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The Effect of Age on Odor-Stimulated
Functional MR Imaging

David M. Yousem, Joseph A. Maldjian, Thomas Hummel, David C. Alsop,
Rena J. Geckle, Michael A. Kraut, and Richard L. Doty

BACKGROUND AND PURPOSE: The effects of age, sex, and handedness on olfaction have
not been adequately addressed with odor-stimulated functional MR imaging studies. We sought
to determine the effect of age on functional MR imaging experiments performed with odor
stimulation.

METHODS: Five right-handed subjects with a mean age of 73 years and five right-handed
subjects with a mean age of 24 years underwent gradient-echo echo-planar functional MR
imaging using binasal olfactory stimulation. Imaging parameters included 3000/30 (TR/TE)
and a 5-mm section thickness in a 6-minute sequence with 30 seconds of pulsed odorants
alternating with 30 seconds of room air. The data were normalized to a standard atlas, and
individual and group statistical parametric maps (SPMs) were generated for each task. The
SPMs were thresholded for a P , .01, and the volumes of activation and distribution of cluster
maxima were compared for the two groups.

RESULTS: Analysis of the group SPMs revealed activated voxels in the frontal lobes, peri-
sylvian regions, and cingulate gyri, with greater volume in the younger group than in the older
group. The right inferior frontal, right perisylvian, and right and left cingulum had the largest
number of voxels activated. The most common sites of activation on individual maps in both
groups were the right inferior frontal regions and the right and left superior frontal and
perisylvian zones.

CONCLUSION: Given similar olfactory task paradigms, younger subjects showed a greater
number of activated voxels than did older subjects. One must be cognizant of this effect when
designing studies of odor-stimulated functional MR imaging.

The effects of age, sex, and handedness on olfac-
tion have not been adequately addressed with odor-
stimulated functional MR imaging studies (1–6).
These factors are known to have strong influences
on the results of psychophysical tests of olfaction
(7–10). In general, women tend to score higher than
men on tests of odor identification and odor detec-
tion in all age groups (11–13). This applies across
many ethnic groups (8). There may be an effect of
estrogen as well, since premenopausal and post-
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menopausal women perform differently (14). How
much of a factor age plays beyond the hormonal
effects is difficult to determine, but it is true that
the elderly identify and detect odors less well than
the young (10, 15, 16). On the University of Penn-
sylvania Smell Identification Test (UPSIT), peak
performance usually occurs in the third through
fifth decades and declines so markedly after the
seventh decade that many individuals are function-
ally severely microsmic if not anosmic (7, 13).

We sought to ascertain whether subjects over 60
years of age would show the same decline in func-
tion on odor-stimulated functional MR imaging
studies that is present on psychophysical tests of
odor detection and odor identification (10, 13). We
hypothesized that the functional MR imaging cor-
relate would be a diminution in the activated vol-
ume in subjects over the age of 60 compared with
those in the under-40 age group.

Methods
All subjects were initially screened for any possible causes

of smell dysfunction before being invited to enter the study.



AJNR: 20, April 1999 ODOR-STIMULATED MR 601

FIG 1. Older group functional MR imaging map (right is right side
of brain).

A, Minimal right-sided perisylvian activation is noted (arrows).
B, Magnified view shows minimal activated volume (arrow).

Individuals who smoked, had a history of head trauma, were
on medications that could affect their sense of smell, or had
any olfactory or gustatory complaints were excluded. All sub-
jects reported a normal sense of smell. The young subjects
were recruited from employees at the Hospital of the Univer-
sity of Pennsylvania. The older subjects were recruited from
the Veterans Administration of Philadelphia Volunteer Registry
and through advertising in local publications.

After the subjects gave informed consent (approved by the
institutional review board at our institution), they completed a
standardized survey to assess handedness (17). All subjects
also underwent odor identification testing with the 40-item UP
SIT (20 items each nostril) (7, 10, 18).

There were five right-handed subjects (three women and two
men) ranging in age from 62 to 80 years (mean age, 73 years;
SD, 7.9) who made up the older-aged group. These subjects
were compared with three right-handed women and two right-
handed men, 18 to 27 years old (mean age, 24 years; SD, 3.3).
The older group had a mean UPSIT score of 33 out of 40 (SD
5 5.8) and the younger group had a mean UPSIT score of 38
(SD 5 2.0). These values fall within the range of normal for
their age groups (13). The individuals of both age groups also

underwent the standard minimental status examination and
scored within the normal range.

Imaging was performed on a 1.5-T scanner equipped with
a GE Horizon Echospeed system (Signa; GE Medical Systems,
Milwaukee, WI) for echo-planar imaging. Foam cushions were
used to immobilize the head within the coil to minimize mo-
tion degradation. Localization for the functional MR imaging
studies consisted of a sagittal T1-weighted (500/11/1 [TR/TE/
excitations]) image followed by axial T1-weighted (500/11/1)
5-mm interleaved images with a matrix of 192 3 256 through
the entire brain. The conventional T1-weighted axial images
were used both as anatomic templates on which to overlay
functional data and for normalization to a standard Talairach
atlas. An echo-planar chemical-shift imaging data set was then
obtained to be used to correct for spatial shifts and distortions
on the echo-planar images, which can lead to misalignment
with the T1-weighted anatomic images.

Functional MR studies were performed in the axial plane
using multisection gradient-echo echo-planar imaging. Scan
parameters included a 64 3 40 matrix, 24 3 15-cm field of
view, 3000/30/1, 5-mm thickness, and a 908 flip angle, deliv-
ering a voxel resolution of approximately 4 3 4 3 5 mm. The
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FIG 2. Activation map in single older subject. Left inferior frontal (straight arrows), right perisylvian (arrowheads), and right cingulate
(curved arrow) areas show activation.

TE of 30 was lowered from a standard 50- to 60-millisecond
value used in other functional MR imaging experiments in an
attempt to optimize visualization of the inferomedial temporal
and orbitofrontal regions. In total, 120 images were acquired
at each of 24 section locations per run during the course of a
6-minute functional MR scan. Each task paradigm consisted
of alternating rest-stimulus cycles (30 seconds each) during the
6-minute scan. We used stimulants (eugenol, phenyl ethyl al-
cohol, or phenyl ethyl alcohol alternating with hydrogen sul-
fide) that were selective for olfactory nerve stimulation in the
nose. These odorants are rarely detected by anosmics (who
cannot detect olfactory nerve stimulants but can detect trigem-
inal nerve stimulants) (9, 19). Subjects who have been trained
to detect trigeminal stimulation in the nose have confirmed the
lack of trigeminal stimulation by these odorants (9, 19).

Olfactory stimuli were delivered to the subjects by using a
Burghart OM4-B olfactometer (Wedel, Germany) with contin-
uous air flow (4 L/min). This machine delivered the stimulants
through tubing to a nose piece inserted into the subjects’ nos-
trils that was similar in size to oxygen nasal cannula tubing;
however, the air flow and humidity were precisely regulated
(20). Odors were delivered to both nostrils for 1 second every
4 seconds during the 30-second ‘‘on period.’’ During the 30-
second ‘‘off period’’ the subject received humidified and fil-
tered room air at the same flow rate. Between the pulsed odor-
ants during the on period, humidified and filtered room air was
also administered (eg, 1 second of odorant then 3 seconds of
room air for seven cycles followed by 30 seconds of contin-
uous room air, repeated six times). By pulsing the odorants we
sought to decrease the chance of habituation. The olfactometer,
which is also used for olfactory event related potential mea-
surements, has been precisely calibrated to afford sharp on-off
periods (measured in milliseconds) with no retention of odors
in the specially designed tubing.

During the functional MR imaging sequences, the subjects
were told to breathe normally (no change in respiratory rates)
without sniffing (21) and to concentrate on the odors. They
were not asked to identify the odors nor were they told what
the odors were. The room was dark with no other stimulation
besides the odorants. After the functional MR imaging exper-

iment, the subjects were asked to tell what the odor smelled
like to them, to rate its intensity, and to judge its pleasantness.
In none of the cases was the odor judged to be below a 5
rating on a 10-point rating scale of 0 (no smell) versus 1 (bare-
ly detectable) to 10 (very strong). All subjects detected the
odors.

The functional MR imaging raw echo amplitudes were
saved and transferred to a Sun Ultrasparc 1 (Sun Microsys-
tems, Mountain View, CA) for off-line reconstruction using in-
house software developed in IDL (Research Systems Inc,
Boulder CO). Correction for image distortion and alternate k-
space line errors was performed on each image on the basis
of data acquired during phase-encoded reference imaging. Sta-
tistical parametric maps (SPMs) were generated using SPM96
(22–25) (from Wellcome, Cognitive Neurology, London, UK)
implemented in Matlab (Mathworks Inc, Sherborn, MA), with
an IDL interface. The IDL interface was developed in-house
in collaboration with the UMDNJ (Newark, NJ) functional MR
imaging lab. The T1-weighted images were normalized to a
standard atlas (Talairach space). The functional data sets were
motion corrected (intrarun realignment) within SPM96 using
first- and second-order motion correction, as well as a first-
order correction for spin history, using the first image as the
reference (26, 27). The six parameters of this rigid-body trans-
formation were estimated by using a least-squares approach
(25), which is based on an approximate linear relationship be-
tween the images and their partial derivatives with respect to
parameters of the transformation. The transformation is com-
puted in three dimensions. In addition, the spin-history correc-
tion employed removes any movement-related confounds ac-
cording to an arma-like model of these effects. This algorithm
achieves accurate subvoxel registration. In addition, we per-
formed a second 3D rigid-body realignment (interrun realign-
ment) to correct for motion between successive runs. The func-
tional data sets were normalized to Talairach space using image
header information to determine the 16-parameter affine trans-
form between the functional data sets and the T1-weighted
images in combination with the transform computed within
SPM96 for the T1-weighted anatomic images to Talairach
space. The normalized data sets were resampled to 4 3 4 3
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TABLE 1: Number of voxels activated in each region by subject group (P value set at .01)

Subject Group RIF LIF RIMT LIMT RPS LPS RC LC RSF LSF

Younger men and women
Older men and women

12
1

0
0

0
0

0
0

12
9

4
0

11
0

18
0

3
3

4
1

Note.—RIF indicates right inferior frontal; LIF, left inferior frontal; RIMT, right inferomedial temporal lobe; LIMT, left inferomedial temporal
lobe; RPS, right perisylvian; LPS, left perisylvian; RC, right cingulate; LC, left cingulate; RSF, right superior frontal; LSF, left superior frontal.

TABLE 2: Sites of activation in Talairach space in younger and older subjects

RIF RPS LPS RC LC RSF LSF

Younger subjects

Talairach coordinates
identified in group
maps in these sites (X,
Y, Z)

24, 52, 10
32, 40, 15

20, 24, 24
36, 24, 24
32, 28, 29
56, 219, 20
48, 24, 10

251, 27, 10
231, 219, 15

8, 36, 0
12, 231, 25

27, 20, 35 24, 48, 25

Older subjects

Talairach coordinates
identified in group
maps in these sites (X,
Y, Z)

24, 56, 5 48, 23, 5
48, 223, 0

48, 12, 30 231, 44, 25

Note.—RIF indicates right inferior frontal; RPS, right perisylvian; LPS, left perisylvian; RC, right cingulate; LC, left cingulate; RSF, right sup erior
frontal; LSF, left superior frontal.

5 mm within Talairach space using sinc interpolation. The data
sets were smoothed using an 8 3 8 3 10-mm full width at
half-maximum gaussian smoothing kernel, and SPMs were
generated using the general linear model within SPM96 (25,
27). A 6-second time-shifted boxcar waveform was used as the
reference paradigm, and the ANCOVA model with global ac-
tivity as a confound was used for the statistical analysis. In
addition, high-pass and low-pass filters were used as confounds
within the analysis. The resulting set of images represents
SPMs of the t statistic SPM{t}. Individual SPMs were gen-
erated for every run for each subject. The SPM{t} was trans-
formed to the unit normal distribution SPM{Z} and threshold-
ed at P , .05. Group SPMs were also constructed across
subjects for each condition using the smoothed normalized
data sets. The group SPMs were thresholded for P , .01. The
thresholded SPMs were overlaid onto the anatomic normalized
images for display within IDL.

Quantitative analysis was performed for each group-averaged
and individual map and the number of voxels activated was com-
puted for the right and left inferior and superior frontal lobes, the
right and left perisylvian regions, the right and left inferomedial
temporal lobes, and the right and left cingulate gyri. These regions
were defined using standard neuroanatomic landmarks. The su-
perior and posterior margins of the sylvian fissures were used as
the boundaries for the temporal lobe, and the central sulcus pos-
teriorly and sylvian fissure inferiorly were used to delineate the
frontal lobe. The inferior frontal lobe was defined as that portion
of the frontal lobe below the genu of the corpus callosum in the
Talairach maps. The inferior frontal lobe included the orbitofron-
tal, frontopolar, and gyrus rectus regions. The perisylvian region
included the insula and the regions of the temporal lobe bounded
by the sylvian fissure. The inferomedial temporal lobe was de-
fined as the region that was located inferior and medial to the
temporal horns of the lateral ventricles. This region included the
entorhinal and piriform cortices as well as the hippocampus and
parahippocampus.

The group and individual maps were analyzed by two neu-
roradiologists (DMY, JAM) in a consensus reading. A third

neuroradiologist (MAK) from another institution who was not
involved in the functional MR imaging studies then indepen-
dently reviewed the composite maps of the older and younger
groups in order to assign locations of activated voxels based
on the anatomic description given in the paragraph above. The
assignment of voxels between the independent reviewer and
the consensus interpretation was in agreement in 62 (83%) of
75 instances. Of the 13 discrepancies, seven involved the dif-
ferentiation between inferior and superior frontal lobes (the
genu of the corpus callosum could be seen on three separate
images), four were referable to the difference between the peri-
sylvian versus frontal opercular (superior frontal) regions, and
two were based on the location of the superior cingulum versus
superior frontal regions. Twelve localization discrepancies oc-
curred in the younger subjects’ group map and one in the older
subjects’ map. For the purpose of the results, the consensus
readings of the two neuroradiologists from the home institution
are reported.

Results

On the group SPMs, the older subjects showed
the largest number of activated voxels (n 5 9) in
the right perisylvian region, followed by the right
superior frontal region (n 5 3) (Fig 1A and B).
Single voxels of activation were noted in the right
inferior frontal and left superior frontal zones (Ta-
ble 1). The Talairach coordinates for the sites of
activation are depicted in Table 2. Despite this rel-
ative paucity of activation on group-averaged
maps, the individual maps showed activation in
most subjects in the right perisylvian, right and left
superior frontal, and right and left inferior frontal
regions (Fig 2, Table 3). There was a right-sided
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TABLE 3: Number of subjects who had activated voxels in each area (P value set at .05)

Subject Group RIF LIF RIMT LIMT RPS LPS RC LC RSF LSF

Younger men and women
Older men and women

5
4

2
3

2
1

2
2

4
5

5
3

4
2

1
1

4
4

4
4

Note.—RIF indicates right inferior frontal; LIF, left inferior frontal; RIMT, right inferomedial temporal lobe; LIMT, left inferomedial temporal
lobe; RPS, right perisylvian; LPS, left perisylvian; RC, right cingulate; LC, left cingulate; RSF, right superior frontal; LSF, left superior frontal.

preponderance of activation across all these
regions, even on the individual maps.

The younger subject group showed greater vol-
umes of activation in all sites on the group SPMs
(Fig 3A and B). The sites of greatest activation
identified in the older group (the right perisylvian,
right superior frontal, right inferior frontal, and left
superior frontal regions) were also activated to the
greatest degree in the younger group (Table 1),
though in different absolute Talairach coordinates
(Table 2). In addition, the group maps of the youn-
ger subjects showed activation in the left superior
frontal, left perisylvian, and both cingulate regions.
All five young subjects showed activation in the
right inferior frontal and left perisylvian regions
(Fig 4, Table 3).

While there were areas of activation in the pa-
rietal and occipital regions in the younger subjects’
group maps, these were believed to represent either
visual stimulation artifacts (occipital), statistical
noise, or supplemental sensory areas (parietal).
These activated voxels were not selectively evalu-
ated, since they did not occur in the older subjects’
group maps.

Discussion
The olfactory system has rarely been a subject

of analysis in the imaging literature. While smells
are perceived in the upper nasal cavity by olfactory
neuroepithelial receptors, the primary olfactory
nerves pierce the cribriform plate to stimulate and
synapse with olfactory bulb nuclei. From the ol-
factory bulb and tract, fibers pass in the olfactory
stria to septal nuclei at the base of the brain just
inferior and anterior to the rostrum of the corpus
callosum. From the medial and lateral septal nuclei,
fibers extend to the limbic system with branches to
the uncus, hippocampus, parahippocampal region,
septum pellucidum, fornices, amygdala, and gyrus
rectus regions. Additional connections are made to
the orbitofrontal, superior frontal, and perisylvian
regions for higher-order odor processing.

Most functional imaging studies at rest and with
activity have tended to include only younger sub-
jects (28–31). Within the limited age range of the
subjects (19–38 years) Andreason et al (31) and
Miura et al (32) found no age differences in re-
gional and global glucose metabolic rates among
subjects studied with positron emission tomogra-
phy (PET). However Azari’s group (33) noted an
age-related reduction in frontal and parietal meta-

bolic rates for glucose in the resting state when
women less than 40 years old were compared with
those over 64 years old.

During visual processing of faces and location,
older subjects have shown less activation than
younger subjects in the extrastriate cortex, but the
older subjects had larger blood flow increases to
the occipitotemporal cortices (34). During visually
guided location matching, the older subjects actu-
ally showed greater activation than younger sub-
jects in the prefrontal and parietal cortices (34).
The authors suggest that older subjects recruit more
areas of the brain to process visual data than youn-
ger subjects do in order to compensate for less oc-
cipital activation (34).

Ross et al (35) examined the effect of age on
functional MR imaging results when the subjects
underwent 8 Hz of photic stimulation. Nine elderly
subjects (mean age, 71 years; range, 57–84) were
compared with 17 younger subjects (mean age, 24
years; range, 20–36). The amplitude of the re-
sponse in the elderly subjects in the visual cortex
was significantly reduced relative to the younger
individuals. However, the number of voxels acti-
vated was not significantly different between the
young and the old (35). No effects of sex or cere-
bral atrophy were noted. In our study, we did not
look at amplitude of response; we looked at the
volume of activated brain. Ross’s study suggests
that elderly subjects do not necessarily show a re-
duced number of activated voxels solely on the ba-
sis of their age (given a reasonable threshold for
activation). Thus, our findings of a reduced volume
of activation need not be ascribed merely to gen-
eralized depression of function in the aged. Atro-
phy in the aged does not necessarily correspond to
depression of the amplitude or volume of function-
al MR imaging activation (35). In the PET litera-
ture there are suggestions that global cerebral glu-
cose utilization may be independent of brain size
and age as well (36).

Our results are consistent with earlier functional
MR imaging findings that the right frontal lobe is
intimately associated with olfaction (1, 4). The
right frontal lobe showed more voxels activated
than the left at ratios from 2.39:1 to 8.0:1. These
findings at functional MR imaging corroborate the
PET literature, in which right frontal dominance as
measured by cerebral blood flow with the H2O15

technique has also been demonstrated during olfac-
tory stimulation (37). Zatorre et al (37) have also
demonstrated bilateral temporal lobe blood flow in-
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FIG 3. Younger group functional MR imaging map.
A, Set of group map images from younger subjects displayed in

Talairach space such that the right side of the image is the right
side of the brain and the left side of the image is the left side of
the brain. Note the right-sided predominance of activation inferiorly
in the frontal (arrowheads) and perisylvian (solid arrows) regions.
Cingulate activation on the right is also prominent (open arrows).

B, Magnified view of one image from the group set shows the
right perisylvian (solid arrow) and cingulate (open arrow)
activation.

creases with olfactory stimulation, particularly in
the perisylvian and piriform cortex regions.

Activation was seen in the occipital and parietal
regions in the younger subjects’ group maps. This
was noted in a previous study, in which mixed ol-
factory and trigeminal nerve stimulants were used
(1). Because these areas have not previously been
reported to be instrumental in specific olfactory tasks,
we attributed their occurrence to visual stimulation
‘‘leakage’’ in the darkened room and/or to a more
generalized sensory stimulation that may occur in
the secondary somatosensory regions from air flow
or tactile stimulation from the olfactometer. This
type of parietal activation has been shown in a pre-
vious study involving visual stimulation (38, 39).

Age is known to have a strong influence on the
results of psychophysical tests of olfaction (7–10).
There is a progressive decline in ability to identify
odors with age in subjects over 60 years old (7–
10). The functional MR imaging correlate is a dim-

inution in the volume of activation after the age of
60. In our study we demonstrated a diminution in
the number of activated voxels in older subjects
compared with younger subjects. However, on in-
dividual maps, a number of older subjects did show
some activation in the ‘‘olfactory eloquent’’
regions that have been described previously (Table
3), in accord with the heterogeneity of age-related
olfactory loss.

As a group, women perform better than men on
the UPSIT and on odor threshold tests at all age
deciles (7, 40). Women also have larger olfactory
evoked potential amplitudes than men (41) and dis-
criminate among odors more accurately and with
greater assurance than men (40). For this reason it
is important to control for sex when performing
odor-stimulated functional MR imaging studies.

There are several valid criticisms of this study
that temper the reliability of our results. The sam-
ple size is small. Pulsing odors the way we did to
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FIG 4. Activation map in single younger subject. Note the avid activation in both inferior frontal lobes (arrowheads), right more than
left. Perisylvian activation inferiorly on the right (open arrows) is also noteworthy.

stimulate our subjects is not physiological, unless
the analogy is that of a shopper at a perfume or
cheese shop sniffing the products at regular inter-
vals. While there may be some criticisms about the
presence of volume loss in the brains associated
with the elderly that could contribute to the dimi-
nution in activation in the older group, we believe
that this can be addressed with the SPM analysis
we performed. The SPM spatial normalization al-
gorithms work by minimizing the difference of the
sum of squares between the image that is to be
normalized and a linear combination of one or
more template images (25). A 12-parameter affine
normalization is initially used to match the subject
image to the reference template. This is followed
by an elastic deformation computed in three di-
mensions. The elastic deformation works to correct
for local variations in anatomy, and thus will cor-
rect for the effects of brain atrophy as well as for
regional variation in the degree of atrophy.

We cannot separate the effects of diminution in
cerebral blood flow in the elderly from the effects
of decreased neuronal activation. A number of
studies have shown differences in regional and
global brain volumes in men and women of varying
ages (42, 43). Fortunately, SPM96, by standardiz-
ing group-averaged brains to Talairach space, elim-
inates the issues of brain volume from analysis.
The regional metabolism of the brain as measured
by PET has also been shown to differ between men
and women (30, 44). Men appear to have greater
glucose utilization in the temporal lobes and cere-
bellum, whereas women have greater glucose uti-
lization in the cingulate regions. Cerebral blood

flow is also increased globally in women as com-
pared with men (44). Is what we are seeing with
odor-stimulated functional MR imaging a global re-
duction in activation in the older subjects? The ar-
ticles by Grady et al (34) and Ross et al (35) sug-
gest that one need not assume this is a global effect.

We also cannot control for any secondary
thoughts or memories the odors may elicit in the
magnet. However, the group maps are devised with
the expectation that they correct for any individu-
al’s random thoughts. Finally, we must acknowl-
edge that even with a reduction in TE to 30, there
is significant susceptibility artifact at the skull base
that can obscure activation. Coronal scanning may
be better suited for these regions, but section lim-
itations in the coronal plane obviate the ability to
scan the whole brain (something that we could ob-
tain in the axial plane). Nonetheless, the findings
are clear that a difference between younger and
older subjects exists on functional MR imaging
maps of olfaction.

We believe that this work is a stepping stone to
the screening of individuals at risk for developing
Alzheimer disease (eg, with apolipoprotein-E
karyotype E-4 or with early memory loss) or other
neurodegenerative disorders that affect olfaction.
Patients with Alzheimer disease have dramatic def-
icits in odor detection and identification (45–47).
The deficits in olfactory identification are present
in patients with early-stage Alzheimer disease and
the deficits increase as the disease progresses (48,
49). Odor detection deficits appear later than iden-
tification deficits (48). Already, olfactory psycho-
physical tests have been able to identify a patient
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population at risk for developing Alzheimer disease
(50). We have also noted a near perfect correlation
between the number of multiple sclerosis plaques
in presumed ‘‘olfactory eloquent’’ regions and def-
icits on odor identification tests (51). As multiple
sclerosis is the most common neurologic disease in
the young and Alzheimer disease is one of the most
common in the elderly, we believe that pursuing
imaging tests of olfaction is critical in understand-
ing neuropsychological pathogeneses. Olfactory-
stimulated functional MR imaging may be able to
detect brain deficits in patients with many of these
neurologic diseases at an earlier stage, when phar-
macologic intervention would likely be of greatest
benefit.

Conclusion

Age may be a factor with regard to the results
of odor-stimulated functional MR imaging studies.
Whether this is a generalized effect that may be
seen with all stimuli or is selective to the sense of
smell remains to be investigated. In either case,
when studying odor-stimulated functional MR im-
aging, the age of the subjects is a variable for
which one must control.
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