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ABSTRACT

Contrast agents are encapsulated microbubbles, known to exhibit dynamic patterns such as
thresholding [1], compression only [2] behavior, diffusion and deflation, shape deformation [3],
buckling [4], jetting and break-up, not all of which can be adequately predicted based on a single
model describing the mechanics of the coating. The effect of shell elasticity and viscosity as well as
their nonlinear evolution with varying amplitude and frequency of the acoustic disturbance, is studied
against the above patterns, first in the context of spherosymmetric pulsations. The superiority of
strain softening models is discussed [5] and the relevance of strain hardening models is presented in
the context of the “compression only” behavior of lipid coated microbubbles. The latter is associated
with a folding instability [6] that occurs dynamically in the form of buckling and that is accelerated
in the presence of prestress.

Next the dynamics of axisymmetic deformations is studied subject to different constitutive laws for
the coating and the possibility for parametric mode excitation and resonance [7] is investigated. The
boundary element methodology is adopted for simulating free pulsations of a contrast agent subject
to acoustic disturbances and it is seen that strain softening shells exhibit saturated pulsations in the
region where linear stability analysis predicts unstable growth of shape modes via harmonic and
subharmonic resonance. The onset of static and dynamic buckling is also studied and possibilities for
break-up and jet formation are discussed.

REFERENCES

[11 M. Emmer, A. van Wamel, D. E. Goertz, N. de Jong “The onset of microbubble vibration” Ultrasound
Med Biol;Vol 33,:pp. 941-949, (2007).

[21 Marmottant, P. van der Meer, S. Emmer, M. Versluis, M. de Jong, N. Hilgenfeldt, S. & Lohse, D. “A
model for large amplitude oscillations of coated bubbles accounting for buckling and rupture”, J. Acoust.
Soc. Am., Vol 118(6), pp. 3499-3505, (2005).

[31 B. Dollet, S. M. van der Meer, V. Garbin, N. De Jong, D. Lohse & M. Versluis, “Nonspherical
oscillations of ultrasound contrast agent microbubbles”, Ultrasound in Med. & Biol., Vol 34(9), pp. 1465-
1473 (2008).

[41 M. A. Borden and M. L. Longo, “Dissolution behavior of lipid monolayer-coated, air-filled microbubbles:
Effect of lipid hydrophobic chain length,” Langmuir, Vol. 18, pp. 9225-9233, (2002).

[51 K. Tsiglifis & N. Pelekasis, “Radial oscillations of insonated contrast agents — Effect of the membrane
constitutive” J. Acoust. Soc. Am.,, Vol 123(6), pp. 4059-4070 (2008).

[6] K.Y.C. Lee “Collapse mechanisms of Langmuir monolayers” Ann. Rev. Phys. Chem. Vol 57, 771-791,
(2008).

[71 K. Tsiglifis & N. Pelekasis, “Parametric Stability and Dynamic Buckling of an Encapsulated Micro-
Bubble subject to Acoustic Disturbances” Phys Fluids, Vol 23, 012102, (2011).



