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Abstract
Magnetic resonance image (MRI) has much importance in terms of searching aging

and gender effects on brain. In this study, age and gender differenceswere aimed to be
found out on cerebellar and ventral pons volumes. It is totally studied on nine cross-
section images from MRI; three at transvers plane (top, middle, and bottom), three at
frontal plane (front, middle, back), and three at sagittal plane (right, middle, left). T1
transvers, frontal and sagittal MRI was taken from 43 men and 57 womenany of
whomdo not display any pathological symptom. Both gender groups were separated
into age groups as young, middle aged and elderly in order to understand effects of
aging. Areas of the cerebellum and ventral pons formation were calculated by
transferring selected images to NETCAD software. The volumes were calculated in
Excel program by using the values obtained from MRI and analysed by SPSS. No
significant difference between genders in the ventral pons volumes. A significant size
in men’s right and left hemisphere volumes at transverse and frontal planes. It was
determined a significant size in women’s vermis of cerebellum volumes at the sagittal
plane. Also, a significant reducing was observed in right hemisphere volumes, in
frontal plane right — left hemisphere volumes owing to aging and, so it was found that
the reducing was much more in men. The results were comparable with previous ones.
NETCAD is concluded to be suitable in volume calculating with MRI.
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Introduction

Morphological changes are expected to
occur in different anatomical areas of the
brain due to gender and aging. The aging
of the brain is characterized by regional
shrinkage in the gray and white matter
regions (1). Magnetic resonance imaging
(MRI) shows the morphological and
pathological changes of intracranial
anatomy. It also gives the opportunity to
examine the changes that occur with aging
in healthy individuals (2). The cerebellum
plays an important role in normal brain
function and it has structural and
functional involvement in a number of
neurological diseases associated with
impairment of functions such as both
motor and cognition, mood, and behaviour
(3). In different disease states and after
damage, it has become important to find
concrete ways to evaluate the cerebellum.
There are studies in cerebellum, which
examine:  21-hydroxylase  deficiency
(210HD) (4), effect of steroid hormones in
congenital adrenal hyperplasia (5), the
volume of cerebellum in normal fetal brain
(6), the volume of cerebellum in glioma
inactivated protein 1 (LGI1), the volume of

cerebellum in  encephalitis (7), in
neurometabolic diseases such as
cerebrotendinousxanthomatosis, the

volume of the cerebellum nuclei (8) and
the volumes of the cerebellum and
cerebellar  peduncles to  distinguish
progressive supranuclear Palsy-Richardson
Syndrome from Parkinson's disease (9). As
Murshed (2003) has carried out, manual
drawings on MR images for the volume of
cerebellum studies will take more time and
subjective data will be obtained. In this
study, it was aimed to calculate the
cerebellum and the volume of ventral pons
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changes on the MR images of healthy
individuals over the areas obtained with
the NETCAD program.

Method
For the present study, approval was
obtained from Selguk University Faculty of

Medicine Ethics Committee with the
decision number 2007/091 dated
25.04.2007.

The study was performed on the MR
images of patients who applied to the
neurology and neurosurgery outpatient
clinics of Afyonkarahisar State Hospital
for various reasons in 2007. Radiologists
studied MR images of 100 adult
individuals (43 males - 57 females) (aged
between 15-70 years) who were not
reported any disease, anomaly or damage
and were evaluated as normal. Both sexes
were divided into three groups according
to their ages:

1- Young age group; 23 individuals (13
males, 10 females) between the ages of 15-
29.

2- Middle age group; 36 individuals (12
males, 24 females) between the ages of 30-
49,

3- Advanced age group; 41 individuals (18
males, 23 females) between the ages of 50-
70.

For the images; spin-echo transverse using
1.5 tesla Siemens Maestro Glast brand
device

(TR: 475 TE: 8,1), sagittal (TR: 375 TE:
113), frontal (TR: 8770 TE: 113);
thickness in sections: transverse and frontal
(4,5mm), sagittal (5mm); FOW: 500mm
MATRIX: 512 * 512 GAP: 2,2 m.tesla
values were received. T1-weighted
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transverse, frontal and sagittal MR images
were evaluated, since the anatomical
structures of the cerebellum and pons
without  pathology were examined.
NETCAD 4.0 GIS software was used to
calculate the area and volume of the
images included in the research.

A total of 9 images were selected from
transverse, frontal and sagittal planes.

These images were transferred to the

NETCAD program in bitmap format. First,
the borders of the hemisphere of
cerebellum, vermisof cerebellum and
ventral pons were drawn (Figures 1, 2, 3).
The area accuracy of the software on the
images was chosen as 0.01 mmz2
Numerically  determined areas were
recorded in Excel and the volumes of the
following regions were calculated.

Figure 1: Field plot of the hemisphere of cerebellum (A, a lower section from the middle section; B, middle
section; C, upper section from the middle section) on the cranial MRI in the transverse plane transferred to the

NETCAD program.

Figure 2: Field plot of the hemisphere of cerebellum (A, the previous section from the middle section, B, the
middle section, C, the next section from the middle section) in the cranial MRI in the frontal plane transferred to

the NETCAD program.

1- Right hemisphere of cerebellum in the
transverse plane.

2- Left hemisphere of cerebellum in the
transverse plane.
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3- Right-left hemisphere of cerebellum in
the frontal plane.

4- Vermis of cerebellum in the sagittal
plane.

5- Ventral pons in the sagittal plane.
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Figure 3: Field plot of the vermis of cerebellum and ventral pons (A; the previous section from the middle
section, B; the middle section, C; the next section from the middle section) in the cranial MRI in the sagittal

plane transferred to the NETCAD program.

Statistical analysis of parameters according
to age groups and gender was performed in
SPSS 15.0 (for Windows) program. A two-
way analysis of variance was used to
evaluate the combined effect of age and
gender. If there was a difference in terms
of age groups, the bonfer's corrected one-
way analysis of variance and Tucey HSD
test were performed to determine in which
age group the difference originated from.
A student-t test was applied to determine,
which age group caused the difference in
gender. Spearman correlation test, which is
used in non-homogeneous data, was used
to determine the relationship between the
values obtained from the study.

Results

According to the volume calculations made
in all three planes in the study, it was
found that the right and left cerebellar
volume were larger in men and the vermis
of cerebellum volumes in women (p <0.05)
(Table 1). Also; It was determined that the
volume decrease between the middle age
group and the advanced age group was
greater in males, and the volume decreases
between the younger and middle age group
in females (Table 2). No gender and age-
related changes were observed in ventral
pons volume. When analysed by age
groups, although the decrease in right
cerebellar volume was not found to be
statistically significant, it was found that
there was a greater decrease in men with
increasing age compared to women.

Table 1:Comparison of cerebellar volumes (mean mm? + SD) by sex.

Parameters Male Female
(n=43) (n=57)

Right hemisphaerium 10124 +1959 * 9436 £ 1714

Left hemisphaerium 10452 + 1193 ** 9390 + 1210

Total hemisphaerium 17613 + 15494 * 13741 + 1478

Vermis 6264 + 1534 ** 7120 £ 1227

SD; Standart deviation, *: p<0.05, **: p<0.001.
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Table 2: Comparison of cerebellar volumes (mean mm? + SD) by age groups and sex.

Young age Middle age Late age
(15-29 age) (30-49 age) (50-70 age)
M F M F M F
(n=13) (n=10) (n=12) (n=24) (n=18) (n=23)

RH 10257 + 2954 9755+ 1402 10157 + 1668* 9422 + 1325 9958 + 1218 9311+ 2185
LH 10611 + 865 9523 +1198 10571+ 1405** 9147 + 1175 10257 £1280 9085 + 1259
TH 15815 + 1598* 14367 £ 1634 13966 + 1669 2 13990 + 1360 13800 +£ 20972 13317 + 1223
Vermis 7225+ 2034 7367 + 695 6002 + 1129 7321+ 1315**  6802+1285 5745+ 1014 **@

SD; Standart deviation, *: p<0.05, **: p<0.001, a; Significantly different from the young age group. RH; right
hemisphaerium, LH; left hemisphaerium, TH; total hemisphaerium, M; male and F; female.

Discussion

Thanks to the morphological
measurements made in normal people, the
changes in the cerebellum and subcortical
structures in both  aging and
neurodegenerative diseases are
successfully demonstrated. While MRI is
widely used for brain and cerebellar
morphological evaluation, advanced MRI
techniques  allow investigation  of
cerebellar microstructural and functional
features. A group of researchers who
calculated the volume on MR images in
mice showed that the lateral cerebellar
volume was higher in female mice and the
medial cerebellar volume was higher in
male mice (11).As a result of volumetric
analysis performed on healthy people, it
was shown that there was no difference
between genders in the gray matter of the
cerebellum, but there was a decrease in
gray matter volume with aging (12).
Volumetry, voxel-based morphometry,
diffusion  MRI based tractography,
functional MRI, perfusion, and proton MR
spectroscopy are among the most
commonly used techniques in the
cerebellum study (3). Sumiyoshi et al.
(2017) reported an increase in brain gray
matter in adolescent rats in their study by
using voxel-based morphometry in MRI.
The highest increase was observed in the
occipital cortex, amygdala, hippocampal
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formation and cerebellum. Voxel- based
morphometry, one of the current methods
used in volume calculation, is mostly
preferred by T1-weighted MRI to define
volume changes in normal aging and
regional brain atrophy in various
neurological and psychiatric  diseases
(14,15). Unlike previous studies, there are
also studies using a Freesurfer 5.1. fully
automated technique to measure the
volumes of T1-weighted MR images
obtained from 3T MR scanners (16). There
are studies reporting that the poster inferior
part of the cerebellum differs in cognitive
criteria in  the cerebellar volume
measurements  performed using the
Spatially Un-neutral Infratentorial Toolbox
(SUIT) in the Statistical Parametric
Matching (SPM12) program of MS
patients and healthy individuals, while the
anterior part creates the variance in the
motor-performance level (17). It was also
reported that cerebellar  volumetric
abnormalities can make an important
contribution to explain motor and cognitive
performance in MS patients. Vurdem et al.
(2012), who measured posterior cranial
fossa and cerebellar volume in patients
with type | Chiari malformation using a
different method: the stereological method,
could not find any statistical difference
between patients with type | Chiari
malformation and healthy individuals in
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terms of cerebellar volumes.

Cerebellar volume is important in
neurological and some genetic diseases. In
a study conducted on patients with
schizophrenia, it was observed that
posterior vermis of cerebellum volumes
decreased significantly in men (19). In a
study examining the cerebellar volumes in
patients with  Prader-Willi  syndrome
(PWS), a decrease in all parts of the
cerebellum was shown in patients
compared to the control group, and it was
suggested that this would be an important
evidence for behavioural change in
individuals with PWS (20). It has been
reported that there is a significant decrease
in white matter of the cerebellum in the
volume calculations made on 7-tesla MRI
images in patients with Friedreich's ataxia
(FRDA), another genetic disease (21).

In a study conducted to differentiate
migraine and tension-type headache, it was
shown that there was a decrease in the gray
matter of the cerebellum in the migraine
group, thus it was reported that the
cerebellar volume could be the differential
diagnosis between the two types of
diseases (22). Decreased cerebellar
volumes were observed in both genders in
smokers compared to non-smokers (23).

In our study, unlike these methods, MR
images obtained from 3 planes were
transferred to the NETCAD program and
measurements were made. The similarity
of the results obtained in our study with the
results of other studies supports that the
NETCAD program can be used in area and
volume calculations over MRI.
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