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Internal Mammary Artery
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Extra part of the repair artery

(CABG)

- nonatherosclerotic

Internal mammary artery (IMA) 

Internal 

mammary 

artery serves 

as a model 

artery -

reflects 

alterations in 

coronary and 

carotid 

arteries.

Hansen et al., Arterioscler Thromb Vasc Biol. (2015)



Arterial Stiffening and IMA

4

• Changes in the amounts 

of small leucine-rich 

proteoglycans (SLRPs) 

found in patients with high 

carotid-femoral PWV.

• Downregulated in high 

PWV group.

Prolargin

Asporin

Mimecan

Lumican

Biglycan

Decorin

Podocan

Hansen et al., Arterioscler Thromb Vasc Biol. (2015)



Aims
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To determine whether nano-scale alterations in the IMA are manifested in 

patients with a high degree of arterial stiffening.
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modulus

• Compare 
with PWV

Collagen 
fibrils

• D-Period

• Diameter

PCA

• In vitro data

• Clinical 
data



Low and High PWV Groups

IMA specimens were grouped into high PWV (13.4 ± 3 m/s, n=9) and low 

(8.6 ± 0.7 m/s, n=8) 
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Experimental Approach

𝐸 =
3 𝐹𝑡𝑖𝑝 − 𝐹𝑎𝑑ℎ

4 𝑅 𝑑3

Papi et al. Applied Physics Letters (2014)
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Layer-specific measurements: Adventitia and Media

Peakforce QNM Method:

Derjaguin-Muller-Toporov (DMT) 

model



Transition Artery
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Intima-media 

thickness:

• 162.10 ± 78.3 μm

(low PWV)

• 209.3 ± 76.6 μm

(high PWV)

• p = 0.19).



Adventitial Collagen Fibrils 
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Nanomechanical Properties and PWV
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Spearman’s Rank Order 

Correlation, p = 0.02



Collagen Fibril Diameter
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Statistically significant difference 

in distribution:

• 70-120 nm sub-group



Collagen Fibril D-Period
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Statistically significant difference 

in distribution:

• 45-59 nm sub-group

• 70-80 nm sub-group



PCA Analysis - Separation with Nanomechanical 

Properties

Score Plots Loading Plots

PWV and 

Elastic 

modulus

Elastic 

modulus 

only

13Chang et al., Acta. Bio (2018)



PCA Analysis – Media and Adventitia

Score Plots Loading Plots

14Chang et al., Scanning, In Press (2018)

PWV and 

Elastic 

modulus

Elastic 

modulus 

only

• Medial layer 

nanomechanics

of the IMA also 

separate the 

group



Conclusions 

• Nanomechanical data in the IMA correlates with carotid-femoral 

PWV. 

• IMA reflects changes across the vasculature although it is not an 

elastic vessel and hence does not contribute to PWV 

measurements.

• Collagen fibril diameter and D-Period (‘Collagen quality’) served as 

a suitable method for detecting alterations in the local adventitial 

environment.
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