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Introduction 
The contribution of the aortic micro-structure to 
mechanics is still poorly understood [1]. Multiphoton 
imaging (MPM) has recently been used to visualize how 
lamellae in the mouse carotid artery react to increasing 
pressure [2]. However, MPM has a limited field of view 
and is restricted to a segment of the arterial wall. 
Synchrotron-based imaging could offer an alternative, 
but is typically used for non-pressurized, ex vivo 
samples. In order to overcome that limitation, we 
developed a synchrotron-compatible pressure inflation 
device that allows for quasi-static imaging of the mouse 
carotid artery at different pressure levels.  

 
Methods 
Six wild type (WT) and six ApoE-/- mice, all male and 
on a C57Bl6/J background, were used for this study. 
After excising the left carotid artery it was mounted on 
our in-house developed device. Intra-luminal pressure 
was increased quasi-statically from 0 to 120 mmHg with 
a syringe pump. At each pressure level synchrotron-
based phase-propagation imaging was performed at 25m 
source-to-sample distance, at 25 cm sample-to-detector 
distance and at 21 keV. The effective voxel size was 
1.625 µm3. During the scans the axial stretch was kept 
at the in vivo value. For visualization purposes we 
skipped 2 out of every 3 axial images in the analysis, 
reducing the effective axial resolution to 4.9 µm and 
resulting in a stack of 75 images per pressure level 
(representing an axial length of 366 µm). The total 
dataset thus consisted of 8100 images (12 animals x 9 
pressure levels x 75 images). Images were segmented 
using an in-house developed automated segmentation 
algorithm. Arterial diameter, length, thickness and 
straightness were quantified, where straightness was 
defined as the ratio of (i) the true lamellar length and (ii) 
the length of a least-square fitted circle through the 
lamellar data points. 
 

Results 
All three lamellar layers straightened and stretched 
simultaneously when intraluminal pressure was 
increased, confirming earlier reports [2]. In the inner 
lamella, lamellar length increased from 0.97 mm to 1.57 
mm while the corresponding luminal diameter increased 
from 0.28 to 0.48 mm. This resulted in an increase in 
straightness from 0.89 to 0.97. The steepest increase in 
lamellar straightness occurred between 0 and 30 mmHg, 
while the lamellar length increased quasi-linearly over 
the entire pressure range. We did not find any 
statistically significant difference between WT and 
ApoE -/- mice.  

Finally, 3D models were created for each pressure level. 
Three lamellae and two interlamellar layers could be 
segmented independently. The adventitia was modelled 
as a homogeneous layer. 
 
Conclusions 
We present a novel methodology to visualize and 
segment arterial lamellae and tunica adventitia along the 
entire circumference of the mouse carotid artery. In a 
next step, the 3D models we created will form the input 
for computational biomechanics of the arterial micro-
structure. Ultimately, we hope that such models will 
contribute to a better understanding of the overall 
mechanics of the arterial wall. 
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Figure 1: (a) Synchrotron images and (b) corresponding 3D segmentations of arterial lamellae and tunica 
adventitia in the mouse left carotid artery. 


