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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
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A
Human Audible Frequency:
20 Hz - 20 kHz
Pressure
Amplitude -

—Wavelength-



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?

GW



Experimental Method - GelMA

Combining GelMA and the

. . GelMA solution
photoinitiator in pure water

Synthesized GelMA




Experimental Method - Gel MA

Pipette 1000 ml GelMA solution Place under ultraviolet light

into 3D mold GelMA sample




The Pulse-Echo Method
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The Pulse-Echo Method
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Computational Method
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- speed of sound in GeIMA sample
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- speed of sound in water

water

At - time delay between control and test signal

K d [ } /GelMAsample

d - thickness of GelMA sample
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Computational Method - MATLAB

Time Delay Comparison
T T

ooz - = 120s Curing Time
% GelMa  Set 1 Set 2 Set 3 Average
1 10% 1.53E+03  1.52E+03  1.52E+03"7 1.52E+03

15%  1.55E+03 1.53E+03  1.54E+03"7 1.54E+03
20%  1.56E+03  1.56E+03  1.56E+03" 1.56E+03

90s Curing Time
% GelMa  Set 1 Set 2 Set 3 Average
- 10% 1.50E+03  1.51E+03  1.50E+03" 1.51E+03
£ A A\ 15% 1.50E+03 1.54E+03 1.51E+03" 1.52E+03
e e DENAR VRN o 20% 1.53E+03  1.55E+03  1.53E+03" 1.53E+03
‘ f 60s Curing Time
0005 / % GelMa  Set 1 Set 2 Set 3 Average

(1 1] 10% 1.50E+03  1.52E+03  1.51E+03" 1.51E+03
| , 15% 153E+03 1.54E+03  1.51E+03” 1.52E+03
‘ 20% 1.54E+03  1.54E+03 1.52E+03" 1.53E+03

30s Curing Time
= % GelMa  Set 1 Set 2 Set 3 Average
| i | 10% 1.51E+03  1.52E+03 1.51E+03” 1.51E+03
* 2 »e 2 - 2 ¢ o 15% 151E+03 1.56E+03  1.52E+03" 1.53E+03

Time(s) 10

20% 1.52E+03  1.55E+03 1.52E+03" 1.53E+03




Results

GelMA Speed of Sound Comparison

)

1540 10% 1511.79 m/s
15% 1527.81 m/s
1520
20% 1539.95 m/s
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GelMA Speed of Sound Comparison for 90s

10% 15% 20%
GelMA Concentration

GelMA Speed of Sound Comparison for 30s

10% 15% 20%
GelMA Concentration

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

Constant Trend

T GelMa Concentration

T Speed of sound
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Conclusion

John Wiley & Sons, 20

20% GelMA solution Human Soft Tissue

1539.95 m/s 1540 m/s

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.

4



Future Work + Lessons Learned

e

> (GelMA’s viscoelastic analysis
using rheological
characterization methods

> 3D-printed blood vessels
using GelMA

> Noninvasive drug release

using ultrasound



Thank you!




(Questions?
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Computational Method - MATLAB
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Time Delay Equation and Value Using Cross Correlation ('xcorr')

e - % cross correlation matrix

[xcorr_amplitudes, xcorr_times] = xcorr(y_signal_1, y_signal_2);

[A, I] = max(xcorr_amplitudes);
| % sample time
\ first_value = x_signal_1(1,1);

second_value= x_signal_1(2,1);
0015 | sample_time = second_value - first_value;
% time delay value & calculation
‘ time_delay_value = xcorr_times(I);
27 275 28 285 29 295 3 305 % time delay in regards to sampling time

Time(s) o time_delay = time_delay_value * sample_time

time_delay = 2.6840e-07
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