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We have demonstrated previously that patients producing spon-
taneous confabulations fail to suppress currently irrelevant mem-
ory traces, so that they act and think on the basis of a false,
temporally displaced (past) reality. All spontaneous confabulators
had anterior limbic damage, in particular of the orbitofrontal
cortex and basal forebrain. These findings indicated that these
structures are essential for distinguishing between mental repre-
sentations of ongoing reality and currently irrelevant memories. In
the present study, we used a similar experimental paradigm as in
our clinical studies and H, 'O positron emission tomography to
explore the selection of currently relevant memories by the
healthy human brain. Subjects were repeatedly presented with
the same set of pictures, arranged in different order each time,

and were requested to indicate picture recurrences within the
runs. Thus, performance in the first run depended on new learn-
ing, whereas subsequent runs required the distinction between
picture repetitions within the current run (“now”) and previous
picture presentations in earlier runs. Whereas initial learning
activated medial temporal structures, subsequent runs provoked
circumscribed posterior medial orbitofrontal activation. We sug-
gest that this area is essential for sorting out mental associations
that pertain to ongoing reality.
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Purposeful actions require not only the ability to store new infor-
mation but also to distinguish between currently relevant memo-
ries and currently irrelevant mental associations. Whereas the roles
of the medial temporal lobes for storage of new information is well
established (Scoville and Milner, 1957; Squire, 1992; Mishkin et al.,
1997; Nadel and Moscovitch, 1997), very little is known about the
selection of currently relevant memories. Some brain-damaged
subjects, so-called spontaneous confabulators, act according to
currently irrelevant memory traces, which they believe to represent
ongoing reality (Van der Horst, 1932; Kopelman, 1987; DeLuca
and Cicerone, 1991; Schnider et al., 1996a,b,c; Schnider and Ptak,
1999): A woman, who had suffered rupture of an aneurysm of the
anterior communicating artery, believed she had to give the bottle
to her baby, who was over 30 years old at the time (Schnider et al.,
1996b); a dentist hospitalized after aneurysm rupture inadvertently
left the hospital, convinced he had to see patients at his clinic (Ptak
and Schnider, 1999). The patients typically do not believe that they
are in the hospital, confuse the year and month, and are unaware of
their brain damage (Schnider et al., 1996¢). They justify their
beliefs and actions with stories, which appear to have the value of
reality for them and which can indeed mostly be traced back to real
events (spontaneous confabulations) (Van der Horst, 1932; Kopel-
man, 1987; DeLuca and Cicerone, 1991; Schnider et al., 1996a,b;
Ptak and Schnider, 1999; Schnider and Ptak, 1999).
Confabulations have been variously interpreted as a tendency to
fill gaps in memory (American Psychiatric Association, 1994), the
combination of amnesia with frontal executive dysfunction (Stuss
et al., 1978; Kopelman, 1987; DeLuca, 1993; Fischer et al., 1995),
or, more specifically, a failure to focus the search in memory and
monitor retrieval of information from memory (Stuss et al., 1978;
Burgess and Shallice, 1996; Kopelman et al., 1997a; Moscovitch
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and Melo, 1997). In our studies, we used a stringent definition of
spontaneous confabulations (spontaneously produced, apparently
invented stories that the patient occasionally acts on) and com-
pared spontaneous confabulators with nonconfabulating patients
having similarly severe amnesia. We found that the two groups did
not differ on common measures of memory or executive functions.
However, spontaneous confabulators specifically failed to distin-
guish between currently relevant and currently irrelevant items in
repeated runs of a continuous recognition task, a failure based on
an inability to suppress previously presented but currently irrele-
vant (distracter) items (Schnider et al., 1996b; Schnider and Ptak,
1999). A follow-up study demonstrated that recovery from sponta-
neous confabulations is accompanied specifically by recovery of
this suppression capacity (Schnider et al., 2000). It thus appears
that spontaneous confabulations reflect a distinct failure to sup-
press currently irrelevant mental associations; the patients thus
conceive of currently irrelevant memory traces as if they pertained
to ongoing reality (Schnider and Ptak, 1999).

In contrast to classical amnesia emanating from medial temporal
lesions, these patients’ lesions always involve anterior limbic struc-
tures, in particular the orbitofrontal cortex (OFC) or its connec-
tions in the basal forebrain (Schnider et al., 1996a,b,c; Schnider and
Ptak, 1999). Rare lesion sites were the amygdala and the contralat-
eral perirhinal cortex (Schnider et al., 1996b, 2000), the anterome-
dial hypothalamus (Schnider and Ptak, 1999), or the genu of the
right internal capsule (Schnider et al., 1996a). These studies indi-
cated that, whereas the posterior medial temporal lobe (in partic-
ular the hippocampus and adjacent cortex) is essential for retaining
information in memory, the anterior limbic system (in particular
the medial OFC and its connections in the basal forebrain) selects
currently relevant information from memory. In the present study,
we used H,'>O positron emission tomography (PET) to explore
the presence of this dichotomy in the healthy human brain.

MATERIALS AND METHODS

Subjects. The test subjects were eight male students aged 20-25 years who
gave written informed consent and were paid to participate in the study.
The study was approved by the local Ethical Committee.

Experiment. We used a continuous recognition task with a similar design
as, but more difficult than, the one used in our clinical studies (Schnider et
al., 1996b,c; Schnider and Ptak, 1999). The subjects saw 60 color photo-
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Figure 1. Experimental design. A, Baseline task: three pictures repeatedly
appeared in the same order (1-2-3-. .. ) but were intermittently immediately
repeated (*). Subjects were requested to detect these immediate picture
recurrences. B, Activation task: five runs were composed from the same set
of pictures, among which some were selected in each run to reappear once
or twice during the run. Subjects were requested to detect pictures recur-
rences within, and only within, each run (*). Only the picture order changed
from run to run; all other parameters (set of pictures, number of targets,
etc.) were constant in all runs.

graphs (Corel picture library) and were requested to indicate picture
recurrences within the test run (Fig. 1B). Unbeknownst to them, the series
was composed of 40 pictures, among which 12 were selected during the run
to reappear once (four pictures) or twice (eight pictures) as a target (total,
20 picture recurrences). Stimuli were presented for 3 sec on a television
screen above the test subjects, and interstimulus interval was 1 sec. Thus,
the test run lasted 240 sec. Subjects were asked to indicate picture recur-
rences within the run as fast as possible by pressing a mouse button with
their right hand, whereas they should not press the button if the picture
appeared for the first time within the test run.

After the first run, four additional runs were made in rapid succession
with only 90 sec break between runs. All runs were composed of the same
set of 40 pictures and had precisely the same design, except that the order
of picture presentation was different in each run. Test instructions were
similar to the first run; subjects were asked to forget that they had already
seen all pictures and to indicate picture recurrences solely within the
present run.

Thus, all runs constituted a delimited period of time in which currently
relevant information was defined by its previous appearance within the
same run. However, because all runs were composed of the same picture
series, the specific task requirements changed in the course of the exper-
iment. In the first run, all pictures were initially new, and an item that
appeared familiar could be assumed to be a picture repetition within this
run, i.e., a target. Thus, performance in the first run depended primarily on
new learning. In subsequent runs, all items were already familiar, and
responses based on familiarity alone were no longer correct. Recognition
of the current relevance of an item now demanded the ability to sense its
previous occurrence in the present rather than a previous run, i.e., the
distinction between events within the present (“now”) as opposed to
previous runs (the “past”).

To familiarize the test subjects with the task, the first experimental run
was preceded by a preparatory run with exactly the same design as runs one
through five, but with a separate picture series. Brain activity was mea-
sured in the first, third, and fifth runs; the second and fourth runs served
to increase the subjects’ familiarity with the stimuli and as washout period
of radioactivity.

To extract the specific memory components of the experimental runs,
brain activation during these test runs were compared with (subtracted
from) a baseline task. The baseline task (Fig. 1.4) consisted of the repeated
presentation of three different pictures in constant order but with inter-
mittent immediate picture recurrences whose frequency was similar to
target presentations in the activation task (e.g., 1-2-3-3-1-1-2-3-. .. ). Sub-
jects were asked to indicate immediate picture recurrences by pressing the
mouse button with their right hand. This task is similar to the activation
tasks in terms of the visual complexity of the presented items and the type
and frequency of responses (“yes” responses; “no” responses requiring
response inhibition). However, it differs from the activation tasks in that it
has virtually no memory component; recognition of immediate picture
repetitions is very simple, including task instructions. To further minimize
any memory component (novelty effect), the task was made twice, and
brain activation was measured in the second run.
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Imaging. PET scans were acquired on a whole-body scanner (Advance
GEMedical Systems, Waukesha, W1) in three-dimensional mode with a 15
cm axial field of view. For each scan, 400-450 MBq H,'°O were admin-
istered as a slow bolus with a remotely controlled injection device. PET
counts were recorded over 60 sec after the arrival of the bolus in the brain.
Attenuation-corrected data were reconstructed into 35 image planes. The
accumulated radioactivity counts over 60 sec were taken as measure for
cerebral blood flow. Statistical parametric mapping was performed as
follows. First, head movement between the scans was corrected using the
least squares method implemented in statistical parametric mapping soft-
ware, SPM99b (Friston et al., 1995). Then, all images of each subject were
summed and transformed into stereotaxic space [Montreal Neurological
Institute coordinates (MNI) as provided by SPM99]. The normalization
included linear transformations and deformations based on nonlinear basis
function. The resulting transformation matrix was subsequently used to
transform each individual scan. To ameliorate residual interindividual
anatomical and functional differences after spatial normalization, the scans
were smoothed with a Gaussian filter of 15 mm FWHM. Global effects
such as varying injected activities were removed by dividing each voxel
value by the global mean of gray matter voxels. The difference between
conditions (run 1-baseline; run 3-baseline; run 5-baseline) was then eval-
uated voxel by voxel, using ¢ statistic subsequently transformed into nor-
mally distributed z statistic. Because we had a clear anatomical hypothesis,
we us)ed uncorrected z values and accepted significance whenz > 3 (p <
0.001).

Volume of interest. A volume-of-interest (VOI) analysis was made using
data that had been realigned, corrected for global effects, and spatially
normalized. Global effects were removed by proportional scaling. Each
voxel was normalized to the mean of gray matter voxels. The latter were
defined by including all voxels above 80% peak activity on a template in
stereotactic space. The VOIs encompassed the activation clusters obtained
from statistical parametric mapping at a cutoff level of p = 0.001 (uncor-
rected). The mean value of all voxels within a VOI was then calculated for
each volunteer and condition.

RESULTS

Behavioral data

Although the present experiment was considerably more difficult
than the one used with brain-damaged subjects (Schnider et al.,
1996b,c; Schnider and Ptak, 1999) (rapid succession of five runs,
varying target items within a run), the performance of our eight test
subjects was almost perfect; hit rate (maximum, 20) was 20 = 0 in the
first run and 19.0 = 1.8 in the fifth run (repeated measures ANOVA
over all five runs, p = 0.08); false positive rate (maximum, 40) was
0.4 = 0.5 in the first run and 1.8 = 1.4 in the fifth run (p = 0.8).

New learning

Different clusters of significant activation were observed in the
three runs in which brain activity was measured (first, third, and
fifth runs). Compared with the baseline task requiring detection of
immediate picture repetitions (Fig. 14), new learning (first run)
(Fig. 2A4) provoked strong, predominantly right-sided medial tem-
poral activation encompassing the hippocampus, parahippocampal,
and fusiform gyri (Fig. 24, h2). On the left side, the activation was
limited to the parahippocampal gyrus (Fig. 24, 41). In addition,
there was a small area of activation in the right rectal gyrus (Fig.
2A, gR). As predicted on the basis of the clinical studies, the
activity of these areas decreased in subsequent runs and was no
longer detectable in the third and fifth runs compared with the
baseline task. A VOI analysis (Fig. 2D, hl, h2, gR) confirmed a
decrease of activity in these clusters from run to run (repeated
measures ANOVA; Fig. 2D, hi, F (5 7y = 3.9,p = 0.045; h2, F = 1.5,
p = 0.006; gR, F = 21, p < 0.0001).

Selection of currently relevant memory traces

An entirely different activation pattern emerged in the third and
fifth runs when the task primarily required participants to distin-
guish between item repetitions within the present run and previous
picture presentations in earlier runs. Instead of the previous medial
temporal activation, there was new activation of the posterior
medial OFC. This activation was again variable and involved dif-
ferent clusters in the fifth compared with the third run. In the third
run, there was a large area of activation in the posterior portion of
the left inferior frontal gyrus, lateral of the rectal gyrus (Fig. 2B,
ol). In the fifth run, this area of activation was much smaller.
Instead, there were two new areas of activation in the posterior
medial OFC on both sides (Fig. 2C, 02, 03). The VOI analysis
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Figure 2. Brain activation in the different runs of the activation task compared with the baseline task. Shown are voxels with z > 3.0 (uncorrected), p <
0.001. For anatomical illustration, the activation clusters are projected onto a spatially normalized T1-weighted magnetic resonance scan from one
volunteer. 4, New learning in the first run was associated with strong activation in the right medial temporal lobe [peak activation in the parahippocampal
gyrus (h2), MNIx/y/z coordinates, 30/—40/—12, z = 5.1); a smaller area of activation in the left parahippocampal gyrus (A1) —48/—/70/—12, z = 4.54); and
discrete activation of the right rectal gyrus ( gR), 10/36/—32,z = 3.76)]. B, Run 3 was associated with extended left posterior inferior frontal gyrus activation
(ol) (—16/28/—32, z = 4.73). C, Run 5 provoked discrete, bilateral posterior medial frontal gyrus activation (02) (14/22/-20, z = 3.55; 03, —16/24/—28,
z = 3.42). D, VOI analysis (mean = SEM of percent deviation from baseline) demonstrating decreasing activation from run 1 to run 5 in /1, h2, and gR.
In contrast, VOI activation increased, albeit nonsignificantly, from run 1 to run 5 in clusters o/, 02, and 03.

demonstrated increasing activation in these clusters from run to
run (Fig. 2D, 01, 02, 03). Although this increase was not significant
(p > 0.10), the trend of the VOI analysis, too, ran clearly counter
to the decrease of the medial temporal activation in the third and
fifth runs (Fig. 2D, hl, h2). This impression was confirmed by the
interactions of cluster (h1, h2, gR, ol, 02, 03) X run (1, 3, 5) in
pairwise repeated measures ANOVAs. Whereas the pairwise com-
parisons between h1, h2, and gR (F(, », = 1.96; p = 0.16) as well as
pairwise comparisons between o1, 02, and 03 (F(,, = 0.69; p =
0.51) yielded only nonsignificant interactions, all interactions of
h1, h2, and gR with o1, 02, and 03 were significant (F(, ,, = 4.6;
p = 0.02).

DISCUSSION

This study derives from our clinical studies demonstrating that
patients with lesions of the posterior medial temporal lobe (hip-
pocampus and adjacent cortex) fail to store new information,
whereas anterior limbic lesions involving, in particular, the medial
OFC and basal forebrain induce an inability to suppress the inter-
ference of currently irrelevant memories onto ongoing thought, so
that the patients act and think on the basis of these past memories
rather than current reality (Schnider et al., 1996b,c; Schnider and
Ptak, 1999). These studies thus indicated that the anterior limbic

system is essential for distinguishing between mental associations
referring to ongoing reality and memories representing a subject’s
past. The present study with healthy subjects strongly supports this
theory.

In agreement with earlier functional imaging studies demon-
strating activation of the medial temporal lobe (hippocampus,
parahippocampal gyrus, or both) in tasks of new learning (Stern et
al., 1996; Tulving et al., 1996; Dolan and Fletcher, 1997; Gabrieli et
al., 1997; Saykin et al., 1999; Strange et al., 1999), we found medial
temporal activation only when subjects encountered the picture
series for the first time. This finding agrees with our clinical data
showing that patients who fail only in the new learning part of a
continuous recognition task (first run) typically have medial tem-
poral damage (Schnider et al., 1996¢; Schnider and Ptak, 1999) and
with a wealth of clinical studies demonstrating the importance of
the medial temporal lobe for new learning (Scoville and Milner,
1957; Victor et al., 1961; DeJong et al., 1969; Zola-Morgan et al.,
1986; Squire, 1992; Schnider et al., 1994; Mishkin et al., 1997;
Nadel and Moscovitch, 1997).

The most important, novel finding of this study is the circum-
scribed posterior orbitofrontal activation in the third and fifth runs,
when the distinction between events (picture repetitions) within
the current run (the “current reality,” now) and events in previous
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runs (the past) was required. No previous imaging study on human
memory has described activation of this area, an activation that we
predicted, however, on the basis of our clinical studies (Schnider et
al., 1996b,c; Schnider and Ptak, 1999). Our healthy test subjects
managed to distinguish almost perfectly between the current and
previous runs, although the runs were made in rapid succession.
Patients with anterior limbic lesions who produce spontaneous
confabulations fail to distinguish between the current and previous
runs even when the runs are separated by 1 hr (Schnider et al.,
1996b; Schnider and Ptak, 1999). Indeed, their spontaneous con-
fabulations and behavior demonstrate that they may even fail to
separate ongoing reality from events that happened many years ago
(Schnider et al., 1996a,b, 2000; Ptak and Schnider, 1999; Schnider
and Ptak, 1999). Thus, the role of the posterior OFC activated by
the task used in this study transcends the time span explored by the
task. The posterior OFC selects those mental associations that
relate to ongoing reality, irrespective of when the information was
acquired.

The present study does not allow to determine the specific
mechanism of this orbitofrontal selection process, all the more that
our test subjects performed at ceiling level in all runs. Their
performance therefore does not allow to correlate the activity of
distinct brain areas with specific performance parameters. Based
on studies that have shown that animals with OFC lesions tend to
continue to react to stimuli that are no longer rewarded (Jones and
Mishkin, 1972; Meunier et al., 1997), the OFC has been suggested
to protect ongoing action planning from interference by currently
irrelevant memories (Fuster, 1997). Our clinical studies are com-
patible with this interpretation and have specified this mechanism
in human subjects. Using a similar, albeit easier, experimental
paradigm as in the present study, we found that spontaneous
confabulators compared with nonconfabulating patients having
similarly severe amnesia, specifically increased false positive re-
sponses from run to run, whereas the hit rate (target detection)
remained constant. Thus, spontaneous confabulators specifically
failed to suppress items they had seen in previous runs but that
were irrelevant in the current run (nonrepeated, presented only
once as a distracter). All spontaneous confabulators had lesions
that involved either the medial OFC itself or areas that are con-
nected with it (basal forebrain, capsular genu, amygdala, perirhinal
cortex, and hypothalamus) (Schnider et al., 1996a,b,c; Schnider and
Ptak, 1999). The posterior OFC activation found in the third and
fifth runs of the present study may thus reflect the suppression of
interference by items seen in previous runs rather than the selec-
tion of items repeated within the current run.

The result of our image analysis, as shown in Figure 2, B and C,
suggests that the left and right posterior OFC might be differen-
tially involved in the suppression of irrelevant memories depending
on the familiarity with the items or the task. However, the VOI
analysis did not reveal a significant change of activation in any of
the posterior medial OFC clusters (01, 02, and 03) between the test
runs. In addition, our clinical studies failed to reveal a consistent
lesion lateralization in spontaneous confabulators (Schnider et al.,
1996b,c, 2000; Schnider and Ptak, 1999). It would therefore be
premature to derive from the available data a differential contri-
bution of the left and right OFC to the selection of currently
relevant memories.

The result of this study helps to explain the observation that the
duration of spontaneous confabulations depends on the lesion site.
We found that patients with anterior medial OFC lesions confab-
ulate only for a brief period, usually a few weeks (Schnider et al.,
2000). In contrast, patients with lesions of the posterior OFC and
basal forebrain typically confabulate for several months (Schnider
et al., 1996a, 2000), occasionally even for years (Rapcsak et al.,
1998). These clinical observations, in accord with the present study,
indicate that the area critical for the distinction between mental
representations of ongoing reality and currently irrelevant memory
traces is the posterior medial, rather than anterior medial, OFC.
Thus, anterior medial OFC lesions may compress, but do not
destroy, the area critical for the selection of currently relevant
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memories, whereas posterior medial OFC and basal forebrain
lesions destroy this area or its connections.

We have difficulty in explaining the activation of the right rectal
gyrus in the initial learning run. This activity, in contrast to the
posterior medial OFC activity, decreased in subsequent runs and
therefore does not appear to reflect the type of suppression de-
manded by the third and fifth runs. Patients having lesions in this
area (anterior medial OFC) often performed normally in the first
run of a similar continuous recognition test (Schnider et al., 1996c)
and confabulated only for brief periods (Schnider et al., 2000).
Based on the theoretical requirements of our task, the right rectal
gyrus might be involved in the suppression of test-irrelevant mental
associations on the first presentation of the items (rather than the
suppression of test items themselves) or the positive selection of
target items, for example by the attribution of a “reward value” to
these items (Rolls, 1999). These possibilities have to be explored
with specifically designed experiments. Although our clinical stud-
ies did not indicate that this participation is crucial for performance
in the task, the present study suggests that varying parts of the OFC
participate differentially in the selection of currently relevant mem-
ories depending on previous experience with the presented
information.

The selection of memory traces explored by our task appears to
be different from the explicit knowledge about the time when a
specific piece of information was encountered in relation to other
information, a capacity tested with traditional temporal order and
recency tasks (Huppert and Piercy, 1976; Hirst and Volpe, 1982;
Schacter, 1987; Shimamura et al., 1990; Milner et al., 1991; Shi-
mamura et al., 1991; Parkin and Hunkin, 1993; Kesner et al., 1994;
Kopelman et al., 1997b). In such tasks, the test subjects may be
presented, for example, with two lists of words some time apart and
later be requested to indicate whether a word was presented in the
first or second list. Our task does not require such knowledge; a
target item is defined by its own previous occurrence within the
same test run, irrespective of its temporal relation with other items.
A number of observations indicate that the capacity measured by
our task is different from previously used temporal order tasks. (1)
Our task reliably separates spontaneous confabulators from non-
confabulating amnesics (Schnider et al., 1996b; Ptak and Schnider,
1999; Schnider and Ptak, 1999) and precisely parallels their clinical
course (Schnider et al., 2000). Traditional temporal order tasks do
not have this specificity; although spontaneous confabulators have
been shown to fail in such tasks (Schnider et al., 1996a; Johnson et
al., 1997), nonconfabulating amnesics and subjects with intact ex-
plicit memory, who have frontal lesions or dysfunction, may also
fail in the these tasks (Schacter, 1987; Shimamura et al., 1990;
Milner et al., 1991; Shimamura et al., 1991; Parkin and Hunkin,
1993; Kesner et al., 1994; Johnson et al., 1997, Kopelman et al.,
1997b). (2) Failure in our task was always associated with anterior
limbic lesions, in particular the medial OFC or basal forebrain,
whereas isolated lesions of the lateral prefrontal cortex (LPFC)
have never produced spontaneous confabulations or failure in our
task (Schnider et al., 1996a,b,c; Ptak and Schnider, 1999; Schnider
and Ptak, 1999). In comparison, failure in traditional temporal
order tasks does not have such anatomical specificity and has been
described in association with various lesion sites, including the
anterior limbic system (Schnider et al., 1996a; Johnson et al., 1997),
the LPFC (Schacter, 1987, Shimamura et al., 1990; Milner et al.,
1991; Shimamura et al., 1991; Kesner et al., 1994; Kopelman et al.,
1997b), or the retrosplenial cortex (Bowers et al., 1988). These
considerations also relate to so-called prospective memory tasks in
which subjects are shown, for example, a series of cards containing
the same designs but in different arrangement each time; subjects
have to point to a different item on each card (Petrides and Milner,
1982). Failure in such tasks is seen with LPFC lesions and is
independent of spontaneous confabulations.

Imaging studies also point to a specificity of the capacity ex-
plored by our task. Studies exploring the brain activation associated
with traditional temporal order tasks (Zorrilla et al., 1996; Cabeza
et al.,, 1997) or a prospective memory task (Petrides et al., 1993)
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described activation of the LPFC rather than the OFC activation
found in the present study. An imaging study exploring inhibition
of responses to just previously seen, but currently false, items also
yielded LPFC activation rather than OFC activation (Jonides et al.,
1998), a finding underscoring that the activity found in our task
does not simply reflect response inhibition. Although we cannot
exclude that differences between these studies and ours are partly
attributable to different baseline tasks, it is noteworthy that all of
these studies, which were specifically designed to study temporal
order memory, prospective memory, or response inhibition, dem-
onstrated LPFC activation but no OFC activation, whereas our
study yielded the opposite pattern of activation.

In summary, the present results, in combination with our clinical
studies, indicate that the posterior medial OFC has a role for
human memory that is distinct from the medial temporal lobe or
the LPFC. It sorts out the mental associations that pertain to
ongoing reality by suppressing memory traces that have no current
relevance. This mechanism allows the free flow of mental associa-
tions but ensures that thinking and behavior can always be referred
back to true ongoing reality.
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