
Abstract—Arterial stiffening is well-established as a powerful 

predictor of cardiovascular diseases. However, arterial stiffening 

is rarely associated with extracellular matrix changes in arterial 

tissue. In this study, we present localized nanomechanical 

properties in the human internal mammary artery (IMA) along 

with collagen fibril morphology in patients with low and high 

pulse wave velocity (PWV). The samples were measured using 

atomic force microscopy (AFM) with the PeakForce Quantitative 

Nanomechanical Mapping (PF-QNM) technique. We found 

strong associations between the morphology of arterial collagen 

fibrils, nanoscale mechanical properties and PWV. 
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I. INTRODUCTION 

RTERIAL stiffening, or arteriosclerosis, occurs as part of

the natural aging process of the artery has been well

studied at macroscale. However, little is known about 

changes in extracellular matrix (ECM) in arterial tissue. 

Recently, biomechanical properties of vascular stiffening have 

been studied at microscale by using nanoindentation [1] and 

scanning acoustic microscopy (SAM) [2], however changes of 

specific components of arterial tissue are still poorly 

documented. Atomic force microscopy (AFM) has been 

widely used to determine surface morphology of a variety of 

biological samples such as bone [3], skin, articular cartilage, 

intervertebral disc, epicardium [4]. PeakForce Quantitative 

Nanomechanical Mapping (PF-QNM) as a new AFM based 

model was introduced to map surface morphology and 

mechanical properties by recorded force curves at nanoscale 

[5]. More important, as the most widespread protein in the 

body, collagen fibrils not only maintain the tissue integrity but 

also provide tough mechanical properties for tissues. [6] 

Although collagen fibrils in various connect tissues, including 

dermis, tendon and bone, were evaluated [6],  study of changes 

in arterial collagen fibrils is scant. 

    In this study, localized mechanical properties and surface 

morphology of tunica media and tunica adventitia in human 

internal mammary (IMA) were explored using AFM, thus 

disclosed associations between changes in arterial tissue and 

pulse wave velocity.  

II. METHODS

    Human internal mammary arteries were collected during 

coronary artery bypass grafting (CABG) and provided by 

Centre of Individualized Medicine in Arterial Diseases 

(CIMA) (Odense University Hospital, Odense, Denmark) 

Prior to CABG, patients were assessed by carotid-femoral 

pulse wave velocity (PWV). The arterial tissue was gathered 

immediately after surgery and formalin-fixed (approximately 

24 hours in 4% buffered paraformaldehyde) and embedded in 

optical cutting temperature (OCT) compound (Tissue-Tek 

Sakura Finetek, The Netherlands) and immediately frozen at 

-80 °C after snap freezing. The unfixed, frozen sample was 

then cryosectioned to a nominal thickness of 5 m using a 

Leica CM1850 cryostat (Leica Microsystems (UK) Ltd, 

Milton Keynes) and stored in a -80 °C freezer. All 

cross-sections were carried out in ambient condition by using a 

MultiMode8 atomic force microscopy (AFM) (Bruker, Nano 

Surfaces Division, Santa Barbara, USA) with Bruker 

RTESPA-150 probe (nominal tip radius 8nm, force constant 8 

N/m, resonance frequency 150 kHz) and morphological 

properties of the collagen fibrils were analysed via ImageSXM 

(version 1.97).  

 All date was presented as means±SEM. Mean elastic 

modulus of arterial tissues and morphological properties were 

tested using student t-test.  

III. RESULTS

    16 patients were split into high PWV (13.6±1.1ms
-1

) and 

low (8.5±0.3ms
-1

) PWV groups (t-test, P<0.001). The media 

and adventitia had high elastic modulus values in the high 

PWV group (Figure 1). 

    In the adventitial layer, abundant collagen fibrils were 

observed which were highly orientated in both groups (Figure 

2). The collagen fibril diameters were found to be higher in the 

high PWV group (Low PWV=117.23±22.19nm, High 

PWV=119.18±21.96nm, P<0.001) (Figure 3).  

Nanoscale characterisation of human internal 

mammary artery with high pulse wave velocity 
Z. Chang

1
, M. L. Hansen

2, 3
, PY. Chen

4
 and P. Paoletti

5
, L. M. Rasmussen

3 
and R. Akhtar

1

1 Department of Mechanical Materials and Aerospace Engineering, School of Engineering University of Liverpool, 

Liverpool, L69 3GH UK;zchang@liverpool.ac.uk 
2 Department of Cardiothoracic and Vascular Surgery, Odense University Hospital, Denmark; maria.lyck.hansen@Rsyd.dk 
3 Department of Clinical Biochemistry and Pharmacology, Centre of Individualized Medicine In Arterial Diseases (CIMA), 

Centre for Clinical Proteomics, Odense University Hospital, Odense, Denmark; email: Lars.Melholt.Rasmussen@rsyd.dk 
4 Department of Materials Science and Engineering, National Tsing Hua University, Hsinchu, 

Taiwan; poyuchen@mx.nthu.edu.tw 
5 Centre for Engineering Dynamics, School of Engineering, University of Liverpool, Liverpool, L69 3GH, UK; 

paoletti@liverpool.ac.uk 

A 

Proceedings VII Meeting Italian Chapter of the European Society of Biomechanics (ESB-ITA 2017) 
28-29 September 2017, Rome - Italy

ISBN: 978-88-6296-000-7 



Figure1. Elastic modulus of the media (n=136) and adventitia (n=136) 

between low and high PWV groups, respectively. 

Figure2. AFM height images of arterial collagen fibrils in adventitial layer in 

patients with low PWV (a) and high PWV (b). 

Figure3. Diameter of collagen fibrils: There were 3084 and 3911 

measurements in the low and high PWV group, respectively.  

IV. CONCLUSION

    Nanomechanical properties in arterial tissue associated with 

carotid-femoral PWV. Collagen fibril diameter was found to 

be higher in patients with high PWV. Nano-scale changes in 

the IMA are therefore indicative of systematic changes in 

arterial stiffness in the vasculature.  

ACKNOWLEDGEMENT  

The authors would like to thank Odense University Hospital, 

Denmark for providing the arterial tissue for the study. Zhuo 

Chang is funded by a University of Liverpool and National 

Tsing Hua University and Dual PhD studentship. 

REFERENCES 
[1] A. Hemmasizadeh, M. Autieri, and K. Darvish, ‘Multilayer material 

properties of aorta determined from nanoindentation tests.’, J. 

Mech. Behav. Biomed. Mater., vol. 15, pp. 199–207, Nov. 2012. 

[2] H. K. Graham, R. Akhtar, C. Kridiotis, B. Derby, T. Kundu, A. W. 

Trafford, and M. J. Sherratt, ‘Localised micro-mechanical 

stiffening in the ageing aorta.’, Mech. Ageing Dev., vol. 132, no. 10, 

pp. 459–67, Oct. 2011. 

[3] J. M. Wallace, ‘Applications of atomic force microscopy for the 

assessment of nanoscale morphological and mechanical properties 

of bone’, Bone, vol. 50, no. 1, pp. 420–427, 2012. 

[4] H. K. Graham, N. W. Hodson, J. a Hoyland, S. J. Millward-Sadler, 

D. Garrod, A. Scothern, C. E. M. Griffiths, R. E. B. Watson, T. R. 

Cox, J. T. Erler, A. W. Trafford, and M. J. Sherratt, ‘Tissue section 

AFM: In situ ultrastructural imaging of native biomolecules.’, 

Matrix Biol., vol. 29, no. 4, pp. 254–60, May 2010. 

[5] T. J. Young and M. A. Monclus, ‘The use of the Peak Force 

Quantitative Nanomechanical Mapping AFM-based method for 

high-resolution Young’s modulus measurement of polymers’, J. 

Chem. Inf. Model., vol. 53, no. 9, pp. 1689–1699, 2013. 

[6] M. Fang, E. L. Goldstein, A. S. Turner, C. M. Les, B. G. Orr, G. J. 

Fisher, K. B. Welch, E. D. Rothman, and M. M. Banaszak Holl, 

‘Type i collagen D-spacing in fibril bundles of dermis, tendon, and 

bone: Bridging between nano- and micro-level tissue hierarchy’, 

ACS Nano, vol. 6, no. 11, pp. 9503–9514, 2012. 

Proceedings VII Meeting Italian Chapter of the European Society of Biomechanics (ESB-ITA 2017) 
28-29 September 2017, Rome - Italy

ISBN: 978-88-6296-000-7 




