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Abstract-~Using regional cercbral blood flow {rCBF 1 imaging, two populations having high and low
imagery abilities were compared at rest and while performing two cognitive tasks: silent verb
vonjugation and mental imagery. The imagery task produced an rCBF increasc in the left visual
associztion and left frantal cortices in both groups. Differences between high und low imagers were
observed on global and regional flow responses Lo cognitive Lusks: low imagers showed a whole cortex
CBF increase during both tasks: high imagers showed a right dominance in the visual association
cortex 1 all conditions, and in the parictal association cortex af rest.

INTRODUCTION

MENTAL IMAGES arc psychological cvents whose specific capacity is to reconstruct the figural
appearance of objects when these objects are outside subject’s perceptuoal ficld. There is a
variety of cognitive approaches to mental imagery [6, 9. 18, 28, 37, 47], most of them
converging on the postulate of the existence of cognitive entities which represent in memory
the visual information aitached to objects. These representations can be transferred and
transiently maintained in a “visual buffer” [28, 29] by specialized activating processes.

Cognitive research on imagery has so far devoted most of is cfforts to evidence the
similarity between mental activities involved in perception and imagery [8, 12, 19, 38, 397,
Experiments suggest that mental images do possess a structure which reflects the structure of
represented objects. Furthermore, the existence of intimate functional interactions between
images and percepts supports the idea thal mental images result from the activation of
structures and implementation of mechanisms which are similar to those involved in
perception [7. 11, 12, 18, 29, 30].

Neuropsychological investigations of “imagery loss”™ have provided support to the
assumption that deficits in image generation are associated with cortical lesions in the
occipital region, mainly in the left hemisphere [1. 10, 14, 22]. The hypothesis of selective
involverment of occipital regions in the generation of visual images is also supported by EEG
studics [4] and by studies based on event-related potentials (ERP) [16, 17]. Obviously,
techniques based on the assessment ol vanations of cercbral blood flow are suitable
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candidates for extending these investigations since they cssentially aim at establishing
whether the metabolism of specific populations of necurons can be moditied by cognitive
aclivity [33. 41].

Using single photon emission computerized tomography (SPLCT). RoLaNm and Fripre
{45] reported the first alicmpt to measure variations of regional cerebral bloed flow (r(C'BF)
in connection with mental imagery. Besides an overall increase of cerebral blood flow, the
visualization task produced blood flow increases in three regions, namely, the left inferior
occipital cortex. the posterior inferior temporal cortex. and the posterior superior parietal
corfex. These results were confirmed 1 4 subsequent study with pasitron emission
tomography {PET) [44].

Further indications regardmg rCBE variations duning cognitive tasks involving visuai
imagery were provided by Gon DENBLRG of 1. [ 24]. Their main finding was an increase of left
to right hemisphere blood flow ratio during memorization of concrete nouns with imagery
nstructions, Furthermore, analysis of the patiern of covariations hetween regions revealed
the cxistence of a corrclation between occipital and inferior temporal regions. [n a second
study, GOLDENBERG ¢t «l. [23] showed that vertlication of high visual imagery sentences
produced greater activity in the left inferior occipilal cortex than verificution of any other
kinds of sentences,

The overall impression from the literature is that therc may exist cortical structures more
specifically concerned Chan others by mental imagery. However. while the results reporied
ibove have high internal consistency. they remain discrepant to euch other to a lurge extent.
In partcular, the role of the parietal cortex in visual mmuagery. which was repeatedly
documented by Rovaxm er ol [44, 45], was not supported by the GorprNsera studics f23.
247. The variety of the techniques and experimental parudigms used up till now may purtly
account for such discrepancies. but it could also be that variability in individual imaging
capacities prevents clear-cut findings.

Actually, another approach has provided light on the processes under study i current
imagery research. It consists of using natural variations among subject with respect to their
imagery capacitics. A lurge body of psychometric cvidence is available regarding the
measurcment of individual imagery differences and their effects on cognitive performance | 5,
312, 37]. For this reason. it seemed relevant lo extend rCBF approach to the cortical
structures involved in visual imagery by looking at differences between subjects character-
ized as “high™ and “low imagers™.

So far, ull rCBF studies on cerebral regional involvement during mental activity have been
performed on groups of normal volunteers without paying any particular attention to subject
sclection, except for left right brain asymmetry, with the implicil assumption ol the existence
of a standard normal functioning as opposed to pathology. In fact, as emphasized by
GaLaBURDA [20], variations among normal individuals regarding their cortical organiza-
tion for specific cognitive tasks ure very likely but difficult (o investigate in riro. Mental
imagery appears then to be a prime model for such studies. since natural variations of
mmagery capacitics exist and can be evaluated.

There is today little information available on this topic. One relevant study was reported
by Gorpespi ke e af, [ 25] who found a positive correlation between the amount of rCBF in
the inferior occipital cortex and the subjective vividness of mental images. This resultis in line
with the fact that maore occipitul ERP activity is found in subjects who report high vividness
of visual imagery, as observed by Faratt and Prronse [135].

I should. however, be underlined that in both Geldenberg’s und Farah's studies, the
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classification of subjects as high or low imagers was essentially based on subjects sell-reports
of vividness of their visual imagery. Although subjective reports of mental imagery have
sometimes been shown to provide quite valid information. there is a growing need in the
community of imagery researchers for more objective methodologies in the evaluation of
subjects” imagery capacitics. A number of objective tests, mainly spatial tests, are available
and have been shown to be good predictors of the use people make of their visual imagery in
tasks expected to require the generation and inspection of visual images. Furthermore it has
been shown that performance on spatial tests is poorly correlated, if any, with scores on self-
report imagery questionnaires [ 32, 407. In this context, we decided Lo extend the approach
involving subjective reports to a more objective methodology, und to ciassify subjects in our
study on the basis of their scores on well-designed psychometric instruments.

A further decision was made with the expectation of reaching a satislying level of contrast
between subjects qualified as low and high imagers. In most of previous studies, subjects are
classified as low and high imagers depending on their position either above or below the
median of the criterion measure. This method, in particulur. hus the inconveniency of
allocating to distinet groups subjects whosc scores arc just around the median of the criterion
measure and by this very fact should be considered as quite close to each other. It seemed
preferable to use 4 procedure which consisted in starting from a large population of subjects
and selecting the two sampies of subjects as contrasted as possible on relevant psychometric
measures. A further justification of this procedure is that it 1s more manageable in terms of
experimental costs. while still providing quite vatid information.

MLTIIOD
Subject selection

Twuw populations of subjects were selected [rom a lurger population of healthy undergraduate volunteers from the
Orsay campus (1=10Y). Subjects completed the Minnesota Paper Form Board (MPFB) [34] and the Mental
Rotations Test (MRT} | 50]. Distribution of scores on each of these 1ests were compuled. Subjects [rom the lower
third on both the MPFB and the MRT were considered to be “low imagers”. Those who were among the upper third
of scores on both tests were considered to be “high imagers”™. From cach of these two subscts of subjects. an equal
number of | 1 subjects were selected. The mean scorces of the low imagers were 12,5 on MEPB and 3.8 on MRT. The
mean scores of the high imagers were 22,8 on MFPB and 12.2 on MRT. The two groups were of similar ages (high
imagers: 206+ 1.3 years: low imagers 21.24 1.2 vears), sex ratios (5 girls), cultural and social levels.

All subjects who participated in the experiment were right-handed as assessed by the Raczkowski questionnaire.
Subjects completed the Spielberger Anxiety State Questionnaire concerning the first blood flow measurement and
the Spiclberger Anxiety Trait Questionnaire. No difference was found between the two groups on anxicty measures,
Lastly. the absence of personality abnormality was checked by the Minngsota Multiphasic Personality Inventory.

Experimental protocol

[For each subject the experimental protocel included three rCBF meusurements, in the following order: at rest
with eves closed {R). 20 min later during the abstract verbal task (V), and 3 hr later during the imagery task (1.
Subjccts were taken out of the tomograph between rCBF studies and repositioned by aligning a reference line drawn
vn the subjects’ skin and the tomograph laser beam.

The resting condition consisted in lying quictly with eyes closed in the dimmed light of the examination room and
without any precise instruction except to relax. The ambient noise was coming [rom (he cooling fans and could be
considered as blank noise.

The twa cognitive tasks were designed 1o contrast visual and verbal components of cognitive activity. The
imagery task required a substantial amount ol visual imagery with minimal implicit verbal activily. whereas the
verbal task mainly involved implicit verbalization without visualization. The two tusks were assumed to involve
comparable mental loads. and special attention was paid to design the two tasks according to exactly the same
lemporal pattern.

The verbal task consisted in performing covert conjugation of abstract verbs. Six verbs were chosen for their low
imagery values: to presuppose, to deny. fo know, to invert, to individualize. o conclude. Subjects were to mentally

conjugate cuch verb at five tenses of the French indicative. Conjugation was started 30 see belfore beginning
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"3 enon inhalation and pursued during aequisiton. A now verb was given orally cvery 45 seeowhich represenied a
conjugation of six verbs in a session. Before the session, subjects were reminded of the typical conyumabon routines
for French verbs and were informed that the same tash would be exccuted during and after the tCBE measurement.
Alter (he session, subjects were asked ta perform conjugation routines orally with a new verb. as o linal congrol of
their proliciency al conjugating,

The imagery task consisted in mentallv exploring the viswl image ofaspatial contiguration. One hour prive to the
rCBF measurement. subjects were involved ina learning phise. They were orally presented with the description of
the map ofan imaginary island and were tld they would have o create as vivid and accorate a visual image of the
map as passible. The deseription wold about an ishand cireular in shape with six lndmarks located at the periphery.
al phaces which were specified in the conventional hour-dial teems of fliight navigation for instance, “At Tour v'elock.
there is o lighthouse™. The desenption was presented [our times. Subjects were informed that they would have (o
perform some (unspecified ) tasks about this ssland dering and after the rCBE measurement. During the rCBE sk
the subjects were required (o form a vivid visual image of the sland and to perform mental expleration over the
distinces separating the six landmarks (o lighthouse. o beach, o plantation, a village. a harbour. s furm) Lpon
hearing the name of one landmark. they were asked o mentally everfight [rom (s landmark ta cach of the five
others and return, while maintaining as vivid g visual image as possible. A new fandmark was mentioned as o
starting point every 45 sec. Thus, during the 3 min of examination. island cxploration started from the six different
landmarks successively.

After the whole session was lerminaied, subjects were involved ina task designed o cheek the aceuracy of then
mental image of the island that cansisted in comparing the distances between the diferent kindmarks of the skimd.
This lest showed that high imagers were mare accurate and responded faster than low imagees, which contirmed that
their mental image of the island was more precise and more vivid than that of low imagers.

fawiging protocol

Anatomical {X-ray CFiand lunctionul §PECT rCBE bnages were acquired on the samc day at the same brain
levels. The orbita meatal line (OM linejserved as the reference line for subject positioning and far ensuring absence
of maotion during and right alter image acquisition in both modalities. it was externally marked from the vuter
ciinthus of the eye to the midpoint of the prejected outer external auditory meatus and aligned with the laser beam of
cach imaging system. [n cach modality. the lower slice wus centered 20 mm abave the OM line,

SPLCT stwdies were performed with @ krain-dedicated SPECT system (Tomomatic 364, Madimaticr that
provides five 20 mm thick contiguous asial slices with an in-plane resolution of approx. 14 mm. rCBIl
meastrements were ablained using 7 Xenon inhaladion and ihe computational method designed by Crisis o af,
12, Duration of the bload flow measurement vsn this method is 5 min Msec, with @ 20 min minimuom delay
hetween tweo conseculive examinaions

Anatomical images were acguired an an X-ray CT imager CGR 90001, and consisted of ten 9 mm thick slices
acyuired paratlel 1o the OM line every 1 mm. Images were oblained an standard radiograph lilms and further
digitized in 256 x 256 matrices using an Hammamatso camera and conserter. Prior o this sequisition, the head size
wits evaluated on a scout view as the fength between the auditory canal and the top of the vertex on g line
perpendiculior (o the OM line. Absence of any briin abnormality was cheched an the CT seans.

Dare analtvsis

The datus analysis method [49] inelnded three major steps: (11 Tormatting the anatomical images to the samge
characteristics a5 Mow images: ( 2y definition of regions ofinterest IROD on the anatemical images and registration ol
the two sets of images: and {31 rCBE computation. Qnly three from the live rOBE slices were provessed. due to the
presenee of nasal cortamination on the Towest stice and of partial volume etfect on the OM — 100 mm slice. Inarder
Lo perform an aceurate image repistration. imiges fram both maodalitios were converted ma commoen format. e,
25 256 with a (L8123 mm square piscl size

The provedure to define regions of interest included four major steps. Firsta single Matsui's atas slice wis selectd
from the two ar three shiees predicted by Matsirs method [35] Gor cach SPECT shice. This was done using
individual anatomical Lindmarks (such as the ventricles. the corpus callosum and large sulei like the syivian suleus)
on the €71 shee centred at the same level as the SPECT shice. Inaseeond step, a 20 mm cortical ribbon was delineated
ot gich O shee usimg the internal skull contour, autematically drawn as an sodensity contour, and an inner
contour oblained by crosion of the vuter contour. Ina third step this ribhan was cotimte picees correspondmg w the
various ROLs. Based on the Fact that cortical lobes and gyri limits are clearly individualized en Matsut's atlas, cach
RO limits could be expressed as pereentages of the total length measured on the anwero-pasterior axis of the sths
sectinn. These percentages were then used Lo antomativally position the RO hmits and cut the CT ribhan (see
Fig. 1

Fleven cortical RO were detined this way according 1o Mesulam’s hierarchical modulasr arganization ol the
cortex [36]: lelt and right frontal (), Teftand right visuil association unimodal {(ASSU) containing Brodmann’s
arcas 21, 37190 18, lelt and right wssociation plurimodal (ASSP) corresponding 1o 39 and 40 Brodmann’s arcas,
central {C peontaiming the sensory-motar cortex and 34 and 45 Brodmann's aveans which corresponds to Brocasauea




RCBF IMAGING DURING COGNITIVE TASKS

FRONTAL CORTEX . PRIMARY VISUAL AREA

CF BROCA'S ARER oo the it vide) [[] prurmona associamive correx

AUDITIVE CORTEX I:’ UNIMODAL ASSOCIATIVE CORTEX

Fig. 1. Typical example of individual definition of Junctional regions of interest. Top: regions are

delined as pieces of a cortical ribbon on CT tmages at three different brain levels. Colours correspond

to the various rcgions. Middle: same regions copied onto SPECT images at the same brain levels.

Bottom: brain lateral view illustrating the pooling of regions over the various levels and region
relationships with Brodmaunn's areas.
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vn the left hemisphere, auditory arca (AUD }containing 22, 41,42 Brodmann's areas that corresponds to Wernicke's
region {WER) on the left side. and a median occipital region corresponding to the primary visual area {PV).

Depending on the region and on subject’s head size, a given region appeared on one or maore slices, for example
three for the frontal cortex and a single one for the primary visual arca {see Fig. 1), The whole set of ROls drawn on
the CT slices was capied onto the corresponding flow image displuyed on the Rumlek screen and manually
repositioned by g physician. To registrale the two images. the physician manually displaced the CY elliptic ribbon
over the SPECT rCBF image until it would it “at best™ the high rCBFE cortical elliptical ring.

After rCBF computation in each ROI ol cach slice, values of CBF in the different pieces of the same ROI were
averaged over slices (see Fig. 1)

No subeortical regions were included 1o the analysis. because. due to the inaccuracy of the attenuation correction
algorithm of the Tomomatic systemy, CBE values are overestimaled in those regions [42, 48]

Method reproducibidiny

Although use of anmtomical images reduces investigator bias in ROT drawing that may exist when driven by the
functional image only, operator intervention is still required ai various steps of our image analysis protocol. For this
reason, intrd- and inlerabserver variabilities were both assessed by having two operators randomly process twice
cach a series of nine studies. Variance components were found to be overwhelmingly dominated by the belween-
subjects variance. the regional intraclass corrclation coefficicnts ranging ltom 0.97 up 10 0.99. The intraohserver
reproducibility ranged from 0.986 up to 0.997 (0.963 in PV}, and the interobserver reproducibility from 0.973 up to
0,995, These results demonstrate that the method is highly reproducible, this being duc in part to the large size of the
regions and in part to the use of individual anatomy for ROA definition and of & proportivnal system lor ribbon-
cutting.

Sratistical wiraiysts

Statistical analysis was conducted on different subsets of variables: (1} whole cortex cerchral bload low {wCBF);
(2} regional cerebral blood flow absolute values: (3) regional cercbral blood Qow values relative to wCBT; and 4)
rC’BE right-to-left ratios. Subsets nos 3 and 4 were anulysed in order to eliminate possible global blood Aow effects.

For ¢uch subset of variables, a multivariate (regions) analysis of variance (MANQOVA) with repeated measures
was conducted with a 2-level Group factor thigh and low imagers) and a 3-level within-group Task factor (rest,
verbal, tmagery). In each case, factor main ceffects and interactions were tested using a global multivariate £-test
(WCP, within contrast pooled) and further analysed using post-fiac -lests and profiles. In order Lo reduce type |
error due o multiple lesting, confidence levels were adjusted for cach MANOVA by Bonferroni's method. All
statistical procedures were conducted using the 4V program of the BMDP statistical package cunning on @ Vax
8350

RESULTS

Whale cortex cerebral blood flow

Significant Task effect (#=0.0002) and Task x Group interaction (P=0.03) were found
with no Group main cffect {P=0.83). Post-hoe analysis showed that this interaction
consisted in significant wCBF increases during both cognitive tasks in the low imagers group
{Verbal vs Rest. P=0.001; lmagery vs Rest, P=0.002), while no significant variation was
observed in the high imagers group {see Tabte 1). The absence of global Group effect was duc
to a somewhat lower wCBF value at rest in the low imagers group.

Table I Whole cortex blaod tlow vilues (ml: 100 g'mn) at rest (R} and their
variations during the verbul (V) and imagery (1) tasks in the high and low imagers

groups

R VR I R
Mean 5D Meun SD Mcean sD
High imagers 54.7 740 ~1.5 4.5 + 1.8 4.7
Low imagers 5.2 34 -+ 6.6% 4.8 + 5.6% 4.5

*Significantly different from 0. P <0.002.
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Regional cerebral hlood flow absolute values

Significant Task effects were found in all regions (£ ranging from 0.03 to 0.0001). with
Task x Group interactions in the following regions: right association plurimedal { £ =0.004),
auditive (P=0.01). Wernicke (P=0.02). right central (P=0.03) and primary visuul

to those observed on wCBF values. e.g. rCBF increases during both cognitive tasks in the
low imagers group (see Tables 2(a) and 2(b)).

Fable 2y Regional cerebrad blood Mow salues tal 100 g mniat rest (R and their
vartations during the verbal (Vyand imagery (1) tsks in the Tow imagers group

=11
R vV R I R’
Repions® Meun 5D Meant SD Maan® 50
RASSP SLE 39 -8 6.2 +6.0 5.7
1.ASSP I S 70 35 +58 4.6
RASSU 457 s -5.3 KR +52 A
LASSL 45.6 1.6 34 34 [N 47
AU 5N 6.9 ~8X 7.0 +x.3 03
WER 56.4 57 7.7 6.2 + 7.5 R
RE 46.8 s K 4.1 +5.3 3.7
LI 40.6 5.5 — 3.6 3.1 b6 KN
RC R 67 ~ N1 R +38 St
1.C 4.2 540 B 59 +60] 3.9
Py 57 6.4 —6.2 a4 50 5.7

*AS51: plurimodal assoclation cortex, ASSU T unimodal association cortex, AUD:
auditory cortex, WER: Wernicke's area, Crcentral cortes, PV primary visual cortex.
R:right, L lelt,

FSigniticantly dillerent [rom O, <2 0.006 exeept PV P=0.02.

Table 2ib1 Regional cerebral blood flow values tml 100 g i) at rest (R and iheir
variations during the verbal (V) and imagery (D tasks in the low imagers group

tn- 1
R VR I R
Regions® Meun SD Megan S Mean 5D
RASSP ShY RXE + .0 549 1.6 6.8
LAXSP 539 Y4 — 34 54 35 7.1
RASSU .5 54 19 4.5 ~ 1.9 6.4
LLASSL 47N R -1.4 33 -3 57
AL 62! 0.3 —1.4 R ST 7.0
WEHR 621 his +{.7 6.1 ~3.2 67
RE 4494 6.4 122 S0 -1.2 6.3
LE 49.6 0.0 +2.3 1.6 -4 5.7
R L ERA +2.3 3.2 N 53
1.0 R0 hied +4.2% S0 + 2.7 74
Py S 1.7 04 5.2 + 0.6 T
FASSP: plurimodal association corlex: ASSLE unimodal association cortexy ALk

auditory cortex: WER: Wernicke's arca: Creentral cortex: PV: primury visual cortes:
R:right; L: lelt.
FSignificantly ditferent from 0. /70,02
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Regional cerebral blood flow values relative to wCBF

The MANOVA showed significant Task effects in two regions: left ussociation unimodal
(P =0.016) and left central (#=10.005), with no Group effects or interactions in any region.
The Task cffccts consisted in significant increases in left central during the verbal task
(P=0.003)and in left association unimodal { £ = 0.004) during the imagery task (see Table 3)
in both groups,

Tahle 1. Regional cerebral hlood low values relative to whole corles blood flow al rest
iR} and their variations during the verbal (V) and imagery ¢1) tasks in the whole
population (r=22)

R v R 1 R

Regions™ Mean sD Mean 5D Mean SD

RASSP 1.024 0.046 —{.000 Q047 0018 0.061
LASST 1.4992 0.054 —0.021 0.032 +0.017 0.043
RASSU 0,890 (0.043 — Loz 0.045 +0.006 0.043
LASSU 0.8584 (0.033 +0.000 (.0358 + L0200 0.030
AUD 1.114 (L0358 +0.009 0,052 +0.000 0470
WER 1160 113 ~0.039 0127 0012 0.123
R¥ 0.908 0.034 +0.003 0.035 —0.001 A.040
L¥F 0.907 0.026 0006 0.041 +{.H7 0.030
RC 1.057 (1057 +0.017 0.042 +0.013 (1049
L | .059 0.040 +0031t 0.044 = 0.008 (0.046
PV 1.105 0.058 0025 070 —-1.024 0.063

*ASSP: plurimodal associalion cortex: ASSU: unmimodal associalion vortex: AUD:
auditory corlex: WER: Wernicke's area: C: central cortex: PV primary visual cortex; Rroright:
L: left.

1Signilicantly different from 0, P< 0003,

Regional right-to-left vCBF ratios

A Group effect was found in the association unimoedul region (£ =0.05), a Task effect was
found in the frontul (£P=0.03) and association plurimodal (£=0.3) regions with a
Task x Group interaction in the latter region (P=0.004) (see Tables 4(ajand 4(b)). Post-hoc
tests showed that the Group effect in the assaciation unimodal region consisted of right-side
dominance, independent of the task, in the high imagers group. while the right left index was
symmetrical in the low imagers group (see Fig. 2). The Task cffect observed in the frontal

Table (1), Right to leftl ratios of regional cercbral bload flow values at rest (R) and
their variations during the verbal (V) and imagery (1) tasks in the low imagers
group (a=11})

R Y R I R
Regions* Mean S Meun S0 Mean sD
ASSP 1.01K (.040 ~0.022 0.060 +0.004 0071
ASSU 1.00K) 1.033 — 13,000 0.053 0.021 0.070
ALD 0985 0.112 =017 0.5 +0.012 Q110
3 1.005 1023 + D00 0.033 —041s 0.039
¢ 0.992 (078 + 0,002 0.0481 —0.001 0.094

*ASSP: plurimoedal assaciatian cortex; ASSLE unimodal assovialion certex: AUD:
auditory cortex: O ventral cartes: F: frontal cortex.
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Table k), Right to delt ranos of regronad cerchral blued low values at rest (R)and
their vartations doting the verbual (V) and imagery (1) tasks in the high imagers
group (r—111

4 VR IR
Regions® Mean 5D Mean SD Mean S
ASSP 1 S0 0041 0068 (.057 — 7S (.07
ALK IHHN 0136 + 041! (.00 = 0.0 (1.037
ALD 1 K)3 ansn |04 (1.4 1043 {(10AS
I- QLU [N - (.05 {3 -2 042
. (LAY Q.0650 0027 L) 00l (.52

FASSP: phuritodal association cortes: ASSUD unimedal assaclation corexs: AVD:
alitory cortes: O cemtral cortex: 1 fronwl cortex.

region was charucterized by a left dominance during the imagery tusk 1 both groups
(P=002, see Fig. 31 Mecanwhile, the Task effect and interaction ohserved on associiion
plurimodal regions were due 1o very different behaviour of this variabie in both groups {sec
profiles on Fig, 4): there was a significant right predomunance in the high imagers group at
resl (#=00010) that disappeared under both cognitive iasks due 1o left association
plurimodal increases. This means animplication ol the lefl association plurimodal, that is the
left inferior parietaf including 3% and 40 areas of Brodmann, during both imagery and verbal
tasks, in the high imagers group. On the apposite. the low imagers group demonstrated no
asymmetry at rest nor in the imagery or verbal tasks.

DISCUSSION

The major point of inferest of this study is the comparison of two groups of normal
volunteers differing only in their imagery abilities. [tis striking that the imagery ubiiity testy
succeeded so well in selecting two groups with such dramatic differences regarding their
globul rCBE responses. The two groups indeed show very different flow patlerns during
coanitive tasks: low imagers responded by global increase whereas high imagers responded
by regional flow increases. Global Row increase has already been described during an
imagery tusk by RoLann [44, 457, However, in the light of our results it is likely that this
phenamenon is not specifically related 10 the imagery task but to the population under study.
Anxicty is an unlikely explanation of this resull, because tirst we did not observe any
difference between the two groups concerning their anxiety scores and secondly because the
relationship between global blood flow or metabolism and anxiety is very unclear: depending
on authors. positive [26]. negative [43] or abscnce of correlation was JTound [217]. Wt
could be engaged in this blood flow response is a ditference hetween the two groups regarding
task difficuity. but previous rCBF study on this topic showed an absence of corrclution
between global blood flow and task difhculty {27].

A tentative interpretation can be advanced in light of the current componential
approuches to mental imagery [ 14, 29. 30]. The hypothesis is that of low differentiation of
cognilive [unctions in low imagers. whereus skilled visvo-spatial imagers would be
characterized by more differentiated cognitive architecture. This feature would result in
patterns of focalized corlical uctivation during high imagers’ cognitive activity. Although this
hypothesis is compatible with recent assumptions regarding the modular structure of
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Fig. 2. Groupeflect in the association unimodal cortex. vertical bars indicate the standard errar ol the

mean. There is a significant right dominance in the high imagers group {1 in all conditions when

compared to low imagers { @) the increase of the lelUassoviztion unimodal region during the imagery
task 10 both groups is clearly usirated by the indices decreasce.

imagery abilitics, it obviously requires further empirical support. In any case, our findings
underline the considerable heterogeneity of normal subjects’ response patterns during
cognitive processing.

Apart from this global blood flow response difference. high imagers and low imagers also
showed different patterns of response in both posterior association plurimodal (39 und 40
Brodmann's areas) and visual unimodal regions. If we assume that blood flow dominance is a
refleet of cortical functional dominance, the right ussociation unimodal dominance in all
conditions in high imagers could be a reflect of a preferential visuo-spatial strategy us
opposed 1o strategies requiring verbalization. In addition, high imagers exhibit consistent
dominance of right association plurimodal at rest, that shifts to left dominance when they are
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decrease in both high { 7 ) and low 1 @) imagers groups during the imagery task.

engaged in either verbal or imagery activittes, This 1s in line with the hypothesis advanced
above. and should be paralleled with the notion that if the lelt hemisphere 1s engaged during
verbal tasks. it has also been shown to be concerned by several image generation tasks (10).

A busic question raised by menial imagery activation studies is the specificity of the
observed regional variations. In this work. when comparing verbal und imagery tasks in the
entire population. regional modifications were definitely different in only two regions: left
ussoctation unimodal and left central including Broca’s area regions.

Activation of the left temporo-occipital region in an imagery task has already been
described in previous SPECT rCBF studics of imagery tusks [23. 250 44]. The constant
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the high imagers group {0} al rest that disappears during bath silent verb conjugation iverbal

condition) and mental imagery. On the opposile, low imagers | @) demonstrale no signilicant
asymmetry in cither ennditinn.

activation of the left inferior temporal and occipitul lobe in these otherwise different
experimental protocols reinforces the specific involvement of this region in mental imagery.
These resuits also confirm the absence of involvement of the primary visual cortex during an
imagery task, which underlines the difference between mental imagery and perception.
Although the activation of parietal regions in the imagery task was not specific of the imagery
task. it is in agreement with Roraxn’s findings [44], who described the activation of the
supra-marginalis gyrus {area 39) and of the upper part of the posterior parictal lobe, as
comparcd with GOLDENRERG's results [23. 247 where no parietal involvement was evidenced.
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Presence of a left frontal dominance during the imagery task only may reflect integrative
processes which would not be required in the more automatized verbal task.

Finally. the activation in the left central region during the verbul tusk could be due to an
increase of rCBF in Broca™s area, becuuse Broca's region constitures a large component of
our lelt central region (see Fig. 1) Another SPECT rCBF study concerning silent speech has
shown an activation located in the middle of the feft rolandic region during internal speech
[467, which has been recently confirmed in a4 PET study during subvocalization [37.
However. the resolution ol our SPECT machine does not allow to discriminate between
mator, premotor or Broca's area increases.

There is a final point which requires further clarification, in relation with the distinction
recently advocated by several researchers between the visual and spatial components of
mental imagery. Neuropsychological arguments have been advanced in favour of distinet
subsystems of imagery representation [13, 31]. One system, or “ventral svstem”, s
specialized on the processing of the visual appearance of mental images (mainty, shape and
colour). This system runs from the occipital lobes down to the infenior temporal lobes. The
other, or “dorsal system™, is concerned with the spatial components of images (such as
location, size and orientation). This system projects dorsallv from the occaipital lobes up 1o
the parietal icbes. This distinction may explain some of the discrepancies between
Goldenberg's und Roland’s findings. In particular, it could reasonably be argued that the
involvement of the parictal cartex in Roland's studies is due to the strong sputial component
assoctated with the imagery task used in these studies.

The visual spatial distinction has other censequences if one censiders the cognitive
activities required by the imagery tests or questionnaires used for clussifying subjects as high
or low mmagers. Typically. seil-report questionnaires are bused on the evocation and seli-
cvaluation of visual experiences. On the ether hand, spatial tests, which provide researchers
with more objective measures, tend 10 place greater requirements on the spatial components
of mental imagery. In the case of our study, spatial tests may have differentiated among
subjects essentially in terms of their spatial capacities. Furthermore, the imagery task implied
strang spatial components which could explain why parictal involvement was evident in the
group of high imagers only, cven i not specific to the imagery task. In any casc. with the
imaging instruments used both in cur study and in Roland’s studies it 15 impossibice to
precisely locate this panetal activation. o question that could be selved with more
performant techniques such as positron emission tomography.

In conclusion. our results demonstrate the importance of the variability of low response
palterns during cognilive tusks within normals. They emphasize the need for i rigorous
selection of population homogeneous with respect to the considered task. or for an individual
amlysis of flow activation studies.
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