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Magnetic resonance (MR) imaging of the canine brain is commonly acquired at ﬁeld strengths ranging from 0.2
to 1.5 T. Our purpose was to compare the MR image quality of the canine brain acquired at 3 vs. 7 T in dogs.
Low-resolution turbo spin echo (TSE) T2-weighted images (T2W) were obtained in transverse, dorsal, and
sagittal planes, and high-resolution TSE T2W and turbo spin echo proton density-weighted images were
obtained in the transverse and dorsal planes, at both 3 and 7 T. Three experienced reviewers evaluated 32
predetermined brain structures independently and without knowledge of ﬁeld strength for spatial resolution and
contrast. Overall image quality and evidence of artifacts were also evaluated. Contrast of gray and white matter
was assessed quantitatively by measuring signal intensity in regions of interest for transverse plane images for
the three pulse sequences obtained. Overall, 19 of the 32 neuroanatomic structures had comparable spatial
resolution and contrast at both ﬁeld strengths. The overall image quality for low-resolution T2W images was
comparable at 3 and 7 T. High-resolution T2W was characterized by superior image quality at 3 vs. 7 T.
Magnetic susceptibility and chemical shift artifacts were slightly more noticeable at 7 T. MR imaging at 3 and
at 7 T provides high spatial resolution and contrast images of the canine brain. The use of 3 and 7 T MR
imaging may assist in the elucidation of the pathogenesis of brain disorders, such as epilepsy. r 2010
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Introduction

fairly new and unexplored area in veterinary medicine, although some information from imaging at 3 T is available.17
There is a paucity of information documenting the use of
ﬁeld strengths 43 T for imaging of the canine brain.18,19
The purpose of this study was to qualitatively and
quantitatively compare MR images of the brain of clinically normal dogs using a 3 and 7 T units. We hypothesized
that MR imaging of the normal canine brain at 7 T would
yield superior spatial resolution and contrast compared
with the images acquired at 3 T.

M

AGNETIC RESONANCE (MR) imaging is the modality
of choice for evaluating the brain parenchyma due
to its superior soft-tissue contrast. It is the gold-standard
for imaging the central nervous system in human patients
and animals.1–4 The routine clinical availability of MR
imaging for human patients began in the mid-1980s.5 Since
then, optimization and improvement of MR units has been
a continuous effort and scanners for human imaging up to
9.4 T can be found today.6
At present, only a limited number of institutions have
commercial 7 T MR scanners.7 The use of higher ﬁeld
strengths has allowed the visualization of brain lesions that
were not evident at lower ﬁeld strength, and has helped
achieve a better understanding of some of the most common
neurologic disorders in people, such as multiple sclerosis,
cerebrovascular accidents, or epileptic syndromes.5,7–12
Most MR systems used for veterinary patients range
from 0.2 to 1.5 T.13–16 Higher ﬁeld strength MR imaging is a

Materials and Methods
Four healthy intact male purpose bred Beagle dogs were
imaged. Body weight and age ranged from 10.5 to 12 kg
(mean 11.2 kg) and from 1.3 to 3 years (mean 2.1 years).
All dogs were normal with no evidence of neurologic
disease. Results of complete blood counts and serum
chemistry proﬁles were normal for all dogs.
Dogs were premedicated with intramuscular acepromazine and hydromorphone. General anesthesia was
induced with intravenous propofol and maintained with
isoﬂurane using assisted mechanical ventilation.
Each dog underwent MR imaging at 3 T and 7 Tw
in random order on the same day and under one anesthetic procedure. The dogs were in sternal recumbency
with the head centered in the coil. Three ﬁducial
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Table 1. Summary of 3 and 7 T MR Imaging Parameters
Pulse Sequence
Magnetic ﬁeld strength (Tesla)
Echo time (TE, ms)
Repetition time (TR, ms)
NEX
Slice thickness (mm)
Interslice gap (mm)
FOV (mm)
Transverse plane
Dorsal plane
Acquisition matrix
Transverse plane
Dorsal plane
Acquisition time (min:s)
Transverse plane
Dorsal plane

Low-Resolution T2W

High-Resolution T2W

PDW

3

7

3

7

3

7

80
3000
1
3
0

80
5500
1
3
0

80
3000
1
2
0

80
5500
1
2
0

15
2000
2
2
0

15
3000
2
2
0

120  120
120  100.7

120  120
120  100.7

80  120
80  100

80  120
80  100

120  100
120  142

120  100
120  142

224  210
224  180

224  224
224  176

268  396
268  324

268  400
268  320

240  198
240  282

240  198
240  282

01:30w
01:28

04:07w
03:18

05:06
02:48

11:55
07:42

08:52
12:36

13:18
09:27

Same FOV and matrix also used for low-resolution T2W in the sagittal plane. wSame acquisition time for low-resolution T2W in the sagittal plane.
T2W, T2-weighted images; PDW, proton density-weighted images; MR, magnetic resonance.

markersz were used. One was on the skin immediately
dorsal to the most caudal end of the occipital crest and two
others were on the skin over the end of the left and right
zygomatic arches, respectively. The ﬁducial markers were
used to guide slice positioning during the acquisition of
scout images.
Low-resolution turbo spin echo T2-weighted images (TSE
T2W) of the brain were obtained in transverse, sagittal, and
dorsal planes. High-resolution TSE T2W and turbo spin
echo proton density-weighted (TSE PDW) images were
acquired in transverse and dorsal planes. All sequences were
obtained for all dogs at both 3 and 7 T. Transverse images
were oriented perpendicular to the hard palate. Dorsal and
sagittal images were obtained perpendicular to the transverse
plane. Images at 3 T were acquired using an eight-channel
receive-only phased array extremity coil designed for the
human knee. Images at 7 T were acquired with a transmitreceive quadrature human extremity coil.
MR imaging protocols had been optimized for both ﬁeld
strengths before the investigation was started to deﬁne the
best imaging parameters for the sequences of interest. Two
Beagle dogs of similar age and size to the dogs imaged in
this study were used for the optimization. A total of 12 h of
scanning time was used to deﬁne the protocol. To achieve a
fair comparison between ﬁeld strengths, the imaging protocols were kept as similar as possible (Table 1).
Qualitative and quantitative image assessment was performed. Images were reviewed using dedicated software.y
Qualitative evaluation of the images was performed by
a board-certiﬁed veterinary neurologist (R.C.dC.), a
board-certiﬁed veterinary radiologist (R.E.). and a physizVitamin E 400 capsules. Schiff, Schiff Nutrition International, Salt
Lake City, UT.
yE-ﬁlm Merge Healthcare, Milwaukee, WI.

cian (S.S.) experienced in neuroimaging. Images were evaluated independently and without knowledge of ﬁeld
strength. Before review, the images had been organized
by a fourth investigator (P.M.V.), who was aware of the
information regarding the dog, ﬁeld strength, pulse sequence, image plane, and slice. Using dedicated imaging

Table 2. Anatomical Structures Qualitatively Assessed at 3 and 7 T
(per Pulse Sequence and Image Plane)
Transverse plane
T2-weighted images (T2W, low and high resolution)
Level of rostral medulla/cochlea
Cerebellar vermis
Middle cerebellar peduncle
Level of thalamus/temporomandibular junction
Hippocampus
Piriform lobe
Cortical gray matter (GM) and white matter (WM) contrast
Level of optic chiasm/caudate nuclei
Caudate nuclei
Corpus callosum
Cyngulate gyrus
Cortical GM and WM contrast (centrum semiovale)
Level of frontal lobe
GM and WM contrast on cortical area
Proton density-weighted images (PDW)
Level of thalamus/temporomandibular junction
Costical GM and WM contrast
Level of optic chiasm/caudate nuclei
Caudate nuclei
Corpus callosum
Cyngulate gyrus
Cortical GM and WM contrast (centrum semiovale)
Dorsal plane
T2W (low and high resolution) and PDW
Precruciate and postcruciate gyri
Cortical GM and WM contrast in the region of temporal/occipital lobe
area
Sagittal plane
T2W (low resolution)
Cerebellar GM and WM contrast
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software, the image pair (3 vs. 7 T) of each dog and each
combination of pulse sequence, image plane, and anatomic
location was displayed side-by-side using 21.3 in. monitors
approved for diagnostic quality.z
Qualitative evaluation of the images consisted of (1)
subjective assessment of spatial resolution (ability to distinguish two objects as separate entities as they become
closer together) and contrast (ability to distinguish separate
objects based on differences in magnitude of signal or intensity relative to the different shades of gray) of a given
list of 32 neuroanatomic structures (Table 2), (2) subjective
assessment of overall image quality, and (3) evaluation of
the presence or absence of artifacts. Images were evaluated
in a caudal to rostral fashion. All neuroanatomical structures were identiﬁed by referring to anatomic texts and
published atlases.3,13,20–22 Spatial resolution and contrast
of the structures were evaluated subjectively using a threepoint grading system: left image with superior spatial
resolution and contrast ¼ 1, left and right images with
equal spatial resolution and contrast ¼ 2, right image with
superior spatial resolution and contrast ¼ 3. As there were
four dogs studied and three investigators reviewing the
images, each anatomic structure was evaluated a total of 12
times. To decide if a structure had superior spatial resolution and contrast at a speciﬁc magnetic ﬁeld strength, a
cut-off value of more than 50% of the evaluations (i.e.,
more than six times) was established. All anatomic structures were assigned to one of the following groups, provided they were considered to have superior spatial
resolution and contrast using the same magnet in more
than six occasions: (1) anatomic structures with superior
spatial resolution and contrast at 3 T, (2) structures with
superior spatial resolution and contrast at 7 T, or (3) structures which did not reach the cut-off value at either magnetic ﬁeld strength or had been considered to have
comparable image spatial resolution and contrast at both
3 and 7 T in more than six occasions.
The overall image quality was evaluated subjectively
for low- and high-resolution T2W transverse images. In
this instance, the paired low- or high-resolution T2W pulse
sequences (3 vs. 7 T) were displayed side-by-side. The
reviewers were able to scroll through the complete series of
slices for the given pulse sequence to evaluate subjectively
which speciﬁc magnetic strength had superior overall
image quality. The same three-point scale described
previously was used in this evaluation.
The presence of artifacts was recorded and scored
subjectively for low- and high-resolution T2W transverse
images. The reviewers were instructed to look for magnetic
susceptibility artifacts, which cause areas of signal void at
air-tissue interfaces; and chemical shift artifacts, which
zEklin-branded/WIDE USA Corporation 3-MegaPixel diagnostic
ﬂat panel monitor, model PGL21, Carlsbad, CA.
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Table 3. Anatomical Structures Visualized with Superior Spatial Resolution and Contrast at 3 T, at 7 T or Comparable at 3 and 7 T, respectively
Superior image resolution and contrast at 3 T
T2-weighted images (T2W) low resolution
Transverse plane
Cortical gray matter (GM) and white matter (WM) contrast (level of
thalamus/temporomandibular
junction)
T2W high resolution
Transverse plane
Cortical GM and WM contrast (level of the thalamus/
temporomandibular junction)
Cyngulate gyrus
Cortical GM and WM contrast at the level of the optic chiasm/
caudate nuclei (centrum semiovale)
Proton density-weighted images (PDW)
Transverse plane
Cortical GM and WM contrast (level of the thalamus/
temporomandibular junction)
Superior image resolution and contrast at 7 T
T2W low resolution
Transverse plane
Cerebellar vermis
Dorsal plane
Precruciate and postcruciate gyri
Cortical GM and WM contrast (level of temporal/occipital area)
T2W high resolution
Dorsal plane
Cortical GM and WM contrast (region of
temporal/occipital area)
PDW
Transverse plane
Caudate nuclei
Corpus callosum
Cortical GM and WM contrast (level of the optic chiasm/caudate
nuclei—centrum semiovale)
Dorsal plane
Cortical GM and WM contrast (region of temporal/occipital area)
Comparable image resolution at 3 and 7 T
T2W low resolution
Transverse plane
Middle cerebellar peduncle
Hippocampus
Piriform lobe
Caudate nuclei
Corpus callosum
Cyngulate gyrus
Cortical GM and WM contrast at the level of the optic chiasm/
caudate nuclei (centrum semiovale)
Cortical GM and WM contrast at the level of the frontal lobe
Sagittal plane
Cerebellar GM and WM contrast
T2W high resolution
Transverse plane
Cerebellar vermis
Middle cerebellar peduncle
Hippocampus
Piriform lobe
Caudate nuclei
Corpus callosum
Cortical GM and WM contrast at the level of the frontal lobe
Dorsal plane
Precruciate and postcruciate gyri
PDW
Transverse plane
Cyngulate gyrus
Dorsal plane
Precruciate and postcruciate gyri
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Fig. 1. Transverse low-resolution T2-weighted images at the level of the thalamus/temporomandibular junction. Note the superior cortical gray and white
matter spatial resolution and contrast (white arrows) at 3 T.

occur and fat-tissue interfaces and can give rise to artiﬁcial
lines superimposed over the tissues. Scores for the presence
of artifacts were the following: 0 ¼ absent, 1 ¼ mild,
2 ¼ moderate, 3 ¼ severe.
The quantitative assessment of the images was based on
signal intensity measurements in regions of interest (ROIs)
to measure the contrast of gray matter and white matter.
ROIs of gray matter and white matter were obtained for
the three pulse sequences for transverse images at the level
of the optic chiasm/caudate nuclei. One ROI each of gray
matter and white matter were obtained per pulse sequence
and magnetic ﬁeld strength for all dogs. The ROIs covered
4 pixels and were manually placed by the same author
(P.M.V.) for all images analyzed to minimize interpersonal
inﬂuence on ROI placement. For every dog, the ROI over
the white matter was lateral to the most dorsal aspect of the
caudate nuclei. The ROI over the gray matter was located
laterally at the same level of the white matter ROI, in
between the gyri and sulci at that level in the cerebral
cortical gray matter. The following normalized gray–
white matter contrast ratio was calculated: 100  {(gray
matterwhite matter)/gray matter}. Mean values and
standard deviation on the mean values were calculated
for both magnetic ﬁeld strengths. Statistical analyses of
the ROIs mean values were obtained using a paired twosample Student’s t-test. Analyses were performed using
dedicated computer software.k Signiﬁcance was set at
Po0.05.

Results
All dogs were successfully imaged at 3 and 7 T.
Results of qualitative evaluation of the neuroanatomic
structures are summarized in Table 3. There were ﬁve nekGraphPad Software, GraphPad Software Inc., La Jolla, CA.

uroanatomic structures that were characterized by superior
spatial resolution and contrast at 3 T, whereas eight structures had superior spatial resolution and contrast at 7 T.
Nineteen out of the 32 structures were characterized by
comparable spatial resolution and contrast on 3 and 7 T
images. Images at 3 T had superior spatial resolution and
contrast of the cortical gray matter and white matter at the
level of the thalamus/temporomandibular junction on
transverse images for all three sequences (Fig. 1). Gray
matter and white matter spatial resolution and contrast in
the temporal/occipital cortical area were consistently better
at 7 T on dorsal plane images for the three pulse sequences
(Fig. 2). Seventeen out of 25 anatomic structures evaluated
on T2W images, such as the hippocampus, piriform lobe,
caudate nuclei, or corpus callosum, had comparable spatial
resolution and contrast at 3 and 7 T. Some structures, such
as the cerebellar gray matter and white matter evaluated on
sagittal images, had comparable or superior spatial resolution and contrast at 7 T than at 3 T (Fig. 3), although in
this instance the minimum cut-off value was not reached.
Four out of seven anatomic structures evaluated on PDW
images had superior image spatial resolution and contrast
at 7 T than at 3 T (Fig. 4).
Overall image quality for low-resolution T2W was
comparable at 3 and 7 T. With the high-resolution T2W
images, there was superior overall image quality at 3 T
(Fig. 5).
There were mild magnetic susceptibility and chemical
shift artifacts at 3 T. These artifacts were moderate on images acquired at 7 T. Magnetic susceptibility artifacts,
identiﬁed as a signal void or signal drop, were noted at
both ﬁeld strengths when evaluating the dorsal aspect of
the frontal lobe area in the transverse plane images (Fig. 6).
These artifacts partially obscured visualization of the most
dorsal aspect of the frontal lobe parenchyma. Chemical
shift artifacts, which could be identiﬁed as an artiﬁcial
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Fig. 2. Dorsal low-resolution T2-weighted images at the level of the occipital/temporal area. Note the superior cortical gray and white matter contrast (white
arrows) at 7 T.

hyperintense line superimposed over the most dorsal aspect
of the brain parenchyma, were also seen at both magnetic
ﬁeld strengths, slightly more noticeable at 7 T than at 3 T
(Fig. 7).
Quantitatively, the mean gray and white matter contrast
was higher at 7 T. However, the difference was not statistically signiﬁcant (low-resolution T2W [P ¼ 0.329], highresolution T2W [P ¼ 0.351], and PDW [P ¼ 0.179]) for any
pulse sequence obtained (Table 4).

Discussion
We evaluated, both qualitatively and quantitatively,
MR images of the brain of clinically normal dogs acquired
at 3 and 7 T. The goal was to assess the cerebellum and
different regions of the cerebrum. Of 32 anatomic structures evaluated, 19 had comparable spatial resolution and
contrast at 3 and 7 T. The structures were chosen based on
their functional importance, use as anatomic landmarks or
because of a relation to common neural disease. Special
importance was given to anatomic structures that conform

the thalamocortex, which are known to be the areas of the
brain where seizure activity originates and spreads, both in
humans and dogs.5,20,21,23 Idiopathic epilepsy is the most
common cause of recurrent seizures in dogs.20,23 To date,
canine idiopathic epilepsy is not associated with any MR
imaging abnormalities.23 In human epileptic syndromes,
the rapid advances made in MR imaging enable more
subtle lesions to be detected.5,8,10,24–26
Our hypothesis of 7 T images having superior spatial
resolution and contrast was not conﬁrmed for the majority
of the structures assessed. This may be due to limitations
regarding equipment and imaging protocols at 7 T.7,8,18,27
With increasing magnetic ﬁeld strength, several physical
features change, including signal-to-noise ratio (SNR), T1
and T2 relaxation time, chemical shift, and radiofrequency
deposition.8 The SNR increases almost linearly with ﬁeld
strength,7,8 providing better image quality.2,7,8 Other ﬁeld
strength-dependent changes can be disadvantageous, such
as increased chemical shift artifact, and these need to be
compensated by modiﬁcation of the imaging technique.8
Chemical shift increases in proportion to the magnetic ﬁeld

Fig. 3. Sagittal low-resolution T2-weighted images at the level of the interthalamic adhesion. Note the cerebellar gray and white matter contrast (white
arrow), which was considered to have comparable or superior spatial resolution and contrast at 7 T than at 3 T.
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Fig. 4. Transverse proton density-weighted images at the level of the optic chiasm/caudate nuclei. The caudate nuclei (white arrowheads), corpus callosum
(white arrows), and cortical gray and white matter (black arrows) are characterized by superior spatial resolution and contrast at 7 T.

and it can cause pronounced artifacts at fat-tissue interfaces. However, the use of a higher receiver bandwidth can
help minimize this artifact.8
For human clinical MR imaging, the consensus is that
3 T scanners have a two-fold SNR advantage over 1.5 T
systems.7 Similarly, scanning at 7 T compared with 3 T
could more than double the SNR even further.7 SNRs were
not calculated in this study because the 3 T coil was a
phased array coil with a nonuniform noise distribution,
making the computation of SNR based on ROIs invalid.
SNR could be calculated for these imaging sequences only
with the addition of a noise map, but this sequence was not
available on our scanner at the time.
The use of 3 and 7 T MR imaging in human neurology
has been proven to be advantageous over conventional
1.5 T scanners for allowing visualization of a higher number of lesions in people with multiple sclerosis7,9,11 or improving the identiﬁcation of cortical brain abnormalities in

epileptic patients.7,8,10 Scanners such as the 7 T unit in this
study are still used primarily for research.7,11,12
The difference in coil design between 3 and 7 T was a
limitation, because even phased array coils for these two
systems cannot be designed in exactly the same way.
Moreover, in canine MR imaging at 7 T there is little
information available regarding imaging protocols18,19
and information needs to be extrapolated from what is
currently used at 1.5 or 3 T. We kept the imaging protocols
as similar as possible. This might have limited the
performance of an individual scanner, but every attempt
was made to make the comparison as reasonable as possible given the knowledge and equipment available.
Although there was higher mean gray and white matter
contrast for the 7 T images, the lack of statistical signiﬁcance was likely due to the small sample size.
The high-resolution T2W images were considered to
have superior overall image quality at 3 T than at 7 T,

Fig. 5. Transverse high-resolution T2-weighted images at the level of the thalamus/temporomandibular junction. Note the superior overall image quality at
3 T vs. the noisier appearance of the 7 T image.
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Fig. 6. Transverse low-resolution T2-weighted images at the level of the frontal lobe. Note the susceptibility artifacts on the dorsal aspect of the frontal lobe
(white arrows), which appear as a signal void within the magnetic resonance image. These were slightly more pronounced at 7 T than at 3 T.

due to an overall noisier appearance at 7 T. This was
considered to decrease overall image quality, even if there
was good spatial resolution and contrast. Because imaging
parameters directly relate to signal and spatial resolution,
they were kept identical to obtain high-resolution T2W
images both at 3 and 7 T. The noisier appearance at 7 T
was likely related to the difference in coil design between
the coils used for this study.
Subjectively, there was more evidence of magnetic
susceptibility and chemical shift artifacts at 7 T compared
with 3 T. Higher ﬁeld MR units, such as 7 T, have an intrinsic propensity for certain imaging artifacts, such as
magnetic susceptibility artifacts.7,8,18 These artifacts occur
at interfaces between substances with different susceptibility values, such as air-tissue.28 In our study, susceptibility
artifacts were noted at both ﬁeld strengths when evaluating
the frontal lobe area in transverse images, but were more
noticeable at 7 T. This is likely related to the nearly linear
increase in susceptibility effects with ﬁeld strength.8
The air-ﬁlled frontal sinuses cause distortion of the magnetic ﬁeld, producing an area of signal void in the frontal
lobe parenchyma. This artifact is noted commonly in
people at 7 T MR. New equipment is being developed to

attempt to improve the performance of 7 T head coils over
this region.27
Chemical shift artifacts were noted at both ﬁeld
strengths but were slightly more conspicuous at 7 T.
Protons residing in different molecular environments have
a slightly different resonant frequency. This is referred to as

Table 4. ROIs Comparing White Matter (WM) and Gray Matter (GM)
Image Contrast for Each Pulse Sequence at 3 and 7 T
(Ratio ¼ 100  (GMWM)/GM)

Low-Resolution
T2W (Tesla)

Dog 1
Dog 2
Dog 3
Dog 4
Mean
SD on mean
P-value

HighResolution
T2W (Tesla)

PDW (Tesla)

3 (%)

7 (%)

3 (%)

7 (%)

3 (%)

7 (%)

32.0
26.6
33.3
30.5
30.6
2.90
0.329

26.7
32.5
43.1
35.0
34.3
6.80

26.0
29.3
43.3
32.4
32.7
7.50
0.351

30.3
34.6
42.0
31.6
34.6
5.23

20.5
18.6
22.0
20.3
20.3
1.39
0.179

19.0
21.0
30.4
25.8
24.0
5.10

Paired two-sample t-test for a difference in mean.T2W, T2-weighted

images; PDW, proton density-weighted images; ROI, region of interest.

Fig. 7. Transverse low-resolution T2-weighted images at the level of the caudate nuclei. Note the chemical shift artifacts (i.e., fat-water shift artifacts) on the
dorsal aspect of the brain (white arrows), which appear as an artiﬁcial hyperintense line superimposed over the most dorsal aspect of the brain parenchyma.
Chemical shift artifacts were slightly more pronounced at 7 T than at 3 T.
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chemical shift and it can cause pronounced artifact at
fat-tissue interfaces.8,28 In our study, chemical shift artifacts were noted on the most dorsal aspect of the head on
transverse images. Chemical shift increases in proportion
to the magnetic ﬁeld strength.8
Based on our results, imaging of the canine brain at 3
and 7 T provides images with comparable spatial resolution
and contrast for most anatomic structures. At this time,

2011

with the current imaging protocols and equipment available, brain imaging at 7 T does not seem to provide a substantial improvement vs. imaging at 3 T. However, the
promising results obtained in people at 7 T suggest that
once 7 T imaging becomes more readily available
and the technical difﬁculties are overcome, it may also
provide superior image quality in veterinary patients and
help to further characterize canine brain disorders.
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