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8 IMAs were collected from coronary bypass operations and the male 
patients were grouped according to their carotid-femoral PWV; low (8.7 ± 
0.5 m/s) and high (14.6 ± 1.4 m/s): 

 

 

 
5 μm thick cryosections were prepared for testing with atomic force 
microscopy (AFM). The elastic modulus and topographical properties were 
determined by atomic force microscopy (AFM) using Peakforce QNM. 

Conclusions 

Arterial stiffening occurs as part of the natural ageing process. Although, 
this is largely thought to be related to the accumulation of collagen and 
degradation of elastin, there is still little information about how regional 
variations in arterial structure and mechanical properties contribute to 
arterial stiffening. This study compared localised differences in the nano-
structure and mechanical properties in the internal mammary arteries 
(IMA) in patients with high and low pulse wave velocity (PWV). 

Introduction 

Atomic Force Microscopy - Principles 

In the AFM a sharp Si-tip is both oscillated and raster-scanned over a 
sample surface (Tapping Mode AFM). The tip is on the end of a cantilever, 
which deflects when the tip encounters features on the sample surface. 
This deflection is sensed by a laser beam reflecting off the end of the 
cantilever onto a photo detector. By recording the deflection, the AFM 
makes a topographic (height) map of the sample surface.  
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Each pixel in the AFM images was analysed to generate mechanical 
property maps. 

AFM images revealed distinct ultrastructure in each of the histological layers 
of the arteries, with some elastic fibres and fine collagen fibrils in the media 
and abundant collagen fibrils visible in the adventitia. 

Nanomechanical data in the IMA associates 
with carotid-femoral PWV. 

High PWV is associated with ultrastructural 
and nanomechanical alterations in the IMA.  

Nanomechanical alterations in the adventitial layer of the internal mammary 

artery of patients with high PWV 

Aim 

To determine if there are nanoscale variations in the structure and 
mechanical properties of the IMA in patients with high PWV. 

Materials and Methods 

PeakForce QNM 

Peakforce Quantitative Nanomechanical Measurement (QNM) is a 
relatively new AFM imaging mode which enables a rapid recording of force-
distance curves.  

Results  

Group Elastic Modulus (MPa) ± SEM 

Low PWV 2039.9 ± 48.5 

High PWV  2301.67 ± 60 **** 

Group Diameter (nm) ± SEM D-Period (nm) ± SEM 

 

Low PWV 123.2 ± 1.2 nm 70.5 ± 2.9 nm  

High PWV  117.5 ± 1.1 nm *** 67.5 ± 0.2 nm  

Mechanical Property Mapping 

Collagen Fibril Morphology 

Topography 

Low PWV High PWV 

Age 66 67 49 74 64 67 72 74 

PWV (m/s) 9.1 8.8 8.1 9 13.8 13.8 16.2 12.9 

a b 

Histology: Typical images of the IMA following Weigert’s elastic staining a) 
Low PWV b) High PWV. Scale bars represent 500 µm. 

Mechanical mapping: a) Adventitia image (2 x 2 μm) scan shown as an elastic 
modulus map b) Frequency histogram for the image; 256 x 256 pixels in the image 
hence 65,536 pixels analysed per image c) Variations in elastic modulus in each layer. 
Each layer of the vessel was stiffer in the high PWV group, with the most pronounced 
increase localised to the adventitia; intima ** P < 0.01, media * P < 0.05, adventitia  
**** P < 0.0001 (n=112 images/layer). Overall there was an increase in elastic 
modulus in the high PWV group (see Table, n=336 images/group).  

D-Period: Line profile graph 
shows an example of collagen 
fibril periodicity measurement 
for fibril marked with a black 
line in the leftmost image. 

Ultrastructure: a) Elastic fibres in the media; 15 x 15 μm b) Adventitial collagen fibrils; 
5 x 5 μm scan and c) Adventitial collagen fibrils; 2 x 2 μm scan.  
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Collagen fibril banding diameter and D-period was measured in the adventitia. 
The fibril diameter was decreased in the high PWV group (p<0.001)  with no 
statistically significant difference in the collagen D-Period (p=0.3). 


