), Rochester Minnesota; Memorial Sloan Ketter4
for data
manipulation,
and training,
reporting.
ingcessing
Cancer Center
York, New
York; Boston
University School
of Medisteps(B.V.),
and New
selective
analyses,
is compounded
by institution-unique
approaches
to patient
paradigm choice, and an eclectic
cine (A.M.), Boston, Massachusetts; Johns Hopkins University School of Medicine
Beyond research
reporting
the American
Society of
of postprocessing
options
various vendors.
Consequently, institutions
perform
fMRI in standards,
such markedly
different manners
that
andarray
the Johns
Hopkins Hospital (S.H.F.,
H.I.S.,from
J.J.P.), Baltimore,
Maryland; Children’s
Neuroradiology
(ASFNR)
perceives the proposes
need for inHospital
Wisconsin
(M.M.), Milwaukee,
Wisconsin; and Duke
School
data of
sharing,
comparison,
and generalization
of University
results are
difficult. Functional
The American
Society of Functional
Neuroradiology
wideof Medicine, (J.R.P.) Durham, North Carolina.
creased
standardization
in clinical practice
in anour
attempt
to en-and
spread adoption of common fMRI language paradigms as the first step
in countering
this lost opportunity
to advance
knowledge
J.J. Pillai and K. Welker are co-senior authors.
hance the communicability of how we assess our patients and the
improve patient care.
Please address correspondence to David F. Black, MD, Mayo Clinic Radiology, 200
meaningfulness of our imaging findings and reports. Functional
First St SW, Rochester, MN 55905; e-mail: black.david@mayo.edu
LANGUAGE
PARADIGM REVIEW PROCESS: A taskforce of American
Functional
Neuroradiology
members
from multiple
Indicates open access to non-subscribers at www.ajnr.org
MR Society
imagingofinvolves
numerous
processing
steps, which
vary
institutions used a broad literature review, member polls, and expertamong
opinion
to converge on
sets ofsystems,
standardand
language
paradigms is
that
http://dx.doi.org/10.3174/ajnr.A5345
manufacturers
of2fMRI
this complexity
strike a balance between ease of application and clinical usefulness.
AJNR Am J Neuroradiol 38:E65–E73

Oct 2017

www.ajnr.org

E65

ASFNR RECOMMENDATIONS: The taskforce generated an adult language paradigm algorithm for presurgical language assessment
including the following tasks: Sentence Completion, Silent Word Generation, Rhyming, Object Naming, and/or Passive Story Listening. The
pediatric algorithm includes the following tasks: Sentence Completion, Rhyming, Antonym Generation, or Passive Story Listening.
DISCUSSION: Convergence of fMRI language paradigms across institutions offers the first step in providing a “Rosetta Stone” that
provides a common reference point with which to compare and contrast the usefulness and reliability of fMRI data. From this common
language task battery, future refinements and improvements are anticipated, particularly as objective measures of reliability become
available. Some commonality of practice is a necessary first step to develop a foundation on which to improve the clinical utility of this
field.
ABBREVIATIONS: AG ! Antonym Generation; ASFNR ! American Society of Functional Neuroradiology; BOLD ! blood oxygen level– dependent; CVR !
cerebrovascular reactivity; ECS ! electrocortical stimulation; NVU ! neurovascular uncoupling; ON ! Object Naming; LI ! laterality index; PSL ! Passive Story
Listening; SC ! Sentence Completion; SWG ! Silent Word Generation
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offers a valuable noninvasive means of assessing language function lateralization and localization, which complements, or in
some cases, obviates intraoperative electrocortical stimulation
(ECS) mapping.2,3 The Organization of Human Brain Mapping
Committee on Best Practice in Data Analysis and Sharing has
recently published a white paper that addresses fMRI research
reproducibility through transparency of trial design, tools used
for data manipulation, and reporting.4
Beyond research reporting standards, the American Society of
Functional Neuroradiology (ASFNR) perceives the need for increased standardization in clinical practice in an attempt to enhance the communicability of how we assess our patients and the
meaningfulness of our imaging findings and reports. Functional
MR imaging involves numerous processing steps, which vary
among manufacturers of fMRI systems, and this complexity is
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POSSIBLE GOALS OF FMRI
▸ Language lateralization.
▸ Prediction of post-surgical language change.
▸ Language localization.

Sza arski et al. (2017) Neurology: 88:1
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LANGUAGE LATERALIZATION
Janecek et al.

▸ Broader literature:
▸ Discordance 0-20%.

NIH-PA Author Manuscript

▸ Average weighted
discordance: 15%.

NIH-PA Author Manuscript

▸ Wada v fMRI

Page 14

Figure 2.

NIH-PA Author Manuscript

Reported rates of discordance in language dominance classification by Wada and fMRI
testing. The studies are arranged from top to bottom in order of increasing sample size.

Swanson et al., 2009
Janecek et al. 2013, Epilepsia 54(2):314

Epilepsia. Author manuscript; available in PMC 2013 May 09.
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LANGUAGE LATERALIZATION
▸ Wada v fMRI (1993-2009, n=229)
▸ 86% concordance.
▸ 92-94% when one measure is left.

▸ Discordance: typically “bilateral” (38/42).
▸ Four truly discordant cases:
all right handed, right foci.
▸ Only predictor of discordance:
strength of right-shift in fMRI LI.
Janecek et al. 2013, Epilepsia 54(2):314
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PREDICTING LANGUAGE CHANGE
▸ Less often evaluated.
▸ Sabsevitz (2003): Semantic decision.
▸ 56 temporal lobe cases (24L).
▸ Prediction of decline >10 points on the BNT (n=60).
▸ Temporal ROI: 100% sensitivity, 57% speci city.
▸ Wada: 100%/43%.

Sabsevitz et al. 2003, Neurology 60:1788
Note: 42% of L ATL cases declined >10pts.

20

▸ Bonelli (2012): Verbal uency & noun-verb generation.
▸ 44 temporal lobe cases (24L).
▸ Prediction of decline >3pts, UK Naming Task (n=30).
▸ Frontal (MFG) ROI: 100% sensitivity, 33% speci city.
▸ Language measures alone: 100%/17%.

21

DECIDING WHETHER FMRI IS APPROPRIATE
▸ Language fMRI
▸ Predicts language decline.
▸ Not risk of amnesia.
▸ Wada testing
▸ Predicts language decline.
▸ Predicts risk of amnesia.

Swanson et al. 2015, Hand. Neuropsy. Epi., Ch 8.
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“CRUCIAL[LY]… RESULTS HOLD ONLY FOR THE PARTICULAR
METHODS USED IN THE STUDY AND MAY NOT GENERALIZE
…
FMRI LANGUAGE MAPS SHOULD NOT YET BE ROUTINELY
USED FOR PLANNING RESECTION BOUNDARIES”

Jeff Binder, 2011
Binder (2011), Epilepsy & Behavior 20:214.
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SO… HOW IS LANGUAGE EVALUATED, & FMRI USED?
100

99
93

96

▸ Survey of Presurgical
Language mapping –
fMRI (n=81).

93

76

80

58

60

43
40

▸ Lateralization: 100%.

27
20

0
Npsych

fMRI
Sites using (%)

ESM

Wada

▸ Localization: 44%
(guide margins).

Patients receiving (%)

Benjamin et al (2018b), HBM 39: 2777.
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WHY IS LANGUAGE LOCALIZATION A TRICKY ENTERPRISE?
▸ Theoretically: is language localized?
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WHY IS LANGUAGE LOCALIZATION A TRICKY ENTERPRISE?
▸ Theoretically: is language localized?
▸ The fMRI signal (‘BOLD’) is indirect.
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WHY IS LANGUAGE LOCALIZATION A TRICKY ENTERPRISE?
▸ Theoretically: is language localized?
▸ The fMRI signal (‘BOLD’) is indirect.
▸ fMRI relies on a series of assumptions and
does not simply state “language is here”.
▸ Unlikely to affect lateralization.
▸ Likely to affect localization.

27
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Presentation and
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Benjamin et al.

Influence of instruction on the default mode

30

THE TASK USED
▸ Instructions on how to rest alter the
activation pattern.
▸ Using rest as baseline also a key issue
in language mapping.

FIGURE 6 | Functional connectivity map obtained using dmPFC defined after Zhou et al. (2007; schizophrenia literature) and Persson et al. (2008;
Alzheimer’s disease literature). Ignore baseline is represented in blue; attend baseline in orange. Image thresholded at p 0.005, 20-voxel threshold, colors run
from 2 (dark) to 5 (light).

The effects of specific resting instructions on dmPFC coincide
with effects observed in previous studies on DMN alterations in
patients with schizophrenia and Alzheimer’s disease and individuals
at risk for developing Alzheimer’s disease. This suggests that some
of the previously reported DMN differences in dmPFC in these
populations may be partially influenced by different approaches to
rest. This is particularly true if a patient group’s pathology makes
it more likely that they will systematically treat rest differently; for
instance, in patients with auditory hallucinations. Unfortunately,
unlike difference in the eye position during rest, differences in the
attention toward SBN cannot be observed behaviorally. Our study
cannot conclude that the previously observed differences in dmPFC
between patients and healthy volunteers are effects of a systematic
bias in the approach how to rest. However, our study shows that
instructions on how to attend to SBN lead to alterations within previously reported components of the DMN, and therefore a careful
interpretation of results in patient populations which may show a
systematic bias are important.

instruction phase is beyond that required during the baseline phase.
Interestingly, ventral medial prefrontal cortex was not significantly
influenced by specific instructions for rest periods, although it is
also implicated in self-referential processing.
With respect to DMN studies on clinical populations, our results
raise the possibility that some of the previously reported differences
Benjamin et al.
Front.
Hum. Neurosci.
4:1 These results are
may be confounded
by(2010),
different
approaches
to rest.
limited to the dmPFC rather than the DMN as a whole. However,
it is possible that DMN differences between patients and controls
in the dmPFC are at least in part explained by different approaches
to rest in the presence of SBN. In the presence of SBN, patients
with Alzheimer’s disease or schizophrenia may employ different
resting strategies than healthy adults. For instance, patients may
actively attend to or ignore SBN when instructed to relax and stay
still; this might cause increased dmPFC activation in the patient
group only. Interestingly, DMN hyperactivity (including dmPFC)
has been observed in several studies on patients with schizophrenia
(Garrity et al., 2007; Zhou et al., 2007; Whitfield-Gabrieli et al.,
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THE TASK USED

216

J.R. Binder / Epilepsy & Behavior 20 (2011) 214–222

A group map; n=26. Binder (2011), Epilepsy & Behavior 20:214.

Fig. 1. Functional MRI data from 26 healthy volunteers performing two language mapping paradigms. The activation maps are displayed as serial sagittal sections through the brain
at 9-mm intervals. x-axis locations for each slice are given in the top panel. Both maps are thresholded at a whole-brain corrected P b 0.05 using a voxelwise P b 0.0001 and cluster
extent N 200 mm3. The three steps in each color continuum represent voxelwise P thresholds of 10-4, 10-5, and 10-6. Top: Semantic decision relative to resting. Middle: Semantic
decision relative to tone decision. Blue arrows in the middle image indicate left hemisphere language areas that are active during the resting state and, thus, visible only when an
active nonlinguistic task is used as the baseline. The graph at the bottom left shows the mean volume of activation in the left and right hemispheres for each task contrast. The graph
at the bottom right shows the mean LI for each task contrast. Error bars represent SE. Adapted, with permission, from [28].
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Sabsevitz et al. [37] studied 24 consecutively encountered patients
undergoing left ATL resection. The fMRI paradigm used a contrast
between an auditory semantic decision task and a nonlinguistic tone
decision task (see Fig. 1). A previous study had shown that asymmetry
of activation with this task paradigm is correlated with language
216
J.R. Binder / Epilepsy & Behavior 20 (2011) 214–222
lateralization on the Wada test [49]. For the Sabsevitz et al. study,
2.2. Predicting outcome
separate LIs were computed for the whole hemisphere, frontal lobe,
temporal lobe, and angular gyrus. All patients also underwent Wada
With so many studies focusing on fMRI–Wada correlations, it is easy
testing and preoperative assessment of confrontation naming using
to forget that the actual aim of measuring language lateralization prior
the 60-item Boston Naming Test (BNT). The BNT was administered
to brain surgery is prediction of language outcome. An fMRI procedure
again 6 months after surgery, and a change score was calculated as the
that reliably identiﬁes patients at risk for postoperative naming deﬁcits
difference between postoperative and preoperative scores. Surgeries
would be a valuable clinical tool, especially if the fMRI results added
were performed blind to the fMRI data, but were tailored using
information over and above that provided by other available tests.
intraoperative electrical stimulation mapping.
Previous studies have identiﬁed demographic and behavioral variables
Compared with a control group of 32 right ATL patients, the left ATL
that may predict outcome. For example, patients who undergo left ATL
group declined postoperatively on the BNT (P b 0.001), with an average
who developed seizures at an earlier age generally have a lower risk for
change score of –9. Within the left ATL group there was considerable
postoperative language decline [34,83,84], presumably because earlier
variability, with 13 patients (54%) showing variable degrees of decline
age at onset is associated with a higher probability of language shift to
relative to the control group. The temporal lobe fMRI LI was the
the right hemisphere [50]. Better preoperative naming performance is
strongest predictor of outcome (r = –0.64, P b 0.001), indicating that
associated with a higher risk for decline [32]. It has long been assumed
language lateralization toward the left (surgical) temporal lobe was
that Wada language testing is predictive of language outcome, though
related to poorer naming outcome, whereas lateralization toward the
the actual evidence on this issue is limited to a few case reports [33,47].
reviews, see Refs. [81,82]). In assessing concordance, patients are
usually assigned to categories such as “left dominant,” “right
dominant,” or “mixed” on each test. The proportion of concordant
cases depends strongly on how these arbitrary categories are deﬁned.
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Fig. 1. Functional MRI data from 26 healthy volunteers performing two language mapping paradigms. The activation maps are displayed as serial sagittal sections through the brain
at 9-mm intervals. x-axis locations for each slice are given in the top panel. Both maps are thresholded at a whole-brain corrected P b 0.05 using a voxelwise P b 0.0001 and cluster
extent N 200 mm3. The three steps in each color continuum represent voxelwise P thresholds of 10-4, 10-5, and 10-6. Top: Semantic decision relative to resting. Middle: Semantic
decision relative to tone decision. Blue arrows in the middle image indicate left hemisphere language areas that are active during the resting state and, thus, visible only when an
active nonlinguistic task is used as the baseline. The graph at the bottom left shows the mean volume of activation in the left and right hemispheres for each task contrast. The graph
at the bottom right shows the mean LI for each task contrast. Error bars represent SE. Adapted, with permission, from [28].
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Fig. 1. Functional MRI data from 26 healthy volunteers performing two language mapping paradigms. The activation maps are displayed as serial sagittal sections through the brain
at 9-mm intervals. x-axis locations for each slice are given in the top panel. Both maps are thresholded at a whole-brain corrected P b 0.05 using a voxelwise P b 0.0001 and cluster
extent N 200 mm3. The three steps in each color continuum represent voxelwise P thresholds of 10-4, 10-5, and 10-6. Top: Semantic decision relative to resting. Middle: Semantic
decision relative to tone decision. Blue arrows in the middle image indicate left hemisphere language areas that are active during the resting state and, thus, visible only when an
active nonlinguistic task is used as the baseline. The graph at the bottom left shows the mean volume of activation in the left and right hemispheres for each task contrast. The graph
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Fig. 1. Functional MRI data from 26 healthy volunteers performing two language mapping paradigms. The activation maps are displayed as serial sagittal sections through the brain
at 9-mm intervals. x-axis locations for each slice are given in the top panel. Both maps are thresholded at a whole-brain corrected P b 0.05 using a voxelwise P b 0.0001 and cluster
extent N 200 mm3. The three steps in each color continuum represent voxelwise P thresholds of 10-4, 10-5, and 10-6. Top: Semantic decision relative to resting. Middle: Semantic
decision relative to tone decision. Blue arrows in the middle image indicate left hemisphere language areas that are active during the resting state and, thus, visible only when an
active nonlinguistic task is used as the baseline. The graph at the bottom left shows the mean volume of activation in the left and right hemispheres for each task contrast. The graph
at the bottom right shows the mean LI for each task contrast. Error bars represent SE. Adapted, with permission, from [28].
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Sabsevitz et al. [37] studied 24 consecutively encountered patients
undergoing left ATL resection. The fMRI paradigm used a contrast
between an auditory semantic decision task and a nonlinguistic tone
decision task (see Fig. 1). A previous study had shown that asymmetry
of activation with this task paradigm is correlated with language
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Fig. 1. Functional MRI data from 26 healthy volunteers performing two language mapping paradigms. The activation maps are displayed as serial sagittal sections through the brain
at 9-mm intervals. x-axis locations for each slice are given in the top panel. Both maps are thresholded at a whole-brain corrected P b 0.05 using a voxelwise P b 0.0001 and cluster
extent N 200 mm3. The three steps in each color continuum represent voxelwise P thresholds of 10-4, 10-5, and 10-6. Top: Semantic decision relative to resting. Middle: Semantic
decision relative to tone decision. Blue arrows in the middle image indicate left hemisphere language areas that are active during the resting state and, thus, visible only when an
active nonlinguistic task is used as the baseline. The graph at the bottom left shows the mean volume of activation in the left and right hemispheres for each task contrast. The graph
at the bottom right shows the mean LI for each task contrast. Error bars represent SE. Adapted, with permission, from [28].
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ConsiderationsSabsevitz et al. [37] studied 24 consecutively
Examples
encountered patients

reviews, see Refs. [81,82]). In assessing concordance, patients are
usually assigned to categories such as “left dominant,” “right
dominant,” or “mixed” on each test. The proportion of concordant
cases depends strongly on how these arbitrary categories are deﬁned.

Patient

2.2. Predicting outcome

Task

With so many studies focusing on fMRI–Wada correlations, it is easy
to forget that the actual aim of measuring language lateralization prior
to brain surgery is prediction of language outcome. An fMRI procedure
that reliably identiﬁes patients at risk for postoperative naming deﬁcits
would be a valuable clinical tool, especially if the fMRI results added
information over and above that provided by other available tests.
Previous studies have identiﬁed demographic and behavioral variables
that may predict outcome. For example, patients who undergo left ATL
who developed seizures at an earlier age generally have a lower risk for
postoperative language decline [34,83,84], presumably because earlier
age at onset is associated with a higher probability of language shift to
the right hemisphere [50]. Better preoperative naming performance is
associated with a higher risk for decline [32]. It has long been assumed
that Wada language testing is predictive of language outcome, though
the actual evidence on this issue is limited to a few case reports [33,47].

undergoing left ATL resection. The fMRI paradigm used a contrast
between an auditory semantic decision task and a nonlinguistic tone
decision task (see Fig. 1). A previous study had shown that asymmetry
of activation with this task paradigm is correlated with language
lateralization on the Wada test [49]. For the Sabsevitz et al. study,
separate LIs were computed for the whole hemisphere, frontal lobe,
temporal lobe, and angular gyrus. All patients also underwent Wada
testing and preoperative assessment of confrontation naming using
the 60-item Boston Naming Test (BNT). The BNT was administered
again 6 months after surgery, and a change score was calculated as the
difference between postoperative and preoperative scores. Surgeries
were performed blind to the fMRI data, but were tailored using
intraoperative electrical stimulation mapping.
Compared with a control group of 32 right ATL patients, the left ATL
group declined postoperatively on the BNT (P b 0.001), with an average
change score of –9. Within the left ATL group there was considerable
variability, with 13 patients (54%) showing variable degrees of decline
relative to the control group. The temporal lobe fMRI LI was the
strongest predictor of outcome (r = –0.64, P b 0.001), indicating that
language lateralization toward the left (surgical) temporal lobe was
related to poorer naming outcome, whereas lateralization toward the
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▸ Smoothing:
0mm

39

▸ Smoothing:
8mm
▸ Identical data,
analysis
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analysis
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THE ABOVE VARIABLES DIFFER BETWEEN SITES
▸ Task used? Baseline of rest 59%, active control, 37%.
▸ Smoothing? Mode of 8mm (μ=6, range 2-10).
▸ Interpretation of maps?
▸ Surgical margin: average of 10mm (range 3-50).

Benjamin et al. (2018a), HBM 39:4032.
Benjamin et al. (2018b), HBM 39: 2777.
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DOES THIS MATTER?
▸ It depends: interpretation and evidence.
▸ Surveyed sites report:
▸ Unexpected decline when no fMRI-positive language
cortex is resected: 17% report >=1 instance.
▸ Unexpected preservation when fMRI-positive language
cortex is resected: 54% report >=1 instance.

Benjamin et al. (2018a), HBM 39:4032.
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WELL, WHAT ABOUT ELECTRICAL STIMULATION MAPPING…
▸ Gold standard spatial information, essential presurgically,
can predict post-surgical de cits.
▸ Weaknesses:
▸ Mapping epileptogenic areas.
▸ Invasive, complications (up to 9.9% of cases).
▸ Again: key parameters vary dramatically.
▸ 40% of sites report >=1 patients suffer enduring de cits.
Wong et al. (2009); Acta Neurochir. 151:37
Hamberger et al. (2014); Epilepsia 55:933
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1.

FMRI AND COGNITIVE
ASSESSMENT.
WHAT FMRI CAN AND
CANNOT DO.
THE LANGUAGE SYSTEM
THROUGH FMRI
HOW TO GET INTO FMRI

2.
3.
4.
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TEAMS FOCUS ON BROCA’S & WERNICKE’S AREAS
▸ You may not identify
areas if you are not
looking for them.
▸ Sites using fMRI to
localize language
(orange bars) rarely
look beyond Broca’s
and Wernicke’s areas.

Proportion of sites seeking to identify –
1
86%
76%

0.8

0.6
43%

38%

0.4

21%

17%

0.2
5%

5%

0
Broca's

Wernicke's
Sites that only lateralize

BTLA

Other

Sites that also localize

Benjamin et al. (2018a), HBM 39:4032.
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A COMPREHENSIVE MODEL OF LANGUAGE
▸ 1. Broca’s area
▸ 2. Exner’s area
▸ 3. Supplementary motor area
▸ 4. Angular Gyrus
▸ 5. Wernicke’s: Superior and
inferior
▸ 6. Basal temporal language
area
Benjamin et al. (2017) HBM 38:4239
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A COMPREHENSIVE MODEL OF LANGUAGE
▸ 1. Broca’s area
▸ 2. Exner’s area
▸ 3. Supplementary motor area
▸ 4. Angular Gyrus
▸ 5. Wernicke’s: Superior and
inferior
▸ 6. Basal temporal language
area
Benjamin et al. (2017) HBM 38:4239
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1. BROCA’S AREA

in the presence of HIV 1 infection. AIDS 1995; 9: 107–19.
Connor EM, Sperling RS, Gelber et al. Reduction of maternal infant
transmission of human immunodeficiency virus type 1 with zidovudine
treatment. N Engl Med J 1994; 331: 1173–80.
Shaffer N, Chuachoowong R, Mock PA, et al. Short-course zidovudine
for perinatal HIV-1 transmission in Bangkok,Thailand: a randomised
controlled trial. Lancet 1999; 353:773–70.
7 Wiktor SZ, Ekpini E, Karon JM, et al. Short-course oral zidovudine for
prevention of mother-to-child transmission of HIV-1 in Abidjan,Côte
d’Iviore: a randomised trial. Lancet 1995; 353: 781–88.
8 Dabis F, Msellati P, Meda N, et al. 6-month efficacy, tolerance,and
acceptability of a short regimen of oral zidovudine to reduce vertical
transmission of HIV in b reastfed children in Cote d'Ivoire and Burkino
Faso: a double-blind-placebo-controlled multicentre trial. Lancet 1999:
353: 786–92.
9 Semprini AE, Castagna C, Ravizza M, et al. The incidence of
complications after Caesarean section in 156 HIV positive women.
AIDS 1995; 9: 913–17.
5

6

▸ A syndrome ranging from
anarthria to dyspraxia, to
agrammatism.
More (or less) on Broca

28 May 2002

See page 1057

The functions of Broca’s area (pars opercularis of the third
frontal convolution) have always been controversial, but
clinicopathological studies have never convincingly linked
this area with disturbances in articulation.1 Indeed, the
historical record contains an interesting attempt to place
some distance between Broca’s area and the mechanisms
of expressive speech. In 1906, Pierre Marie produced a
triad of papers,which, in the words of Henry Head (1926),
“startled” the medical world.2 One of these bore the
visionary title “The third frontal convolution does not play
any special role in the function of language”. According to
Marie there was only one true aphasia, that of Wernicke;
when anarthria, or inability to articulate, was present as
well, the clinical picture became that of Broca’s aphasia.2
Of particular interest here, however, are Marie’s views on
the localisation of anarthria.2 He was adamant that
disorders of articulation do not arise from the third frontal
convolution.2 Rather, he believed that anarthria was caused
by lesions in what he called the “lenticular zone”, which
included the insula. Marie could never have anticipated the
eventual confirmation of his hypothesis by means of
functional neuroimaging.
In their study reported in this issue of The Lancet,
Richard Wise and colleagues used positron-emission
tomography (PET) to identify the region of the brain
subserving articulation. This work follows on from our
earlier commentary3 and the work of Dronkers and
colleagues, in which lesion studies (pathological) in human
beings were used to localise the coordination of speech
articulation to the left insula region.4 Wise and colleagues
used an activation method based on single-word repetition
and showed that regional cerebral blood flow (imaged by
PET) was also increased in this brain region, particularly
the left anterior insula. This is clearly important
information and supports the work of Dronkers, but
caution is needed in concluding that Broca’s area is not
implicated in articulation. First, the activation paradigm
described is highly specific and may represent only a part
of the complex mechanism of articulation. Second, the
study design, particularly the grouping of varying rates of
presentation of stimulus, may underestimate the
involvement of Broca’s area. Indeed, in a related study,5
Wise and colleagues suggested that activation of Broca’s
area is “more subtle and complex” and depends on rate of
presentation of the stimulus. Finally, given other evidence
of substantial variation in areas of activation and anatomy
across individuals, the data presented do not preclude
individual involvement of Broca’s area per se.
Annu. Rev. Neurosci. 2002.25:151-188. Downloaded from arjournals.annualreviews.org
by HARVARD UNIVERSITY on 09/03/09. For personal use only.

▸ Key role of anterior insula.
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and supported by the activation study reported today. It is
important, therefore, to appreciate that Broca’s aphasia is a
syndrome, elements of which range from initial mutism, to
speech
apraxia
and the
pattern of across
agrastudies.
mmatiTable
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.1,7 Wise
logical regions center around the posterior superior IFG at the border of Brodmanns
excellent contribution, and their findings support the
areas 44 and 6; syntax regions fall in the center near middle IFG in pars triangularis,
notion
area
44/45. that at least the articulation component could be
most heavily represented in the left insula. Other interdependent areas are undoubtedly involved in the modern
concept of Broca’s aphasia. The research and discussion of
the subject has been hampered rather than helped by its
historical origins. Attention now needs to be directed
towards the underlying theories of expressive speech, and
its multicentred, but predominantly left cortical and subcortical,origins. Perhaps it is not by chance alone that such
an important function as speech expression is not localised
in one discrete area but probably more widely spread over
several interdependent locations. Where and what these are
should continue to challenge investigators.
Geoffrey A Donnan, Leeanne M Carey,
Michael M Saling
Department of Neurolog y, Austin and Repatriation Medical Center,
Heidelberg, Victoria 3084, Australia
1

Mohr JP. Broca’s area and Broca’s aphasia. In Whitaker H, Whitaker H,
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201–36.
Head H. Aphasia and kindred disorders of speech. New York:
Macmillan,1926.
Donnan GA, Darby DG, Saling MM. Identification of brain region for
coordinating speech articulation. Lancet 1997; 349: 221.
4 Dronkers NF. A new brain region for coordinating speech articulation.
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A COMPREHENSIVE MODEL OF LANGUAGE
▸ 1. Broca’s area
▸ 2. Exner’s area
▸ 3. Supplementary motor area
▸ 4. Angular Gyrus
▸ 5. Wernicke’s: Superior and
inferior
▸ 6. Basal temporal language
area
Benjamin et al. (2017) HBM 38:4239
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GRAPHEMIC MOTOR FRONTAL AREA
▸ Transforming phonological into written language.
▸ Focal posterior MFG resection: severe focal reading and
writing de cits (A).
▸ Stimulation disrupts handwriting (n=6/12).
Resection causes agraphia (n=2/12) (B).

(A) Anderson 1990, Brain 113:749
(B, C) Roux 2009, Ann Neurol 66:537
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A COMPREHENSIVE MODEL OF LANGUAGE
▸ 1. Broca’s area
▸ 2. Exner’s area
▸ 3. Supplementary motor area
▸ 4. Angular Gyrus
▸ 5. Wernicke’s: Superior and
inferior
▸ 6. Basal temporal language
area
Benjamin et al. (2017) HBM 38:4239
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SUPPLEMENTARY MOTOR AREA
▸ Initiation and sequencing for speech.
▸ Krainik (2003): 12 L dominant (fMRI
LI).

Figure 1. Group 1 patients (Patients 1 to
6) presented transient postoperative
speech impairment. For each patient,
fMRI activation map and resection margins (green line) are displayed on the preoperative midsagittal MR image of the
lesioned hemisphere (left hemisphere in
Patients 1 to 5 and right hemisphere in
Patient 6). All lesioned hemispheres were
dominant for language. Percentage of resection of the area activated in the supplementary motor area ranged from 16.1
to 93.4% (mean 43.5 # 29.8%) (table 3).

▸ Language: transient, to mutism
▸ Motor: transient changes.
▸ fMRI: SMA activation is bilateral.
▸ De cit ∝ resected activation extent.
▸ Motor de cits–more posterior
resection.

(also called SMA proper), the pre-SMA, and cingulate motor areas buried in the cingulate sulcus.20,21
Anatomically, the limit between the SMA and the
pre-SMA is usually defined by the VCA line.20,21 The
pre-SMA receives its afferents from associative frontal and parietal areas. The SMA is mainly connected
with the primary motor cortex, caudal premotor arKrainik et al. (2003), Neurology 60:587
eas, and primary and secondary sensory areas.20,21
anatomic organization supports functional difZentner et al. 1996, J NeurosurgThis
85:542
(n=28).
ferences.
PET
studies showed activation in the SMA
Discussion. The current results confirm that
near or caudal to the VCA line during simple lanspeech deficit that followed medial frontal lobe surguage tasks like word repetition,22. On the contrary,
gery was similar across patients. It consisted in a
more complex verbal tasks like silent word generaglobal speech reduction, ranging from complete mut23
tion tasks or word production in new conditional
ism to a less severe speech reduction. This deficit
24
activated
the pre-SMA. A recent fMRI
demands
recovered in all patients within 3 to 8 months. Based
study showed activation in the pre-SMA during free,
on an fMRI verbal fluency task, it was shown that
paced, and semantic word generation and activation
speech disorders occurred after resection of at least
near the VCA line during simple word repetition.14
16% of the area activated in the SMA of the domiThus, there is a rostrocaudal shift in SMA activation
nant hemisphere. Increased activation in the SMA
related to the external constraint during silent
contralateral to the tumor was observed, suggesting
speech tasks, with the SMA implicated in the control
that a reorganization of SMA function occurred in
of vocal sound production25 and the pre-SMA rethe presence of brain tumor.
cruited for more complex verbal demands. In control
The SMA is located in the medial aspect of Brodsubjects and patients without deficit, we observed
mann area 6 on the medial wall of the frontal lobe.
activation during silent semantic verbal fluency in
Based on anatomic and physiologic evidence, the mothe pre-SMA (mean anteroposterior [y] Talairach cotor fields of the medial wall of the frontal cortex are
ordinate: "8 mm). However, in patients with postopformed by several distinct areas, including the SMA
than without postoperative speech disorders, although the difference did not reach significance, whereas activation was similar in
the damaged SMA. There was no relation between SMA activation
and tumor or resection volumes. In Group 1 patients, the onset of
recovery and the severity and duration of the deficit were not
related to tumoral and resection volumes or to the characteristics
of SMA activation (percentage of resection of SMA activation in
the dominant hemisphere, activation volumes, and lateralization).
Postoperative motor deficits were observed only when the resection extended in the posterior part of the SMA, caudal to the VCA
line (p ! 0.02).

fi

fi

fi

February (2 of 2) 2003

NEUROLOGY 60

591

appcn_fmri_epilepsy.key - 2022-04-29

55

SUPPLEMENTARY MOTOR AREA
▸ Zentner: “unilateral SMA removal can be accomplished
without resulting in signi cant permanent de cits.”
▸ Recovery
▸ Appears to re ect recruitment of contralateral SMA.
▸ If contralateral SMA or corpus callosum impaired,
ability to recover decreases (e.g., Endo, 2014).

Zentner et al. 1996, J Neurosurg 85:542
Endo et al., 2014, Brain & Development 36:74.

56

ANGULAR GYRUS
▸ 1. Broca’s area
▸ 2. Exner’s area
▸ 3. Supplementary motor area
▸ 4. Angular Gyrus
▸ 5. Wernicke’s: Superior and
inferior
▸ 6. Basal temporal language
area
Benjamin et al. (2017) HBM 38:4239
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ANGULAR GYRUS
▸ Reading, transitioning written – spoken language.
▸ Stimulation can interrupt writing, or cause irregular or
unintelligible writing (also, e.g., repetition).
▸ Roux (2003): mapping 6 patients with Gerstmann’s and
angular-inferior parietal lesions.
▸ Agraphia (and acalculia) in 6/6 patients.
▸ Reading and object naming disturbance in 5/6.
Roux (2004), Brain 127:1796
Roux (2003), J Neurosurg 99:718.
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A COMPREHENSIVE MODEL OF LANGUAGE
▸ 1. Broca’s area
▸ 2. Exner’s area
▸ 3. Supplementary motor area
▸ 4. Angular Gyrus
▸ 5. Wernicke’s: Superior and
inferior
▸ 6. Basal temporal language
area
Benjamin et al. (2017) HBM 38:4239

involved in semantic processing, including AG,
MTG, ventral temporal lobe, medial parietal cortex,
medial prefrontal cortex, and inferior lateral prefrontal regions.39 These results closely mirror the previously mentioned lesion data. Together, the data
converge on the conclusion that many cortical regions
support speech comprehension, whereas the classical
Wernicke area is one of the few brain regions that
does not.
A SIMPLE MODEL OF POSTERIOR CORTICAL
LANGUAGE NETWORKS Figure 3 presents a visual
summary of some key conclusions regarding the classical Wernicke area and other posterior language regions, derived from modern lesion localization and
functional imaging studies of word comprehension
and production. The take-home points are as follows:

WERNICKE’S AREA

▸ Speech comprehension:

1. The brain region known as the Wernicke area,
shown in blue, supports a critical component of
speech production, referred to as phonologic
retrieval, in which the phonemes to be articulated,
and their temporal order, are represented mentally. This process is required for all speech production tasks, including repetition, word retrieval
(e.g., in spontaneous speech or naming), and reading aloud.
2. Speech repetition (pathway A) involves input to
the phonologic retrieval system from the auditory
phoneme perception system (shown in yellow). A
similar mechanism supports reading aloud, except
that the input to the phonologic retrieval system

comes from a visual letter perception system in the
ventral occipitotemporal region (pathway D).
3. Communicative speech production (as in spontaneous speech and naming) involves a stage prior to
phonologic retrieval, in which a concept is
retrieved that expresses what the speaker wants
to say. Word retrieval is then accomplished by
mapping these word meanings onto phonologic
representations (pathway C). Thus, unlike with
repetition and reading, the input to the phonologic retrieval system in these tasks comes from an
internal semantic (word meaning) system. This
semantic processing network is widely distributed
across higher-order association cortices in the temporal, parietal, and frontal lobes (temporal and
parietal components shown in red in figure 3).
4. Speech comprehension (pathway B) involves mapping sequences of phonemes (perceived in the
auditory phoneme perception system) onto word
meanings (represented in the semantic system).
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Figure 4 summarizes the lesion correlates of 4 posterior aphasia syndromes arising from damage to these
systems. Isolated damage to the phoneme perception
system (region A in figure 4) produces pure word
deafness. Because both hemispheres can support phoneme perception, this syndrome generally occurs only
after bilateral lesions. Damage to the phonologic
retrieval system (region B) results in phonemic paraphasia and impaired word retrieval (anomia). When
this occurs in isolation, the result is conduction aphasia or lvPPA. Patients with lvPPA have more

(1) Analysis of speech sound for phonemes. Supported
bilaterally. Bilateral STG and STS.
(2) Retrieval of meaning (semantic information).
Figure 3

Posterior language systems

Binder, J. 2015; Neurology 85:1
A functional model of major posterior language systems. Yellow indicates a bilateral speech phoneme perception system.
Blue indicates the Wernicke area, which supports prearticulatory phonologic retrieval. Red indicates the temporal and parietal components of a distributed system for word meaning (semantic) representations. Speech repetition requires the pathway designated A in the figure, as well as more anterior parietal and frontal regions (not shown) that support articulatory
preparation and execution. Spoken word comprehension involves the pathway marked B in the figure, which maps perceived
phoneme sequences to word concepts. Communicative speech production, in which the speaker retrieves words to express
concepts, requires the pathway marked C, which maps concept representations onto phonologic representations. Pathway
D indicates a direct mapping from visual word forms to phonologic representations, required for reading aloud. Background
brain image reproduced with permission from Springer.
4

Neurology 85

December 15, 2015
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A COMPREHENSIVE MODEL OF LANGUAGE
▸ 1. Broca’s area
▸ 2. Exner’s area
▸ 3. Supplementary motor area
▸ 4. Angular Gyrus
▸ 5. Wernicke’s: Superior and
inferior
▸ 6. Basal temporal language
area
Benjamin et al. (2017) HBM 38:4239
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BASAL TEMPORAL LANGUAGE AREA (BTLA)
▸ A region of, mainly, fusiform cortex critically involved in
associating names with concepts.
▸ Large variation in outcome after temporal lobe surgery.
▸ Extent of damage to the BTLA explains ~50% of decline in
naming after temporal resection.

Binder et al. (2020). Epilepsia 61:1939

62

A COMPREHENSIVE MODEL OF LANGUAGE
▸ 1. Broca’s area
▸ 2. Exner’s area
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1.
2.
3.
4.

FMRI AND COGNITIVE
ASSESSMENT.
WHAT FMRI CAN AND
CANNOT DO.
THE LANGUAGE SYSTEM
THROUGH FMRI.
HOW TO GET INTO FMRI
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WHO IS A GOOD FIT
In addition to skills required for neuropsychology you will
bene t from –

‣ A particular interest in neuroanatomy.
‣ Enjoy working with computers.*
‣ Obsessive (analysis) and ultimately, practical (reporting).
‣ Good presentation skills (reporting).
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GETTING INTO FMRI
‣ Ideally begin through research.
‣ Analyze at least one large (n >20) fMRI dataset.
‣ Ideally with a mentor, aim to publish the results.
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GETTING INTO FMRI
‣ Can also begin through an academic clinical setting.
‣ Approach radiology.
‣ Sit in on some of their scans, analysis, reporting.
‣ With permission, analyze a copy of the data.

fi
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WHERE TO GO TO LEARN MORE
‣ Sample initial lectures, or take a course.
‣ MIT Martinos Center.

https://education.martinos.org/home/fmri-

visiting-fellowship/

‣ FSL fMRI Course.

https://open.win.ox.ac.uk/pages/fslcourse/website/

‣ UCLA Summer School.

https://podcasts.apple.com/us/podcast/
2008-ucla-advanced-neuroimaging-summer-school-week-1/id434135871
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GETTING INTO FMRI
‣ The main software is freely available, and includes data sets and
step-by-step instructions.
‣ Statistical Parametric Mapping (SPM) - analysis.
‣ https://www. l.ion.ucl.ac.uk/spm/

‣ FSL - analysis.
‣ https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/
‣ Open multilingual fMRI battery – stimulus presentation software.
‣ www.cogneuro.net
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