Non-invasive monitoring of cortical volume alterations in rat brains using a
clinical 3T whole body MRI scanner
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Abstract— Research on neurodegenerative disorders is increasingly important in an aging population. Therefore, noninvasive detection of local changes in cerebral volume which can
be accomplished by MRI, is in focus of clinical investigations.
Animal models are playing a pivotal role in geriatric research,
but many labs do not have access to dedicated animal MRI scanners. In this study we show that deformation based morphometry of the rat brain can be achieved with data acquired on a
human 3T whole body system using a multi purpose 8-channel
coil with overlapping coil elements of 5 cm diameter for optimized SNR. For the morphometric evaluation a T2-weighted
hyperecho based TSE sequence (SPACE) was employed with an
isotropic resolution of 0.33 mm. Deformation based morphometry, a fully automatic intensity based method, was used to detect
the cerebral volume changes on 3 and 26 months old rats. On
animals, a cortical dysplasia was induced on the day of birth
by freeze lesions in the right-hemispheric motor cortex. We
found a volume decrease in the lesion surrounding the primary
somatosensory cortex with progression in aging animals. The
volume changes are in accordance with age-dependent reduced
performance in a dexterity test.

volume changes accompany the decline of functional capabilities with advanced age.

II. M ATERIAL AND M ETHODS
A. The rat model
For the experiments a rat model was used. On the day of birth
(P0) anaesthesia was performed by hypothermia. A liquid nitrogen cooled copper cylinder was placed on the calvaria for
5 seconds above the cortical region of interest using a 3Dmicromanipulator to induce a freeze lesion (see Fig. 1 for
histological localisation). For behavioral analysis the ladder
test was performed on an irregular pattern, and the rats’ performance was rated by using the following foot fault scale: 0
total miss, 1 deep slip, 2 slight slip, 3 replacement, 4 correction, 5 partial placement, 6 correct placement [10].
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I. I NTRODUCTION
Different MRI-based morphometric methods are frequently
used to detect longitudinal volume changes of the brain in
normal aging as well as neurodegenerative disorders in humans [1–5]. Especially deformation based methods allow
user independent detection of small local volume changes
in different cerebral areas with poor contrast [4, 6, 7]. Frequently, however, investigations on animal models are restricted to labs which have access to dedicated animal scanners [3] although there is increasing interest in using clinical scanners for small animals [8, 9]. The aim of this study
was to show that volumetric and structural changes in the rat
brain can be detected by using a small, multi-channel, surface coil in a clinical whole body 3T scanner. We show that
rats with cortical dysplasia (induced on the day of birth) develop a progressive loss of cortical substance. The cerebral

Fig. 1 Immunohistochemical staining of the lesion area. The arrows mark
the freeze lesion induced microsulcus at an age of 3 months.

Twenty rats of the same age were divided in a control
group and a group undergoing freeze lesion treatment. Ladder walking tests were performed at 3, 17 and 26 months.
MRI experiments were performed at 3 and 26 months.
B. MR scanner and coil
All experiments were performed on a clinical 3 T whole body
scanner (Magnetom TIM Trio, Siemens Medical Solutions,
Erlangen, Germany). To optimize SNR and to achieve a
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homogeneous signal over the whole rat brain a two-module
multi function 8-channel coil [11, 12] (CPC coil, Noras MRI
products GmbH, Höchberg, Germany) was used as shown in
Fig. 2. Each module contains four 5 cm loop coils in a
shamrock configuration with partial overlap. The CPC coil
allows to place the coil elements close to the rat head due
to a very flexible mounting system, allowing for rotation and
tilt of the modules as well as rotation and translation of the
mounting arms. A table was added to provide stable support
for the rat. Since the outer coil loops (left and right of the rat
head) are not contributing significant signal, the coil combination mode was set to “adaptive combine” which accounts
for coil elements with low receive signal.

D. MR Sequences
For successful local image registration inner structures with
a high contrast are necessary. For brain registration mostly
grey and white matter contrast is utilized. Furthermore, sequences with high SNR (signal to noise ratio) are necessary
to achieve spatial resolutions of 0.5 mm or higher. Since the
grey and white matter delineation by T1 -contrast is reduced
at higher field strengths, two different T2 -contrast based sequences were compared. While an SSFP-based sequence
achieved higher resolution at a comparable SNR and slightly
better contrast, it suffered from field inhomogeneities and
showed SSFP typical banding artefacts (Fig. 3b).
The SPACE sequence proved to be more robust with sufficient SNR. The SPACE sequence is a TSE based sequence
using hyperechos to reduce the SAR load on the scanned object. The images were acquired in transverse slices (relative
to the rat head, coronal for the scanner) with isotropic resolution of 0.33 mm with a matrix size of 192, FoV= 64 mm,
bandwidth of 145 Hz/px, TE = 356 ms, TR = 2500 ms and a
total acquisition time for two averages of 13 min.

Fig. 2 Multi-function 8-channel CPC coil with 4 coil elements of 5 cm diameter in each module. The module above the rat head is lowered to a touching
distance for the measurements.

Anaesthesia was provided by an isoflurane evaporator
(1.7%) which was placed outside the RF cabin of the scanner and directed to the rat via a long tube and a cap enclosing
the snout of the rat (Fig. 2).
Fig. 3 (a) MRI image of a single repetition of the SPACE sequence at an
C. Deformation-based morphometry
To determine the small, local volume changes in the rat brains
a deformation-based morphometry [3, 13, 14] was used as an
automatic intensity based method to analyze regional volume
changes in the whole brain based on the acquired MRI images. The method is based on the estimation of deformation
fields using generalized multivariate statistics and does not
use any a priori information or user input. Deformations are
obtained by a nonlinear registration routine, transforming the
brain of each animal onto a reference brain (template). Deformation fields are calculated for each animal and differences
between groups are displayed as morphometric changes.

isotropic resolution of 0.33 mm, TA=13 min, SNR ≈ 27. (b) Similar slice acquired by a 3D-SSFP sequence, isotropic resolution of 0.27 mm, TA=8 min,
SNR ≈ 29. The arrow marks an SSFP typical banding artefact.

To improve SNR without risking the quality of the complete data set in case of motion, two repetitions were performed. If motion occured, a single repetition data set was
sufficient for post processing, but for most data sets repetitions could be averaged, improving image quality. The total
scan time for each rat was approximately 35 minutes including optimized multi slice localizers.
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III. R ESULTS
A. MR imaging
The typical image quality with a single repetition and acquisition time of 13 minutes is shown in Fig. 4a. SNR of white
matter was approximately 27 and distortions were very low
and only visible in areas with very high susceptibility gradients (Fig. 4b).

The nonlinear image registration onto the template which is
performed for the deformation-based morphometry worked
well with the acquired MRI data. The morphometrics results show highly significant (p < 0.05) changes in brain
volume signifying atrophy in the right-hemispheric primary
somatosensory cortex (S1, see Fig. 5).
A quantitative comparison of the volume of the left and
right-hemispheric primary somatosensory cortex as well as
between the lesion injured and the control animals is shown
in Fig. 6. This morphometric volume change corresponds to
the decline in the ladder walking test of the rats.
C. Performance test

Fig. 4 (a) MRI image of a single repetition SPACE scan (TA=13 min). (b)
Coronal slice reformatted from the original transverse data set. The distortion (arrows) are the worst case of a typical scan found only in areas of very
steep field gradients (arrows).

The ladder walking test was performed for rats with freeze
lesion and the control group. The performance of injured
animals with their left front foot, which corresponds to the
injured right hemisphereical somatosensory cortex, showed a
highly siginificant (p < 0.001) decline in performance. Neither of the control group animals nor the contralateral, uninjured side showed a decline in the ladder test performance.
IV. D ISCUSSION

B. Morphometry

Fig. 5 Coronal template image with color overlay indicating the local cortical
volume decrease of rats with freeze lesion in comparison to control animals.
The volume reduction in the right-hemispheric primary somatosensory cortex (S1) is significant (p < 0.05) at 3 months and becomes highly significant
(p < 0.001) at 26 months.

In this study MRI imaging of rat brains was successfully and
reliably performed on a clinical 3T whole body scanner by
using an 8-channel surface coil with small loop elements to
achieve the necessary SNR for image registration and morphometric evaluation. The detected morphological changes
between the cortical structure of young and aged rats as well
as injured and control animals are highly significant. The
used SPACE sequence not only provided the necessary high
signal at the high isotropic resolution of 0.33 mm, but was
also sufficiently robust against geometric distortions even in
areas of steep magnetic field gradients at air-tissue boundaries.
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