Journal of the International Neuropsychological Socié903),9, 1027-1030.
Copyright © 2003 INS. Published by Cambridge University Press. Printed in the USA.
DOI: 10.1017S1355617703970068

SYMPOSIUM INTRODUCTION

Subcortical functions in cognition: Toward a consensus
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SYNOPSIS nucleus has arole in early search processes, but the pulvinar

Behavioral logist d hologists h q articipates in binding features into object representations.
enavioral NEUrologists and NEUropsycnologists have deg, 4 qgition to these data, the authors cite electrophysiolog-

pated the role .Of the thalamus and basal ganglia in €O9Nica evidence from their lab in support of the feature bind-
tion and behavior for more than a century (e.g., Bucy, 1942:

. ) ) ; ! ing hypothesis (Slotnick et al., 2002).
Marie, 1906; Penfield & Roberts, 1959; We_rm(_:ke, 1874). The contributions of Copland, Kotz et al., and Crosson
However, over these 100-plus years, there is little conse

. ) "t al. all address the role of the basal ganglia in language.
sus regarding whether or how these structures contribute teopland used a semantic priming paradigm with the lesion

cognitipn. Fprtunately, recent rgsearch finQings are rapidl%ethod and the disease model to explore the role of sub-
changing this state of affairs. It is now obvious we will not cortical structures in resolving lexical-semantic ambigu-

understand how the brain controls complex activities untIIities. The failure of nonthalamic subcortical lesion patients

¥ve umljerﬁtar:tdh the ((:jogtrlpugon of tf:je;eddgotlep Ibram Slt.rucénd of Parkinson’s disease (PD) patients to demonstrate
ures. 1n heattny and brain-damaged individuals, app ICa'%ormal suppression of a word’s nondominant meaning at

tion of _methodologles_such as semantic priming, event r_elate ng interstimulus intervals indicates that the basal ganglia
potenhgls, and fgncno_nal neuroimaging to the question o lay a role in controlled as opposed to automatic cognitive
subcort|c_al functlor_13 Is beginning to resol\_/_e this Conu_n'processes. When compared to the earlier work of Copland
drum. This symposium demonsrates the utility Of_comb'n'and colleagues (2000a, 2000b), these findings indicate the
l.?1ature of this controlled processing is complex. Further,

from six laboratories that have engaged in systematic 'nqu.'élthough vascular lesions of the basal ganglia and PD pro-

res rg_gardmg the role of the thalamus and basal gangha "Buced similar findings with this particular paradigm, it should
qognltlon. This body of work repre§epts b(.)th new dlrec'not be expected that this automatically will be the case for
juons and convergence qf recenF findings n the quest tcévery cognitive paradigm. Dopaminergic deafferentation of
integrate our understanding of this complex issue. the striatum will change the output level of striatal neurons,

The pattern of errors in thalam_lc aphasw_\ s_uggests thﬁ/ith the direction of change depending upon the target of
role of the thalamus in language is semantic in characte,

Ltriatal efferents (Gerfen, 1992), but destruction of striatal
(e.g., Cappa & Vignolo, 1979; Crosson, 1984; Raymer et al. ( ’ )

. . . heurons in vascular lesions abolishes striatal output. The
1997). Wor!< by Hart_ and h!s colleagues is defining thecircumstances under which performance converges and di-
nature of this semantic function. In a recent fMRI study of

: ) verges between PD and lesion patients could be instructive
semantic functions, Kraut et al. (2002) demonstrated thaﬂleggrding striatal function P
thalamic nuclei participate in binding linguistic features (e.qg., Kotz et al. have used the lesion method in combination

?hesetrt,dhl;mpti). 0 repregent atEnow?hobJect t(e%tr? amil.)'oll\Pvith event-related potential techniques to assess the impact
. esg ytortnis syn;rﬁ)ostl_um, €au ofrshex elzj €5€ NGt pasal ganglia lesions on processing syntax. Patients whose
INgs by examining the time course ot hemoaynamic r€oqj,ns included the basal ganglia failed to show a normal
sponses in a variety of <_:0rt|ca| regions and in the dorsomedl_ 600 response to syntactically anomalous sentences, while
thalamus and the pulvinar. Results suggest the dorsomedlsgtiems with lesions confined to the cortex continue to show
this response. Based upon the understanding of this phe-
. - nomenon from previous studies (Frisch et al., 2002; Kaan
Reprint requests to: Bruce Crosson, Ph.D., Department of Clinical and | 2 h h luded th he b | i
Health Psychology, University of Florida Health Science Center, BOXet al., 000)' the authors concluded that the basal ganglia

100165, Gainesville, Florida 32610-1065. E-mail: becrosson@hp.ufl.edu are involved in controlled (as opposed to automatic) pro-
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cessing of syntax. This finding extends recent evidence frorhave enough difficulty with the mental rotations task that it
the same group of investigators (Friederici et al., in presspbscured the investigators’ ability to determine whether a
Frisch et al., in press). Further, patients with basal gangliaeal difference exists between the two groups. The implica-
lesions showed an extended period of negativity startingions are twofold: First, female controls and PD patients
around 300 ms after the syntactic anomaly. This extendedhould be assessed on a version of this task that produces
period of negativity has been interpreted as a slowing ofibove chance levels of performance in female controls so
semantic processes. The reader should note two points tiiat the test is sensitive to potential between group differ-
convergence with the findings of Copland: (1) involvementences. Second, an important clinical implication is that it
of the basal ganglia in controlled linguistic processing andvould be easy to mistake a normal age-related decline for a
(2) impaired semantic processing in patients with basal gandisease-related deficit if an appropriate, gender-specific nor-
glia lesions. Indeed, it would be interesting to test the hy-mative group was not used.
pothesis that the deficit in resolving semantic ambiguities Finally, the paper by Elsinger et al. has used fMRI of
implied by Copland’s data accounts for the extended negapaced finger tapping, which assesses motor timing, to study
tivity in syntactic processing in the Kotz et al. paradigm. response to dopamine replacement therapy in PD, long con-
Crosson et al. have used functional MRI in neurologi-sidered a disease model for striatal dysfunction. The find-
cally normal subjects to explore the functional anatomy ofings are rich with implications. For example, the reduced
word and nonsense syllable generation. Whether words weigctivity in the sensorimotor cortex of PD patients relative
generated using a semantically based cue (category) orta normal controls indicated that loss of dopaminergic af-
lexically based cue (rhyming word), three left-hemisphereferents to the striatum resulted in reduced activation of sen-
structures were consistently activated: pre-SMA, the dorsosorimotor cortex during paced movement. However, one
lateral caudate nucleus, and the ventral anterior thalamusgarticularly relevant finding for the work represented in
These structures were not activated in nonsense syllabkhis symposium was the normalization of activity in the
generation. Based in part on Copland’s work (see currenEMA—putamen—thalamic loop for paced finger tapping “on”
issue and Copland et al., 2000a), the authors speculated thed compared to “off” dopamine replacement when PD pa-
a pre-SMA-basal ganglia—thalamic loop is involved in bi-tients rely on internal as opposed to external pacing. In
asing word production toward one of multiple possibilities, contrast, while the Crosson et al. study also reported acti-
with the basal ganglia serving to maintain the bias acrossation of a medial corticostriate circuit, the activated cir-
time. The right basal ganglia (caudate nucleus, putamemnjuit was different. In both studies (respectively) the medial
also were active in word but not nonsense syllable generdrontal (SMA, pre-SMA), striatal (putamen, dorsal cau-
tion. With a lack of right frontal activity in the same tasks, date), and thalamic (ventral lateral, ventral anterior) com-
the authors suggested that the right basal ganglia were inponents of the basal ganglia loops showed increased activity,
volved in suppressing right frontal activity. If this hypoth- but the pallidal component of the loops demonstrated no
esis can be confirmed in future studies, we could be closesignificant change. Importantly, the cortical connections of
to understanding the anatomic foundations of language latSMA are largely with motor and lateral premotor cortices,
eralization. When viewed within the context of the Coplandwhile the cortical connections of pre-SMA are primarily
and Kotz studies, we can conclude that the left basal ganwith prefrontal cortex (Matsuzaka et al., 1992; Picard &
glia are involved in lexical, semantic, and syntactic pro-Strick, 1996). Such connectivity suggests these two loops
cesses. It would be of interest to ascertain whether the sanmgerform different functions, and traditionally the SMA loop
pre-SMA-basal ganglia—thalamic loop is active in the par-has been linked to motor functions while the pre-SMA loop
adigms used by Copland and Kotz et al., which would behas been linked to more explicitly cognitive functions (Pi-
expected if this loop’s involvement in biasing word produc- card & Strick, 1996). While the results of these studies are
tion toward one of many possibilities generalizes to otherconsistent with this notion, the SMA activation for the mo-
aspects of language. tor timing task appears to be associated with some aspect of
Crucian and colleagues have used a mental object rotahe time representation rather than to motor requirements
tion task to assess visuospatial deficits in PD. The impairper sesuggesting that this dichotomy may be too simplistic.
ment in male PD patients relative to male controls affirms
the visuospatial nature of a deficit that has long been know
to exist for PD patients (e.g., Cummings & Huber, 1992;Q:ONCLUSK)I\IS
Growdon & Corkin, 1986; Stern & Mayeux, 1986). Clower As readers peruse some or all of the work from this sym-
et al. (2002) recently confirmed a basal ganglia loop inposium, it is worth asking what these papers collectively
primates with parietal cortex (area 7b) as its target, andell us that we would not have known otherwise. The work
speculated that this loop might be the source of spatial defby Kraut, Hart, and colleagues takes a large step in defining
icits in PD. However, the lack of such a difference betweerthe role of thalamic nuclei in semantic functions. For a long
Crucian’s female PD patients and controls in the mentatime, errors in thalamic aphasia suggested this structure is
object rotation task brings a specific methodological prob-involved in semantic processing (e.g., Cappa & Vignolo,
lem into relief. Both female groups showed near-chancel979; Crosson, 1984; Raymer et al., 1997). Nadeau and
levels of performance. Apparently, normal older womenCrosson (1997) suggested thalamic mechanisms, under the
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guidance of frontal cortex, selectively engage elements ofarities, the authors’ respective functional interpretations were
neural nets necessary to perform a semantic task. The coquite different. Elsinger et al. as well as Rao et al. (1997)
ceptual framework of Kraut, Hart, and colleagues clearlysuggested that the SMA—putamen-thalamic loop is in-
represents an advance over this position. On the basis oblved specifically in internal timing mechanisms, not just
converging evidence, they suggested that the pulvinar ig1 internal guidance of movements. In contrast, Crosson
involved in binding together the semantic features that deet al. suggested that the basal ganglia components of the
fine an object. As the authors and others continue work irpre-SMA—caudate—thalamic loop were involved in main-
this area, the nature of the anatomical system involved itiaining a bias toward one of multiple responses across time
feature binding should become clearer. so that biases could influence controlled processes. While
Earlier work indicated that basal ganglia infarcts alonethese two studies superficially support the distinction be-
do not cause classical symptoms of aphasia (Nadeau &veen the SMA circuit’s importance for movement and the
Crosson, 1997; Weiller et al., 1993). Yet, the recent work ofpre-SMA circuit's importance for cognitive processing, the
Copland et al. (2000c) clearly showed that nonthalamic subinterpretations offered by Elsinger et al. and Crosson et al.
cortical lesions of the language-dominant hemisphere afsuggest that this dichotomy may be too simplistic. A proce-
fect complex language functions. The three studies thatlural learning study in PD supports this conclusion by show-
address the role of the dominant basal ganglia in languagi@g that motor learning was impaired in PD patients when
provide converging evidence that the basal ganglia are inthe patients were required to switch from one response to
volved in those functions. Both Copland and Kotz et al.another but learning was normal when switching was not
have shown that the basal ganglia are involved in confequired (Haaland et al., 1997). In addition, future research
trolled linguistic processing, that is, the type of processingefforts and conceptual models must not only look for func-
in which attention can be deliberately focused on relevantional parallels between the various basal ganglia loops,
stimuli, whether during priming of single words or making they also must take into account the likelihood that basal
grammatical judgments. All three of these studies impli-ganglia functions have evolved along with the cortical units
cated the basal ganglia in semantic processing of words do which they are so intimately linked.
sentences. In addition to semantic processing, the Kotz et al. Finally, as the answers to such questions become clearer
study implicated the basal ganglia in syntactic processingin the realms of language, semantics, and psychomotor func-
and the Crosson et al. study implicated the basal ganglia itions, it will become necessary to expand the scope of our
lexical processing. An unresolved issue is the degree tanquiry into other realms of cognition. From the standpoint
which the processing mechanisms at the lexical and semawf basal ganglia functions, the findings of Crucian et al.
tic levels overlap with processing mechanisms at the synsuggest that visuospatial functions would be a fruitful area
tactic level. Another commonality between the paradigmsfor the development of new paradigms that draw on what
of Copland and Crosson et al. is that the systems were drivewe have learned in these other areas. From the standpoint
to respond to or to select one of multiple choices. Crossomwf the thalamus, the unique work of Kraut, Hart, and col-
et al. suggested that the basal ganglia maintain across timeagues will be illuminating for future investigators, though
a bias toward selection of a specific item as opposed to itthere will be limits in the degree to which the concept of
competitors. feature binding can act as a model for other cognitive sys-
The findings of Elsinger, Rao, and colleagues indicateems. Importantly, this symposium is an excellent example
that dopaminergic deafferentiation of the striatum affectsof how hypothesis-driven research, which relies on the in-
participation of the SMA—putamen—thalamic loop for move-tegration of behavioral data in brain-damaged patients and
ments that depend upon the utilization of an internal reprefunctional imaging in patients and healthy adults can ex-
sentation for time. Rao et al. (1997) found this loop to betend the sophistication of the questions we can ask and
active during the same task in neurologically normal sub-sometimes answero be sure, the work represented by this
jects. As noted above, an interesting question is what paisymposium, as well as by the work of many other investi-
allels can be drawn between the role of basal ganglia loopgators, will lead to new understandings regarding the con-
in this paced finger tapping paradigm and their role in thetribution of subcortical structures to cognition.
word generation paradigm of Crosson et al. On the other
hand, such reductionism may not be the best representatiggfCKNOWLEDGMENTS
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