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In Vivo Stereological Assessment
of Human Cerebellar Volume:
Effects of Gender and Age

Intermediate T2-weighted MR images and a systematic sampling stereological method
were used in 37 normal volunteers, 24 to 79 years old, to assess the effects of age and
sex on cerebellar volume. Female subjects (n = 21) had significantly smaller cerebellar
volumes compared with males (n = 16) of similar age (t = —3.9, p < .0008, two-tail t
test). Using straight-line, univariate regression, we determined that age was not a
significant predictor of cerebellar volume (R?> = 0.07, t = —1.66, p = 0.11), whereas
gender did appear to account for a significant amount of variability in cerebellar volume
(R%? = 0.33, t = —4.13, p = .0002). The mean absolute cerebellar volume in this study
was 112 ml (SD * 16) for all subjects, 104 ml (SD % 10) for females, and 122 ml (SD %
16) for males.

This study demonstrates the feasibility of using MR images along with a systematic
stereological method to assess in vivo human cerebellar volume, thereby providing a
research tool to correlate cerebellar morphology with cognitive and neuromotor function.
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Traditionally, the cerebellum has been associated primarily with motor function
[1]. However, recent studies have implicated the cerebellum in neuropsychiatric
conditions [2-5]. Neuropathologic evidence, as well as CT studies, have suggested
cerebellar atrophy with normal aging [6-8].

Previous attempts to study changes in the cerebellum with aging and neuropsy-
chiatric disorders have been hampered by the lack of in vivo methods to assess
cerebellar volume. Previous efforts have used subjective scoring methods to assess
morphologic changes in the cerebellum [8, 9]. With the advent of MR imaging,
small changes in individual structures can be more easily analyzed. In addition, the
development of a systematic sampling stereological method for volumetric deter-
minations allows the rapid, precise, and efficient determination of the volumes of
anatomic structures. We reported in a previous publication [10] the first application
of a systematic sampling stereological method for the in vivo determination of
changes in caudate volume with normal aging using MR imaging. In the present
report, we apply this stereological method to evaluate the effects of age and gender
on human cerebellar volume.

Materials and Methods
Subjects

All 37 subjects were normal volunteers from the community from whom written informed
consent was obtained. Each subject had a complete neurologic, psychiatric, and physical
examination and was determined to be free of any significant neurologic disease (stroke,
transient ischemic attacks, tumor, seizure, dementia) or psychiatric iliness, including drug
abuse and alcoholism. The 37 subjects (16 men, 21 women) were 24 to 79 years old (mean,
54.2 [+ 19 SD] years).
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MR Acquisition

MR imaging was performed with a 1.5-T GE Signa system. The
subjects were positioned in a quadrature head coil with the cantho-
meatal line at 0° from the vertical axis and the laser of the imager
grid centered at the nasion. Five-millimeter-thick axial slices (interslice
gap of 2.5 mm) were obtained parallel to the canthomeatal line. Spin-
echo acquisition parameters were 500/20/1 (TR/TE/excitations) for
the T1-weighted images and 2800/30/1 and 2800/80/1 for interme-
diate (first-echo) and T2-weighted (second-echo) images, respec-
tively. The first-echo image was used to measure the cerebellar
volume, which was adequate for the distinction of the cerebellar white
and gray matter from surrounding CSF, bone, and vessels. Cerebellar
volumes, estimated by using either the first or second echo, were
highly correlated (intraclass correlation coefficient = 0.96). T1- and
T2-weighted images were reviewed to exclude disease.

Volume Measurements

Cerebellar volume was measured for every slice on which it was
seen by using a systematic sampling and a point-counting method
[11-14]. The method is based on the Cavalieri theorem of systematic
sampling [3]. For this to be applicable, the structure should be
sampled at fixed intervals, and the sampling should be initiated at
random [14, 15]. MR imaging of the brain involves consecutive
sectioning of uniform thickness at fixed intervals, and the initial cut
intersects the cerebellum randomly, thus satisfying the basic require-
ments of this method. Under these circumstances the volume of the
structure is given by the formula vol = (area of cross section) X
(length of structure) x (magnification factor)?. In this way the area of
the section was determined by means of the point-counting method
[11, 12]. This method is based on the random interaction of points
on the structure. We used a square grid placed randomly on the
cerebellum. Thus, the cerebellar volume was estimated by using the
formula (slice thickness + interslice gap) X (number of points) X (area
of square on lattice grid) x (magnification factor)? [13-15] (see Fig.
1

All the measurements were made by one of the authors who was
blinded to the subjects’ age and gender. The volumes represent the
sum of the right and left cerebellar hemispheres and include the
vermis and deep nuclei. The fourth ventricle and the CSF were
excluded from the volumetric measurements.

Statistical Analysis

Data were analyzed with PC-SAS software (SAS Institute, Cary,
NC). All data are reported as the mean (+ SD). The two-tailed t test
procedure was used to evaluate significant differences between
groups, and the Pearson'’s correlation coefficient was used to evalu-
ate correlations between variables. A p value < .05 was considered

; Fig. 1.—MR image of cerebel-
t lum with square grid used to es-
timate cerebellar volume. Number
of points that intersect the cere-
bellum are counted on each sec-
tion (see Methods).
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significant. A straight-line, univariate regression analysis was used to
evaluate the relationship of both age and gender to cerebellar volume.

Results

All T2-weighted images of the cerebrum showed no abnor-
malities. For all subjects the mean cerebellar volume was 112
(x 16) ml with a range of 81 to 152 ml. Women had signifi-
cantly smaller cerebellar volume than men (t = —3.9, df =
23.5, p < .0008, two-tailed t test) (see Table 1).

Using straight-line, univariate regression, we determined
that age was not a significant predictor of cerebellar volume
(R?=0.07,t=—1.66, p = .11) (see Fig. 2). However, gender
did appear to account for a significant amount of variability in
cerebellar volume (R? = 0.33, t = —4.13, p = .0002), with
women tending to have smaller cerebellar volumes than men
(see Fig. 3).

Discussion

Findings in the study of cerebellar volumes in normal sub-
jects between the ages of 24 and 79 years showed that (1)
men have a significantly larger cerebellar volume than women
and (2) age is not a significant predictor of cerebellar volume.

TABLE 1: Cerebellar Volumes in Males and Females

Males Females

(n=16) (n=21)

Mean age (+SD) (years) 50.8 = 21 55:1 19

Age range (years) 24-79 26-78
Cerebellar volume (ml) 122 + 16 104 = 10°
Cerebellar volume range (ml) 96-152 81-120

#t=-38.92, df = 23.5, p < .0008 two-tail t test.

160

y=123.61-0.21808x R*2.0.073

130 4

120 4

110 4

Cerebellar Volume (cc)

100 4

90 <

80

g<
~
o

20 30 40 50

® Males
o)

Fig. 2.—Graph shows relationship between cerebellar volume and age.
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Fig. 3.—Graph shows relationship between cerebellar volume and gen-
der.

The uniform MR methodology and the comprehensive criteria
used to select normal volunteers in this study add credence
to these findings.

The significance of gender and not age in differences in
cerebellar volume is not well understood. Pathologic post-
mortem studies [6, 7] have reported age-related loss of
cerebellar neurons, so one would expect a decline in cere-
bellar volume with age. Nevertheless, our study did not dem-
onstrate a significant age-related decline in cerebellar volume.
The functional significance of our findings also remains spec-
ulative. Several studies have found associations between
cerebellar atrophy and neuropsychiatric symptomatology. The
cerebellum is known to be involved in such diseases as
autism, fragile X-syndrome, alcoholism, and ataxia [5, 7, 16-
18]. Quantitative morphometric studies of the cerebellum may
provide valuable insights into the etiopathogenesis of these
disorders, and MR provides a useful noninvasive method for
testing these hypotheses.

The method described in this study will greatly facilitate
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studies of cerebellar size in various neurologic and psychiatric
disorders in which cerebellar involvement is suspected. In
addition, our data suggest that future MR studies of these
disorders must strictly control for gender.
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