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Summary: Determination of 3 Tesla MR imaging appearance of the brain and associated structures was the aim of this study.
T1 and T2-weighted (W) and 3D reformatted images obtained from 6 adult pigs were used to define the cranioencephalic structures
and anatomic details in three planes. Relevant structures were identified and labeled at each level. Especially TIW images scanned
with three-dimensional inversion recovery multiplanar reconstruction (3D-IR-MPR) sequence provided excellent visualization for the
inner structures of head and brain.
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Domuzda beyin ve iliskili yapilarin 3 Tesla manyetik rezonans ile goriintiilenmesi ve multiplanar
rekonstruksiyonu

Ozet: Bu ¢alismada, domuzda beyin ve iligkili yapilarin 3 Tesla MR ile goriintiilenmesi amaglandi. Caligmada 6 adet yetigkin
domuza ait T1 ve T2-agirlikli imajlar ile 3 boyutlu rekonstrukte edilmis goriintiiler kullanildi. Cranioencephalic yapilar ve anatomik
detaylar {i¢ planda ve her kesit iizerinde tanimlanarak isaretlendi. Ozellikle 3D-IR-MPR sekanst ile alinan T1-agirlikh goriintiiler, bas

ve beyine ait derin yapilarin milkemmel diizeyde goriintiilenmesini sagladi.
Anabhtar sozciikler: Anatomi, beyin, domuz, manyetik rezonans goriintiileme

Introduction

Magnetic resonance imaging (MRI) is a non-invasive
technique performing non-ionizing radiation which can
differentiate between the types of distinct tissues due to
differences in structure and water content (20). It is
commonly employed for the imaging of the body,
especially the central nervous system, because of its
ability to obtain with high soft tissue contrast, high field
strength and decreasingly scanning time (19). Therefore,
MRI has an importance in diagnosis and treatment of the
pathologies such as tumours, hydrocephalus, haematoma,
demyelinating diseases and vascular malformations of
the head in veterinary practise (22). It also has been used
commonly in imaging for anatomy education and
researches (3, 13, 14, 26).

Swine are increasingly used in biomedical researches
and are being replaced with the other mammalian species
as an animal model. They have become accepted as a
general surgical model (21). However, its use in the
neurologic researches has been relatively uncommon due

to the thickness of the neurocranium and massive nature
of the facial bones (21), and the swine have been
developed as a model for skull base surgery (6, 10), for
cranial bone graft materials (18) and stroke models (5,
12, 23, 24). On account of that, understanding the
sectional anatomy of the normal brain and related
structures and MR imaging features of the tissues are
quite important in the diagnosis and treatment of clinical
diseases, experimental studies and also imaging anatomy
of the head (4). In our literature review, it was noticed
that the anatomical based MRI studies about the pig brain
wasn’t satisfactory (8, 17, 25). The purpose of the study
was to define imaging features of the normal structures
of the head and to provide an overview of MR imaging
anatomy of the brain and surrounding structures in the
pig. Designation of the most convenient sequence that
enables to delineate the anatomic details was also the aim
of this study. By this way it helps the clinicians to
determine the head pathologies and the researchers for
biomedical investigations as a reference.

A part of this study was presented as a poster presentation at 6" National Congress of Veterinary Anatomy, 16-19 September

2010, Afyon-Turkey.
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Materials and Methods

Six adult pigs, weighted 70-110 kg, were used for
this investigation. The study protocol was approved by
the Animal Ethics Committee of Ankara University. The
pigs were sedated with Xylazine HCI (1,5 mg/kg, i.m.),
followed by intramuscular injection of Ketamine HCI
(12,5 mg/kg) for the induction of general anesthesia. The
cranial structures of the pigs were imaged by 3 Tesla MR
(Trio, Siemens, Erlangen, Germany) using standard
birdcage head coil. Whole brain and associated structures
were scanned with three-dimensional (3D), T1-weighted
(W) gradient echo inversion recovery (IR) multiplanar
reconstruction (MPR) sequence in sagittal plane with
isotropic voxels for reformation. Technical parameters
were standardized as following; TE: 2.5 ms; TR: 1900 ms;
TI: 900 ms; acquisition time; 4.17 min; slice thickness: 1
mm; field of view: 400x400 mm; matrix: 246%246;
number of slices: 176. Two-dimensional (2D) T2W
sequence was also performed in the sagittal, frontal and
transversal planes. The protocols were TE: 93 ms; TR:
6000 ms; time of acquisition: 1.18 min; slice of thickness:
3 mm; field of view: 279%x279 mm; matrix: 640*640;
number of slice: 20. The total scanning time of the
sequences were approximately 15 min. After scanning
procedure, data collected from TIW - IR - MPR sequence
were reconstructed with 1 mm slice thickness and 1 mm
interslice gap in sagittal, frontal and transversal
directions using Leonardo workstation software (Siemens
Medical Solutions, FErlangen, Germany). Anatomical

lines and their alignments were identified on mid-sagittal
plane and orthogonal directions were orientated to
external acoustic meatus in frontal and transversal planes.

Definition of the anatomical structures were based
on the atlases and textbooks regarding pig anatomy and
MRI (2, 7, 11, 16). Nomina Anatomica Veterinaria was
used for the nomenclature (9).

Results

T1 and T2W MRI were performed in detail for
whole brain and associated structures in three planes.
Clinically relevant anatomic formations were identified
and labeled in the corresponding images. The intracranial
length, height and the width of the brain were measured
with software as 90.2 mm, 56.3 mm, 59,3 mm in average
respectively.

In T1W images, it was observed that the anatomical
details were superior due to the high geometric resolution.
The grey matter was more hypointense when compared
with the white matter (fig 1, 2, 3, 4). Depending upon the
high resolution and signal differences beside the brain
ventricles and meninx, the inner brain structures such as
olfactory bulb, caudate nuclei, corpus callosum, optic
chiasm, thalamus, pituitary gland, pineal gland,
mesencephalic tectum and cerebellum were well imaged
(fig1, 2,3, 4,5, 6). Cerebrospinal fluid (CSF) (fig 2) and
blood (fig 3) were completely hypointense similar to the
negligible signal intensity of the air in cranial sinuses (fig
1, 5, 6) and observed in black color. The cortical part of the

Figure 1. MR images of the brain at the level of caudate nuclei in transversal plane. A-) TIW, B- T2W, C-) T1W, 3D-IR-MPR
volumetric images. 1; centrum semiovale, 2; corpus callosum, 3; nucleus caudatus, 4; capsula interna, 5; nucleus lentiformis, 6; sinus
frontalis, 7; m. masseter, 8; mandibula (cortex), 9; mandibula (medulla).

Sekil 1. Transversal diizlemde, nucleus caudatus diizeyinde, beynin MR goriintiileri, A-) T1-agulikli, B-) T2-agirlikli, C- T1-

agurlikli, 3D-IR-MPR volumetrik goriintiiler.
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Figure 2. MR images of the brain at the level of hypophysis in transversal plane. A-) TIW, B- T2W, C-) T1W, 3D-IR-MPR
volumetric images. 1; ventriculus lateralis, 2; septum pellucidum, 3; ventriculus tertius, 4; thalamus, 5; infundibulum, 6; hypophysis,
7; sinus cavernosus, 8; nasopharynx.

Sekil 2. Transversal diizlemde, hypophysis diizeyinde, beynin MR gériintiileri, A-) T1-agirlikli, B-) T2-agurlikli, C- T1-agurlikli, 3D-
IR-MPR volumetrik goriintiiler.

Figure 3. MR images of the brain at the level of hippocampus in transversal plane. A-) TIW, B- T2W, C-) T1W, 3D-IR-MPR
volumetric images. 1; hippocampus, 2; ventriculus lateralis, 3; ventriculus tertius, 4; thalamus, 5; os frontale, 6; m. pterygoideus
lateralis, 7; m. pterygoideus medialis, 8; m. digastricus, 9; a. et v. maxillaris.

Sekil 3. Transversal diizlemde, hippocampus diizeyinde, beynin MR goriintiileri, A-) T1-agirlikli, B-) T2-agirlikli, C- T1-agirlikl,
3D-IR-MPR volumetrik goriintiiler.
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Figure 4. MR images of the brain at the level of pons in transversal plane. A-) TIW, B- T2W, C-) T1W, 3D-IR-MPR volumetric
images. 1; cerebrum, 2; cerebellum, 3; pons, 4; ventriculus quartus, 5; meatus acusticus externus, 6; mandibula (proc.condylaris), 7;

os frontale, 8; a. et v. maxillaries, 9; gl.parotis.
Sekil 4. Transversal diizlemde, pons diizeyinde, beyinin MR goriintiileri, A-) T1-agurlikli, B-) T2-agurlikli, C- T1-agirlikli, 3D-IR-

MPR volumetrik goriintiiler.

Figure 5. MR images of the brain at three levels in sagittal plane. A-) TIW, B-) TIW, 3D-IR-MPR volumetric images. 1; m.
semispinalis, 2; m. rectus capitis, 3; os frontale, 4;sinus frontalis, 5; pharynx, 6; lingua, 7; mandibula, 8; concha nasalis dorsalis, 9;
concha nasalis media, 10; concha nasalis ventralis, 11; cerebrum, 12; cerebellum, 13; bulbus olfactorius, 14; nucleus caudatus, 15;
tectum mesencephali, 16; pons, 17; medulla oblongata, 18; arbor vitae cerebelli, 19; corpus callosum, 20; ventriculus lateralis, 21;
ventriculus tertius, 22; ventriculus quartus, 23; chiasma opticum, 24; hypophysis, 25; adhesio interthalamica, 26; cartilago septi nasi
Sekil 5. Sagittal diizlemde, ii¢ diizeyde, beynin MR goriintiileri, A-) Tl-agulikli, B-) Tl-agirlikli, 3D-IR-MPR volumetrik
goriintiiler.
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Figure 6. MR images of the brain at three levels in frontal plane. A-) TIW, B-) T1W, 3D-IR-MPR volumetric images. 1; bulbus
oculi; 2; bulbus olfactorius, 3; n. opticus, 4; chiasma opticum, 5; sinus frontalis, 6; tractus olfactorius, 7; hypophysis, 8; thalamus, 9;
capsula interna, 10; ventriculus lateralis, 11; aqueductus mesencephali, 12; fornix, 13; hippocampus, 14; nucleus caudatus, 15;

cerebellum, 16; mm. bulbi.

Sekil 6. Frontal diizlemde, {i¢ diizeyde, beynin MR goriintiileri, A-) T1-agirlikli, B-) T1-agirlikli, 3D-IR-MPR volumetrik goriintiiler.

neurocranium (fig 1), masticatory muscles (fig 3),
salivary glands (fig 4) and the eyeballs (fig 6) were
slightly hypointense, on the contrary medullary part of
the bones and widely located adipose tissue on the swine
body were hyperintense owing to the high signal
intensity (fig 1).

After the colored reformation of images in TIW
series scanned with 3D-IR-MPR sequence, the anatomic
details were clearly determined in terms of the
orientation and the grey and white matter were more
easily distinguished from each other with high resolution
(fig 1-C, 2-C, 3-C, 4-C, 5-A’, B’, C’, 6-A’, B*, C").

In T2W images, the tissue contrast differences were
clearly detected. Similar to TIW scans, the brain tissue
was slightly hypointense. However, the white matter was
more hyperintense compared with the grey matter. It was
observed that the cerebrospinal fluid had a clear
hyperintense signal, fat tissue was slightly hyperintense,
salivary glands were isointense, muscles were slightly
hypointense and the air was hypointense in all images
(fig 1-B, 2-B, 3-B, 4-B).

Discussion and Conclusion
Arencibia et al. (2001) and Vasquez et al. (2001)
indicated that T1W images were superior for determination
of the anatomical details. On the other hand, tissue

contrast differences were more clear in T2W scans. They
also preferred transversal sections for demonstration of
the inner brain structures. Parallel to those researches,
transversal images at TIW scans seemed to be more
convenient for the anatomic comprehension of the brain
imaging in our study.

By means of TIW images scanned with 3D-IR-
MPR sequence, we reconstructed the images taken only
in sagittal plane without any additional acqusition in our
study. This sequence could provide us to obtain TIW
images in shorter times and for all planes. We could
easily distinguish grey and white matter from each other
by the virtue of high resolution property of IR in this
sequence. Although scanning in 3D-IR-MPR sequence
has increasingly developed in last years in brain researches
(15), a satisfactory investigation mentioning about the
advantages of this progress in pig brain could not be
found.

In conclusion, 3 Tesla MR devices with high
resolution are efficient for both decreasing the scanning
time and increasing signal-noise ratio which is one of the
important parameters for high image quality. In addition
to that, scanning of brain with 3D-IR-MPR sequence
enables to delineate the anatomic details. Thereby this
sequence seems to be quite effective to detect the subtle
lesions located in grey and white matter intersection or in
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brain grooves. Data collected from MR images can also
be processed digitally to create a standard stereotaxic
space and pig brain atlas for anatomy education.
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