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What is ultrasound
in biomedical acoustics?



Benefits & Application of Ultrasound
Diagnostic 
“does not produce effects on tissue”

➢ Imaging different soft tissues
Therapeutic 
“achieves desired mechanical or thermal effect on tissue”

➢ Tumor destruction through tissue ablation
➢ Inhibition of cancer cell proliferation 
➢ Drug delivery (ex. past blood brain barrier)
Theranostics



Benefits & Application of Ultrasound
Technical Benefits
➢ Can be directed in a beam
➢ Reflects off object borders
Health Benefits
➢ Non - Invasive
➢ Inexpensive
➢ Accessible 



Ultrasound Waves
Zone of 

Compression
Zone of 

Rarefaction

Transducer

Common Medical 
Ultrasound Frequencies:

1-18 MHz per second

Human Audible Frequency:
 20 Hz - 20 kHz



What is Gelatin 
Methacrylate (GelMA)
in biomedical acoustics?



GelMA→ a type of hydrogel known as a biomaterial
 

Benefits and Applications
➢ Tunable properties - 

stiffness, viscosity, etc.
➢ Tissue engineering
➢ Controlled drug delivery



Application in GW’s Research

 Can we use ultrasound to collect data on the 
speed of sound in GelMA to determine if its 
properties match those of soft tissue in the 

body?



Experimental Method - GelMA

Synthesized GelMA Combining GelMA and the 
photoinitiator in pure water GelMA solution



Experimental Method - GelMA

3D mold Pipette

Pipette 1000 ml GelMA solution 
into 3D mold

Place under ultraviolet light GelMA sample
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The Pulse-Echo Method 
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The Pulse-Echo Method

2.25 MHz Transducer

GelMA sample



Csample - speed of sound in GelMA sample

Cwater   - speed of sound in water

Δt       - time delay between control and test signal

d         - thickness of GelMA sample

Computational Method

d

2.25 MHz Transducer

                GelMA sample



Computational Method - MATLAB



Results

10% 1511.79 m/s

15% 1527.81 m/s

20% 1539.95 m/s

* -= p > .05

*

*



Results 

Variable Crosslinking Times
(120, 90, 60, 30 seconds)

Constant Trend

↑GelMa Concentration

=

↑Speed of sound

*



Conclusion

➢ The speed of sound through 20% GelMA solution has an approximate value to that 
of human soft tissue.

➢ The speed of sound through GelMA is tunable using different GelMA 
concentrations.

➢ These results support GelMA is a biomaterial suited for usage within replicating 
human soft tissue.

20% GelMA solution
1539.95 m/s

Human Soft Tissue
1540 m/s

=



Future Work + Lessons Learned

➢ GelMA’s viscoelastic analysis 
using rheological 
characterization methods

➢ 3D-printed blood vessels 
using GelMA

➢ Noninvasive drug release 
using ultrasound



Thank you!



Questions?



Citations
Images
Conrad, Steven. “Focused Echocardiography in the ICU”. Beside Procedures for the Incetivist, 2010.         
hhhhhhttps://www.researchgate.net/figure/1-Schematic-diagram-of-the-propagation-of-ultrasound-Compression-waves-are-mecha    
_____nical_fig1_227196268. 
“Technical Aspects of the Ultrasound Image”. ECG & Echo Learning,  
          https://ecgwaves.com/topic/technical-aspects-of-the-ultrasound-image/. 
“Ultrasound.” Mayo Clinic, Mayo Foundation for Medical Education and Research,  
          https://www.mayoclinic.org/tests-procedures/ultrasound/about/pac-20395177.
Written
Aliabouzar, Mitra, et al. “Acoustic and Mechanical Characterization of 3D-Printed Scaffolds for Tissue Engineering 

Applications”. Biomedical Materials, vol. 13, p. 055013, 2018, https://doi.org/10.1088/1748-605X/aad417.
Anderson, Megan, et al. "Acoustic and mechanical characterization of gelatin methacryloyl scaffolds for tissue engineering 
applications". 

The Journal of the Acoustical Society of America, vol 148.4, p. 2599, 2020.
Guimarães, Carlos F., et al. “The Stiffness of Living Tissues and Its Implications for Tissue Engineering”. Nature Reviews 

Materials, vol. 5, pp. 351–70, 2020. https://doi.org/10.1038/s41578-019-0169-1 .
Hendee, William R., and E. Russell Ritenour, Medical Imaging Physics. 4th ed, Wiley-Liss, 2002.
Katiyar, Amit, et al. “Inhibition of Human Breast Cancer Cell Proliferation by Low Intensity Ultrasound Stimulation”. Journal of  

  Ultrasound in Medicine, vol. 39, no. 10, pp. 2043–52, 2020. https://doi.org/10.1002/jum.15312 .

https://www.researchgate.net/figure/1-Schematic-diagram-of-the-propagation-of-ultrasound-Compression-waves-are-mechanical_fig1_227196268
https://www.researchgate.net/figure/1-Schematic-diagram-of-the-propagation-of-ultrasound-Compression-waves-are-mechanical_fig1_227196268
https://www.researchgate.net/figure/1-Schematic-diagram-of-the-propagation-of-ultrasound-Compression-waves-are-mecha
https://www.researchgate.net/figure/1-Schematic-diagram-of-the-propagation-of-ultrasound-Compression-waves-are-mechanical_fig1_227196268
https://www.researchgate.net/figure/1-Schematic-diagram-of-the-propagation-of-ultrasound-Compression-waves-are-mechanical_fig1_227196268
https://ecgwaves.com/topic/technical-aspects-of-the-ultrasound-image/
https://www.mayoclinic.org/tests-procedures/ultrasound/about/pac-20395177
https://doi.org/10.1088/1748-605X/aad417
https://doi.org/10.1038/s41578-019-0169-1
https://doi.org/10.1002/jum.15312


Bonus Slides



Computational Method - MATLAB


