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Table 1 Details of magnetic resonance imaging (MRI) used to determine placentome number and morphologic type. 

Details 

MRI scan type 

Localizer T2 HASTE T2 HASTE T2 TSE 
T1 Fast-low-
angle-shot 

T1 MRAGE T1 VIBE T1 VIBE 

Orientation Sagittal Coronal Transversal Transversal Sagittal Sagittal Coronal Transversal 
Voxel size (mm) 0.8x0.8x6.0 1.3x1.3x4.0 1.2x1.2x4.0 0.7x0.7x3.0 1.3x1.3x3.0 1.3x1.3x1.3 0.6x0.6x3.0 0.6x0.6x3.0
Number of slices 7 20 35 45 30 208 88 96 
Phase oversampling (%) 25 30 20 0 0 0 0 30 
Field of view (mm) 400 400 380 300 440 400 400 320 
Slice thickness (mm) 6 4 4 3 3 1.25 3 3 
Repetition time (TR; ms) 7.6 4270 3010 4000 200 1900 4.41 5.72 
Echo time (TE; ms) 3.69 92.00 96.00 88.00 2.54 1.97 1.30 2.45 
Flip angle (°) 20 160 160 160 70 9 9 10 
Base resolution - 320 320 448 352 320 320 288 
Distance between slices 
(% of slice thickness) 

100 20 20 0 25 50 20 0 

Band width (Hz/pixel) 320 710 710 302 270 230 980 300 
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Introduction 

The placenta is the organ responsible for 
exchange of nutrients and waste products between the 
mother and her fetus (Bell & Ehrhardt 2002). It is 
therefore the main regulator of fetal growth (Murphy 
et al. 2006). In sheep, placental exchange of nutrients 
occurs at sites called placentomes (Ford 2000). 
Placentomes are comprised of cotyledons on the 
chorioallantoic membrane which attach to discrete 
caruncles on the uterine wall (Ford 2000). Ovine 
placentomes can be classified into four types (A, B, C 
and D) based on their gross morphological appearance 
(Vatnick et al. 1991). The distribution of placentome 
type, and size of individual placentomes can be 
influenced by many factors. These include nutritional 
status of the dam, placental blood flow, oxygen 
availability and altitude (Gardner et al. 2002; Osgerby 
et al. 2002, 2004; Penninga & Longo 1998). However, 
the functional significance of such differences remains 
unclear. In addition, placentome size, rather than type, 
has been shown to be more important for vascularity 
(Vonnahme et al. 2008). However, evaluating the 
functional importance of blood flow and placentome 
morphology and vascularity is limited by the in vivo 
tools available to measure the dynamic changes that 
occur during gestation. 

Magnetic resonance imaging (MRI) can be used 
to measure the dynamics of blood flow and tissue 
morphology and has been used to study these aspects 

in the human and rodent placenta (Deloison et al. 
2012; Tomlinson et al. 2010). The MRI technique is 
more sensitive and precise to detect placental defects 
than, for example, ultrasound biometry (Chalouhi et al. 
2011). Little MRI data is available on placental 
morphology or function in sheep. The use of MRI in 
sheep studies may provide a non-invasive tool to 
assess placental and fetal growth and function in vivo. 

This pilot study investigated whether MRI 
technology could be used to study the anatomical 
morphology of placentae in sheep. 

Materials and methods 

The study and all animal handling procedures 
were approved by the AgResearch Grasslands Animal 
Ethics Committee, Palmerston North, New Zealand, in 
accordance with the 1999 Animal Welfare Act of New 
Zealand. One twin-bearing ewe was selected out of a 
commercial Romney flock and euthanized (0.5 mL/kg 
BW Pentobarb 300, Provet NZ Pty Ltd, Auckland, 
New Zealand) at approximately 140 days of 
pregnancy. MRI images can be distorted by air-tissue 
interfaces, therefore, in this study, to avoid the 
potential interference of air-tissue interfaces created by 
the rumen of the pregnant ewe the abdominal cavity 
was opened following euthanasia and the gravid uterus 
removed. The gravid uterus was placed in a large 
airtight container filled with gelatine to eliminate any 
air-tissue interfaces. The gravid uterus in the container 
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Table 2 Illustration and description of morphological characteristics used 
to classify placentomes (adapted from Vatnick et al. (1991)). 

Placentome type Illustration Description 

Type A 

 

Placentomes are concave in shape 
with the maternal tissue (white) 
completely surrounding the fetal 
tissue (black). 

Type B 
 

Placentomes consist of fetal tissue 
(black) beginning to grow over the 
surrounding maternal tissue (white).

Type C 
 

Placentomes are flat and consist of 
a large portion of fetal tissue (black) 
that has begun to surround the 
maternal tissue (white). 

Type D 
 

Placentomes contain mostly fetal 
tissue (black), which surrounds the 
maternal tissue (white). 

 

 
Figure 1 MRI images of gravid uterus at approximately Day 140 of 
pregnancy. 

Image A: T1 MRAGE scan with sagittal orientation showing the 
placentomes (white arrows) from Fetus 1 and 2. Dashed line shows the 
separation between Fetus 1 and 2. 
Image B: T1 VIBE scan with transversal orientation showing 
placentomes (white arrows). 

 

was scanned with a 3T Siemens Magnetom Skyra MRI 
scanner (Siemens, Erlangen, Germany) using an 
abdominal coil that was placed over the container. 
Structural scans were carried out using a series of 
different sequences (Table 1), to determine which type 
of MRI sequence would generate optimal images of 
the ovine placentae, and to facilitate manual counting 
of placentomes of different morphologic types (A, B, 
C and D) based on the classification system described 

by Vatnick et al. (1991) (Table 2). 
After the MRI scans the placentae 
were dissected and individual 
placentomes counted per fetus. 

Results and discussion 

This pilot study showed that 
MRI can be used to visualize 
placentomes, assess number and 
morphologic type and size. Scans 
from the coronal and sagittal 
orientation, T1 MRAGE and T1 
VIBE scans respectively, gave the 
best images to quantify the 
placentomes per individual placenta 
and determine their morphologic 
type (Figure 1). The number of 
placentomes appeared slightly 
underestimated when counted using 
MRI at 52 and 50 per fetus, 
compared to counting the number of 
placentomes by placental dissection 
at 57 and 54 per fetus. The greater 
number of placentomes counted by 
placental dissection may be due to 
the fact that the placentae had 
started to degrade by the time of the 
dissection. Cotyledon and caruncle 
segments had started to separate, 
and despite careful dissection, some 
placentomes may have ruptured and 
been counted as two small 
placentomes rather than one larger 
one. Degradation of the placentae 
may have been sped up by the heat 
generated during MRI scans 
preventing the placentae cooling 
down. During scanning, the tissue is 
exposed to a static magnetic field 
and radio frequency pulses. The 
heating of tissue during MRI is 
caused by absorbed energy that is 
generated by the radio frequency 
pulses (Schick 2005). In our pilot 
study, the gravid uterus was 
scanned with many sequences over 
a period of four hours to determine 
which type of scan would obtain the 
best results. Therefore, some tissue 
heating would have occurred. 
During scanning, heating of tissue 

would have been intermittent as the radio frequency 
energy is pulsed and is also limited by the specific 
absorption rate settings. Heating of tissue should not 
be an issue when scanning a live pregnant animal, as 
heating is limited by the specific absorption rate 
settings at ‘standard settings’ as opposed to ‘first level’ 
when scanning a specimen. Future scan times have 
now been significantly reduced by determining the 
optimal MRI sequence with this pilot study. 
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Classification of the placentome types using the 
MRI scans resulted in proportions of 69% of Type A, 
21% of Type B, 7.6% of Type C and 1.9% of Type D 
for the placenta of Fetus 1 and 64% of Type A, 28% of 
Type B, 6% of Type C and 2% of Type D for the 
placenta of Fetus 2. These proportions of placentome 
type fit with the proportions of placentome types 
previously reported by van der Linden et al. (2013). 
Degradation of the placentomes made it impossible to 
classify placentomes into their morphologic types by 
dissection. 

In addition to studying the anatomical 
morphology of the placentae, it was clear that fetal 
fluids, organs and skeletal structures could be 
visualized by MRI. These preliminary observations 
support previous findings from feasibility studies in 
sheep (Wedegärtner et al. 2006, 2010; Yamamura et al. 
2010), that MRI technology can be used to evaluate 
fetal growth, and development of internal organs and 
tissues within a gravid uterus. 

In conclusion, this pilot study demonstrated that 
MRI may be a useful tool to study fetal and placental 
structures. Further development of MRI techniques 
could allow study of functional aspects such as blood 
flow, in a live pregnant sheep. 
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