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Review Radiologic Changes of the
Aging Brain and Skull

Marjorie LeMay1 Computed tomographic (CT) studies during life reveal the involutionary changes in
the brain found in postmortem studies. Beginning about the fourth decade, gradual
widening of the third ventricle, sylvian and interhemispheric fissures, superficial sulci,
and basal cisterns occurs. Enlargement of the lateral ventricles is most striking after
the sixth decade of life. Regression of the brain with aging is a normal process. There
is marked individual variation in the degree of involutional changes; not all lives are
identical, and the longer the life span the less predictable one would expect the
involutionary changes to be.

Alterations in the brain with aging have been the focus of many investigations.
Some have used morphometric techniques in life and postmortem. Radiologic
methods have been used, especially computed tomography (CT), which allows
easy and safe noninvasive study of the functioning brain. The increasing abundance
of CT data has prompted this review and correlation of radiologic findings with
those neuropathologic observations of the maturing brain.

Neuropathologic Changes in the Brain with Normal Aging

The brain grows rapidly in early life and reaches its maximum weight by the third
decade; thereafter, regression soon begins [1-4]. The regression tends to be slow
at first, but it accelerates with advancing age, beginning usually by the seventh
decade. Regression involves both the cerebrum and the cerebellum [5].

Ventricular Enlargement

The median and paramedian parts of the brain show regression early, and the
third ventricle slowly begins to widen. In 1962, Yakovlev [6], studying the “growth
and maturation” of the nervous system, noted regression of the median nuclei of
the thalami and widening of the third ventricle beginning by the fifth decade, and
possibly before, and also a progressive diminution of the massa intermedia that
joins the thalami.

Morel and Wildi [7] measured the volume of the ventricles of 423 fixed brains of
individuals 55-99 years old and noted a progressive increase in ventricular size up
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TABLE 1: CT Measurements of Third Ventricle, Anterior End of Sylvian Fissure, Anterior End of
Interhemispheric Fissure, and Superficial Sulci with Aging

Brain Part: Amount Seen on CT

Third ventricle:

Noneortrace .......... ... ... .......
MM swses 52955 55 505,65 G55 56 65 60743
2-4mm ..

Anterior end of sylvian fissure:

Notseen ... ... ... ... .. ... ... .......
COMM siocms ss smaes amsms 56 s smn 65 255
Z2MM.

Anterior end of interhemispheric fissure:

Notseen .. ... .. .. .. ... .. .. .. ... ...
L2 s 2ms so evsmy 28 sUEes SR EWE BE 5o 1
Z2MM .

Superficial sulci:

Notseen .. ....... ... .. ... .. ........

No. Patients per Age Group in Years

20-29 30-39 40-49 50-59 60-69 70-79 80+

0 2 0 4 6 8
14 10 1 1 0 0 0
6 7 8 5 6 1 3
0 3 11 14 14 19 17

Note.—Scans were from 140 patients without intracerebral lesions or obstructive hydrocephalus who were not demented or on
medication at the time of the study. Measurements were made on Polaroid film, which showed the brain in transaxial sections reduced in

size by a factor of 3.3.

temporal lobes, particularly in the hippocampus, uncus, par-
ahippocampal and fusiform gyri, and about the insula [9, 10].
Von Braunmuhl [1] found these changes to be greater on the
left.

Sulcal Enlargement

Widening of the superficial sulci has also been described in
the aging brain, particularly in the frontal parasagittal region
and in the parietal and temporal lobes [1, 9, 11]. The reason
for this is not clear. Neuronal cells are lost from the cortex,
particularly in the frontal and temporal lobes [12-16], but this
causes little change in width of the cortex [15] compared with
younger brains.

Meier-Ruge et al. [17] studied the diameter and length of
the capillary network in various parts of the brain and found
a decrease in the intercapillary distance in the putamen in the
elderly, but no significant decrease in the intercapillary dis-
tance in the brain cortex. This would suggest that shrinking
of the gyri with aging is not a change in width of the cortex
but mainly a decrease in volume of subcortical structures.

Radiologic Changes in the Brain with Normal Aging
Ventricular Enlargement

Pneumoencephalographic studies, which allow more
sharply defined measurements than do CT scans, have shown
widening of the third ventricle beginning about the fourth
decade [18-21]. Associated with widening of the third ventri-
cle is regression of the median part of the thalami, manifested
by progressive diminution of the massa intermedia, which, in
most individuals, connects the thalami in early life. On pneu-
moencephalography the size and shape of the massa inter-
media has shown regression first in its posterosuperior part
[21]. In older individuals the anterosuperior part of the massa

intermedia is the last to disappear. The massa intermedia
tends to be larger throughout life in women than in men and
to persist more frequently in the aging brain of women than
in men. The massa intermedia can often be seen on CT
scans, but is not sharply defined and cannot be measured
easily.

Most pneumoencephalographic studies of the aging brain
have shown a slight increase in average size of the lateral
ventricles up to the seventh decade and then a more rapid
increase in size [19, 22]. Bruijn [22] believed the measurement
of the cella media (the smallest transverse diameter of the
body of the lateral ventricles) gave the best correlation with
the overall size of the lateral ventricles.

CT studies allow less accurate measurement of the ventri-
cles than do pneumoencephalographic studies. The margins
of the ventricles are less sharply defined on CT because of
partial volume averaging and also because the shape and
size of the ventricles and the skull may change due to variation
in angulation of the head in the scanner [23]. The photo-
graphic printouts on which measurements are often made
vary at times and distort the dimensions of the skull and its
contents. The effect is identical to that sometimes observed
on television screens when circular objects appear elliptical.

Both linear and planimetric CT measurements of the ven-
tricles have usually been reported to show changes similar to
those of pneumoencephalographic studies, that is, a statisti-
cal slight progression in size of the lateral ventricles beginning
at about the fourth decade and a more striking increase after
the sixth decade [24-27]. The progression in size of the
lateral ventricles with age is more variable than that of the
third ventricle, and, as shown in neuropathologic studies,
many persons in the over-70-years group still have relatively
small ventricles.

Table 1 shows the CT findings in 140 patients examined at
Massachusetts General Hospital who had no evidence of a
local mass lesion or hydrocephalus and were not on medica-
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tion at the time of the study. There were 20 patients in each
decade from 20 to 100 years. The third ventricle is invisible
or minute on normal scans before the fourth decade, but it is
commonly seen clearly by the fifth decade.

Linear Ventricular Measurements

Although measurement of the ventricular span is probably
more accurate on coronal than on transaxial CT [28], linear
measurements of the ventricles on transaxial CT and pneu-
moencephalography are comparable [29]. Ratios of the width
of the ventricles to the width of the skull or brain are probably
the most easily made and reproducible ventricular measure-
ments on CT.

Evans ratio, the width of the greatest span of the frontal
horns divided by the greatest width of the internal diameter
of the skull, is a frequently used measurement (fig. 1). In
normal individuals, even over the age of 60, Evans ratio is
usually equal to or less than 0.29 [29, 30].

The frontal horn ratio is the width of the frontal horns
divided by the internal diameter of the skull at the same level
[31, 32] (fig. 1). Hahn and Rim [31], who first described this
CT ratio, examined 200 normal brains in patients and volun-
teers 10-81 years old. The ratio varied from 0.19 to 0.39
(mean 0.31). Except in individuals who have suffered head
trauma, the lateral ventricles usually do not enlarge as much
with normal aging or degenerative diseases as with hydro-
static hydrocephalus. Although early in the course of obstruc-
tive hydrocephalus the bodies of the lateral ventricles may
not be large, later they often enlarge more than in individuals
with hydrocephalus ex vacuo. In a study of 100 patients with
obstructive hydrocephalus and 50 patients with global cere-
bral atrophy [33], the frontal horn ratio was found to be 0.5
or greater in 56% of the obstructive group and in only 6% of
the atrophic group.

The bicaudate ratio is the width of the ventricles lying
between the caudate nuclei divided by the internal diameter
of the skull at the same level (fig. 1). This ratio is probably
more sensitive in showing change than other linear ratios and
it has been used particularly in studies of children. Pelicci et
al. [32] considered ratios of 0.17 and lower to be normal and
those over 0.2 to be definitely abnormal. Banna [34] considers
the top normal bicaudate ratio to be 0.15.

The cella media ratio is the narrowest width of the bodies
of the lateral ventricles divided by the greatest internal diam-
eter of the vault. Haug [26] found a gradual increase in the
mean cella media ratio with aging. In the 61-71 year range
he found a mean ratio of 0.295. It was slightly larger in males
than in females.

The third ventricle-sylvian fissure/skull ratio is the sum of
the distances between each lateral margin of the third ventri-
cle and the ipsilateral sylvian fissure divided by the internal
diameter of the skull at the same level. Brinkman et al. [35]
found this ratio to be 0.59 or less in 77% of their demented
but in only 24% of their nondemented elderly patients.

Planimetric Ventricular Measurements

Volumetric ratios of the ventricles have been studied by
measuring the size of the lateral ventricles with a planimeter
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Fig. 1.—Linear ratios used in ven-
tricular measurements. Frontal horn
ratio = width of frontal horns (FH)/
internal diameter of vault at same
level; bicaudate ratio = width of ven-
tricles between caudate nuclei (BC)/
internal diameter of vault at same
level; third ventricular ratio = greatest
width of third ventricle (3V)/internal
diameter of vault at same level; Evans
ratio = width of frontal horns/greatest
internal diameter of vault (IS).

[24] or using a grid method [36] and dividing it by the total
area of the brain within the CT scan cut. The areas are
presumed to be related to the volumes and therefore reflect
the size of the ventricles. The measurements are usually
made on one or two slices, and the anatomic areas measured
may vary in different individuals depending partly on the shape
of the head and its angulation in the scanner. Reproducible
measurements are more difficult when the ventricles are
small.

Volumetric Measurements of Cerebrospinal Fluid (CSF)
Intracranial Space

On CT scans of 130 individuals without localized disease,
Ito et al. [37] estimated the volume of the brain, CSF (ventri-
cles), and cranial cavity by counting the number of pixels in
each tissue on scans taken through the hemispheres. They
found the mean CSF volume to increase progressively after
the age of 40 years. Zatz et al. [38] studied the volume of
intracranial fluid in 123 normal subjects 23-88 years old using
semiautomated computer analysis, and found a marked indi-
vidual variation in the older patients but relatively little increase
in the volumes until the seventh decade.

Fissural and Sulcal Enlargement

As has been found in neuropathologic studies, involutionary
changes in the temporal lobes with widening of the anterior
ends of the sylvian fissures is one of the earliest changes
seen on CT in the aging brain. Table 1 shows that the anterior
ends of the sylvian fissures are commonly seen on CT scans
by the fifth decade. In CT studies the anterior end of the left
sylvian fissure is more frequently wider than the right, which
correlates with the findings of von Braunmuhl [1], who found
greater atrophic changes with aging in the anterior left tem-
poral lobe than in the right on pathologic study.

Widening of superficial sulci also occurs with aging and has
been described on pathologic studies, particularly in the par-
asagittal sulci of the frontal and parietal lobes [1, 9, 11]. On
CT scans widening of the interhemispheric fissure is com-
monly seen anteriorly extending back to, and occasionally
just beyond, the callosomarginal sulci, which commonly en-
large, but widening of the fissure more posteriorly is seen
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Fig. 2.—Whole brain and CT scan of 63-year-old man. Main sulci, which
appear early in fetal life, are deeper and often more easily identified on CT
scans than on inspection of the brain. pc = precentral; ¢ = central; poc =
postcentral; cm = callosomarginal.

much less often. Cala et al. [39], studying sulcal widening on
CT scans of 115 healthy volunteers 14-40 years old, found
progressive sulcal widening, mainly in the frontal lobes and
the cerebellar vermis, starting in the teens. Although there is
statistically some progressive enlargement of the third and
lateral ventricles and superficial sulci with age, there is often
poor correlation between ventricular size and superficial sulcal
widening [25]; this suggests these atrophic changes may be
independent of each other.

When the superficial sulci are widened over the hemi-
spheres, the main sulci (central, pre- and postcentral, and
superior frontal), which are formed early in the developing
brain, are deep, and when widened are seen on CT more
clearly than on inspection of the brain surface [40] (fig. 2).
Widening of superficial sulci seen with aging is often described
in radiologic literature as “cortical atrophy,” but this is probably
misleading, and “gyral atrophy” or “superficial atrophy” seems
preferable. As noted before, neuropathologic studies have
shown no statistically significant narrowing of the cerebral
cortex with aging. Brody [12, 13] has described a decrease
in cells of the cortex that varies in different regions but is
slight in the postcentral gyrus. Nevertheless, on CT the
postcentral sulcus widens with aging, much like the central
and precentral sulci (figs. 2 and 3). This suggests that the
widening of the superficial sulci with aging must be associated
ith considerable loss of adjacent white matter. Miller et al.
[41] measured the volumes of the gray and white matter and
found a relatively constant volume of cerebral tissue until age
50 and then a fairly constant loss per decade. The regression
appeared to be mainly due to white-matter loss.

Changes in CT numbers, representing white matter, with
normal aging have been reported on CT [42], but such
numbers are greatly influenced by the amount of bone in the
overlying vault. A recent CT study of the aging brain that
corrected for the thickness and density of overlying bone
found no statistically significant change in white-matter den-
sity (Sandor T, Albert M, LeMay M, unpublished data).

Fig. 3.—CT scans of 31-year-old woman who had been on steroids for
several years because of lupus erythematosus. Sylvian fissure, third ventricle,
and superficial sulci are widened. Callosomarginal sulcus (CM) is more forward
in one hemisphere, which is a common finding. C = central sulcus.

Evidence of progressive widening of cerebellar sulci with
aging has been reported by Cala et al. [39] and Koller et al.
[43]. The posterior fossa structures are clearer on magnetic
resonance imaging than on CT, and additional reports on
cerebellar atrophy in the aging brain will no doubt be forth-
coming.

Discussion

CT measurements of ventricular and sulcal size are prob-
ably more reliable than those made postmortem. When study-
ing the brain pre- and postmortem, one must remember that
variations in its appearance can be misleading. At postmortem
the ventricles are usually smaller than the same ventricles on
CT before death [44]. Artifacts associated with fixation of the
brain, and possibly agonal states, may affect the appearance
of the brain after death [45]. The ventricles on pneumoen-
cephalography tend to appear slightly larger than on CT. A
CT study with gas localized in one temporal horn shows that
horn to be larger than its counterpart, but if the gas is moved
to the other temporal horn, the latter becomes the larger.

It is strongly suggestive from both anatomic [12-17] and
CT studies that loss of gyral substance with age is predomi-
nantly from white-matter loss. Furthermore, while gyral atro-
phy is probably normal in the aging brain, it is certainly more
common and more likely striking in demented individuals. In
the study of individual cases, one must also realize that
metabolic changes in the brain can mimic cerebral atrophy. In
chronic alcoholism [46, 47], anorexia nervosa [48, 49], Cush-
ing disease [49], and patients receiving steroids [50] (fig. 3),
apparent cerebral atrophy (that is, ventricular, sulcal, and
fissural enlargement on CT) often returns to normal with
appropriate therapy [46-50]. Reversible changes are also
sometimes seen in pétients undergoing chemotherapy [51]
and have been reported in young persons being treated with
ACTH and dexamethasone for epilepsy [52]. In these cases
the interhemispheric fissure shows widening, particularly an-
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teriorly, resembling the common involutionary pattern seen in
the aging brain.

It is usually not possible on a routine CT study, when there
is no evidence of a focal abnormality, to determine whether
an individual will show diminished brain function clinically.
Persons with diminished cognitive functioning tend to have
larger ventricles than those of normally functioning individuals
[53-60], but there is great variation in ventricular size in both
groups [61-63].

Enlargement of the temporal horn tips is usually one of the
earliest signs of pressure hydrocephalus, but the temporal
horn tips are usually not seen at all, or are only slightly
widened, on CT scans of normally functioning individuals
showing generalized atrophic changes. They are more often
widened, along with marked widening of the anterior ends of
the sylvian fissures and temporal sulci in some individuals
with dementia. These CT findings may correlate with the
increased number of neurofibrillary tangles and granulovas-
cular degeneration seen pathologically in the anterior temporal
lobes of many individuals with a dementing illness [16, 64,
65], but prominent temporal horn tips on CT studies should
alert one to consider the diagnosis of pressure hydrocephalus.

Of the several linear measurements that have been used in
recording CT images, the frontal horn and cella media ratios
are the two most easily made. They do not show minor
changes in ventricular size as accurately as volumetric meas-
urements do [66], but they do help in recording gross differ-
ences in ventricular size. The bicaudate ratio is slightly more
difficult to measure accurately in adults and is probably more
helpful in recording ventricular measurements in children.

Skull Changes with Aging

When studying involutionary changes in the brain it should
also be remembered that the skull also often changes in size
with age. Studying repeated skull films of the same individuals
over a long period of time, Finby and Kraft [67] and Israel
[68] found in the majority an increase in size of the vault,
facial bones, and paranasal sinuses, and in the thickness of
the skull with aging. Most of the skulls also showed some
increase in size of the sella turcica. An increase in width of
some of the other bones of the body has been found with
aging [69, 70]. A recent linear study measuring the breadth,
length, and circumference of the heads of 2000 healthy vet-
erans over a 5 year interval showed a statistical increase in
these measurements with aging [71]. The phenomenon is
presumably associated with the continuous resorption and
regrowth of the skeleton and with the stresses to which the
skeleton is subjected during life [72]. A few studies of the
neurocranium [73, 74] have not found a significant increase
in size with aging. However, it is important in such a study
that skulls of the same individuals be measured over a long
period and similar points of measurement be used.

Over 4000 years ago Ptahhotpe [75], vizier to an early
Egyptian king, described many of the changes in the human
body occurring with aging; among them he noted, “the mind
has come to an end and cannot remember yesterday.” Hip-
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pocrates [76], in the fourth century B.C., described shrinkage
of the brain with aging. Now over 2000 years later we are still
studying the anatomic changes with aging. Although we can
see them with CT and other new visual modalities, further
understanding of the involutionary changes in the brain and
their regulation may require other, more sensitive methods.
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