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Brain Correlates of Performance in a Free/Cued Recall Task
With Semantic Encoding in Alzheimer Disease
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Summary: The goal of this study was to explore in patients with Alzheimer’s disease
(AD) the brain correlates of free and cued recall performance using an adaptation of
the procedure developed by Grober and Buschke (1987). This procedure, which en-
sures semantic processing and coordinates encoding and retrieval, has been shown to
be very sensitive to an early diagnosis of AD. Statistical parametric mapping (SPM 99)
was used to establish clinicometabolic correlations between performance at free and
cued verbal recall and resting brain metabolism in 31 patients with AD. Results
showed that patient’s score on free recall correlated with metabolic activity in right
frontal regions (BA 10 and BA 45), suggesting that performance reflected a strategic
retrieval attempt. Poor retrieval performance was tentatively attributed to a loss of
functional correlation between frontal and medial temporal regions in patients with AD
compared with elderly controls. Performance on cued recall was correlated to residual
metabolic activity in bilateral parahippocampal regions (BA 36), suggesting that per-
formance reflected retrieval of semantic associations, without recollection in AD. In
conclusion, this study demonstrates that the diagnostic sensitivity for Alzheimer’s
disease of the cued recall performance in the Grober and Buschke procedure (1987)
depends on the activity of parahippocampal regions, one of the earliest targets of the
disease. Moreover, the results suggest that the poor performance of patients with AD
during free and cued recall is related to a decreased connectivity between parahippo-
campal regions and frontal areas. Key Words: Episodic memory—Frontal areas—
Parahippocampal regions—Alzheimer disease.

It is widely accepted that Alzheimer disease (AD) is
associated with a severe impairment in episodic memory
functioning, which is known to be present since the first
stages of the disease and even in its preclinical phase
(Morris, 1996).
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Memory impairment in AD affects free recall (Helkala
et al., 1988; Grober et al, 2000), cued recall (Petersen et
al., 1994; Buschke et al., 1995; Tounsi et al., 1999), and
recognition (Branconnier et al., 1982; Wilson et al.,
1983). These deficits have been considered as the con-
sequence of poor encoding (Damasio et al., 1990; Kohler
et al., 1998) and of retrieval impairment (Bird and
Luszcz, 1991; Tuokko et al., 1991). Studies exploring
storage in AD led to conflictual results because some of
them claimed that the forgetting rate would be normal in
AD (Kopelman, 1985; Becker et al., 1987, Money et al.,
1992; Christensen et al., 1998), whereas other studies
showed an accelerated forgetting rate in patients with
AD compared with normal controls (Troster et al., 1989;
Welsh et al., 1991).
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From a diagnostic viewpoint, episodic memory tests
are very useful in discriminating mild patients with AD
from normal elderly subjects (Bickman and Small,
1998). More specifically, some studies demonstrated that
episodic memory tests that provide more cognitive sup-
port both at encoding and retrieval are better predictors
of dementia than tasks involving less cognitive support
(Buschke et al., 1997; Small et al., 1997). For example,
measures of cued recall, especially when the cues at
retrieval matched those available at encoding, were re-
ported to better discriminate between elderly controls
and individuals with mild dementia than measures in
which compatibility between learning and test phases
was not maintained (Buschke et al., 1997).

In this context, Grober and Buschke (1987) developed
the Free and Cued Selective Reminding Test (FCSRT), a
memory procedure that was designed to combine both
manipulation of the processing level during initial en-
coding and provision of specific cues for optimizing re-
trieval. In the learning phase, subjects are required to
point to pictures of common objects corresponding to the
semantic category given by the experimenter. After an
interpolated task to avoid rehearsal, subjects are tested by
successive trials of free and cued recall. The cued recall
task was designed to facilitate retrieval of items not re-
trieved during free recall by supplying the same semantic
cues as those offered during initial encoding. This con-
gruence of semantic cues in both encoding and retrieval
conditions places the subject in an optimal situation of
encoding specificity (Tulving and Thomson, 1973). The
procedure has been frequently used in the literature and
has proved to be very sensitive to an early diagnosis of
AD (Tuokko et al., 1991, Petersen et al., 1994; Tounsi et
al., 1999), partly because patients with AD did not re-
spond to the principle of encoding specificity as well as
normal elderly controls. These studies showed that pa-
tients with early AD have impairments in both free and
cued recall, compared with healthy elderly controls. The
free recall performance during this task has been dem-
onstrated to be a powerful measure for the prediction of
future dementia (Grober et al., 2000). Moreover, the im-
paired ability of patients with AD to benefit from seman-
tic cueing makes differential diagnosis with subcortical
dementia possible, given that the latter patients have im-
paired free recall but are able to normalize their perfor-
mance by cued recall (Pillon et al., 1993).

The predictive aspect of episodic memory tasks is con-
sistent with neuropathologic and neuroimaging findings
showing early changes in medial temporal volume in AD
(Fox et al., 1996; Kohler et al., 1998; Laakso et al.,
1998). However, recent studies indicate that episodic
memory is subserved by a large network of cerebral re-
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gions, which can also be affected by the disease (Nyberg
et al., 2000). The results from most studies in normal
populations demonstrated the involvement of the pre-
frontal cortex and the “hippocampal formation” in the
encoding (Grady et al., 1995; Stern et al., 1996) and
retrieval processes (Squire et al., 1992; Nyberg et al.,
1996) in episodic memory. Neuroimaging studies have
also shown the involvement of many other structures,
such as the temporoparietal association cortices, the cer-
ebellum, and the cingulate cortex (Desgranges et al.,
1998a). According to such a network organization, the
episodic memory deficit in AD could be due not only to
a functional impairment of these proper regions but also
to defective connections between the different regions of
this complex network. For example, neuropathologic
data in AD highlighted a relative isolation of the hippo-
campal formation from other parts of the brain (Van
Hoesen et al., 1991; Damasio et al., 1990). Various stud-
ies were conducted to better understand the neuronal
basis of episodic memory impairment in AD (Becker et
al., 1996; Herbster et al., 1996; Cardebat et al., 1998;
Desgranges et al., 1998b; Biackman et al., 1999). Glo-
bally, these studies showed that verbal episodic memory
tasks in AD were related to activity in a large neuronal
network, including structures classically described in
functional activation studies in healthy subjects (Herb-
ster et al., 1996; Desgranges et al., 1998a). According to
the authors, similar activations observed in patients with
AD and in normal elderly controls suggest that some of
the regions involved in the episodic memory processes
network would still be functional in early AD. Besides
the activation of a common neuronal network for epi-
sodic retrieval in normal controls and patients with AD,
Biackman et al. (1999) reported also specific activations
in each group. Increases in activity observed in AD,
compared with healthy subjects, were interpreted in
terms of compensatory reactions to the difficulties in
performing the retrieval memory task.

Several MRI-based volumetric measurement studies
in AD have more specifically explored the neuroanatom-
ical correlates of different memory measures coming
from the Grober and Buschke procedure (Deweer et al.,
1995; De Toledo-Morrell et al., 2000). In particular, the
total delayed recall score (mixed free and cued recall)
was found to correlate with the hippocampal formation
volume (Deweer et al., 1995). More recently, this
memory procedure was used both in a verbal and a spa-
tial form, and only free recall memory measures were
selected for the analysis (De Toledo-Morrell et al.,
2000). Left hippocampal volume was found to be the
best predictor of verbal free recall performance, whereas
right hippocampal volume was the best predictor of spa-
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tial free recall performance. With an adaptation of the
same procedure, a clinicometabolic positron emission to-
mography (PET) study showed the left entorhinal cortex
to be correlated to the summed score of three free recall
trials (Eustache et al., 2001). But none of these studies
explored the regions specifically associated to perfor-
mance in cued recall.

Consequently, the aim of our study was to reexamine
with PET the relationships between brain metabolism in
AD and memory performances in an adaptation of the
Grober and Buschke procedure (with printed words
rather than labeled pictures). Our goal was to emphasize
regions differentially associated to free and cued recall
performance in AD, with a particular interest to those
related to cued recall performance, given the particular
sensitivity of the semantic cueing procedure for the early
diagnosis of AD.

METHODS

Participants

Thirty-one subjects (10 males and 21 females) who
met the NINCDS-ADRDA criteria for probable Alzhei-
mer’s disease underwent both a French adaptation of the
Grober and Buschke procedure (1987) and resting (18F)
fluorodeoxyglucose positron emission tomography
(18FDG-PET). They all had dementia with progressive
memory impairment (McKhann et al., 1984). The diag-
nosis was based on general medical, neurologic, com-
plete neuropsychologic examination and clinical follow-
up. The Grober and Buschke (1987) procedure was in-
cluded in the first diagnostic neuropsychological testing,
and patients were not yet taking medication that might
affect cognition (either cholinesterase inhibitors or psy-
choactive medications) at the time of testing. The CT
scan showed at most mild atrophy. Mean age was 70.9
years (SD 6.1 years), and mean disease duration was 31.8
months (SD 23.2 months). Mean score at Mini Mental
State Examination (MMSE) (Folstein et al., 1975) was
21.9 (SD 4.0). Three of the 31 patients had possible AD
at the time of the study, but they met criteria for probable
AD after longitudinal follow-up.

Two control populations were selected. The first con-
trol population underwent the memory test but not the
PET scan. In contrast, the second group of control sub-
jects did not receive the memory task, but they were
selected from our database of 18FDG-PET. The first
control population comprised 31 elderly subjects (11
males and 20 females). Mean age of this control popu-
lation was 69.4 years (SD 4.2 years; range 60-78 years).
Age was not significantly different between AD and con-
trol populations [z (60) = 1.14, p = 0.257]. The second
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group of control subjects consisted of 20 elderly subjects
(15 males and 5 females). Mean age was 64.45 years (SD
5.79 years; range 56—71 years). There was a statistical
difference between the age of AD and the control sub-
jects [t (49) = 3.763, p < 0.0005]. For this reason, age
was taken as a confounding covariate in statistical analy-
ses.

Materials

The episodic memory test used was a French adapta-
tion (Van der Linden et al., 2001) of the procedure de-
signed by Grober and Buschke (1987). Contrary to the
original version which used labeled pictures, the adapta-
tion developed in this study used printed words. In this
test, 16 words had to be learned. They were presented to
the subject on four different cards, each with four items.
The subject was asked to point to and to read aloud each
item (e.g., daffodil) when the name of its category was
verbally given as cue (e.g., flower). When all four items
on a card were correctly named, the card was removed
and immediate verbal cued recall was tested, in the order
of identification, by giving each category cue to the sub-
ject (e.g., what was the flower?). If the patient was un-
able to recall an item in response to its cue, the pointing
and naming procedure was performed again for this item,
and cued recall was tested again until a correct response
was given. Once the immediate cued recall for a group of
four items was completed, the next set of items was
presented. The learning phase of the 16 items was fol-
lowed by 20 s of counting backwards to avoid the re-
cency (short-term memory) effect. This interference task
was followed by a free recall trial for all 16 items, and a
cued recall trial for those items not retrieved at free re-
call, and for which the same semantic cues as those used
during encoding were verbally given. Three recall trials
and a 20-min delayed free and cued recall task were
administered. Individual scores on both free and cued
recall were computed in the current study, taking first
and delayed trials into account.

Image Processing of PET Data

All images of cerebral glucose uptake were obtained
in the resting condition on a SIEMENS CTI 951 R 16/31
tomograph (CTI, Knoxville, TN, USA) in two-
dimensional mode with collimating septa extended, us-
ing the '®fluorodeoxyglucose (18FDG) technique. The
camera had a 10.8-cm field of view in the axial direction.
A 20-min transmission scan was acquired for attenuation
correction using three ®®*Ge rotating sources prior to the
tracer injection. An 8-mCi intravenous bolus injection of
18FDG was followed 35 min later by 20-min acquisition
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of the emission data under standard conditions (eyes
closed in dimmed ambient light and ears unplugged).
This scan was then reconstructed using a Hanning filter
at a cutoff frequency of 0.5 cycles per pixel, giving a
transaxial resolution of 8.7 mm full-width at half-
maximum for each of the 31 planes.

All calculations and image transformations were car-
ried out on a SUN SPARC Ultra 60 workstation (Sun
Computers Europe Inc., Surrey, UK). For each PET scan,
the 31 transverse planes were interpolated to 44 planes to
render the voxels cubic (2.347 x 2.347 x 2.347). All
subsequent steps of image processing were made using
the statistical parametric mapping software (SPM99,
Wellcome Department of Cognitive Neurology, London,
UK) implemented in Matlab 5.3 (Math Works, Natick,
MA, USA). First, PET images were manually reoriented
to the interhemispheric fissure and intercommissural
plane. Functional imaging data were then normalized
into a standard stereotaxic anatomic space (Talairach and
Tournoux, 1988), using a bilinear interpolation method
to allow for intersubject averaging. The normalizing spa-
tial transformation matches (in a least squared sense)
each scan to a template image that already conforms to
the standard anatomic space. The estimation of spatial
normalization parameters consists of two parts: affine
registration and basis function. All images were checked
visually before and after the normalization procedure to
ensure that no cerebral region was incorrectly normal-
ized in the stereotaxic anatomic space. All scans were
finally smoothed using an isotropic Gaussian filter 12
mm full-width half-maximum (Signorini et al., 1999) to
increase the signal-to-noise ratio, to account for differ-
ences in gyral anatomy in the data set, and to conform
more closely to a Gaussian field model (statistical infer-
ences made in the following imaging analyses rely on the
theory of Gaussian fields).

Analysis of PET Data

Proportional scaling was used to achieve global nor-
malization of voxel values between scans mainly to re-
move effects of differences in global cerebral metabo-
lism between scans. To test hypotheses about regionally
specific effects, the parameters were estimated in the
general linear model (Frackowiak et al., 1997) at each
and every voxel included in the analysis. The statistical
program (SPM99) generated a group-specific adjusted
mean value and an associated adjusted error variance for
each voxel. The resulting statistics were expressed by the
t distribution. The ¢ values constituted an SPM (7). Re-
sults were thresholded to a 7 statistic (p < 0.001-0.01) to
assess statistical significance with a priori hypotheses.
Age and MMSE score were introduced as nuisance vari-
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ables in all SPM design matrices, except for interregional
correlations analysis where only age was taken as a nui-
sance variable.

The statistical analyses performed in SPM99 were: a
correlational analysis between brain metabolism and re-
call (free and cued recall) in AD and interregional cor-
relations between some specific areas and whole brain
metabolism with interaction effect between the AD
group and the group of 20 elderly controls from our
database.

RESULTS

Neuropsychologic Data

Neuropsychological performances were compared
with those obtained in the first group of 31 elderly con-
trols. The analysis was carried out on performances in
the first and delayed trials of free and cued recall. Per-
formance in free and cued recall was expressed as pro-
portions of items recalled. For free recall, the proportion
represents the number of items freely recalled/16 (maxi-
mal number of items). For cued recall, the proportion
represents the number of items recalled among those not
retrieved during free recall/the number of words not re-
called during free recall.

Mean proportions of items recalled during free and
cued recall at first trial for 31 patients with AD were,
respectively, 19.5% (SD 12.7%) and 35.2% (SD 21.2%).
These performances were significantly lower than those
obtained by control subjects [respectively, mean 53.5%,
SD 15.7% for first free recall, ¢ (60) = -9.36, p <
0.0001; and mean 86.9%, SD 15.0% for first cued recall,
1 (60) = —11.06, p < 0.0001]. Mean proportions of words
recalled during delayed free and cued recall in the AD
population were respectively 16.0% (SD 15.3%) and
37.0% (SD 23.9%). These performances were also sig-
nificantly lower than those in control subjects [respec-
tively, mean 71.0%, SD 15.5% for delayed free recall, ¢
(60) = —14.09, p < 0.0001; and mean 95.6%, SD 8.5%
for delayed cued recall, ¢ (60) = —72.8, p < 0.0001]
(Table 1).

Correlation Between Brain Metabolism and Free
Versus Cued Recall Performance

The first comparison was designed to explore the ce-
rebral regions that were more related to free recall per-
formance than to cued recall score during the first trial.
This direct comparison showed a positive correlation
with the right superior frontal gyrus (BA 10). When cor-
relations with first and delayed free recall were respec-
tively contrasted to those with first and delayed cued
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TABLE 1. Mean performance during free and cued recall
in AD patients and elderly controls, expressed in proportions
(standard deviation)

Patients Elderly

with AD controls
First free recall 19.5 (12.7) 53.5 (15.7)*
First cued recall 35.2 (21.2) 86.9 (15.0)*
Delayed free recall 16.0 (15.3) 71.0 (15.5)*
Delayed cued recall 37.0 (23.9) 95.6 (8.5)*

*Significant difference at p < 0.0001.

recall and when results were entered into a conjunction
analysis (designed to highlight common cerebral regions
specifically related to free recall performances), a posi-
tive correlation appeared not only in the right superior
frontal gyrus (BA 10) but also in the right inferior frontal
gyrus (BA 45) (Fig. 1; Table 2).

The second analysis aimed to explore the cerebral re-
gions more implicated in cued recall than in free recall in
the first trial. There was a positive correlation with left
and right parahippocampal regions (BA 36). These re-
sults were subsequently confirmed when correlations
with first and delayed cued recall were respectively com-
pared with those with first and delayed free recall and
then entered into a conjunction analysis (Fig. 2; Table 2).
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Interregional Correlations

Interregional metabolic correlations were analyzed in
SPM using covariates of interest. For each scan, a co-
variate of interest corresponded to the relative metabolic
value obtained in a voxel of interest. This analysis al-
lowed to emphasize the degree of association in our AD
and control populations between functional activity in a
given voxel and metabolism in the other regions of the
brain. Individual metabolic values of the most significant
regions obtained in the previous analyses (BA 36 and BA
45) were selected in the AD and in the control popula-
tions. Interregional covariance analysis was computed
for both groups, using individual glucose metabolism in
BA 36 and BA 45 as the variable of interest in a single
matrix and age as confounding covariate. Networks of
functionally related brain regions were emphasized in
patients with AD and elderly controls on SPM thresh-
olded at p < 0.01 and p < 0.001 (Table 3). Correlations
were significantly greater in controls than in patients
with AD between the left parahippocampal gyrus (BA
36), on the one hand, and the right inferior frontal gyrus
(BA 45 and BA 47) on the other. Correlations were also
greater in controls than in patients with AD between the
right inferior frontal gyrus (BA 45) and two other left
frontal areas (BA 46 and BA 6), right temporal and pa-

FIG. 1. Results from SPM99 analysis in patients with AD. The conjunction analysis between first (Free vs. Cued Recall) and Delayed (Free vs. Cued
Recall) highlights the cerebral regions where relative brain glucose uptake is positively correlated with free recall more than cued recall performance.
Significant correlation in two right frontal regions (BA 10 and BA 45) is shown as colored voxels projected upon corresponding T1-weighted MRI
of one AD patient.
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TABLE 2. Correlations between brain metabolism and free versus cued recall in

AD patients
X y z Z score
Free recall
First free recall versus first cued recall
R superior frontal gyrus (BA10) 14 68 -10 2.53
Conjunction between first and delayed free recall (vs. cued recall)
R inferior frontal gyrus (BA 45) 40 18 12 2.96
R superior frontal gyrus (BA10) 14 66 -8 2.58
R superior frontal gyrus (BA 10) 28 60 -2 2.52
R superior frontal gyrus (BA 10) 16 64 18 2.39
Cued recall
First cued recall versus first free recall
L parahippocampal gyrus (BA 36) =32 26 -18 2.96
R parahippocampal gyrus (BA 36) 34 -34 -16 2.96
Conjunction between first and delayed cued recall (vs. free recall)
L parahippocampal gyrus (BA 36) =32 26 -18 3.16*
R parahippocampal gyrus (BA 36) 32 -38 -16 2.93

AD = Alzheimer’s disease; BA = Brodmann’s area; X, y and z are coordinates in the stereotactical
space of Talairach and Tournoux (1988).

Statistical parameteric maps were thresholded to p < 0.01 or p < 0.001* (uncorrected) with age and
MMSE as confounding covariates.
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FIG. 2. Results from SPM99 analysis in patients with AD. The conjunction analysis between first (Cued vs. Free Recall) and Delayed (Cued vs. Free
Recall) highlights the cerebral regions where relative brain glucose uptake is positively correlated with cued recall more than free recall performance.
Significant correlation in bilateral parahippocampal regions (BA 36) is shown as colored voxels projected upon corresponding T1-weighted MRI of
one AD patient.
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TABLE 3. Interregional correlations greater in healthy elderly controls than in patients with AD

X y z Z score

Interregional correlations between left parahippocampal gyrus (BA 36) and

brain metabolism (p < 0.001; uncorrected)
R superior frontal gyrus (BA 45)
R inferior frontal gyrus (BA 47)

56 20 10 3.14
44 32 —4 2.98

Interregional correlations between right inferior frontal gyrus (BA 45) and
brain metabolism (p < 0.01; uncorrected; tentatively reported)

L middle frontal gyrus (BA 46)

L middle frontal gyrus (BA 6)

R inferior temporal gyrus (BA 20)
R inferior parietal lobule (BA 40)
L parahippocampal gyrus (BA 36)

-50 30 22 3.00
-26 14 54 2.92
44 =20 =20 2.88
44 =36 46 2.75
42 -38 12 2.33

AD = Alzheimer’s disease; BA = Brodmann’s area; x, y and z are coordinates in the stereotactical space of

Talairach and Tournoux (1988).

rietal regions (respectively, BA 20 and BA 40) and the
left parahippocampal region (BA 36).

DISCUSSION

The purpose of this study was to emphasize cerebral
regions related to AD memory performances in an adap-
tation of the Grober and Buschke (1987) procedure and,
more specifically, to contrast the regions differentially
associated to free and cued recall performances.

The behavioral data indicated a marked deficit for pa-
tients with AD in both first and delayed free and cued
recall trials. So, the pattern of performance of patients
with AD showed a lower score in free recall and a poorer
benefit of the semantic cueing, compared with healthy
control subjects. As opposed to the patients with AD,
healthy elderly subjects effectively tended to maximize
performances in the cueing condition. All these findings
are in agreement with previous neuropsychological stud-
ies (Grober et Buschke, 1987; Grober et al., 1988; Tu-
okko et al., 1991; Pillon et al., 1993; Tounsi et al., 1999).

Concerning free recall, clinicometabolic correlations
between resting brain metabolism and free recall (com-
pared to cued recall) performance in the first trial in
patients with AD showed a positive correlation with the
right superior frontal gyrus (BA 10). This observation
was corroborated in the conjunction analysis with the
delayed free recall (contrasted to cued recall) perfor-
mance, which showed an additional correlation with the
right inferior frontal gyrus (BA 45). This result is in
agreement with the few imaging studies that explored
cerebral regions involved in free recall performance of
normal subjects (Grasby et al., 1993; Petrides et al.,
1995; Fletcher et al., 1998) showing that free recall of
verbal information activated prefrontal regions either on
the right side or bilaterally. Our results are also in agree-
ment with most PET activation studies in control popu-

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

lations that have yielded unilateral right prefrontal acti-
vation during any type of retrieval (Tulving et al., 1994
for the HERA model; Cabeza and Nyberg, 1997). More-
over, numerous studies in normal subjects suggested that
the prefrontal cortex (especially on the right side) is im-
plicated in search activity during memory tasks (Cabeza
et al., 1997). Consequently, the relationship between
right frontal metabolism and AD patients’ free recall
performance is consistent with activation studies, sug-
gesting that the network used by patients with AD would
be similar to that used by healthy controls (Herbster et
al., 1996). However, a multistudy analysis of PET data
(Lepage et al., 2000) identified the right superior frontal
region (with coordinates very similar to those found in
the current study) as part of a set of cerebral regions
where neuronal activity would appear to be correlated
with the maintenance of episodic memory retrieval
mode, which corresponds to the retrieval attempt, inde-
pendently of the success of this attempt. Moreover, some
speculations can be made concerning the absence of sig-
nificant correlation between free recall performance and
left frontal regions in patients with AD. According to the
CARA model (Nolde et al., 1998), the involvement of
the left prefrontal regions during episodic retrieval would
depend upon the complexity of the episodic retrieval
task, like initiating strategies or generating cues for re-
trieving information. Based upon this suggestion, the ab-
sence of significant correlation with the left frontal areas
in the free recall of patients with AD could reflect the
absence of such self-initiated retrieval strategies required
to have a good free recall performance. However, PET
activation studies in AD are needed to test more directly
this later hypothesis.

From a neuropsychological viewpoint, all these find-
ings are in keeping with studies demonstrating that fron-
tal lobe lesions disturbed free recall performance in epi-
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42 F. LEKEU ET AL.

sodic tasks (Jetter et al., 1986), this impaired perfor-
mance being more frequent for free recall than for cued
recall or recognition (Wheeler et al., 1995). Moreover,
performance during free recall would crucially depend
on strategic retrieval processes, i.e., the ability for the
subject to generate its own contextual cues to retrieve the
studied items. The poor performance of patients with AD
in free recall showed that patients were impaired in the
use of these recall strategies. In agreement with some
studies suggesting that prefrontal regions are implicated
in the strategies of retrieval in memory (Moscovitch,
1996), the clinicometabolic correlations between perfor-
mance during free recall and brain metabolism suggest
that at least BA 10 would be involved in the installation
of such processes of retrieval.

With regard to cued recall in patients with AD, clini-
cometabolic correlations showed a positive relationship
between cued recall performance and activity in bilateral
parahippocampal regions. In neuroimaging studies with
normal subjects, parahippocampal regions were found to
be activated in word and picture associative and visual
semantic tasks (Vandenberghe et al., 1996), in associa-
tive recognition compared with old item recognition
(Yonelinas et al., 2001), in semantic matching recogni-
tion tasks (Ricci et al., 1999), and in semantic compared
with episodic retrieval (with coordinates similar to those
found in our study) (Wiggs et al., 1999). More specifi-
cally, parahippocampal activations were described in
cued recall tasks, using a word stem completion para-
digm (Squire, 1992; Buckner et al., 1995; Schacter et al.,
1996; Heckers et al., 1998). In this type of task, subjects
are presented with a list of words and are subsequently
asked to complete three letter stems by retrieving study
list words. The recall of words compared with a baseline
condition was shown to activate the right prefrontal cor-
tex and the right hippocampal and parahippocampal gyri
(Squire, 1992). However, when the recall of words was
compared after high encoding of words (semantic judge-
ment = high recall condition) and after shallow encod-
ing of words (perceptual judgement = low recall con-
dition), hippocampal activation was found only for high
recall (both vs. baseline and vs. low recall) (Schacter et
al., 1996; Heckers et al., 1998). Right prefrontal cortex
activation was observed during recall of words by a word
stem completion, but right hippocampal/parahippocampal
activation occurred when the cases of words during re-
trieval (e.g., uppercase letters) were the same as those
presented during encoding, corresponding to the prin-
ciple of encoding specificity.

Taken together, these studies pointed to the impor-
tance of the semantic memory component of tasks for
parahippocampal activations (Schacter et al., 1996).
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Moreover, encoding specificity would be an important
factor allowing to demonstrate parahippocampal regions’
involvement in memory processes (Buckner et al., 1995).
Because the current study promoted semantic processing
during encoding and optimized the specificity encoding
effect (by giving the same semantic cues during cued
recall as during encoding), the results highlighted the
importance of both factors in the correlation between cued
recall performance and parahippocampal metabolism.
From a neuropsychological viewpoint, two different
types of processes, which would depend on distinct ce-
rebral structures, carry out episodic memory retrieval in
recognition condition (Reed and Squire, 1997; Mishkin
et al., 1998). On the one hand, recollection processes
allow access to contextual information and would de-
pend upon both hippocampal and frontal regions. On the
other hand, a semantic retrieval process, free from con-
textual aspects, is the basis of familiarity-based retrieval
and would be mediated by parahippocampal regions. In
patients with AD, recollection processes would be im-
paired by difficulties to access contextual information
(Fox et al., 1998). However, familiarity-based judgments
are said to be relatively preserved in AD (Koivisto et al.,
1998). By analogy, we suggest that during cued recall,
the process of retrieval of patients with AD would be
based only upon the semantic characteristics of the given
categorical cue to produce an exemplar semantically as-
sociated with this category. But, given that recollection
processes are impaired in the disease, patients with AD
would not use contextual information to check whether
the item retrieved is matched to the target. This would be
the reason why patients with AD make frequent intrusive
errors in cued recall tasks (Tounsi et al., 1999), and this
would explain the lower level of accuracy in cued recall
compared with normal controls. Our results showing a
correlation between cued recall performance and para-
hippocampal regions in patients with AD are in line with
the hypothesis concerning the parahippocampal role in a
memory free of contextual aspects, like semantic
memory (Ricci et al., 1999; Wiggs et al., 1999). To sum-
marize, our suggestion is that patients with AD re-
sponded to semantic cueing by a conceptual priming ef-
fect. In other words, when given a specific cue, patients
with AD would produce the first semantically associated
item coming to mind and would not have access to the
contextual features of the target item to check informa-
tion. On the contrary, cued recall performance of healthy
elderly subjects would capitalize not only on the use of
semantic memory underlain by parahippocampal regions
but also on retrieval of contextual information underlain
by frontal and hippocampal networks. These hypotheses
are consistent with the proposition of several authors
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postulating that different regions of the medial temporal
lobe support different roles in memory functioning
(Vargha-Khadem et al., 1997; Mishkin et al., 1998; Tulv-
ing and Markowitsch, 1998). In particular, the acquisi-
tion of semantic associations would depend upon sur-
rounding hippocampal structures (perirhinal, parahippo-
campal, and entorhinal regions), whereas the retrieval of
episodic (contextual) information would depend upon
hippocampal regions, along with frontal areas.

Interregional correlations were greater in elderly con-
trols than in patients with AD between right inferior
frontal activity and left middle frontal gyri, right inferior
temporal gyrus, right inferior parietal lobule, and left
parahippocampal gyrus metabolism. These observations
would reflect functional disconnection in AD, within
frontal structures on the one hand (Becker et al., 1996)
and between frontal cortex and temporoparietal and para-
hippocampal regions on the other hand (Horwitz et al.,
1987; Azari et al., 1992; Leuchter et al., 1992). The
reverse pattern of disconnection of frontal areas from
parahippocampal regions was also observed because we
showed greater interregional correlations in elderly con-
trols between the left parahippocampal metabolism and
the right inferior frontal activity. Interestingly, in a func-
tional connectivity study of episodic memory retrieval
(Mclntosh et al., 1997), frontal activity of the right BA
45/BA 47 was found to be functionally connected with
that in the left parahippocampal region only when the
retrieval in memory was successful, and success was
greater because the encoding was deeper (semantic). Our
results, showing a greater correlation between the left
parahippocampal gyrus and the right inferior frontal gy-
rus (BA 45) in healthy elderly subjects than in patients
with AD, would reflect an impaired functional connec-
tivity between both regions in AD accounting for poor
successful retrieval in recall performance. These results
are in keeping with the disconnection hypothesis in AD,
which postulates that memory problems of patients with
AD would be the consequence not only of lesions in
specific areas but also of disruption of interactions be-
tween specific brain areas involved in memory (Hyman
et al., 1984; Van Hoesen et al., 1991).
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