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Abstract : The study of pigs as a human disease model has been conducted in neuroscience. But
the morphological development of pig brain by using MRI is rare. The purpose of this study is to
determine whether cerebellum maintains consistent proportion to other brain regions in aging.
Clinically healthy sixteen micropigs, 1, 2, 4, and 8 months were studied. The micropigs were
anesthetized with isoflorane. MRI was acquired using a 0.3T system. To figure out development of
ratio that allowed identification of normal cerebellum size, we measured the area of the cerebellum,
brainstem, and forebrain from the mid-sagittal brain images on T1W. Mid-sagittal cross-sectional area
(CSA) of total brain, forebrain, brainstem, and cerebellum were expressed as absolute values and
also as percentages which were compared between the four age groups of micropigs for the purpose
to define the effect of age on brain morphometry. It was found that there was not a significant
difference in the percentage of the brain occupied by an individual region between groups although
the absolute CSA differed significantly among age groups. There was no effect of age on the ratio
between the cerebellum and total brain in 4 age groups. The normal size of cerebellum changes during
brain development maintained a consistent ratio to other brain regions in normal micropigs. The ratio
of CSA quantified on the mid-sagittal MR images offers a suitable method to detect presence of

cerebellar anomalies in micropigs.
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Introduction

The micropig has been used as an experimental
animal model in the field of neuroscience [13].
Morphologically, compared to other small laboratory
animals, the pigs’ brain resembles the human brain
(gyrencephlic) more in anatomy, growth and development
[6]. The studies of pig’s brain with MRI are not
sufficient, but the body composition analysis, MRI
protocol for in vivo visualization, myelination study,
microstructural and cerebrovascular changes are revealed
[3, 8, 12, 19]. But the brain regions according to brain
development using MRI are not studied.

The aim of this experiment is to describe the effect
of age on brain morphometry (cerebellum, brainstem
and forebrain) with mid-sagittal brain images using MRI.
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Materials and Methods

Animal preparation

Clinically healthy sixteen micropigs (1, 2, 4 and 8
month-age groups, Medi Kinetics micropigs; Medi
Kinetics, Korea) were used for the brain morphometry.
Each age group consists of 4 micropigs without gender
difference, weighing from 5 to 20 kg.

All animals were raised under microbiologically well
controlled conditions and dry food was provided with
water ad libitm. This research strictly followed the guide
line of the ‘Guide for the Care and Use of Laboratory
Animals’ of Seoul National University, Korea.

Methods
All micropigs were anesthetized with propofol and
isoflurane, and MRI scan was performed using a 0.3 T
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magnet. On sagittal plane, T1 and T2-weighted images
were acquired.

For image analysis, T1 weighted images on mid-
sagittal cross-sectional area (CSA) of three brain regions
were used for calculation of the cerebellum, brainstem
and forebrain (Fig. 1). The outlines of the areas of three
brain regions were manually traced. Mid-sagittal cross-
sectional area (CSA) of total brain, forebrain, brainstem,
and cerebellum were expressed as absolute values (mm?)
and also as percentages to the total brain.

SPSS was used for data analysis. P values of below
0.05 were considered significant.

Results

Mid-sagittal cross-sectional images of three brain
regions were acquired (Fig. 1). We selected T1 weighted
image for evaluating brain size, because the brain margin
is more distinct so that it is easy to trace each brain
region (Fig. 2). Mid-sagittal CSA of total brain, forebrain,
brainstem, cerebellum, and ratio of the three brains to

/

total brain for groups in 1~8 month age range were
calculated (Table 1). It is easy to recognize that as age
increases, the area of the three brain regions also
increase. To know the correlation between each three
region to total brain, data distribution was established

Fig. 1. T1-weighted mid-sagittal MR image of the brain
of a micropig. Note the manually traced outline of the three
brain regions of interest: cerebellum (1), brainstem (2),
forebrain (3).
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Fig. 2. Mid-sagittal CSA image of 2 month micorpig. Images were scanned on the T1 weighted sequence (A), and on
the T2 weighted sequence (B). Note that the brain margin on T1-weighted image is more distinct than on T2-weighted image.

Table 1. Mean and Standard Deviation of the Mid-sagittal cross-sectional area (CSA) of total brain, forebrain, brainstem,
cerebellum, and ratio of the three brains to TB for groups in 1~8 month age range

1 month 2 month 3 month 4 month

Total brain 1,402.35 +6.84 1,676.80 +4.19 1,707.59 £ 5.85 1,947.68 + 6.64
Forebrain 969.28 +4.74 1,094.65 + 4.83 1,145.85 £ 5.03 1,346.17 £ 6.96
Brainstem 159.43 £2.62 202.47 £4.07 219.02 £4.20 243.88 £2.38
Cerebellum 273.64 £4.27 331.26 +£2.73 342.67 £2.61 357.62 +£2.83
FB: TB (%) 69.11 £0.94 65.28 £ 1.00 67.10 £ 1.38 69.11 £ 1.00
BS: TB (%) 11.36 £0.29 12.07 £ 0.56 12.82 £ 0.40 12.52+0.29
CBM : TB (%) 18.33 £0.84 19.75 £ 0.60 20.67 £ 1.33 18.33 £0.91

CSA: mm’. FB: forebrain, TB: total brain, BS: brainstem, CBM: cerebellum. All data are expressed as the mean = SD (range).
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Fig. 3. Relationship between cross-sectional area (CSA) of
the cerebellum (A), brainstem (B), forebrain (C) with age.
CSM: cerebellum; BS: brainstem; FB: forebrain. (A) R?=
0.4282, p=0.006; (B) R>*=0.7625, p<0.0001; (C) R*>=
0.9161, p<0.0001.

using linear regression. There was a strong positive
correlation between cross-sectional area of each brain
region and age. Although the absolute CSA differed
significantly among age groups, there was not a
significant difference in the percentage of the brain
occupied by an individual region between groups. There
was no significant effect of age and weight on the CSA
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Fig. 4. Relationship between CSA of the ratio of cerebellum
to total brain with age and weight. CBM: cerebellum; TB:
total brain. (A) R>=0.2418, p =0.053; (B) R?=0.0198, p =
0.084.

of the ratio of cerebellum to total brain in the four age
groups when evaluated using linear regression (Fig. 4).

Discussion

The cerebellum plays an important role in motor
control and contributes to coordination, precision and
accurate timing. When there is a lesion in the cerebellum,
ataxia or incoordination of the head, neck and all four
limbs with preservation of strength is usually caused [9].
In young animal, cerebellar abiotrophy, degeneration,
hypoplasia, cortical atrophy and other diseases are
reported in many species [2, 4, 5, 14, 15, 17, 18].

Though the cerebellum is thought to be one part of
the brain, the MRI study of the pig with growth
development and age is rare. In human studies, the
cerebellum shows reduction in the volume of the
cerebellar hemispheres and the cerebellar vermis with
age advanced [7, 10, 11]. In one study of cerebellum
volume of normal Koreans who were in their 20s and
40s, the volume of the cerebellum was significantly
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larger in their 20s than those in their 40s and the volume
significantly different according to gender and age, and
the reduction of the volume of the cerebellum with age
was significantly larger in men than in women [1], in
another study, the time course and regional differences
in age-related volume loss in cerebellum and brainstem,
the volume remained stable until age 50 years and
declined thereafter. Volume loss in the cerebellar vermis
was striking [7].

In a study of the development of a morphometric MRI
in the dog’s brain, the ratio of the cerebellum to total
brain and of the brainstem to cerebellum mid-sagittal
cross-sectional area was compared. In this study, the
percentage of the brain occupied by the cerebellum in
diverse dog breeds between 1 and 5 years of age was
not significantly different and cerebellum size did not
change with increasing age [16].

In our study with micropigs, it was found that there
was not a significant difference in the percentage of the
brain occupied by an individual region between 1-month
to 9-month age although the absolute CSA differed
significantly among in different ages. And there was no
effect of age on the ratio between the cerebellum and
total brain in 4 age groups (18.3~20.7%). These results
show similar trend like those in dogs (14.5~16.3%) [16].
The normal size of cerebellum change during brain
development maintains a consistent ratio to other brain
regions in normal micropigs, which is also a similar
pattern like those in the dog and human.

But there are some limitation in our study with a
narrow range of age group, lack of animal number and
postmortem study. So, further study is needed for brain
atrophy and degeneration in aged micropigs for human
brain research.

MR imaging provide for the brain morphological and
neuroanatomical information, and it is also a noninvasive
imaging technique to assess morphometric analysis of
CSA of the three brain regions. This measurement may
be useful in the future for studying consistent ratio of
cerebellum to total brain associated with age. This
measurement that detects cerebellar abnormality would
be very useful clinically.

In conclusion, while the size of the brain was directly
related to the age and size of the animal, the cerebellum
maintained a consistent ratio to other brain regions in
normal micropig.
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