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Abstract

fMRI was used to determine the frontal, basal ganglia, and thalamic structures engaged by three facets of language
generation: lexical status of generated items, the use of semantic vs. phonological information during language
generation, and rate of generation. During fMRI, 21 neurologically normal subjects performed four tasks:
generation of nonsense syllables given beginning and ending consonant blends, generation of words given a
rhyming word, generation of words given a semantic category at a fast rate (matched to the rate of nonsense syllable
generation), and generation of words given a semantic category at a slow rate (matched to the rate of generating of
rhyming words). Components of a left pre-SMA—dorsal caudate nucleus—ventral anterior thalamic loop were active
during word generation from rhyming or category cues but not during nonsense syllable generation. Findings
indicate that this loop is involved in retrieving words from pre-existing lexical stores. Relatively diffuse activity in

the right basal ganglia (caudate nucleus and putamen) also was found during word-generation tasks but not during
nonsense syllable generation. Given the relative absence of right frontal activity during the word generation tasks,
we suggest that the right basal ganglia activity serves to suppress right frontal activity, preventing right frontal
structures from interfering with language production. Current findings establish roles for the left and the right basal
ganglia in word generation. Hypotheses are discussed for future research to help refine our understanding of basal
ganglia functions in language generatiodINS 2003,9, 1061-1077.)
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INTRODUCTION ment, not to mention the role, of the basal ganglia in lan-
: . uage. Suggested functions of the basal gangliain movement
Although investigators have speculated about the role ognd language have included: facilitationitiation of de-

the basal ganglia in language since the end of the 19tQ. : ; : ;
: . ired actions and suppression of undesired actions (Gerfen,
century (Broadbent, 1872; Marie, 1906; Wernicke, 1874),1992; Penney & Young, 1986), selection of actions from

little consensus has been reached regarding the involv%—ornpeting alternatives (Jueptner & Weiller, 1998; Mink,

1996), and facilitation of controlled, as opposed to auto-
. - matic processing (Copland et al., 2000a). Although aphasia
Reprint requests to: Bruce Crosson, Ph.D., Department of Clinical and i d . b | lia lesi id
Health Psychology, University of Florida Health Science Center, Box!S common a ter dominant basal ganglia lesion, evidence

100165, Gainesville, FL 32610-0165. E-mail: bcrosson@hp.ufl.edu currently suggests that the more florid language symptoms
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in such cases are related to concomitant cortical dysfunoahile components of the caudate nucleus receive input
tion (Nadeau & Crosson, 1997; Weiller et al., 1993). None-largely from various prefrontal structures (Hoover & Strick,
theless, Mega and Alexander (1994) showed that the basaP99; Parent, 1990). The corticostriatal neurotransmitter is
ganglia play a more subtle role in the generation of wordsglutamate, an excitatory neurotransmitter (Gerfen, 1992).
and more recent evidence indicates that the basal ganglla turn, the neostriatal components of these loops each
have a broader role in complex aspects of language, that iproject to a distinct segment of the medial globus pallidus,
executive language functions (Copland et al., 2000b). Thisvhich is known to be the output organ of the basal ganglia.
latter role is consistent with the anatomic position of basalThe major striatopallidal neurotransmitter is gamma-
ganglia structures in multiple frontal-basal-ganglia—thalami@aminobutyric acid (GABA), an inhibitory neurotransmitter,
loops (Middleton & Strick, 2000), indicating that the func- though neuropeptides that may act as neurotransmitters also
tion of these loops must be considered to understand thare found in these projections (Gerfen, 1992). Each medial
role of the basal ganglia in language. pallidal segment projects to specific thalamic nuclei, each
The phylogenetically older structures of these loops, deepf which projects back primarily to the cortical region which
within the cerebral hemispheres, typically have not beercontributes fibers to the neostriatal component of its partic-
considered to possess the information storage capacity aflar loop. Thalamocortical projections are reciprocated by
the cerebral cortex. The connections of the basal gangliaorticothalamic projections. The pallidothalamic connec-
(Figure 1) are well known and give some clues regardingions employ the inhibitory neurotransmitter GABA, while
their function. These structures are situated in multiple anthe thalamocortical and corticothalamic neurotransmitter is
atomically segregated closed loops; each loop includes glutamate (Gerfen, 1992). For a complete discussion of
distinct region of the cerebral cortex (Middleton & Strick, neurotransmitters within cortical-basal ganglia loops, the
2000). At the subcortical level, the loops are not interconreader is referred to Gerfen (1992). Although most basal
nected, and access to the various subcortical structures ganglia loops originate in and target frontal cortical re-
limited to a finite set of brain structures. The caudate nu-gions, temporal and parietal loops also exist (Middleton &
cleus and putamen comprise the neostriatum. Much of th&trick, 2000). Thus, the connections of the basal ganglia
putamen receives input from motor and premotor cortexjndicate that they influence cortical processing. Other basal

@) . Medial
Pre-SMA Neostriatal Globus 'Ventral Ant,
Component* : Thalamus
Pallidus
n O]
Substantia
. Lateral @ ;
Ni
gra Globus | Subthalamic
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©

Fig. 1. Schematic diagram of pre—SMA-basal ganglia loop. Components of the “direct loop” (discussed in Introduc-
tion) are shown in boxes with heavy black lines. There is also an “indirect loop” which, due to space considerations,
was not detailed in the Introduction. Components of the “indirect subloop” are shown with shaded boxes. The neostri-
atal component* of the loop probably consists of striatal gray bridges, but also may include the caudate nucleus or
putamen on either side of the capsule (Inase et al., 1999). Direction of pathways between structures is indicated by the
arrows. Reciprocated connections are indicated by separate arrésn.circles indicate excitatory pathways;s in

circles indicate inhibitory pathways. Note that dopaminergic projections from the substantia nigra pars compacta to the
neostriatum have both excitatory and inhibitory effects, depending upon the target neurons (Gerfen, 1992).
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ganglia connections that influence the loops are shown imnd was located in thalamic centers related to motor func-
Figure 1 (Gerfen, 1992; Nambu et al., 2000). Finally, whiletions. Numbers of subjects in these studies varied between
this loop structure has largely been conceptualized as a unt and 10. With such inconsistencies in basal ganglia activ-
lateral system, cortical projections, especially from mediality during word generation and the probable methodologi-
frontal cortex, to the contralateral neostriatum also existal issues contributing to these inconsistencies, few attempts
(Buchanan et al., 1994; Cowan & Wilson, 1994; Inase et al.have been made to delineate the conditions under which
1999; Morino et al., 1994; Wang & Pickel, 1998). How basal ganglia activity is present or absent.
contralateral projections influence cortical-basal ganglia However, in arecent verbal working memory study, Cros-
loops has not been extensively explored. son et al. (1999) showed pre-SMA and anterior thalamic
While functional neuroimaging offers promise as a toolactivity in verbal working memory tasks involving lexical
to unravel the role of the basal ganglia in language, resultgems but not in a verbal working memory task in which
of functional imaging studies to this point have been lesdexical items were not attended to. On the other hand, cau-
than definitive (Cabeza & Nyberg, 2000). In particular, word date nucleus activity appeared only for a semantic working
generation studies have shown consistent activation of menemory task but not for a working memory task relying
dial frontal cortex, usually near the boundary of pre-SMA upon rhyming words. These findings raise two questions:
and the rostral cingulate zone (e.g., Crosson et al., 199%irst, is retrieval or manipulation of pre-existing lexical
2001; Petersen et al., 1988; Warburton et al., 1996). SMAtems what determines whether pre-SMA and its basal gan-
(supplementary motor area) is the posterior portion of meglia and thalamic targets become active? And, second, is
dial Brodmann’s area 6, while pre-SMA is the anterior por-such activity unique to working memory or does it apply to
tion of medial Brodmann’s area 6. SMA has reciprocalother verbal tasks, such as word generation?
connections with motor and pre-motor cortices, while pre- The purpose of this study was to determine which as-
SMA has reciprocal connections with prefrontal cortex (Mat-pects of language generation engage pre-SMA and related
suzaka et al., 1992; Picard & Strick, 1996). Anatomic studiestructures in the basal ganglia and thalamus. The most gen-
clearly show pre-SMA projections to striatal gray mattereral question was whether pre-SMA and its related subcor-
spanning the internal capsule and to the caudate nucleugal structures would show similar or dissimilar patterns of
and putamen on either side of the capsule (Inase et al. 1999ctivity when language generation involved lexigatsus
Further, the ventral anterior and dorsal medial thalamus areon-lexical processes, phonologicarsussemantic pro-
connected to pre-SMA (Wiesendanger & Wiesendangercesses, and fasersusslow generation. To the degree that
1985), and Akkal et al. (2002) recently identified the palli- cognitive operations of working memory and word gener-
dal segment of the pre-SMA-basal ganglia loop. While suctation overlap, the verbal working memory study of Crosson
anatomic studies highlight the striatal, pallidal, and tha-et al. (1999) suggested that pre-SMA and the ventral ante-
lamic components of this loop, these components have nator thalamus would be activated by lexical as opposed to
shown consistent activity in functional imaging studies ofnon-lexical processes. However, the findings of Crosson
word generation. Limitations in numbers of subjects, num-et al. also suggested that the caudate nucleus would be en-
ber of trials during functional neuroimaging, and experi-gaged by semantic as opposed to phonological processes.
mental design contribute to inconsistency in activation ofThe word-stem completion findings of Palmer et al. (2001)
basal ganglia and thalamic structures during word generaalso indicate that faster rates of word generation could
tion. Indeed, even work within single laboratories, usingdampen medial frontal activity though rate of generation
identical tasks, has proven inconsistent in this regard. Fodoes not appear to impact thalamic activity.
example, Warburton et al. (1996) compared verb genera- Thus, we endeavored to design a study of word genera-
tion to a resting state using positron emission tomographyion to determine factors that engage pre-SMA and related
(PET) in three separate studies performed in their laborabasal ganglia and thalamic structures. A series of language
tory. Medial frontal activity appeared in all three studies. generation tasks was developed that systematically varied
However, this comparison yielded activity in the left and lexical versusnonlexical processing, phonologicedrsus
right heads of the caudate nuclei in only one of the threesemantic processing, and higlersuslow density of re-
experiments. While thalamic activity was present in two ofsponse. Given that basal ganglia and thalamic activity could
three studies, the location varied considerably between theot be consistently replicated in previous studies, even using
two studies. Numbers of subjects in these experiments vardentical word generation tasks within the same laborato-
ied between 4 and 9. In a separate set of experiments thaes, we used several methodological devices to ensure op-
used varying imaging modalities, ovesrsuscovert word  timal sensitivity within these subcortical structures. First, a
production, and different rates of production, word-stemrelatively large number of subjects and trials was used to
completion and visual fixation were compared (Ojemannenhance reliability of analyses and sensitivity to activity in
et al., 1998; Palmer et al., 2001; Rosen et al., 2000). Aldeep brain structures. Second, a blocked trial format (i.e.,
though medial frontal cortex was active in all comparisonsmultiple responses to a single stimulus) was used. Pilot
of these studies, activity in the left and right putamen wasdata from our laboratory demonstrated that the extended
inconsistent between studies, and no activity was found iractivity generated by this format for word generation pro-
the caudate nucleus. Thalamic activity was more consisterduces a greater amplitude of signal change in medial frontal
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cortex than a single-event format. Thus, the blocked trial egory as possible (e.g., fobitds,” they might respond
format enhances signal-to-noise ratio, and therefore pro- “sparrow wren hawk. ..”). On the basis of pilot data,
vides for greater sensitivity than single-event paradigms. categories were chosen for which the generation rate
Third, a resting state was used as a control state because was equivalent to nonsense syllable generation.

initiation of other activities might involve basal ganglia func- 4. In slow category member generatiparticipants heard

tions (Heilman et al., 2003), and because recent evidence
a category and generated as many category members as

has indicated that a resting baseline enhances activity in : . . .
: . . possible. On the basis of pilot data, categories were cho-

language-related structures in comparison to using other . . .
sen for which the generation rate was equivalent to that

language tasks as a baseline state (Newman et al., 2001). of rhvme generation
Finally, a relatively stringent statistical threshold for activ- yme g '
ity was employed so that cluster size thresholds could be

decreased, thereby allowing us to visualize activity in rela- In separate imaging runs, 17.4 s blocks of each language
. ' Yy 9 y production task were alternated with 17.4 s blocks of rest
tively small subcortical structures.

Competing hypotheses were as follows: (1) in a stud during which participants were discouraged from thinking
with adFe): ua%[]e syepnsitivit to subcortical acti.vit consisten)t/any words to themselves. During word generation blocks

1 adeq ity Y, ._and the resting control state, subjects were instructed to
activity will be seen in pre-SMA and related basal ganglia

and thalamic structures when language generation involvefocus on a fixation point (cross) located outside the scan-
. . . guage gen r?er, which they could see through a mirror attached to the
retrieval of lexical items but not when it involves sub-

lexical processes: (2) altemnatively, pre-SMA and relate ead coil. Imaging runs began with a block of rest and were

) . . . 6.4 les long. ject rformed two imaging runs of
subcortical structures will show different patterns of activ- cycles fong Sgbjecs perto _ed 0 Imaging runs o
v during word generation. reflecting varving roles in lan- each task. Three lists of stimuli (i.e., categories, rhyming
y 9 9 o 1ng varying , ords, beginning and ending consonant blends) were de-
guage generation. Specifically, using Crosson et al.’s (1999

working memorv findinds as a template. bre-SMA and its eloped for each task. In each task for each subject, two
9 y gs a plate, p .. “lists were chosen in a pseudorandom fashion for use in
thalamic target will be active when word generation in-

. ) . imaging runs. The third list for each task was used to obtain
volves retrieval of lexical items, but the caudate nucleus ging

: . T oral generation rates after the scanning session.
will be active only when word generation is based on re-
trieval of semantic information.
Stimulus Presentation and Task

METHODS Performance

All word production was accomplished silently to avoid
Research Participants image artifacts created when participants speak during scan-

: . ning and to avoid activation elicited when participants hear
Twenty-one students, faculty, or staff at the University Oftheir own voice. Silent production has proved reliable for

Florida and'or residents of Gainesville, Florida (12 male, 9 imaging cortical regions such as pre-SMA in our own (e.g.,

female) participated. Ages ranged from 18 to 38 years; ed-
ucation ranged from 13 to 20 yearsl (= 16.5,SD = 2.0). Crosson et al., 1999, 2001) and other (e.g., Chao et al.,

All participants were native English speakers, were righ 1999; Warburton et al., 1996) laboratories. Order of presen-

. i i ttation of the language production tasks was pseudorandom-
hand dominant (Edlnburgh Hgndedness Inventpry. OId'ized. Categories and cues were presented via an IBM 380ED
field, 1971), and gave written informed consent in accor-

dance with a protocol approved by the Health Centernotebook computer using a Kenwood KR-A4070 amplifier,
Institutional Review Board at the University of Florida. a Realistic 31-2005 Ten Band Stereo Frequency Equalizer,

a JBL 2446J 16 ohm speaker attached to an air conduction
transducer, and foam insert ear phones. Output was biased
Word Production Tasks toward the high end of the frequency spectrum to compen-
. ) sate for the loss of amplitude in higher frequencies through
All participants performed four language generation task§ne air conduction apparatus. Before beginning experi-
silently during scanning sessions: ments, individual thresholds for word recognition during
scanning were determined, and stimuli were delivered at 30

1. In nonsense syllable generatigrarticipants heard be-
y g grarticip dB above threshold.

ginning and ending consonant blends and generated 4835
many nonsense syllables as possible (e.g.,skr." . If
they might respond “skalf, skilf, skoolf . . ."). Image Acquisition

2. Inrhyme generatiopparticipants heard a stimulus word Functional and structural images were acquired on a GE

anq‘gen"erated as many rhyming words as p"ossmle (e'gl’.ST Signa scanner using a dome-shaped quadrature radio

for “cat™ they might respondlat, hat, rat . . .%). frequency head coil. T1-weighted axial scout scans were
3. Infast category member generatiparticipants heard a acquired to place sagittal functional images in the brain,

category and generated as many members of the caand head alignment in the coil was adjusted, if necessary,
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such that the interhemispheric fissure was within two desmall degree of smoothing was used to prevent reduction of
grees of vertical. Twenty-two functional image slices (6.4—signal in small subcortical regions by volume averaging
6.9 mm thick) covered the whole brain. The plane betweerwith larger surrounding regions of inactivity.

slices 11 and 12 was placed in the interhemispheric fissure. Voxel by voxel analyses comparing each task to the rest-
A series of 64 functional images (10 images for each resting state were found to be more sensitive than other analy-
task cycle) was acquired for each of the 22 sagittal slicesis schemes to basal ganglia and thalamic changes, consistent
using a gradient echo spiral scan acquisition (King et al.with the findings of Newman et al. (2001) that language
1995; Macovski, 1985; Noll et al., 1995), TE 40 ms, task-rest comparisons have greater sensitivity than lan-
TR = 1740 ms, FA= 60°, FOV = 18 cm), 2 spirals. Images guage task—language task comparisons. Thus, given the fo-
were reconstructed into a 128128 matrix. Subsequent to cus of this paper on basal ganglia and thalamic contributions
functional images, T1-weighted structural images were acto word and nonsense syllable production, we present these
quired for 124X 1.3 mm thick sagittal slices, using a 3D analyses. Studentstests were conducted across partici-
spoiled GRASS volume acquisition (TE 7 ms; TR= pants on a voxel-by-voxel basis comparing alternations be-
27 ms; NEX= 1; FOV = 24 cm; matrix size= 256X 192).  tween each of the 4 tasks and rest to a null hypothesis of no
change in activity from rest to language production. Both a
statistical probability threshold applied on a voxel by voxel
basis and a cluster-size threshold of contiguous voxels to
Functional images were analyzed with the Analysis of Funcidentify regions of significant activity were used. Clusters
tional Neuroimaging (AFNI) program (Cox, 1996). Func- of activity were defined using a statistical probability thresh-
tional images for each imaging run were spatially registereald for voxel-wiset test ofp < .00001. When regression

to a base image using a 3-dimensional registration algoanalyses with nine random reference waveforms were per-
rithm, visually inspected for gross artifact, and viewed in aformed on the current data at this probability level, no sig-
cine loop to detect residual motion. For each task, imagesificant clusters were found. (This approach to defining
from a participant were discarded due to significant arti-cluster size and probability thresholds was derived from the
facts or motion on either of the two runs. This procedurework of Bullmore et al., 1996, and Forman et al., 1995.)
left data for analysis from 19 subjects in nonsense syllabl@hus, the ability to confidently reject false positive activity
generation, 21 subjects in rhyme generation, and 20 sulat this probability level allows us to use a relatively small
jects for each category-member generation task. Mean sigsontiguity threshold of volume greater than aDto define

nal intensities for individual images in the slice-time matrix significant activity, thereby increasing sensitivity to small
were normalized to the group mean, and voxels for whichregions of activity in the basal ganglia and thalamus.

the standard deviation of the signal in the time series ex-

ceeded 5% of the mean signal were set to zero to attenuafsESULTS

large vessel effects and residual motion artifacts. Linear

drift in the time series was removed using Gram-SchmidtFigure 2a shows that generation of nonsense syllables and
orthogonalization. The acquired functional time series ingeneration of rnyming words both emphasized phonologi-
each voxel was regressed against sinusoidal reference waveal as opposed to semantic processing, while fast and slow
forms, time-locked to the alternating cycles of word gener-category-member generation emphasized semantic as op-
ation and rest (Bandettini et al., 1993). Nine phase-shifteghosed to phonological processing. Generation of nonwords
reference waveforms were used to compensate for temporahd fast category-member generation were matched by
differences in acquisition of each spiral within the 22 slices.pilot data for their relatively high density of response gen-
The waveform generating the highest correlation was usedration, while generation of rhyming words and slow
for each voxel. Use of this regression technique assumesategory-member generation were matched by pilot data
that the form of the hemodynamic response will be similarfor their relatively low density of response generation. Fig-
between cortical and subcortical structures. A compositeire 2b indicates that tasks also could be divided according
functional image for each run for each subject was generto whether words (i.e., lexical items) or nonsense syllables
ated using magnitude of least squares fit (MLSF), an addi{i.e., nonlexical items) are generated; words are generated
tive function that contains information about the temporalon the rhyme generation, fast category-member, and slow
correlation of the acquired time series with the selectedcategory-member generation tasks, while nonwords are gen-
reference wave form, as well as the amplitude of signakrated on the nonsense syllable generation task. These di-
changes in the acquired time series. Functional images deisions of task characteristics indicate what variables
rived for the 2 runs of each task were averaged. Subdetermine the participation of different frontal, basal gan-
sequently, anatomic and averaged functional images werglia, and thalamic structures in language generation.
linearly interpolated to 1 mrhvoxels, co-registered, and  For each task, oral generation rates were obtained for one
converted to stereotactic coordinates (Talaraich & Tournouxof three lists outside the scanner. Mean rates of item gener-
1988). Functional image volumes were smoothed (3 mnation for each task are displayed in Table 1. Two-tailed
FWHM Gaussian filter) to compensate for intersubject vari-tests (p < .05) indicate that fast category-member genera-
ability in structural and functional anatomy. This relatively tion and nonsense syllable generation do not differ from

Image Analyses

https://doi.org/10.1017/5135561770397010X Published online by Cambridge University Press


https://doi.org/10.1017/S135561770397010X

1066 B. Crosson et al.

Phonological Semantic
Processes Processes
Non- Nonsense
Lexical Syllable
Generation
Fast Nonsense Fast Category
Generation Syllable Member
Generation Generation
Rhyme
Generation
Fast Category
Slow Rhyme SIovaeCr:Leeg:ory Lexical Member
Generation Generation Generation Generation
Slow Category
Member
Generation
a b

Fig. 2. Experimental task characteristics. The four word generation tasks can be classified as requiring phonological
versussemantic processing or fagersusslow generation (a), but also can be classified by whether they require
nonlexicalversuslexical processing (b).

one another, and slow category-member generation ancbrtical regions activated in the left hemisphere on one or
rhyme generation do not differ from one another, as exmore tasks include: cortex along the inferior frontal sulcus,
pected for both comparisons. The rate of item generatiorortex along the precentral sulcus, pre-SMA and cortex in
for nonsense syllables was significantly greater than th&A 32 (collectively referred to as the pre-SMA in text), and
rate for both rhyme generation and slow category-membeSMA.

generation. Fast category-member generation showed a sig-

nificantly faster rate than slow category-member genera-

tion. However, fast category member generation did nofActivity in the Left Pre-SMA Loop,

differ from rhyme generation, as expected. In summarySMA, and the Putamen

oral generation rates outside the scanner were general
confirmatory of pilot data, with the exception that the rate
of fast category-member generation did not differ signifi-
cantly from the rate of rhyme generation.

In voxel-by-voxel statistical analyses for each tagksts
were used to compare task—rest activity cycles to a nul
hypothesis of no change between rest and task, using
statistical probability threshold @f<< .00001 with a cluster
size threshold of volume greater than pQ Activity in
structures of the frontal lobe, basal ganglia, thalamus, an
cerebellum is presented in Table 2 for the left hemispher
and Table 3 for the right hemisphere. The major frontal

Bre-SMA is the anterior portion of medial Brodmann'’s area
6 (Matsuzaka et al., 1992; Paus, 2001; Picard & Strick
1996, 2001). In our work, we have found that a coronal
plane 4 mm anterior to the posterior margin of the anterior
Fommissure best separates pre-SMA from SMA, which oc-
upies the posterior portion of medial Brodmann’'s area 6
rosson et al., 2001). Robust activity in left pre-SMA was
seen in three tasks compared to resting baseline (Table 2):
Hﬁyme generation (Figure 3), fast category-member gener-
tion, and slow category-member generation (Figure 3).
his activity borders on and includes the most superior por-
tion of Brodmann’s area 32. In the fourth task, nonsense
syllable generation, almost no activity was seen in pre-
SMA. What little activity appeared in pre-SMA (less than
Table 1. Experimen'_[al subjects’ mean production rates for each gne seventh of the volume in other tasks) was posterior to
task (per 17.4 s period) activity in the other three tasks. If a relaxed statistical thresh-
old of p < .0001 was applied to ascertain the extent of

Nonsense Fast category Slow category e o ) i
syllable member Rhyme member activity in pre-SMA, the activity became contiguous with
generation generation generation generation SMA activity, and, therefore, it most likely is an extension

5 of that SMA activity. Thus, the left pre-SMA showed a
7.412 7.2 6.40P¢ 5.85°

volume of activity in tasks involving word generation, and

Note.Means sharing the same superscript are not significantly differen©@nlY @ very small volume of activity in the task 'nVOlV'ng_
from on another (two-tailetitest,p < .05). generation of nonwords, that is, nonsense syllables. Activ-
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Table 2. Significant areas of increased activity for left frontal cortex, basal ganglia, thalamus, and cerehehur®@001, volume> 50 ul)

Nonsense syllable

Fast category

Slow category

generation Rhyme generation member generation member generation
Brain area Volume Location Brain area Volume Location Brain area Volume Location Brain area Volume
Structure Local maximum Local maximum Local maximum Local maximum
Lateral prefrontal cortex Inf F Sulcus 1747l —46,23,30 Inf F Sulcus 1484l —46,23,29
tuax = 10.67 tuax = 11.74
Broca'’s area BA 4445 291ul -51,10,18 BA 4445 86ul -51,12,23 BA 4445 59ul —51,11,24
tuax = 9.21 tyax = 7.56 tyax = 7.52
BA 44/45 133ul -52,28,13
tuax = 8.13
Dorsal premotor BA6 Tl —-23-156 BAG6 76ul -32,3,55 BA6 157ul —27,4,62
tyax = 7.75 tyax = 7.37 tuax = 10.38
Ventral premotor BA 68 514 ul —40,4,29 BA6 2291ul —46,2,29 BA6 131ul —39,1,42
tuax = 8.14 tuax = 10.48 tyax = 7-73
Medial prefrontal
SMA SMA 311 ul —4,0,57 SMA 410ul —4,0,57 SMA 364ul -5,2,55 See Below
tuax = 9.69 tyax = 12.62 tuax = 8.02
Pre-SMA Pre-SMA 5l -5,8,49 Pre-SMA 725 ul -5,21,43 Pre-SMA 39&l -2,16,51 Pre-SMA 912 ul -1,17,49
tuax = 8.08 BA32 tuax = 9.14 tyax = 7.72 SMA/BA32  tyax=9.33
BA 32 See Above BA 32 73l -6,18,40 See Above
tuax = 7.91
Caudate nucleus Caudate 228 -16,0,20 Caudate 263l —14,-3,24 Caudate 1016ul -10,-9,14
tyax = 8.63 tuax = 8.38 VA Nucleus ty,ax = 10.88
Putamen Putamen 64 -21,-2,10 Putamen 9zl -20,2,2
tuax = 9.50 tyax = 7.76
Putamen 55l -21,-21,4
tuax = 8.54
Ventral anterior thalamus VA nucleus 150 —14,-10,15 VA nucleus T4l -15-11,9 Caudate 1016ul -10,-9,14
tuax = 7.85 tuax = 6.76 VA Nucleus tyax = 10.88
Cerebellum Cerebellum 66ul -16,—-47,-12
tuax = 7.44

Note.BA = Brodmann'’s area; Inf F Sulcus inferior frontal sulcusfy,x =
entry in the table represents a single cluster of activity; sometimes clusters span more than one structure.

local maximumt value; SMA= supplementary motor area; pre-SMApre-supplementary motor area; WAventral anterior. Each
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local maximumt value; pre-SMA= pre-supplementary motor area; VAventral anterior. Each entry in the table represents a single cluster of activity;

Brodmann'’s area; Ins insula; tyax
sometimes clusters span more than one structure.

Note.BA

B. Crosson et al.

ity in two other left-hemisphere structures, the dorsal left
caudate nucleus plus the adjacent capsule and the left ven-
tral anterior thalamus, followed the same pattern (Figure 3;
Table 2). Even when the statistical threshold was lowered
to p < .001, there was no activity in either the dorsal cau-
date nucleus or the ventral anterior thalamus during the
nonsense syllable generation task. Given the known con-
nections of pre-SMA with the caudate nucleus and adjacent
capsular gray matter (Inase et al., 1999) and with the ven-
tral anterior thalamus (Wiesendanger & Wiesendanger,
1985), activity in pre-SMA, the dorsal lateral caudate nu-
cleus, and the ventral anterior thalamus in all likelihood
represents involvement of a pre-SMA—dorsal caudate—
ventral anterior thalamic loop in generation of words. The
only component of the loop that was not activated by word
generation tasks was the medial globus pallidus; the prob-
able reasons for a lack of pallidal activity are briefly dis-
cussed below.

All tasks activated left SMA to some degree. SMA is
known to project to the putamen (Inase et al., 1999), but the
left putamen showed significant activity only for nonsense
syllable and fast category-member generation (Table 2).
Thus, the left putamen was active for tasks that involved a
faster rate of language generation, irrespective of whether
subjects generated words or nonwords. For this reason, the
case for involvement of the entire left SMA-putamen-
thalamic loop is not as strong as it is for the pre-SMA loop.
Elements of this loop other than SMA and the putamen
(i.e., globus pallidus or ventral lateral thalamus) did not
show significant activity, and SMA was active in all tasks
while the putamen was active only in selected tasks.

Activity in Other Left Frontal Structures

Two other areas of left frontal cortex showed patterns of
activity for tasks that paralleled elements of the experimen-
tal design. First, cortex along the inferior frontal sulcus was
active only for the fast and slow semantic generation tasks
(Table 2), indicating that this cortex is involved in the se-
mantic aspects of word generation. In a previous study (Cros-
son et al., 2001), this area was even more active when word
generation was guided by external semantic cues. Second,
lateral premotor cortex along the precentral sulcus was ac-
tive to some degree in all tasks. However, the most robust
activity was seen during the nonsense syllable and the rhyme
generation tasks (Table 2). Indeed, the maximum activity
for these two tasks was in a ventral position along the sul-
cus, within 6 mm or less in every plane for these two tasks.
The maxima of activity for the smaller volumes in the se-
mantic generation tasks were far removed from maxima in
the syllable and rhyme generation tasks. This finding indi-
cates there is an area in the left lateral premotor cortex that
is involved in processing phonological information during
language generation.

The fact that Broca'’s area demonstrated significant activ-
ity in three of the four tasks deserves mention, even though
the pattern does not parallel any of the experimental design


https://doi.org/10.1017/S135561770397010X

Basal ganglia and word generation 1069

Slow Category-
Member Generation

Rhyme
Generation

Fig. 3. Activation of left pre-sma—dorsal caudate—ventral anterior thalamic loop during rhyme and slow category
member generation. The left pre-SMA—-dorsal caudate—ventral anterior thalamic loop was activated by tasks requiring
lexical processing. Rhyme generation (left), slow category member generation (right), and fast category member
generation (not shown) all activated the same components of this loop. In each of these tasks, left pre-SMA, the left
dorsal caudate nucleus extending into the internal capsule, and the left ventral anterior (VA) thalamus showed a
significant increase in activity relative to a resting baseline. In the medial globus pallidus (MGP), significant activity
changes were absent, probably because of alternating increases and decreases in activity during generation of word
sequences (see text). For nonsense syllable generation, neither the dorsal caudate nucleus nor the ventral anterior
thalamus showed significant activity increases, and the pre-SMA activity increase was minimal compared to other
tasks. Significant clusters of activity (volunre 50 ul) were determined by a statistical probability pf< .00001

(yellow). To visualize the extent of clusters, activity also is shown at a statistical probability<of0001 (red). The

vertical green line on the pre-SMA slices represents the dividing line between SMA and pre-SMA.

elements. Broca’s area demonstrated activity for the nonstrated significant activity increases relative to rest for tasks
sense syllable, slow category-member, and fast categoryequiring generation of words but not for nonsense syllable
member generation tasks. The fact that activity patterns igeneration; however, the increased activity was more wide-
Broca’s area did not parallel any of our design elementspread in the right than in the left basal ganglia. For the
suggests determinants of activity in Broca’s area other tharhyme, slow category-member, and fast category-member
those covered by the design elements of the current study. tfeneration tasks, activity occurred in both the right puta-
was recruited both in semantic tasks and in a task whermen and the lateral portion of the right dorsal caudate nu-
novel syllables were produced. cleus (Figure 4; Table 3). In all cases this activity extended
into the anterior limb of the internal capsule, between the
putamen and the dorsal caudate nucleus. Although activity
clusters from the left pre-SMA region extend minimally

into the right hemisphere for these tasks, one small inde-
As in the left pre-SMA, left dorsal caudate nucleus, and leftpendent area of significant activity in the right pre-SMA

ventral anterior thalamus, the right basal ganglia demonwas evident only on the rhyme generation task. The sub-

Activity in Right Basal Ganglia
and Frontal Structures

https://doi.org/10.1017/5135561770397010X Published online by Cambridge University Press


https://doi.org/10.1017/S135561770397010X

1070 B. Crosson et al.

Rhyme
Generation

Slow Category
Member
Generation

Fig. 4. Right basal ganglia and frontal activity for rhyme and slow category member generation. For language gener-
ation tasks requiring lexical processing, right basal ganglia activity (a, b) is more diffuse than in the left hemisphere,
and with the exception of the right frontal opercular-insular junction (d), there is little medial or lateral frontal activity.
Significant activity during rhyme generation is shown in the top two rows, and significant activity during slow category
member generation is shown in the bottom two rows. For both of these tasks, activity increases occurred in the right
dorsal caudate nucleus [CN] and anterior limb of the internal capsule [IC] (a), in the right putamen [Put] and IC (b), and
at the junction of the right frontal operculum [Op] and insula [Ins] (d). Little or no activity occurred in the right medial
frontal cortex [pre-SMA] (c) or lateral frontal [Lat Fr] (e) cortex for either task. Fast category member generation (not
shown) demonstrated a similar activity pattern to the other tasks with a lexical component. Nonsense syllable gener-
ation did not evoke significant activity in the right basal ganglia or frontal cortex. Significant clusters of activity
(volume > 50 ul) were determined by a statistical probability pf< .00001 (yellow). To visualize the extent of
clusters, activity also is shown at a statistical probabilitypef .0001 (red). The vertical green line on the pre-SMA
slices represents the dividing line between SMA and pre-SMA.
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stantial activity in the right putamen, right caudate nucleusnected subcortical structures would occur consistently when-
and intervening capsular region, in the absence of any corever language generation involved lexical as opposed to
sistent activity in the right pre-SMA region across lexical non-lexical processes, or that pre-SMA and connected sub-
tasks suggests that the source of the right-hemisphere bagairtical structures would show varying patterns of activity
ganglia activity may be input from the left pre-SMA. In the across the different language generation tasks reflecting
macaque, this region of the right basal ganglia, includingdifferent functional profiles. Findings clearly favor consis-
the striatal gray bridges spanning the capsule, is a projedent activity of pre-SMA, the dorsal caudate nucleus, and
tion area of the left pre-SMA (Inase et al., 1999), suggestventral anterior thalamus across language generation tasks
ing that the left pre-SMA could be the source for this rightinvolving lexical retrieval. The following discussion of these
neostriatal activity. findings will deal with a number of issues related to this
Only one right frontal area was active across the lexicafinding: a possible role for the left pre-SMA-dorsal caudate—
tasks (Table 3). This area was at the juncture of the parsentral anterior thalamic loop in lexical retrieval, alterna-
opercularis and the insula. This region is close to cortexives this explanation of our findings, development of
that could be considered a right-hemisphere homologue ttestable hypotheses about the precise nature of the role of
Broca’'s area. The only other area of right-sided activity inthis loop in lexical retrieval, and the absence of activity in
the frontal cortex or basal ganglia loops was limited to anone constituent of this loop in the current study (i.e., the
area of activity in the right ventral anterior thalamus in theglobus pallidus). In addition we will discuss four other
fast category member generation task. Thus, when conissues: (1) the role of the right basal ganglia in the gener-
pared to left cortical and subcortical activity, activity of ation of words; (2) differential involvement of lateral fron-
the right basal ganglia was more widespread but occurrethl structures in phonologicalersussemantic processes;
within the context of limited right frontal activity. (3) areas of decreased activity for tasks compared to the
resting baseline; and (4) limitations of the current study.

Activity Decreases

. , _ The Left Pre-SMA-Dorsal Caudate
Some areas of activity decrease in the various tasks reléNucIeus—VentraI Anterior Thalamic

tive to rest occurred (Table 4). One area of decreaseE00 in Lexical Retrieval
activity was found in a frontal region for rhyme genera- P

tion; it was in right BA 32 anterior to the genu of the In the current study, left pre-SMA and adjacent Brod-

corpus callosum. No _other area of de_creased activity fOFnann’s area 32, the left dorsal caudate nucleus and adja-
any task-rest comparison was found in the frontal lobesyony cansyle, and the ventral anterior thalamus all were

pasal ganglia, or thalamus. Somg areas of decreased ac_t%(c':tivated on tasks involving retrieval of pre-existing lexi-
ity were found in the posterior cingulate or temporopari- o jiems, whether based on semantic or phonological pro-
etal regions for the_ lexical tasks. Qne area of activity ;o sses. Extension of dorsal caudate activity into the capsule
decrease occurred in the .Ieft parahippocampal gyrus folrs assumed to represent the grey bridges between the cau-
nonsense syllable generation. date nucleus and putamen to which pre-SMA projects (In-
ase et al., 1999). While a very small portion of pre-SMA is
DISCUSSION activat.ed on nonsense s.y.llat_)le generation, this activity is
posterior to pre-SMA activity in other tasks and appears to
The current experiment was designed to distinguish conbe merely an extension of the larger SMA activity. While
tributions of the pre-SMA and related basal ganglia andportions of dorsal premotor cortex are active on all of
thalamic structures to lexical, semantic, and phonologicathese tasks, there are significant differences in locations
aspects of language generation. In previous studies, thaadicating that these are different foci of activity. No other
lamic nuclei and particularly the basal ganglia have showreft-hemisphere regions showed exclusive activity on all
inconsistent activity during word generation tasks, everof these lexical tasks. Even in studies of the same word
when identical tasks were imaged in the same laboratoriegeneration tasks within the same laboratory (Ojemann et al.,
(Ojemann et al., 1998; Palmer et al., 2001; Rosen et al1998; Palmer et al., 2001; Rosen et al., 2000; Warburton
2000; Warburton et al., 1996). Given such inconsistencieset al., 1996), previous studies have not shown such consis-
we took steps to improve sensitivity to basal ganglia andent activity in the basal ganglia or thalamus. For the cur-
thalamic activity: We used a relatively large number of rent study, we attribute the consistency of activity in these
subjects, a blocked trial format, two experimental runs forstructures to the measures that we took to ensure sensitiv-
each task, rest (visual fixation) as our control state, and &y to subcortical activity. The most obvious conclusion is
stringent statistical probability with a small cluster size that these structures (left pre-SMA, left dorsal caudate nu-
which allowed us to image small subcortical structurescleus, left ventral anterior thalamus) are linked to facilitate
With improved sensitivity to subcortical activity, simple retrieval of lexical items from pre-existing stores during
competing hypotheses could be explored. These hypotHanguage generation. This conclusion is bolstered by the
eses postulated either that activity in pre-SMA and conknown connections between pre-SMA and this general re-
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Table 4. Significant areas of decreased activify € .00001, volume> 50 ul)
Nonsense syllable Fast category Slow category
generation Rhyme generation member generation member generation
Brain area \Volume Location Brain area Volume Location Brain area \olume Location Brain area Volume Location
Structure Local maximum Local maximum Local maximum Local maximum
Right anterior cingulate BA 32 77l 3,38,10
cortex (pregenual) twax = —7.83
Posterior Cingulate Cortex
Left BA31/23 1662ul —1,-51, 33
tuax = —10.01
BA 31 119ul —6,—63, 25
tuax = —7.45
BA 23 67 ul —4,-20, 27
tuax = —7.73
BA 31 52 ul —8,-40, 37
tuax = —10.01
Right BA 23/31 262ul 2,—52,24 BA 3231 316ul 2,-52,29 BA31 72ul 7,—64,30
tyax = —7.51 tyax = —7.43 tuax = —7.14
BA 31 97 ul 1,-46,36
tuax = —7.54
BA 31 74 ul 3,—-20,36
tyax = —9.67
Tempora)parietal cortex
Left BA 39 8lul —49,-54,27
tuax = —8.43
Right BA 39 110pul 46,-68,30
tyax = —7.79
BA 21/39 55ul 55,-52,8
tyax = —8.42
BA7 52 ul 16,-63,35
tyax = —7.93
Left parahippocampal gyrus BA 36 110 —25,-33,-7
tuax = —10.61

Note.BA = Brodmann'’s area,,x = local maximumt value; “pregenual” indicates cortex anterior to the genu of the corpus callosum. Each entry in the table represents a single cluster of adiivieg so

clusters span more than one structure.
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gion of the striatum (Inase et al., 1999), between pre-SMA2001). Such results have been interpreted to indicate that
and the ventral anterior thalamus (Wiesendanger & Wiethis region may be involved in monitoring the competition
sendanger, 1985), and between pre-SMA and the globusetween potential responses. However, this explanation for
pallidus via the thalamus (Akkal et al., 2002). Such con-pre-SMA involvement does not account for other data con-
nections are a prerequisite for these structures to functionerning the role of the basal ganglia in lexical retrieval.
as a unified system. Nonetheless, other potential explana&opland et al. (2000b) used a triplet priming task to study
tions for the similar pattern of activity between these struc-patients with dominant-hemisphere subcortical lesions that
tures should be addressed. involved the basal ganglia ajidr surrounding white mat-
ter but not the dominant thalamus. These latter investiga-
tors found that semantic cues create a bias that affects
Alternative Explanations to a Role for the subsequent responding in a lexical decision task. In neuro-
Left Pre-SMA Loop in Lexical Retrieval logically normal subjects, that bias not only affects auto-
matic responding at short intervals (100 ms) but also affects
As just noted, left pre-SMA, the left dorsal caudate nu-controlled processing at relatively long intervals (1250 ms).
cleus, and the left ventral anterior thalamus consistentlyn subjects with dominant subcortical lesions, the bias oc-
showed increased activity in the tasks requiring generatiocurs at short intervals, but is not maintained at long inter-
of a lexical item. Put most simply, alternative explanationsvals. Copland et al.’s (2000b) data suggests that the conflict
to involvement of the pre-SMA loop in lexical retrieval monitoring hypothesis for pre-SMMA 32 activity (Barch
would involve hypothesizing an uncoupling of the activity et al., 2000; Botvinick et al., 1999; Carter et al., 2000;
in at least one of these structures from activity in theMilham et al., 2001; van Veen et al., 2001) should be
others during generation of lexical items. These explanaextended slightly to accommodate the subcortical compo-
tions clearly violate the law of parsimony (Occam’s ra- nents of the pre-SMA—dorsal caudate—ventral anterior tha-
zor). The most parsimonious conclusion regarding activityamic loop. We propose that pre-SMBA32 not only
in pre-SMA, the dorsal caudate nucleus and adjacent capnonitors conflict between competing potential words but
sule, and ventral anterior thalamus during lexical generaalso biases responding toward one of these alternatives.
tion is that these structures participate in a system thathe role of the subcortical components of the loop is to
contributes to retrieval of lexical items from pre-existing maintain this bias long enough to impact controlled cogni-
stores during word generation. In the absence of compelive processes, including working memory. If necessary,
ling evidence for some alternative explanation, we will this bias could be overridden during the actual word selec-
accept for now the most parsimonious one. As just notedtion, but in the absence of overriding factors during con-
the anatomical connections between these structures bakolled word selection, the bias would strongly influence
ster the idea that they are involved in a unified systemresponding. This hypothesis can be tested in future re-
While the current data alone cannot determine how thesearch. More recent work by Copland (this issue) indicates
pre-SMA—dorsal caudate—ventral anterior thalamic loop conthat the inability to maintain the bias at longer intervals
tributes to lexical generation, data from previous studiesnay relate to a lack of ability to suppress competing alter-
can be used to generate hypotheses that may lead to futunatives. This interpretation is entirely consistent with Mink’s
research. (1996) interpretation of the role of the basal ganglia in
motor activity, that is, the enhancement of desired behav-
ior and suppression of competing behaviors.
The Nature of the Role of the Pre-SMA
Loop in Lexical Retrieval

Several lines of evidence bear upon the role of this pre- When one plots Talairach coordinates (Talaraich & Tournoux, 1988)

. . . . N from many previous studies requiring monitoring of response competi-
SMA loop in word generation. First, previous findings from tion, activity peaks are generally in the paracingulate sulcus (Barch et al.,

our laboratory indicate that the left pre-SMA region is 2000; Botvinick et al., 1999; Carter et al., 2000; Milham et al., 2001; van
involved in Semantlca"y driven word generatlon but not in Veen et al., 2001). The paracingulate sulcus is the dividing line between

", . he rostral cingulate zone (BA 32) and pre-SMA (the anterior portion of
word repetition (Crosson et al., 2001). When ConSIderecﬁnedial BA 6; Paus et al., 1996). Generally, investigators in these studies

with the current results, that finding suggests that it is notave referred to the cortex in this area as anterior cingulate cortex, favor-
the mere use of a lexical item in task performance but thdhg the BA 32 side of the paracingulate sulcus. However, we have chosen

. | of that lexical i £ . h the designation of pre-SMA for two reasons: The first is simplicity of
retrieval of that lexical item from pre-existing stores that presentation. The second is that we performed a study of word generation

engages the pre-SMA loop. Second, recent evidence haswhich activity on the uppeversusthe lower bank of the paracingulate
accumulated that medial frontal cortex around the paracsulcus was compared in individual participants (Crosson et al., 1999).

. lat | . | fi imilar to that of tud Significantly more activity occurred on the upper bank of the sulcus than
Ingulate sulcus, In a location simifar to that or our stuay, e jower bank, indicating that more activity occurred in pre-SMA than the

shows greater activity at times when multiple responsesostral cingulate zone. No matter what designation is used for this area, it
are possible and subjects must choose between the corgfiould be keptin mind that it includes portions of both pre-SMA and the

. . . rostral cingulate zone. It also should be noted that pre-SMA and the rostral
peting responses (Barch et al., 2000; Botvinick et al., 1999ingulate zone connect with similar areas of prefrontal cortex (Picard &
Carter et al., 2000; Milham et al., 2001; van Veen et al.,Strick, 1996).
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Absence of Globus Pallidus Activity on input to the ventral anterior thalamus from the medial
in Current Findings globus pallidus, one would expect activity in the ventral
anterior thalamus to mirror that of the medial globus palli-
Perhaps the greatest limitation regarding our interpretationus (i.e., in this hypothesis, no net change across blocks of
that the dominant pre-SMA—dorsal caudate—ventral anteword generation). However, it must be remembered that the
rior thalamic loop plays a role in retrieving lexical forms connections of ventral anterior thalamus with pre-SMA are
during word generation is the absence of any activity changeeciprocal in nature. Thus, corticothalamic input could ac-
in the medial globus pallidus. As in similar cortical-basal count for ventral anterior thalamic activity even if cycles of
ganglia loops, the medial globus pallidus must be situatedncreased and decreased input from the globus pallidus tend
between the dorsal caudate nucleus and the ventral anteritiy cancel each other across word generation blocks.
thalamus in the pre-SMA loop (Akkal et al., 2002). Why
were no activity changes seen in the medial pallidal seg- ) )
ment of the loop? The development of a testable hypothesi_@OIe of the nght_ Basal Ganglia
would be useful for future research. in Word Generation
F|gu're 1 shows that n addition to dlrect connecpons f.romWe must now turn our attention to the activity in the right
the striatum to the medial globus pallidus, there is an indi- . . : . X
. . .~ basal ganglia on the tasks involving the retrieval of lexical
rect subloop from the striatum to the lateral globus pallidus
. . . Items, the same tasks that engaged the left pre-SMA—dorsal
to the subthalamic nucleus to the medial globus pallidus

(Gerfen, 1992) and connections from pre-SMA to the Sub_caudate—ventral anterior thalamic loop. In comparison to

thalamic nucleus to the medial globus pallidus (Nambu et al.i(ia\;tt_ hircnclip?eedremaocrtév\l:}i/aggh:ehae dmslzp?féi tza;ilh%asggztﬁg-
2000). It has been proposed that inhibitory inputs from th Y P P 9

striatum to the medial globus pallidus (direct loop) serve tc?tum’ including the lateral portion of the dorsal caudate

inhibit pallidal neurons, which reduces their inhibition of nucleus, the putamen, and the capsular region between them.

! : ._In the presence of this relatively widespread engagement of
thalamic neurons. The effect is to enhance thalamocortlca*ﬁe right neostriatum, only a single significant region of

excitation allowing desired actions to be performed. The . L
. . ; right frontal activity was present across these tasks, the
excitatory inputs from the subthalamic nucleus to the me- = . . : .
: ) ; : . .__region at the junction of the frontal operculum and the in-
dial globus pallidus, via subsequent pallidothalamic projec- . .
. ST ; . - sula. One possible explanation for the absence of greater
tions, inhibit surrounding thalamocortical activity that R . )
. . frontal activity in the presence of relatively widespread
represents competing behaviors. Output of the subthalamic

nucleus can be driven either by the indirect subloop or byneostnatal activity in the right hemisphere is that the neo-

direct connections from pre-SMA to the subthalamic nu_strlatal activity somehow acts to suppress right frontal ac-

cleus (Gerfen, 1992 Inase et al., 1999: Mink, 1996 Nambutivity to keep it from interfering with word generation
et al. 2000 R’edgra,ve ot al 1é’99) ' ' ' processes in the left hemisphere. The lateral portion of the

Evidence strongly indicates that synaptic input drives th [ight caudate nucleus, right putamen, and gray bridges of

hemodynamic response (Lauritzen, 2001). One possible reeélr-]e intervening capsular region are known to receive affer-

son for a lack of change in medial pallidal activity in the ents from the left pre-SMA region (Inase et al., 1999). Thus,

current tasks is the following: Our word generation tasks < hypothesize that input from left pre-SMA to the right

: . . striatum plays a role in suppressing right frontal activity.
required generation of a sequence of words (either from g, . . . . .
. . his hypothesis regarding suppression of right frontal mech-
category or a rhyming cue). Competing responses that must . L2 o
2 . . ) anisms has profound implications for lateralization of lan-
be inhibited during production of the first response must be . . .
L : ... guage production and should be tested in future experiments.
disinhibited to allow for later responses representing differ-
ent category members or rhyming words, and responses
given earlier in a sequence must be inhibited so that diﬁer‘Lateral Frontal Structures in Phonological
ent words can be generated later in the sequence. One W rsysSemantic Processes
this might happen is that both the response facilitation input
to the medial pallidum from the direct loop and the re- It should be noted that other areas of activity in left lateral
sponse suppression input to the medial pallidum from thdrontal cortex showed patterns that corresponded to exper-
subthalamic nucleus show alternating cycles of increaseamental manipulations. First, activity along the inferior fron-
and decreased activity which result in no net change irtal sulcus was active only for tasks involving semantic
synaptic activity across a word generation block. These alprocessing in word generation (i.e., both category-member
ternating cycles of increased and decreased pallidal inpwgeneration tasks). This result is consistent with previous
would allow for switching from one word to another as the findings from our laboratory (Crosson et al., 2001) indicat-
response sequence develops. Future experiments shouldibpg that this area is active for tasks involving category-
developed to test this hypothesis. One challenge in doing smember generation but not for word repetition, since word
would be to develop imaging techniques sensitive to activrepetition can be done on the basis of lexical knowledge
ity changes in the relatively small portion of the subtha-without reference to semantic information conveyed by the

lamic nucleus connected to pre-SMA. Finally, based purelywords. Second, a specific region of premotor cortex along
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the precentral sulcus was active primarily during languagesal threshold was relaxed from the< .00001 level used to
generation tasks involving phonological components. In elecidentify significant clusters of activity to thp < .0001
trical stimulation studies, Ojemann (1983) has shown thatevel. Thus, while we can conclude that significant activity
motor and phonological processes are closely linked, whicloccurs in the subcortical structures during lexical genera-
would explain why premotor cortex becomes active in taskgion tasks but not during nonsense syllable generation, we
requiring phonological processing. cannot conclude that activity levels are significantly differ-
ent between these tasks. Increased variability as well as
reduced amplitude of activity in subcortical structures con-

Activity Decreases in Tasksversus tributes to a lack of significant activity during nonsense
the Resting Baseline syllable generation.

Activity decreases occurred in the posterior cingulate and
temporoparietal regions for tasks involving generation OfSummary
lexical items. We attribute this decreased activity to a de-
creased focus on external stimuli during word generationBased upon our data and the primate literature, we have
In other words, cortices associated with attentional proinferred the existence of a left pre-SMA-dorsal caudate—
cesses (Heilman et al., 2003) show decreased activity in theentral anterior thalamic loop involved in lexical retrieval.
absence of overt demands for attention to external stimuliWe have shown that all components of this loop, except the
We have noticed the opposite effect when subjects focumedial globus pallidus, demonstrated increased activity dur-
upon an external visual stimulus in the absence of overing generation of words but not during generation of non-
responses, i.e., a decrease in frontal activity in the presencnse syllables. It does not matter whether retrieved words
of increased activity in primary visual and visual associa-were category members or rhyming words. Drawing upon
tion cortices (Crosson et al., 1994; Nadeau et al., 1997)previous literature as well as our findings, we hypothesized
Such findings have important implications for intentional that activity in this loop was related to maintaining a bias
vs. attentional systems (see Heilman et al., 2003 for discugeward the retrieval of one lexical item versus competing
sion of these systems). alternatives for each response during word generation blocks.
Relatively widespread activity in the right basal ganglia
o ) during the generation of lexical items may be driven by
Limitations in Current Study input from the left pre-SMA region and may be responsible
for keeping right frontal structures from interfering with

One additional limitation in the current study should beIan uaoe generation. Studies to confirm or reiect hvpoth-
noted. We are dependent on task-rest comparisons rather guage g ) ) yp

than direct task to task comparisons for interpretation o ses generated by the current findings should be conducted.

our findings; direct task to task comparisons were not senl—n particular, some attention should be given to discerning

o . . o the specific role of the basal ganglia and thalamic compo-
sitive to changes in subcortical activity. For example, we ;

. : . L . nents of the loop. Do the subcortical structures merely en-
did a region of interest analysis with direct task to task

. . . . . ?ance functioning of the cortical structure to which they are
comparisons. This analysis confirmed greater involvemen

of left pre-SMA in lexical as opposed to nonlexical process-conneCted’ or do they ad_d a specific cognitive function be-
ing, greater involvement of cortex in the left IFS in seman-yond that of the cortex. Findings of Copland and colleagues

tc &5 opposed to phorological processing. and great JF T O SR ER 2D
involvement of cortex around the precentral sulcus in pho- . P . y : g resp
: . S . biases across time that are set by the cortical components of
nological as opposed to semantic activity. However, this . .
; - o . the loop. However, in a lesion model, cases of damage to
analysis was not sensitive to activity differences in subcor- : )
. . . the left pre-SMA region would have to be included to an-
tical structures. In part, this lack of difference appears to be

d o . - A swer this question. Manipulation of the response bias in
ue to significantly increased variability of activity in sub- . . : . . .

, : . functional neuroimaging studies and, at the same time, using
cortical structures during nonsense syllable generation, es-trategies to enhance subcortical activity may be a more
pecially in the left dorsal caudate nucleus. However, Newma . . .
et al. (2001) found that a resting baseline enhances activit9r6ICtlcal way to assess this hypothesis.
in language-related structures in comparison to using other
language tasks as a baseline state. In other words, in SURCK NOWLEDGMENTS
cortical structures where sensitivity of fMRI measures is at
issue, comparison of language activity to resting activityThis work was supported by Grant DC03455 from the National
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