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Introduction

Although the primary neuroscience literature does
not directly address the mind, mentalistic per-
spectives are often used to frame broad issues of
brain function. These concepts include attention,
perception, stress, emotion, and pain. In order for
neuroscience to participate in the Mind/Body
debate, a physical definition of mind and its
relationship to brain function is needed. The
concept of mind considered by Descartes, Sher-
rington and others was an introspective view of self
and emphasized the unitary and continuous nature
of mental activity. Early efforts to distinguish the
mind from the body, however, led to a dualism in
which the physical/neurological origin and con-
straints on mind were not apparent. This view still
dominates Western views of the mind even though
the dependence of mental activity on internal and
external events makes such a distinction counter-
productive. As the Mind/Brain problem is clarified,
the mechanics of Mind/Brain/Body interactions are
open to discourse, investigation, and hypothesis
testing. Some critical questions for neuroscience
include the following: To what extent can the
properties of mind be specified? Is there a neural
basis for the theory of mind? To what extent is
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mental activity localized or distributed in the brain?
How do various processing modes and links with
executive systems relate to consciousness?

La Peyronie in [8th century France sought
relations between mind and brain scientifically with
postmortem tissue (Kaitaro, 1996). Although one
may argue over his conclusions, he was among the
first to presume that mind did not have a uniform
distribution in the brain. The next two centuries of
neurological observations and the recently acquired
body of functional brain imaging under highly
controlled neuropsychological conditions provide
specific information about relationships between
mind and brain that are pivotal to understanding
Mind/Body interactions.

The mind is often defined as ‘awareness of self’,
yet this concept itself can be misconstrued. If the
mind is solely awareness of self, the mind might be
expected to thrive outside the context of the body
including neuronal activity in the brain. However,
isolated, premature babies fail to gain weight and
thrive (Schanberg and Field, 1987) and sensory
stabilization experiments in isolation chambers
lead to reduced inteliectual performance, altered
perceptions, hallucinations, and emotional changes
(Bexton et al., 1954; Doane et al., 1959; Davis et
al., 1960; Solomon et al., 1961). The notion that
‘self” can exist independent of internal and external
events is an extreme conclusion based on the
philosophical Mind/Body duality and is not a part
of neuroscience discourse.
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At the other extreme, one might posit that all
sensory and motor activity is mental activity and
that the mind is equivalent to activity in most of the
brain (e.g., Kandel, 1991). Spinal cord injury
followed by appropriate rehabilitation, however,
does not impair mental activity, Furthermore, Crick
and Koch (1995, 1998) have argued that mammals
are not aware of events in primary visual cortex and
that explicit interpretation of visual scenes occurs
in visual and polymodal association cortices.
Logothetis and Schall (1989) provide elegant
support for this notion with single unit recordings
in monkey at different points along the visual
cortical processing hierarchy. Although many neu-
rons were driven by the retinal features of a
stimulus, those in cortex of the superior temporal
sulcus appeared to be driven by the perception of
motion. Finally, synthesizing the visual image may
depend on simultaneous and synchronous activity
in primary visual and visual association areas
because patients with blindsight following primary
visual cortical lesions have non-conscious access to
visual information but are unaware of what they
can see (Devinsky, 1997).

Since mental activity may not extend to the
spinal motor neuron and primary sensory cortices,
the mind localization problem is a question of
finding the essential networks that mediate mental
activity in the forebrain. These networks comprise
the focal point of Mind/Body research and therapy.
The importance of neuroanatomical organization in
assessing awareness and mental functions has been
explicitly stated by Crick and Koch (1995) and
supports the anatomical orientation of this review.
Since it is unlikely that the entire brain is engaged
equally in mental activity, the mind has a high
probability of being located in parts of the cerebral
cortex that underlie perception and mental activity.

Neuroscientific observations have not estab-
lished the relationships between the mind and
consciousness and there is no strategy for identify-
ing the mind much less to localize it. One
theoretical approach is to search for the neuronal
correlates of consciousness as suggested by Crick
and Koch (1995), however, such information is not
available and it is unlikely that current method-
ologies for multiunit recording will succeed at this
task. PFrith (1992) suggests that understanding

consciousness in terms of information processing
requires a cognitive mechanism that is constantly
associated with consciousness, whether or not the
processing mechanism itself is available for obser-
vation. This may require coordinated activity in a
number of distributed processing modules and/or
persistent processing in one or two profoundly
important regions. Several models relating
specialized processing modules, phenomenal con-
sciousness, executive and other functional and
cognitive subsystems have been proposed (Block,
1995). One of the problems of neuroscience is to
identify the morphological substrates in these and
similar models and to assess interactions among
their processing subsystems. They are, however,
beyond the scope of this assessment.

The present analysis considers the localization of
mental activity in cortical regions of confluence
among cytoarchitectural areas. It suggests that the
binding problem may be solved by understanding
the interconnections of these regions. Finally, the
location of mind per se and mechanisms of
consciousness are not addressed here. Instead, the
high probability of association between mental
activity and the mind is used here to suggest where
the mind is located in the brain.

Mental activity and the cortical confluence
regions

In order to avoid the pitfalls inherent in a strict
Mind/Body dualism, the definition of mind can be
extended to the following:

Mind is mental activity associated with inter-
nal and external awareness, intentions, and
memories of self.

Each of these components are critical to mental
activity and this perspective does not make mind
dependent on a sensory modality or motor output.
Indeed, the intention to move is an essential activity
of mind, not a particular movement itself. Sim-
ilarly, long-term memories establish  the
motivational context of intentions or willed actions.
Although little is known about the very long-term
storage of self-oriented information in the brain,
lesion studies indicate that some regions are more
important to internal and external awareness of self



than are others, while functional imaging lends
insight into localizing the intentions, imagery, and
logical activities of mind.

As stated earlier, it is unlikely that the entire
cerchral cortex participates equally in mental
function. Additionally, it has been known for some
time that serial processing of cortical information
from single sensory modalities to ‘higher order’
integration sites does not occur in a fashion that can
account for unified perceptions and a coherent
awareness of self. Efforts to solve the binding
problem emphasize the failure of serial processing
models. We propose that there are two sites in the
cortex that fulfill the definition of mind provided
above. These are the cingulofrontal and par-
ietotemporal confluence regions.

The cingulofrontal and parietotemporal con-
fluence regions bind the internal and external
features of sell and employ the various motor
and cognitive systems to implement inten-
tions.

These sites are probably not involved in binding
features into entities as discussed by Damasio
(1989) nor do they address the broader issues of
binding throughout the cerebral cortex (Sejnowski,
1986). The neural codes from early convergences
and memories of self are used by the cingulofrontal
and parietotemporal convergence regions to imple-
ment the intentions of self.

Localizing mental activity with lesions

Anterior cingulate cortex is essential for mental
activity. Bilateral lesions of the anterior cingulate
gyri produce akinesia, mutism, indifference to
noxious stimuli and surroundings, incontinence,
and lack of spontaneity (Nielsen and Jacobs, 1951;
Barris and Schuman, 1953). Akinetic mute patients
appear conscious, their eyes are open, deep tendon
reflexes and muscle tone may be normal, but these
patients show minimal or no spontanecus molor or
verbal behavior. They lack intention and willed
actions. Other evidence supports the hypothesis
that anterior cingulate cortex is essential for mental
activity and initiation and regulation of behavior.
Cannon and his colleagues emphasized the critical
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role of anterior cingulate cortex in regulating
aggressive behaviors that are initiated in the
midbrain (Bard and Mountcastle, 1948). Medial
cortical lesions remove sensory guidance and
control of reflexes and suggest a cortical localiza-
tion of mind. Glucose metabolism is reduced in
perigenual cingulate cortex in depressed individ-
uals and may indicate that this region is involved in
the disease and, hence, the initiation of behavior
(Drevets et al., 1997, Mayberg, 1997). Finally,
seizure activity in midcingulate cortex (area 24') is
associated with obsessive-compulsive disorder and
this behavior resolves following surgical removal
of this region (Levin and Duchoway, 1991).

The crucial role of anterior cingulate cortex to
willed actions and mental activity is provided by
observations of individuals with unilateral lesions
in this region following occlusion of the proximal
part of the anterior cerebral artery. Such lesions
resulted initially in mutism and paucity of move-
ment or akinesia, although these patients were alert
and oriented to time and place (Chan and Ross,
1997). Two to four weeks after the vascular event
there was a continued reduction in spontaneous
speech which was monotonic as well as reduced
contralateral movements that did not appear to have
been consciously driven by the patient such as
those of the hand. In fact, one patient with a large
right anterior cingulate/supplementary motor coi-
tex infarct reported that his left hand was alien
because it operated ‘against his will’. One inter-
pretation of these findings is that his willed actions
were generated in his left anterior cingulate cortex.
Review of a broad neurological and neurobio-
Jogical literature (Devinsky et al., 1995) suggests
that anterior cingulate cortex is pivotal to internal
and external awareness of self and intentions.

Many of the neurological impairments suffered
by Phineas P. Gage may have been due to damage
in the anterior cingulate and adjacent orbitofrontal
and dorsomedial prefrontal cortices. Although his
sensorimotor faculties were intact and his linguistic
and cognitive functions fairly well preserved, he
could not select among appropriate responses, had
an altered personality, and was socially inap-
propriate. He was described as fitful, irreverent,
indulging at times in the grossest of profanity,
impatient, vacillating, a child in his intellectval
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capacity and manifestations. Recent analysis of the
skull and tamping iron that produced the cortical
damage in Gage’s brain has been made by Damasio
et al. (1994). This reconstruction of the placement
of the tamping iron in the brain suggests that the
primary lesion site in Gage’s brain was in perigen-
ual cingulate cortex and adjacent orbitofrontal and
mediodorsal prefrontal areas. Since sociopathic
behaviors and altered personality have also been
reported in patients with medial and orbitofrontal
cortex damage (Damasio et al., 1990), this region
appears to be necessary for mental activity.

Contralateral neglect, impaired volition and
movement, and reductions in spontaneous speech
are not unique consequences of lesions in anterior
cingulate cortex. Although an account of lesion size
and placement must be made, lesions in posterior
parietal and prefrontal cortices can produce these
effects. Neglect following frontal and parietal
lesions may be specialized such that ophthalnoki-
netic neglect is more frequent following parietal
lobe lesions, while melokinetic neglect more often
follows frontal lesions (Bisiach et al,, 1995), and
both regions have also been implicated in intention
(Stuss and Benson, 1984; Andersen, 1995). Pre-
frontal lesions can produce motor neglect and
interfere with specific executive functions (Rizzo-
latti et al., 1983) and, to the extent that they disrupt
an internal sense of self and produce apathy and
denial of illness (anosognosia), are likely critical
for mental functions. Although large lesions of
prefrontal cortex severely impair mental activity, it
is possible that the mind is much less impaired by
loss of small parts of lateral prefrontal cortex, The
extent to which subregions in frontal and parietal
cortices contribute to mental function and how this
relates to activity in anterior cingulate cortex can be
addressed to some extent with functional imaging
techniques as discussed below. Failure to produce
deficits associated with intentions and self aware-
ness following lesions in the parietotemporal region
may be due to lack of equivalent and bilateral
destruction in most cases, whereas bilateral
destruction of homologous regions in anterior
cingulate cortex is more likely due to the pattern of
blood flow impairment and hemorrhage produced
by anterior cerebral and communicating artery
lesions.

Before moving to functional imaging assess-
ments, let us contrast the neurological deficits
following damage in regions that are essential to
mental activity with those that are not essential to
the internal and external awareness of self. One
dramatic instance of an ineffective ablation is that
in retrosplenial cortex and possibly the fornix after
removal of an arteriovascular malformation (Valen-
stein et al., 1987). Following surgical recovery, this
individual could not return to work because of
persistent anterograde memory impairment.
Although he was oriented to time and place and had
relatively intact remote memory, recall of events
over the past four years was difficult. Remarkably,
his general intellectual functions, language, and
praxis were intact. There are no reports of impaired
executive or other ‘frontal lobe’ functions including
personality, behavioral initiation or suppression
problems. It seems, therefore, that cortical and
subcortical regions involved in short-term memory
formation may limit the range of new behaviors but
they are not essential for mental activity and
personality per se. Some structures involved in
short-term memory that may be viewed as non-
essential to mental activity include the anterior
thalamic nuclei, mammillary bodies, retrosplenial
cortex, parahippocampal cortex, and the hippo-
campus. Similarly, lesions in primary and
association sensory and motor cortices impair
restricted aspects of perceptual or motor behavior,
but not of mind or personality.

Localizing mental activity with functional
imaging

Although brain lesion outcomes implicate many
parts of the cerebral cortex in mental activity,
localization is difficult in highly interconnected and
distributed processing systems. Damage to a single
component of a distributed network may reflect
composite deficits associated with direct damage as
well as disruption of one or more deafferented
areas. In many instances cortical lesions may not be
equal in extent and bilateral providing for recovery
of function. Although bilateral lesions of anterior
cingulate cortex are available, for example, it is
heavily interconnected with prefrontal area 46 and
these two regions are frequently but not always



coactivated in functional imaging studies. In con-
trast to brain lesion studies, functional imaging
provides localization information for repetitive
tasks and methods for assessing subfunctions of
components in a distributed network. Information
gleaned with this strategy, however, is influenced
by signal smoothing, subtraction protocols, system
habituation, signal averaging, and statistical crite-
ria. Each of these analytical issues raises difficulties
in defining the limits of an active region. This
strategy also requires that activated sites be uniform
in each case in a standardized stereotaxic space; a
requirement that is often not met in the highly
variable human brain. In spite of these short-
comings, many testing paradigms support the
contention that anterior cingulate and adjacent
medial prefrontal cortices as well as parieto-
temporal cortex are pivotal to mental activity.

Activation of anterior cingulate and dorsolateral
prefrontal cortices during a visually guided, divided
attention task led Corbetta et al. (1991) to suggest
that these two regions are involved in response
selection in cognitively challenging situations. The
proposition of these authors that anterior cingulate
cortex was engaged in response selection was a
pivotal step toward understanding the contribution
of this region to brain function. Support for this
hypothesis was provided later in a verbal response
selection task (Raichle et al., 1994) as well as
during the standard Stroop (Pardo et al., 1990,
Derbyshire et al., 1998) and counting Stroop (Bush
et al,, 1998) tasks. In addition to activation of
midcingulate cortex in the various Stroop para-
digms, other cortical areas are activated including
prefrontal areas 46, 44/45, 9 and 10, the inferior
parietal and retrosplenial areas, and the anterior
insula. The persistent involvement of mideingulate
cortex and its extension to dorsal perigenual area
32 in functional imaging studies emphasizes the
necessary contribution of this region to response
selection,

Another perspective on response selection is
embodied in the studies of willed actions (Frith et
al,, 1991). When responses in a response selection
task were open-ended and involved a deliberate
choice, blood flow increased in anterior cingulate
areas 24 and 32 as well as prefrontal area 46 and
posterior temporal cortex. Response selection/
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willed action tasks require assessment of the
motivational significance of a particular outcome
and working memory during the selection process.
Such a dual function likely requires involvement of
anterior cingulate cortex in response selection for
motivationally relevant cognitive and behavioral
outcomes. The massive and reciprocal connections
between these anterior cingulate and prefrontal
cortices are well known (Vogt et al., 1979;
Baleydiere and Mauguiére, 1980, Goldman-Rakic
et al,, 1984; Vogt and Pandya, 1987; Barbas and
Pandya, 1989). Such connections suggest that these
areas often operate in parallel, since the response
selection function requires an intact working mem-
ory and contributions from prefrontal cortex
(Goldman-Rakic, 1987; Fuster, 1995).

During motor imagery, Decety et al. (1994)
observed activation of anterior cingulate areas 24
and 32, lateral prefrontal areas 6, 9, 8, and 46 and
inferior parietal area 40. These authors noted that
supplementary motor cortex was not active during
motor imagery suggesting a functional disscciation
of medial and lateral premotor areas. In this
context, it is interesting that Bancaud and Talairach
(1992) stimulated midcingulate cortex and pro-
duced the desire to leave the room; cognitive
activity that precedes the actual formation of a
movement strategy and belies the motivational
functions of midcingulate cortex. Thus, an impor-
tant part of establishing motivationally relevant
responses is associated with imagery, motivational
significance of motor outcomes, and goal orienta-
tion (Vogt et al., 1997).

Another strategy for localizing mental activity is
a consideration of those structures involved in the
logic of mental activity. Goel et al. (1997) engaged
subjects in deductive and inductive reasoning
problems involving three sentences that did or did
not, respectively, support a particular conclusion
during scanning sessions. They found that subtrac-
tion of blood flow during deductive reasoning from
that during inductive reasoning showed elevated
blood flow in medial prefrontal cortex including
areas 8, 9, 24, and 32, In addition to localizing the
site crucial for inductive reasoning, they did not
coactivate prefrontal area 46 or lateral parieto-
temporal areas. This is one of the few instances in
which anterior cingulate and prefrontal cortical
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activity has been dissociated and suggests the
essential role of the former region in mental
activity. The close association between mental
processing and inductive reasoning may be due to
the persistent use of inconclusive information to
interpret the significance of sensory information
and predict outcomes.

One facet of mental activity is the ability to
interpret the mental state of others. Mentalizing
story comprehension tasks activate medial cortex
between areas 8 and 9 (Mazoyer et al, 1993).
“Theory of mind’ stories that require attribution of
mental states to characters also activate medial area
8 and midcingulate cortex (Fletcher et al., 1995).
The latter activation was demonstrated by subtract-
ing blood flow produced during ‘physical’ stories
that did not require mental state attribution or
stories with unconnected sentences from blood
flow evoked by the ‘theory of mind’ stories.
Although posterior cingulate cortex was addition-
ally activated in the latter study, this does not mean
that areas 23 and 31 are involved in mental activity
but, rather, that the stories themselves require a
personal orientation in space that is organized in
posterior cingulate cortex. Hence, area 23 has
neuronal discharges coded for large visual fields
(ie., picture content stimuli and grating rather than
simple shapes and other features; Olson et al.,
1993). Hirono et al. (1998) have shown a relation-
ship between glucose hypometabolism in posterior
cingulate cortex in Alzheimer's disease and spatial
disorientation. Therefore, coactivation of posterior
cingulate cortex in mental imagery and mentalizing
tasks likely represents a visuospatial orientation
rather than a function of mind per se and, if the
posterior cingulate cortex were missing, it is likely
that subjects could still perform ‘theory of mind’
tasks.

The cingulofrontal and parietotemporal
confluence regions: primary processors of the
mind

Lesion and functional imaging studies together
show that the primary sites of mental activity are
the confluence regions between cingulate and
medial prefrontal cortices and that between lateral
parietal and temporal cortices. These two con-

fluence regions are outlined in Fig. 1 as are the
relevant cytoarchitectural areas. Although many
other arcas may contribute to activity in these
regions including latera]l prefrontal and posterior
cingulate cortices in the normally active brain,
lesion and imaging studies do not support a pivotal
contribution to mental activity of these areas. The
confluence regions, however, may not be sufficient
for mental activity or normal functioning of the
mind because complete uncoupling of them from
internal and external stimuli as well as skeleto-
motor and visceral outputs would render these
regions and the mind dysfunctional.

Functional imaging studies emphasize unique or
coactivation of a number of areas in the rostral and
medial cerebral cortex. These include areas 8, 9, 32,
24, and 24'. This region may participate in the
activity of many networks to the extent that even
‘purely sensory’ processing may require signifi-
cance coding and an assessment of motivational
relevance. It is highly interconnected with lateral
prefrontal area 46 that provides information for
working memory and the temporal binding of
behavioral sequences and plans (Fuster, 1993).
Thus, the cingulofrontal confluence region provides
the data upon which response selection among
motivationally relevant cognitive and behavioral
outputs is made. Activity in other cortical areas
may not be required for reasoning, willed actions,
and the motivational relevance of information
processing. Certainly the amygdala has signifi-
cance codes for simple sensory stimuli that require
stereotypical reflexes. However, when these
responses need modification or complex inter-
pretations and selection among responses, cortical
inputs are employed. Since the cingulofrontal and
parietotemporal confluence regions appear to be
critical for decision making in relation to the
internal/external and motivational parameters of
self, they are essential links in networks engaged by
mental activity for processing self-significant infor-
mation. Therefore, fundamental components of
mind are located in the cingulofrontal and parieto-
temporal confluence regions.

Lateralization of mental activity

The right hemisphere may dominate awareness and
image of self and the relation of self, visuospatially
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Fig. 1, The medial and lateral surfaces of the human brain are shown with Brodmann’s areas. The two arrow pairs on the medial
surface indicate cortex that was warped dorsally to account for opening part of the cingulate sulcus; the fundus of which is marked
with a dotted line. The dashed line at the splenium of the corpus callosum represents the fundus of the callosat sulcus and shows that
the retrosplenial areas 29 and 30 are in the depths of this sulcus, The two shaded regions are an approximate outline of the regions
that we propose dominate mental activity and, as such, represent the primary processors of the mind as discussed in the text. The
cingulate motor areas in the depths of the cingulate sulcus and visceromotor control cortex in area 25 are not viewed as part of the

cingulofrontal confluence area that is necessary for mental function.

and psychically, to the environment (Devinsky,
1997). Acute lesions of the right hemisphere more
severely disrupt the sense of self than left-sided
lesions. Right hemisphere lesions can result in
failure to recognize profound deficits as noted
above, such as cortical blindness or left-sided
hemiplegia (anosognosia), respond appropriately to
recognized deficits (anosodiaphoria), or attend to
the left half of extrapersonal and personal space.
They can also cause the delusional beliel that
duplicate persons are impersonating well-known
persons or delusional reduplications (Ruff and
Volpe, 1981; Malloy et al., 1992; Signer, 1992).
The right hemisphere may dominate our sense of
self and lesions in the right parietal lobe can impair
our body image. Left-sided neglect, anosognosia,
and anosodiaphoria can be explained by destruction
of a module of cortex controlling body image and
physical relations of self to the environment.
Although the left hemisphere has been most
often implicated in language, the right hemisphere

has a role in prosody or interpreting the meaning of
words by the way in which they are stated (Bryden
and Ley, 1983). Goldberg and Podell (1995)
discuss some of the observations that lead to the
suggestion that the right hemisphere is critical for
exploratory processing of novel cognitive situations
for which there are no pre-existing codes or
strategies, whereas the left hemisphere is critical
for processing based on pre-existing representa-
tions and routine cognitive strategies. As they point
out, the novelty-routinization hypothesis empha-
sizes the importance of instructional biases that
accompany a task. An ambiguous task is likely to
depend on the right hemisphere.

The novelty-routinization hypothesis can be
assessed with functional imaging studies that
engage some part of the cingulofrontal confluence
region, Cognitively challenging tasks can activate
the right cingulofrontal confluence region (Corbetta
etal., 1991; Bench et al., 1993; Raichle et al., 1994,
Bush et al., 1998). Although the left region is
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required for inductive reasoning (Goel et al., 1997)
and performance on the sad Stroop task (George et
al., 1994), interpreting ‘theory of mind’ stories
appears to involve both hemispheres to some extent
(Fletcher et al., 1995). Reasoning, processing of
cognitively challenging information, assessment of
emotionally charged faces, and ‘mentalizing’ func-
tions may require both hemispheres even though
studies of cortical damage lead to intriguing
hypotheses about lateralization of functions. The
specific contributions of each hemisphere to mental
activity are not fully understood.

Distributed mental activity and the unified
mind

To the extent that there are two cortical sites in both
hemispheres engaged in mental activity, perception
of a single mind requires an explanation. Bogen
(1986) considered issues relating to the duality of
mind in the intact brain from the perspective of
lateralization of function. The duality of mind
associated with lateralization to either of the
confluence regions alone is partially solved by
contralateral callosal connections for each region.
Either hemisphere can contribute to recovery of
function following unilateral lesions and different
contributions may be made by each hemisphere but
joined by callosal connections. Thus, lateralization
of functions do not interfere with a unified
perception of self in either confluence region.
Furthermore, if the cingulofrontal confluence
region were the only primary site necessary for
mental activity, activity in this region would
represent the perceptual whole. However, the
presence of two confluence regions requires solv-
ing what is often termed the ‘binding problem’.
How do we experience existence through a unified
sense of self that seamlessly joins external and
internal stimuli, memory, plans, emotions, and
reflective thought in spite of distributed parallel
processing in the cerebral cortex?

One attempt to solve the binding problem
evolved naturally from the study of corticocortical
connections. Serial connections from primary sen-
sory to sensory association and then to multimodal
areas is a sequence that would solve the problem by
having a terminal site in the cortex that receives

unique and highly processed inputs and is also
interconnected with motor systems to control
skeletomotor and autonomic activity, Numerous
studies of monkey cortex failed to identify such an
area. Furthermore, functional imaging studies sup-
port the concept of two or more cortical areas
operating in parallel rather than converging on a
single ‘higher order’ association area.

In terms of the two confluence regions, crucial
corticocortical connections could subserve mental
unity only if it can be shown that the cingulofrontal
and parietotemporal confluence regions are inter-
connected. Connections of the human cerebral
cortex are not known, however, and the connections
of key parts of the confluence regions in human
cortex do not appear to have counterparts in the
monkey. Much of midcingulate cortex and areas 39
and 40 are difficult to homologize among primate
species and this will continue to hamper efforts to
understand mechanisms that subserve the unity of
mind.

Another mechanism for binding activity in the
two confluence regions is with a common input
from a subcortical structure such as the intra-
laminar and midline thalamic nuclei. The system
for processing noxious stimuli provides a means of
assessing the potential role of these thalamic nuclei
in consciousness and binding. As discussed in more
detail in Chapter 16 of this volume, the midline and
intralaminar thalamic nuclei have profound connec-
tions with anterior cingulate cortex. Although we
do not know if cortex in the parietotemporal
confluence region in human receives similar projec-
tions, we do know that noxious stimuli activate area
40 as well as other somatosensory areas (Svensson
et al., 1997). These nuclei contain nociceptive
neurons and blocking activity in this part of
thalamus blocks nociceptive activity in anterior
cingulate cortex (Sikes and Vogt, 1992). Since the
cingulofrontal and parietotemporal confluence
regions are primary components of the mind,
noxious stimuli can directly drive neurons in both
regions and engage affective, body orientation, and
response selection patterns. In the instance of pain
processing, the noxious stimulus directly drives the
relevant response circuits via the intralaminar and
midline thalamic nuclei. Thus, sensory or cognitive
driving in combination with common circuitry in a



parallel processing system may provide for unified
perceptual events.

The common input mechanism provides for
temporal linking of activity in divergent cortical
regions and is similar to the proposition that
massive and paralle]l networks are functionally
synchronized to produce 40 Hz discharges by
projections from the midline and intralaminar
thalamus (Llinas and Ribary, 1993). Although this
assures a common temporal pattern of discharge, it
is not clear how this synchronization itself via a
common input leads to binding of mental activity
into a unified mind. Although it is unlikely that
these thalamic nuclei operate like a ‘searchlight’,
this mechanism might help to explain binding at the
level of confluence regions, if the regions were
themselves interconnected.

The binding problem for uniform mental activity
may be solved in a number of ways. First, there
may be just a few primary confluence regions that
provide for the essence of mental activity such as
willed actions, intentions, imagery, intuitive logic,
and integration of the internal and external features
of self. Second, sensory driving via the midline and
intralaminar thalamic nuclei could provide for
synchronizing activity in the confluence regions
themselves and/or in other relevant networks.
Third, homotopic callosal and ipsilateral connec-
tions between the cingulofrontal and parieto-
temporal regions would result in the final stage of
binding parallel activities in distributed structures
into a single mental event.

Therapeutic implications of localizing the mind
to two confluence regions

From a neuroscientific perspective, an under-
standing of functional activity in the cingulofrontal
and parietotemporal confluence regions is essential
for studies that seek to identify biological mecha-
nisms whereby mental activity regulates the body
and, hence, Mind/Body interactions. This emphasis
on a few critical regions does not preclude
involvement in many other telencephalic structures
that are engaged in particular sensorimotor events
and in the activities of parallel and distributed
networks such as those in lateral prefrontal cortex
and sequential and distributed processing in
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sensory systems. These localizations simply empha-
size that there are regions essential to most mental
activity, that are likely the location of the mind, and
that cannot be overlooked in terms of dominant
network functions during mental activity. The
profound importance of the anterior cingulate
cortex itself has been observed by others, including
Damasio (1994), who observes that it is a ‘foun-
tainhead’ that constitutes the source of energy for
both external and internal actions.

The cingulofrontal confluence region provides a
target for drug, rehabilitation, and meditation
strategies for modifying Mind/Body interactions.
Two examples of such possibilities can be provided
in terms of psychological modifications of Mind/
Brain/Body relationships. The first example is
provided in studies of cerebral blood flow during
hypnosis. In a study by Rainville et al. (1997),
hypnosis was used to modify the unpleasantness of
noxious stimuli, High levels of unpleasantness
were associated with elevated blood flow in
midcingulate cortex, while blood flow in the
anterior insula was not selectively altered by
unpleasantness of the stimuli. Although affect is not
localized in midcingulate cortex (Vogt et al., 1997),
hypnotic regulation of midcingulate cortex may be
related to its involvement in mental imagery and
response selection in relation to motivationally
relevant stimuli. A second example of the potential
of activations of the cingulofrontal confluence
region to provide therapeutic relief is that sug-
gested for motor imagery. Decety (1995) suggested
that motor imagery itself may provide a strategy for
stimulating recovery of motor function following
damage to the central nervous system. From the
perspective  of Mind/Body interactions, such
responses and their close relationship to mental
activity suggest that the cingulofrontal confluence
region should be a morphological target of future
efforts to improve Mind/Body interactions and to
counteract pathological processes that influence
mental functions.

Therapies based on mentalistic strategies can be
guided by testable hypotheses and neuroscience is
on the verge of assessing the mechanisms of action
of complex approaches to neurological and psy-
chiatric  diseases like those embodied by
traditional/holistic medicine. A crucial link to
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future efforts will be hypothesis-driven experi-
ments using functional imaging modalities. The
neurobiology of Mind/Brain/Body interactions will
inevitably focus on those regions in the brain that
are primarily associated with mental activity
including the cingulofrontal and parietotemporal
confluence regions.
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