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Evidence of microcalcifications within fibrous caps

Confocal microscopy images

Micro-CT detection of cellular-level microcalcifications 
in a fibrous cap

From:Vengrenyuk, Y., et al., A hypothesis for vulnerable plaque rupture due to stress-induced debonding around cellular 
microcalcifications in thin fibrous caps.

Proc Natl Acad Sci U S A, 2006. 103(40): p. 14678-83



3D FSI simulations



3D FSI simulations



Numerical Analysis
IVUS-VHFinite Element Model

Abaqus/Explicit (non-linear)
Internal Pressure: 16kPa [120mmHg]



Numerical Analysis

Material Parameters:

Necrosis: Isotropic medium with E=25kPa and ���� =0.4.
Calcium: Isotropic medium with E=10MPa and ���� =0.4.

*

from: Finet, G.r., J. Ohayon, and G. Rioufol, Biomechanical interaction between cap thickness, 
lipid core  composition and blood pressure in vulnerable coronary plaque: impact on stability or
instability.Coronary Artery Disease, 2004. 15(1): p. 13-20.

BC:



Numerical Analysis

Max. Effective Stress = 113 kPa



Inclusion of a 10 ���� rigid inclusion within the cap

ACT (Average Cap Thickness) = 70�
MicroCalcification’s Center-point distance from lumen = 30�

Lumen

Necrotic Tissue



Inclusion of a 10 ���� rigid inclusion within the cap

Max. Effective Stress = 161 kPa

� 42%



Changing MicroClacification location within the cap



Changing MicroClacification location within the cap

y = -154.48Ln(x) + 666.76

R2 = 0.9985
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Changing MicroClacification location within the cap



Changing MicroClacification location within the cap

y = -154.48Ln(x) + 666.76

R2 = 0.9985

y = 472.97x-0.4042

R2 = 0.9788
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Changing MicroClacification Diameter

Diameter range: 6-20 microns.



Changing MicroClacification Diameter

y = 311.54x-0.3869

R2 = 0.9278
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Effect of two adjacent inclusions



Effect of two adjacent inclusions

Changing tandem-inclusions’ diameters: 6-20���� m.
Distance of calcium border from lumen: 30� m.
Distance between both calcium-deposits’ borders: 10� m.



Changing tandem-inclusions’ diameters

y = 311.54x-0.3869

R2 = 0.9278

y = 409.52x-0.4412

R2 = 0.9146
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Work in progress



�����������

• The presence of microcalcification within fibrous caps raises
the maximal stresses developed not only in the vicinity of the
deposits, but on the border of the intima with the lumen as well.

• The size of the microcalcification is of importance, as smaller
calcified deposits lead to higher stress concentrations.

• The distance of the deposit from the luminal border is a major 
factor of the magnitude of the developed stresses: the closer the 
deposit is located to the lumen, the higher the stress.

• Existence of two adjacent calcified deposits magnifies
the stress development.
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