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3 tesla magnetic resonance imaging and multiplanar reconstruction of
the brain and its associated structures in sheep
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Abstract: The purpose of the study was to scan the brain and related structures in sheep with high-resolution magnetic resonance
imaging (MRI) and three-dimensional (3D) multiplanar reconstruction for defining the anatomical regions. Six adult sheep, three of
six were male and three of six were female used as cadaver, were utilized in this research. Heads were scanned at 3 Tesla Siemens
Magnetom Spin-Echo MRI devices using the human head coil. The processes were acquired in both T1 and T2 weighted slices and
were reconstructed by using Leonardo workstation. The cranioencephalic structures and anatomical details were defined and labeled
in all slice of 3 planes that were obtained 1 mm thickness sequential images in sagittal, frontal, and transversal planes. According to
the MRI measurements obtained intracranially from the brain, the average value of length, height, and width of the brain were 87.1 +
0.3,46.8 0.7, and 62.2 + 0.4 mm, respectively. It was observed that in T1 weighted images were more effective to identify deep brain
structures and anatomical details. On 3D reconstructed images obtained from the study can be used as a reference in head and brain
MR scans in multidisciplinary studies where sheep are used as animal models.
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Koyunda beyin ve iliskili yapilarin 3 tesla manyetik rezonans ile goriintiilenmesi ve multiplanar
rekonstruksiyonu

Ozet: Bu ¢aligmada, koyun beyni ve beyin c¢evresindeki anatomik yapilarin, yiiksek ¢oziiniirliiklii manyetik rezonans ile
goriintillenmesi ve 3 boyutlu (3B) multiplanar rekonstruksiyonu ile bdlge anatomisinin 6zelliklerinin belirlenmesi amaglandi.
Arastirma igin 3 erkek, 3 disi toplam 6 yetiskin koyun kullanildi. Tim kafalar 3 Tesla Siemens Magnetom Spin-echo manyetik rezonans
goriintiileme cihazi ile insan kafa koili kullanilarak tarandi. Tarama iglemi hem T1, hem de T2-agirlikli olarak yapild: ve Leonardo
workstation kullanilarak rekonstriiksiyonu yapildi. Sagittal, frontal ve transversal diizlemlerde alinan yaklasik 1 mm kalinligindaki
ardigik kesit gériintiilerinin tizerinde kafa yapilar1 ve anatomik detaylar ii¢ diizlemde ve her kesit iizerinde tanimlanarak isaretlendi.
Kesit goriintiileri tizerinden yapilan kafa i¢i 6l¢limlerde encephalon’un ortalama uzunlugu, yiiksekligi ve genisligi sirasiyla 87.1 £ 0.3,
46.8 £0.7 ve 62.2 + 0.4 mm olarak 6l¢iildii. T1 agirlikli goriintiilerin, derin beyin yapilarinin ve anatomik detaylarin tanimlanmasinda
daha etkili oldugu gériilmiistiir. Hayvan modeli olarak koyunun kullanildigi multidisipliner ¢alismalarda, 3B rekonstriiksiyon ile elde
edilen goriintiilerin, bas ve beyin MR taramalarinda referans olarak kullanilabilir.

Anahtar sozciikler: Hayvan modeli, koyun, MRG, sinir sistemi, 3B rekonstriiksiyon.

cerebral coenurosis (10, 17). In addition to these MRI is
accepted as a gold standard method for examination of
muscle morphometric parameters such as cross-section

Introduction
The advantages of using magnetic resonance
imaging (MRI) are being the noninvasive clinical

approach, a keen diagnostic tool (9, 13, 14, 24) and
acquiring comprehensive information about neuroscience
(4-6). Improvements in MRI techniques can make the
determination of pathologies or injuries on the brain and
spinal cord easily (2, 9, 11). It also finds a use for
diagnosing zoonoses such as hepatica fascioliasis or

areas and muscle fatty infiltrates (25).

An ovine model can be used because of having
anatomical and physiological similarities to the human
body than other experimental species, such as the size of
fetal sheep pregnancy and imaging features (6, 18). This
animal model has become important for surgical and
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anatomical cerebral studies because of its size (6, 14, 27),
biomedical imaging and implant testing studies (21),
biomechanics of the spine disorders (13, 28), diagnosing
of diseases on prematurity (22, 24), monitoring the
effectiveness of treatment on diseases such as epilepsy or
neurologic decompression sickness (11, 23). The shape of
the sheep skull shows similarity like humans, so this can
be useful for studies (16). Sheep is also become an
alternative animal model due to a physiological
examination of genes for reproductive functions (1, 7) and
endocrine regulations related to reproductive physiology
(5).

The aim of this study was to define imaging features
of the normal anatomical structures of the brain and round
tissues in the sheep MR images. By this way, it helps the
clinicians to compare the head pathologies with normal
anatomy and as a reference to the biomedical
investigations for researchers.

Material and Methods

This study was carried out with the 2013/18
numbered permission of the Bilkent University Animal
Experiments Ethics Committee. In this study, 3 male and
3 female total 6 adult Akkaraman sheep fresh cadavers
obtained from the faculty farm were used. The weights of
the sheep were 40 + 3 kg. The heads of the sheep were
placed in “prone” position and were scanned using a 3-
Tesla Siemens Magnetom Spin-echo magnetic resonance
imaging device (Siemens Magnetom Trio, Erlangen,
Germany) with an 8-channel human head coil and a 15-
channel human knee 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 the sagittal
plane with isotropic voxels for reformation and 3D
reconstructed by Leonardo Workstation software
(Siemens Medical Solutions, Erlangen, Germany).

Parameters for T1-weighted images during scans; TE: 12
ms; TR: 600 ms; Section Thickness: 1 mm; FOV: 230 x

230 mm; Number of sections: 125; Scanning time; 8
minutes, parameters for T2-weighted images; TE: 404 ms;
TR: 3000 ms; Section Thickness: 1 mm; FOV: 230 x 230
mm; Number of sections: 125; Scanning time; 11 minutes.
Nomina Anatomica Veterinaria was used for the
nomenclature (12). Identification of the anatomical
structures were based on the textbooks (3, 15).

Results

All animals successfully underwent MRI progress.
In MR images, anatomical structures of the brain did not
contain any differences in shape or signal intensities
described. T1 and T2 weighted MR images were
performed in detail for whole brain and associated
structures in three planes that were acquired 1 mm
thickness consecutive images in sagittal, frontal and
transversal planes. Morphological features of the MR
images were illustrated in Figure 1, 2, and 3. According to
the measurements of the brain obtained intracranially with
MRI, the average values of length, height, and width of
the brain were 87.1 £ 0.3 mm, 46.8 + 0.7 mm and 62.2 +
0.4 mm, respectively.

After the colored reformation of images in T1
weighted series scanned with 3D-IR-MPR sequence, the
anatomic details were clearly defined, and the grey and
white matters were also recognized more easily from each
other (Figure 1A, 1B, and 1C). It has been observed that
anatomical details and deep brain structures can be easily
detected on T1 weighted images. The grey matter was
more hypointense when compared with the white matter
(Figure 1D, 2B, and 3D). The brain tissue could be easily
separated from other surrounding tissues (head bones,
muscles, fat tissues) because of the high tissue contrast
provided by the MR images (Figure 1C, 2C, 3B, and 3C).
In the image scans, the bones were monitored isointense
(Figure 1C), muscles were hypointense appearance
(Figure 1D), and fat tissues were identified hyperintense
(Figure 3B).

/li;l'q
= ; m~ C
Figure 1. The transversal 3D-IR-MPR images of the head (A. Three dimensional view of the sheep head, B. At the level of caudate

nuclei, C. At the level of lateral ventricle and D. At the level of middle of thalamus). 1. Sagittal T1 weighted image, 2. Cerebral cortex,
3. Semioval center, 4. Internal capsule, 5. Caudate nucleus, 6. Corpus callosum, 7. Lateral ventricle, 8. Optic chiasma, 9. Cingulum,

10. Thalamus, 11. Third ventricle.
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Figure 2. The frontal 3D-IR-MPR images of the head (A. At the level of lateral ventricle, B. At the level of rostral colliculi, C. At the
level of middle of thalamus and D. At the level of optic chiasm). 1. Lateral ventricle, 2. Thalamus, 3. Cerebral aqueduct, 4. Optic

chiasm.

Figure 3. The sagittal 3D-IR-MP

R images of the head (A. At the level of beginning of left cerebral hemisphere, B. At the level of left
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hippocampus, C. At the level of left lateral ventricle and D. At the level of middle of brain). 1. Hippocampus, 2. Fourth ventricle, 3.
Spinal cord, 4. Medulla oblongata, 5. Lateral ventricle, 6. Middle cerebellar peduncles, 7. Internal capsule, 8. Rostral colliculus, 9.

Optic chiasma, 10. Pituitary gland, 11. Cerebral aqueduct.

In addition to these, the anatomical details of deep
cerebral structures such as cortex cerebri, capsula interna,
nucleus caudatus, corpus callosum, ventriculus lateralis,
chiasma opticum, thalamus and ventriculus tertius on
transversal sections were identified from 3D images
(Figure 1A-D). Ventriculus lateralis and aqueductus
mesencephali were also observed in coronal sections
(Figure 2A-D). Hipophysis, aqueductus mesencephali,
colliculus rostralis, hypocampus, pedunculus cerebellaris
medius, medulla oblongata, ventriculus quartus, and
medulla spinalis were identified on a sagittal section of 3D
images (Figure 3 A-D). Orbita and its surrounding tissues
on coronal sections (Figure 2D), mandibula, pharynx,
skull bones, meninges and muscles on transversal sections
(Figure 1C and 1D) and cavum nasi, lingua, and palatum
on sagittal sections (Figure 3D) were also seen as well.

Discussion and Conclusion

The present study demonstrated the applicability of
the 3D-IR-MPR imaging for brain and its surrounding
tissues in a healthy sheep model. The use of sheep as an
anatomical model is developing. Many studies made in
recent years have strengthened this consideration due to
the sheep brain and its anatomical characteristics (5, 6,
16).

In previous studies, it has been stated that MR
images are used in the diagnosis process of diseases (8,

29). It has also been suggested that MR studies on
specimens to see the similarities or differences for normal
anatomical structures, were important for other
researchers such as surgeons, radiologists (4, 16, 19, 20,
26). It was thought that the images obtained from this
study can be used as a teaching material in anatomy
education, as well as the normal structure, size, position,
etc. on these 3D images can be compared with the
pathological features that may occur in the brain, brain
membranes or cerebrospinal fluid. In addition to the 3D
images from this study, this colored 3D reconstructed
images to transmit and visualize the interaction of the
brain with surrounding tissues better compared with T1
weighted and T2 weighted images.

As a result, MRI has become one of the routine
imaging techniques in many veterinary fields. It is
considered that reconstructed three-dimensional images
obtained from MR images can be used as an important
source not only the recognition of pathological tissues and
during the preparation phase of operation in the clinic but
also in veterinary anatomy training for understanding the
morphology of the structures more easily.
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