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PURPOSE: To evaluate the effect of aging and cerebrovascular disease on T2 shortening in the
visual cortex at MR imaging. METHODS: MR images of 72 neurologically normal subjects (45 men
and 27 women, 35 to 92 years old) and 32 patients (13 men and 19 women, 54 to 92 years old)
with cerebrovascular disease were evaluated retrospectively. On T2-weighted spin-echo images,
the signal intensity of the visual, motor, and sensory cortices was divided into three grades and
compared with the signal intensity of the frontal subcortical white matter. RESULTS: Decreased
signal intensity (grade III) was rarely seen in the visual and sensory cortices of the neurologically
normal subjects who were less than 60 years old. The signal intensity of the motor cortex decreased
rapidly after the age of 50 years. At 61 to 70 years of age, 53% of these subjects had grade III
intensity, and at age 71 years or older, 94% had reached grade III. The frequency of progression
from grade I to grade III was lower in the visual cortex than in the motor cortex; 22% of these
subjects had grade III appearance at age 61 to 70 years, and at age 71 years or older, 56% had
reached grade III. In patients with cerebrovascular disease who were older than 60 years of age, the
frequency of grade III signal intensity in the visual cortex was almost equal to that in the neuro-
logically normal subjects. CONCLUSIONS: T2 shortening in the visual cortex is frequently seen in
neurologically normal older persons. These findings are compatible with a previously reported
histochemical study of normal iron deposition in the visual cortex. Cerebrovascular disease has no
effect on T2 shortening in the visual cortex.
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Decreased signal intensity found only on T2-
weighted magnetic resonance (MR) images can
be ascribed to the magnetic susceptibility effect
(1). The T2 shortening effects from local mag-
netic field heterogeneity can be produced by
paramagnetic substances. Iron is the most fre-
quently encountered paramagnetic substance
in the normal brain (2, 3). With high-field-
strength MR imaging, region-specific T2 short-
ening in the human brain has been reported in
association with iron deposition in normal and
abnormal conditions (4–9). In healthy adults,
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decreased signal intensity on T2-weighted im-
ages is seen in the globus pallidi, red nuclei,
substantia nigra, and dentate nuclei (4–6). This
decreased signal intensity is age dependent and
has also been reported in abnormal conditions
(7–9).

T2 shortening in the motor cortex has been
reported in patients with amyotrophic lateral
sclerosis (10–12), as well as in healthy older
persons (13). We retrospectively studied brain
MR images in 72 neurologically normal patients
to determine the normal timing and sequence of
T2 shortening in the visual cortex. We also eval-
uated brain MR images in patients with cerebro-
vascular disease, and compared them with
those of the neurologically normal subjects.

Materials and Methods
MR studies of 72 patients (45 men, 27 women) were

selected and studied retrospectively from a consecutive
1
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Fig 1. Signal intensity grades of the visual cortex on T2-weighted images (2200/80/1) in neurologically normal subjects.
A, Grade I in a 63-year-old woman. The visual cortex (arrowheads) is hyperintense relative to the subcortical white matter and

isointense relative to gray matter.
B, Grade II in a 58-year-old man. The visual cortex (arrowheads) is isointense compared with the subcortical white matter and

hypointense compared with gray matter.
C, Grade III in an 84-year-old man. The visual cortex (arrowheads) is definitely hypointense as compared with the subcortical white

matter.
series of routine MR brain examinations in which both axial
and coronal T2-weighted images were obtained. Criteria
for inclusion were no clinical evidence of neurologic dis-
ease and a normal brain MR study. We excluded patients
with a history of neurologic disease, malignancy, stroke,
and brain surgery. Patients’ ages ranged from 35 to 92
years: nine patients (five men and four women) were 35 to
50 years old; 15 (eight men and seven women) were 51 to
60 years old; 32 (23 men and nine women) were 61 to 70
years old; and 16 (nine men and seven women) were 71 to
92 years old.

MR images of 32 patients (13 men, 19 women) who had
small multiple infarctions of the deep white matter and/or
basal ganglia were also studied retrospectively. These le-
sions were probably due to microangiopathy; those involv-
ing major infarction of the territories of the anterior, mid-
dle, and/or posterior cerebral arteries were not included.
The ages of these patients ranged from 54 to 92 years:
three (all women) were 54 to 60 years old; 12 (five men
and seven women) were 61 to 70 years old; and 17 (eight
men and nine women) were 71 to 92 years old. We ex-
cluded patients with metabolic, degenerative, and specific
neurologic disorders.

A high-field-strength (1.5-T) MR system was used to
obtain both T1- and T2-weighted spin-echo images. Im-
aging parameters were 600/20/1 (repetition time/echo
time/excitations) for T1-weighted images and 2200/80/1
for T2-weighted images. Using a head coil, we acquired
multisection images in the axial and coronal planes. In 28
neurologically normal subjects and in 15 patients with
cerebrovascular disease, sagittal T2-weighted images
were also obtained. All images were obtained with a 22-cm
field of view and a 192 3 256 matrix. Section thickness
was 5 to 6 mm, with a 1.0- to 1.2-mm intersection gap.
The fast spin-echo technique was not used in this study.
The motor and sensory cortices were evaluated in the axial
plane. Since the calcarine gyrus runs nearly parallel to the
axial plane, it was evaluated in the coronal and sagittal
planes.

The signal intensity of the calcarine gyrus (striate cor-
tex 5 visual cortex), precentral gyrus (motor cortex), and
postcentral gyrus (sensory cortex) was evaluated by two
neuroradiologists without information about clinical data.
We used the signal intensity of the precentral and postcen-
tral gyri as background data. The signal intensity of these
regions was divided into three grades (13): grade I, signal
intensity is equal to that of cortical gray matter (Fig 1A);
grade II, signal intensity is less than that of cortical gray
matter and equal to or greater than that of subcortical
white matter (Fig 1B); and grade III, signal intensity is less
than that of subcortical white matter (Fig 1C). The frontal
subcortical white matter was used for reference.

Results

The changes in signal intensity in the visual
cortex of neurologically normal subjects over
time are depicted in Figure 2. Decreased signal
intensity (grade III) was rarely seen in the visual
and sensory cortices in the these subjects who
were less than 60 years old. However, the signal
intensity of the motor cortex decreased rapidly
after the age of 50 years; at age 61 to 70 years,
53% of these subjects had grade III intensity,
and at 71 years and older, 94% had reached
grade III. The rate of progression from grade I to
grade III was lower in the visual cortex than in
the motor cortex; 22% of the subjects had a
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grade III appearance at age 61 to 70 years, and
at 71 years and above, 56% had reached grade
III in the visual cortex. In the sensory cortex, the
frequency of grade III was lowest among the
three cortices in each age group.

In patients older than 60 years with cerebro-
vascular disease, the frequency of grade III sig-
nal intensity in the visual cortex was nearly
equal to that in the neurologically normal sub-
jects (Fig 3). However, in the motor cortex, 29
(91%) of 32 patients with cerebrovascular dis-
ease had grade III intensity.

No abnormal signal intensity was observed
on T1-weighted images in either group.

Fig 3. MR image (2200/80/1) in an 86-year-old woman with
cerebrovascular disease shows definitely decreased hypointensity
(grade III) in the visual cortex (arrowheads).

Fig 2. Distribution of grades by age in the visual cortex in
neurologically normal subjects (normal cases) and in patients with
cerebrovascular disease (CVD cases). Note that grade III was
frequently seen in persons over the age of 70 years. In patients
with cerebrovascular disease, the frequency of grade III was al-
most equal to that in the neurologically normal subjects.
Discussion

In 1922, Spatz (14) described a macro-
scopic, qualitative histochemical study of brain
iron. He divided the regions of the brain into four
groups according to their iron content. In 1958,
Hallgren and Sourander (15) reported quantita-
tive age-related measurements of nonheme iron
in the human brain. They mentioned that the
iron content in the cerebral cortices increased
with age; in the older people the motor cortex
(precentral gyrus) had a mean iron content of
approximately 5.0 mg/100 g, closely followed
by the occipital cortex, the sensory cortex
(postcentral gyrus), and then the rest of the
parietal cortex. The temporal and prefrontal
cortices showed the lowest iron values; mean
iron content was nearly 3.0 mg/100 g. Our re-
sults correspond well to the histochemical study
by Hallgren and Sourander. A previous study, in
which T2 shortening of the cerebral cortices was
systematically evaluated, did not include the
visual cortex (calcarine gyrus), because this
structure runs nearly parallel to the axial plane
(13). The visual cortex also showed decreased
signal intensity on T2-weighted images when
evaluated in the coronal or sagittal plane. In the
motor cortex, decreased signal intensity was
seen more frequently in this study than in the
previously mentioned study (13). Although the
reasons are unknown, different MR units and
imaging parameters might affect the signal in-
tensity of the cerebral cortex.

There is a preferential progressive increase of
iron in the corpus striatum with aging. This in-
crease may be related to a combination of fac-
tors, including decreased oxidative phosphory-
lation, declining oligodendroglial function,
decreased dopamine production and turnover,
abnormal blood-brain barrier permeability, or
accelerated hydroxyl free radical formation with
lipid membrane peroxidation (5). Iron may play
an important role in neurotransmitter metabo-
lism (4, 5, 16), as it seems to be translocated by
axonal transport from regions with high densi-
ties of transferrin receptors to regions with high
nonheme iron content, such as the striatum
(16). A functional decrease of the axonal trans-
port associated with aging may induce iron dep-
osition in the cerebral cortex (13). In our pa-
tients with multiple infarctions of deep white
matter and/or basal ganglia, the motor cortex
reached grade III signal intensity even in those
younger than 60 years of age. This indicates
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that cerebrovascular disease may promote de-
generation of neurons and glial cells in the mo-
tor cortex, resulting in iron accumulation (13).
In the visual and sensory cortices, however, the
frequency of grade III changes in patients with
cerebrovascular disease was almost equal to
that of the neurologically normal subjects.
There may be some differences in the mecha-
nism of iron accumulation between the motor
cortex and visual or sensory cortex.

Our study has some limitations. First, iron
content in the white matter, which we used as a
reference standard, also increases with age. De-
creased signal intensity (grade III) was not ob-
served in the parietal, temporal, and prefrontal
cortices. This may be due to the fact that iron
content in the frontal white matter is higher than
that in the parietal, temporal, and prefrontal
cortices. Although changes in surrounding
structures might have some effect on our visual
grading, we believe that our grades (especially
grade III) correlate with T2 shortening caused
by iron accumulation, because our study is
compatible with the histochemical quantitative
study of brain iron. The second limitation is
related to the issue of partial volume effect. We
used images in which section thickness was 5 to
6 mm with a 1.0- to 1.2-mm intersection gap.
Cortical atrophy, associated with aging, may also
affect the signal intensity of the cortices (13).

In conclusion, we have determined the nor-
mal timing and sequence of T2 shortening in the
visual cortex. In the older neurologically normal
subjects, T2 shortening in the visual cortex was
seen frequently. This finding is compatible with
a previously reported histochemical study of
normal iron deposition. Presence of cerebrovas-
cular disease did not affect the decreased signal
intensity in the visual cortex.
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