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Particle displacement and wave propagation

2Animation from: https://www.acs.psu.edu/drussell/demos/waves/wavemotion.html



Particle displacement, velocity, and pressure
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Acoustic properties of tissue
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Selected 
tissues

Attenuation 
coefficient 
[Np m-1 MHz]

Penetration 
depth              
@ 1 MHz [cm] 

Wavelength      
@ 1 MHz [mm]

Speed of sound 
[m/s]

Density 
[kg/m3]

Acoustic 
impedance 
[M Rayl]

Liver 6.9  14.5 1.6 1586 1079 1.71

Muscle 7.1 14.1 1.6 1588 1090 1.73

Cortical bone 54.5 1.8 3.5 3515 1908 6.71
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𝐼 = 𝐼!𝑒"#$%

𝑞 = 2𝛼𝐼

Time-averaged power absorption:

Absorption coefficient
(~attenuation coefficient)

𝐼 ∝ 𝑝#
Acoustic intensity:

Reflection at interfaces:

Γ =
𝑍# − 𝑍&
𝑍# + 𝑍&



Ultrasound thermal therapy systems
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• 1-1.5 MHz operating frequency for most non-invasive ultrasound thermal therapy systems
o Deep penetration in to issue & short wavelengths for small focal spots
o Considerably separated in frequency from 1.5 T ( 64 MHz) and 3 T (128 MHz) MRI scanners

From: Wiljemans et al, Cancer Imaging, 12(2), 2012



Electro-acoustic efficiency assessment
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𝑃-. = 𝑐𝐹

From: Maruvada et al, J Acoust Soc Am, 121(3), 2007

Speed of 
sound Radiation force

Time-averaged power:



Electronic beam steering with phased array transducers

7From: Shehata et al, Diagn Interv Imaging, 99(6), 2018



Integration with MRI thermometry

8From: Shehata et al, Diagn Interv Imaging, 99(6), 2018



Treatment room setup for MRgFUS system

9From: Payne et al, Med Phys, 48(9), 2021



Treatment sites under investigation for ultrasound based 
therapy
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Focused ultrasound ablation: uterine fibroids
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Non-perfused volume (NPV) provides a 
means for assessing ablation effect

Real-time MR thermometry feedback to 
monitor ablation progress

MR-imaging based pre-treatment 
planning

From: Siedek et al, Rofo, 191(6), 2019From: Wong, WJARR, 2021



MRgHIFU system for breast ablation

12Adapted from:  Payne et al, IEEE Trans Biomed Eng, 68(3), 2021

RF generator

Matching
circuitry



Adapting HIFU ablation systems for large volume hyperthermia
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From:  Salgaonkar et al, Med Phys, 41(3), 2014

2.3 MHz endorectal ultrasound applicator
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Adapting HIFU ablation systems for large volume hyperthermia

From:  Salgaonkar et al, Med Phys, 41(3), 2014

Planar Diverging

Curvilinear Multi-focus



Focused ultrasound hyperthermia

15From:  Gray et al, Radiology, 291, 2019



Focused ultrasound hyperthermia

16From:  Gray et al, Radiology, 291, 2019



Interstitial ultrasound thermal therapy devices
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From: Diederich et al, Proc SPIE, 7901: 79010O, 2011

• Linear arrays of independently powered ultrasound transducers
• Typical operating frequencies: ~6 – 9 MHz
• Angular control of power absorption feasible with sectored transducers

From: Tyreus et al, Med Phys, 30(7), 2003



Interstitial ultrasound thermal therapy: prostate

18From: Diederich et al, Proc SPIE, 7901: 79010O, 2011



Transurethral ultrasound prostate ablation

19From: Hatiboglu et al, Front Oncol, 2021

• Multi-element linear array 
of planar transducers with 
rotary control



Summary
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• Ultrasound offers deep penetration and short wavelengths for 
conformal thermal therapy of targets in diverse anatomic sites

• Ultrasound thermal therapy systems have been integrated with
magnetic resonance and ultrasound imaging for thermometry and 
guidance of clinical delivery

• Non-invasive and catheter-based ultrasound systems are in clinical 
use for thermal treatment of uterine fibroids, painful bone 
metastases, prostate disease, and other conditions



Q&A – discussion 
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prakashp@ksu.edu
http://ece.ksu.edu/bcdl

Thank you!


