
Achievements, Challenges, and Present 
Status of QIBA’s Ultrasound Shear Wave 

Speed Biomarker Committee

Timothy J Hall, PhD
Professor and Interim-Chair, 

Department of Medical Physics 

Vice-Chair, RSNA-QIBA





• QIBA was initiated in 2007

• RSNA Perspective: One approach to reducing variability in medical 
imaging is to extract objective, quantitative results from imaging 
studies.

• QIBA Mission





• Japan QIBA
• EIBALL in Europe



Biomarkers are objectively measured 

Quantitative imaging biomarkers 
measured on interval 

or ratio scales

1NIH Biomarkers Definitions Working Group, Clin Pharmacol Therap 69(3):89-95, 2001

2Kessler et al., Stat Methods Med Res, epub Jun 2014 (www.rsna.org/qiba)



QIBA activities





In a word: Reproducibility



𝐹 =
2𝛼𝐼

𝑐𝐿
Shear wave elasticity imaging

1 Ferraioli G, et al.. UMB 2015 May 1;41(5):1161-79.

Dan Russell http://www.acs.psu.edu/drussell/demos.html

http://www.acs.psu.edu/drussell/demos.html


Palmeri et al “A finite element method model of soft tissue response to impulsive acoustic radiation force”,

IEEE UFFC, 52(10): 1699-1712, 2005.
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𝑐

Simulated acoustic 
pressure field



SWS Threshold
4.24 kPa F0-2:F3-4

90% sensitivity
90% specificity

0.90 AUC

This threshold is 
system dependent



In a word: Reproducibility





Should we track particle displacement or particle velocity?

Does (should) it matter?

Dan Russell http://www.acs.psu.edu/drussell/demos.html

http://www.acs.psu.edu/drussell/demos.html


1Hall TJ, et al. IEEE International Ultrasonics Symposium (IUS) 2013 Jul 21 (pp. 397-400).
2Palmeri M, et a. IEEE International Ultrasonics Symposium (IUS) 2015 Oct 21 (pp. 1-4).
3Muthupillai R, et al. Science. 1995 Sep 29;269(5232):1854-7.
4Sarvazyan A, et al. Current Medical Imaging. 2011 Nov 1;7(4):255-82.



Group Shear Wave Speed Phase Shear Wave Speed

(Nearly) Lossless Material

Little difference in SWS with Displacement-based v Velocity-based SWS Estimates

Phase Speed Nearly Independent of Frequency



Grouped by Site Grouped by System

Note the depth-dependent estimates for some systems

Hall TJ, et al. IEEE International Ultrasonics Symposium (IUS) 2013 Jul 21 (pp. 397-400).

~5% range in median SWS among systems



Lossy (Viscoelastic) Material

Large difference in SWS with Displacement-based v Velocity-based SWS Estimates

Phase Speed is Frequency-Dependent

Nightingale KR,et al. IEEE UFFC 2015 Jan 12;62(1):165-75.
Palmeri M. et al. UMB 2019 Jan 1;45:S24.



Palmeri M, et a. IEEE International Ultrasonics Symposium (IUS) 2015 Oct 21 (pp. 1-4).

Softer Phantom Stiffer Phantom

~15% range in median  SWS among systems



Violin plot combining all ultrasound SWS data for each phantom

MRE typically performed at 60 -- 80 Hz in human liver
MRE and Ultrasound agree when MRE is performed at ~140 Hz 



Viscoelastic phantoms are
a reasonable representation
for in vivo human liver



One manufacturer has modified their 
SWS estimation algorithms to provide
equivalent SWS estimates with all 
their transducers

SWS estimates are depth-independent





www.rsna.org/qiba qibawiki.rsna.org


