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Introduction:

The Stethoscope has been used since 181619. It can be used to check a patient for various

health conditions. Conditions like13: heart murmurs and gallops, heart valve leakage, low blood

pressure, check a patient’s breathing and find lung abnormalities, ruptured veins, discover

abnormal blood flow (bruits), identify bowel sounds, and can even measure the size of a liver.

Identifying all of these conditions requires training and experience to try and find out if the

whooshing sound you hear is a bruit, a ruptured vein, or your patient’s breathing. What initially

stopped ultrasound from being more widely used, in everyday medical care, was the size of the

machine. Early ultrasound machines from 1960-19979 were big bulky machines that needed to

be in their own room and couldn’t be easily moved into a patient's room. After that time frame

they became more mobile and accessible until 2010 when cart and even handheld models

became more reliable9. Handheld ultrasound devices are now the norm in ultrasound devices and

can be used for everything the Stethoscope can be used for and more. These handheld

ultrasound devices can also be used to monitor babies in the womb, check the integrity of veins

and arteries, and monitor vital organs like the heart and lungs. However, a new barrier to

ultrasound’s efficient use is the need for the use of ultrasound gel. Ultrasound gel serves as a

material interface between the ultrasound probe and the human body, so clear images can be

produced without interference from the air. The application and removal of this gel is a

time-consuming process. For the general practitioner to examine their patients in a

time-effective way, a faster alternative to ultrasound gel must be developed. Materials like

PDMS silicone have been proposed as an interface material1; yet, no product or material has

been designed for the criteria and constraints that is needed to replace ultrasound gel. The goal

of this project is to find a suitable material replacement for the ultrasound interface. We first

https://www.zotero.org/google-docs/?HhyDNQ


intend to find non-toxic interface materials that can pass FDA sensitization and irritation tests.

These materials must have a similar acoustic impedance value to soft tissue to allow for the

capture of clear images, and also be able to maintain their physical integrity while being

form-fitting to the human body. Second, we intend to test the materials for the clarity of image

they produce and to select and develop a prototype to conform to the handheld ultrasound

transducer.

Technical Discussion:

The purpose of the ultrasound gel is to get rid of any air between the patient and the

ultrasound probe2. This is important because air has a different acoustic impedance value than

soft flesh. So the ultrasound waves will be distorted when they return to the ultrasound if they

travel through the air. Which will then produce a distorted image. As stated before the purpose

of this project is to find a replacement for the gel that doesn’t require as much cleanup as gel and

can be used quickly and efficiently. To start finding an alternative for ultrasound gel me and my

partner, Thomas Dugan, began by looking at prior art and various articles that talk about

ultrasound gel and suitable replacements.

There are many common ultrasound gels that have been used to give crisp and clear

images of ultrasounds. Some of the gels used are: Aquasonic gel, Scriphessco gel, and

McKesson gel. The one our Capstone Project Advisor uses is the Parker Aquasonic gel.

Ultrasound gel has a similar impedance value of soft flesh. Soft Flesh has an impedance value of

1.63 MRayls7 and most ultrasound gel is around 1.5 MRayls7. This value does not match

perfectly but still provides clear images of the body’s interior due to having a sufficiently low

reflection coefficient. Variants of ultrasound gel do exist, most notably we found a couple of



“homemade” versions of ultrasound gel. An interning primary care physician developed a

version made by boiling guar gum and water with salt to be used in countries that don’t have

ready access to ultrasound gel4. Another variant is a gel made with cornstarch, cassava, flour,

and salt. Not only are these ingredients more readily available than most ingredients of standard

ultrasound gel (like propylene glycol and glycerine). They are simple recipes that can be

transported and made in less ideal conditions. However, in the hospital environment, these

alternative gel formulations do not fulfill the design goals for this project, as they are essentially

another way to make ultrasound gel.

Our approach for a new ultrasound interface differs from prior examples in that we are

trying to find a gel pad that can be reusable and time-efficient, minimizing the cleanup after its

use. Our intended material design is a silicone elastomer, which must have an acoustic

impedance similar to soft tissue, be non-toxic when in contact with skin, and maintain its

physical form. Certain silicones are known to be non-toxic and to maintain their physical

integrity; the main focus of our project will be to find the impedance values of materials so clear

images can be given when used in ultrasound. As previously stated we discovered that the

impedance value of soft tissue has been averaged around 1.63 MRayls7. We then looked at

various materials that have impedance values around 1.63 MRayls and found a material, PDMS

silicon, that could be used as viable replacements. We have ordered a couple of samples of

possible PDMS hydrogels that have impedance values of similar value and have an Elastic

Modulus of around 2.6 MPa. The next step is to acquire all the materials we deemed suitable

replacements and test them in the lab and find out if they can be a viable substitute.

We will test the elastic modulus of our samples by putting them in an Instron machine.

While the samples all have an elastic modulus of around 2.6 MPa we can alter their elastic



modulus by using different levels of crosslinker. To do this we will be altering the amount of

crosslinkers in each sample we make by 10% from 70%-100%. So we can find the optimal

elastic modulus for our gel. With the more crosslinker added the higher the elastic modulus our

gel becomes. We can also bring our samples to medical practitioners and get a peer review of

our samples by asking them which amount of crosslinker they like when performing Ultrasound.

The next step of testing is taking our samples and using them in ultrasound so we can see

if they are a viable ultrasound interface. We will develop a quantitative test for clarity of

ultrasound image using handheld transducers, possibly using wire phantoms. It may be

necessary to borrow transducers from ultrasound faculty for testing, as integration of the

handheld transducer available may be impractical. With the test we’ll develop we can also test to

see if the varying amounts of crosslinker affects the ultrasound image.

The next step is determining how selected materials interact with 70% isopropyl alcohol

cleaning solution. Since we want our gel to be reusable we must see if there is degradation from

the cleaning solution. We will retest its physical properties after each cleaning over time to see if

physical integrity is maintained. After testing we will review the images and data we have

gathered and see if they can compare to our control of regular ultrasound gel. Within a nine

month period we will continue testing like this until we find a suitable replacement.

STS Discussion:

The impacts of this technology, if we are successful, are various, but each would have a

positive impact on everyday quality of life. Since the entire goal of this project was to make an

easier and more efficient ultrasound interface for everyday clinical use. Our advisor, Dr.



Morikawa started this project because he saw that an improvement could be made when he was

performing ultrasound on his patient’s. He found that the need to apply and wipe off ultrasound

gel from patients was limiting how quickly multiple patient’s could get an ultrasound. So he first

tried to develop a solution himself and then moved to getting student help in the form of

developing a Capstone project.

If we are successful in making a new ultrasound interface we could cut the costs on the

ultrasound process itself. Right now a five liter bag of ultrasound gel costs around twenty to

twenty-five dollars. With ultrasound gel being needed for multiple appointments every day,

pregnancy check ups, monitoring internal organs, and examining the integrity of veins a lot of

gel is used. A monthly budget dedicated to purchasing ultrasound is therefore needed to match

the material’s daily consumption. And while ultrasound gel does have a shelf life of five years,

when a bottle has been used it must be used up within twenty eight days. Any longer and the

risk of microbial contamination is too high for medical application. However, our gel pad would

only need to be purchased once and regularly cleaned in order to be maintained for clinical use.

It would only need to be replaced when it physically degrades.

An additional benefit of cutting the cost of an ultrasound means it would turn it into a

cheaper medical procedure. Making it more affordable for lower income patients. The benefits

of this are obvious, giving more people access to proper medical care will let doctors know more

about their patients and treat health conditions before they become a problem. It will also reduce

financial strain on families, letting them focus on other financial troubles. Also reducing how

long a patient stays at the doctor’s office. Freeing up the patient's time so they can get back to

their daily life. Contributing to a better quality of life for all patients and doctors.



Early on in the peer review process of our project we were asked about the environmental

impact of ultrasound gel and what its impact is and how ours would make it better. We looked

into it and found that there is little to no environmental impact from ultrasound gel13. Since

ultrasound gel is mostly made from water and propylene glycol. While propylene glycol is made

from petroleum it is also easily soluble in water16. Which means medical practitioners can wipe

away the gel from the patient and then they can simply toss it down into the trash. Ultrasound

gel can also be easily washed away into the sink if needed. There have also been some advances

in developing greener sources of propylene glycol. These developments have found a way to make

it from vegetable oils, further reducing ultrasound gel’s already small environmental impact12. Our

new product will also not add to any environmental strain as well. Silicone PDMS can be

bio-degraded by the soil and is made from silica found in sand18. Therefore silicone does not

require any drilling or fracking since it is not an oil product like plastic or propylene glycol.

Another potential benefit of a new ultrasound interface is the potential to change the

entire structure of many forms of healthcare. Ultrasound would no longer be relegated to

dedicated appointments with giant machines that require tedious setup and cleanup. If we are

successful it will turn an ultrasound into a quick procedure to efficiently check the internals of a

patient. Ultrasound could be used to accurately identify a patient’s wounds in an emergency

medical situation. Letting doctors know where the internal bleeding is from a car crash victim,

or discovering where a blood clot is in a stroke patient. It will speed up medical appointments so

doctors can quickly check on a mother’s baby and then go to another patient and monitor their

heart, arteries, and veins for perforations. It could also potentially jump start new research into

ultrasound. Since ultrasound will become a better tool for diagnosing a patient than a



stethoscope, it will therefore be used more in medical situations. Researchers will then see it as a

more viable field of study since it would become such a commonly used and essential device.

Research question and methods:

To find a good material to act as our new ultrasound interface we needed to define what

would make a good interface. First and foremost a good image clarity as a constraint was

selected because that is the primary purpose of ultrasound imaging. We found a paper that

discussed measurements for clarity of ultrasound images, and image contrast and

contrast-to-noise ratio were two metrics they used to evaluate it22. Values for our interface

material in this metric will be compared against those found using conventional ultrasound gel,

which we don’t yet have measurements for. However we do know that a material must have an

acoustic impedance value similar to soft tissue in order to produce the image clarity desired.

Assuming a constant soft tissue impedance value of 1.63 MRayl, the reflection coefficient

(percent of the ultrasound wave’s energy that is reflected rather than transmitted) of an interface

material with an impedance of 1.3 MRayl is about 0.01 or 1%. This is much larger than the

reflection coefficient found using gel, which is 0.009%, but may or may not still be acceptable in

the imaging context. We will find out when we compare our samples, which have different

reflection coefficients.

Another desirable factor in making an efficient gel pad is that it must be deformable and

elastic, so it can form-fit to the body and retain its shape. We will measure this by finding a

material’s elastic modulus. After examining various gels and materials we found that Sylgard



184, a common PDMS silicone, is slightly deformable and has an elastic modulus of 2.6; we are

choosing around 2 MPa for the minimum elastic modulus. Also, medical sponges are easily

deformable and have an elastic modulus of around 35 MPa, setting the upper limit for acceptable

elastic modulus. Silicones (which we plan to be using) are for the most part unreactive, but we

have not determined a suitable test/measurement for chemical degradation. We hope the fact that

the gel pad will be deformable and elastic will speed up the ultrasound process since it won’t be

a gel that will need to be applied and cleaned off the patient versus putting a gel pad on and off a

patient.

Conclusion:

If we are successful in developing an alternative ultrasound probe-body interface, then

we will allow doctors greater ability to treat patients. Ultrasound would no longer be relegated

to dedicated appointments that require tedious setup and cleanup. It could turn into a quick

procedure to efficiently check the internals of a patient. Ultrasound could be used to find internal

bleeding in emergency medical situations. Doctors could quickly check on the development of a

mother’s baby and then go to another patient and check their heart, arteries, and veins for

perforations. It could also potentially excite new research into ultrasound. Portable ultrasound

will become a common replacement for the stethoscope, and used in more medical situations.

Researchers will see it as a more viable field of study since it would become such a commonly

used and essential medical device.





Bibliography:

1). 10 helpful stethoscope tips for emts, paramedics and students. EMS1. (2016, May 9).
Retrieved September 24, 2022, from
https://www.ems1.com/ems-products/medical-equipment/articles/10-helpful-stethoscope-tips-f
or-emts-paramedics-and-students-NGyvwy7KNAYMzRBS/

2). Adams, J. M. (2019, February 12). Ultrasound gel: A necessary mess. Cincinnati Children's
Blog. Retrieved October 31, 2022, from
https://blog.cincinnatichildrens.org/radiology/ultrasound-gel-a-necessary-mess/

3). Afzal, S., Zahid, M., Rehan, Z. A., Shakir, H. M. F., Javed, H., Aljohani, M. M. H.,
Mustafa, S. K., Ahmad, M., & Hassan, M. M. (2022, January 6). Preparation and evaluation of
polymer-based ultrasound gel and its application in ultrasonography. MDPI. Retrieved
October 31, 2022, from
https://www.mdpi.com/2310-2861/8/1/42/htm#:~:text=Ultrasound%20gel%20is%20the%20be
st,complete%20transmission%20of%20ultrasound%20waves.

4). Boughton, J. (n.d.). [web log].

5). Document viewer. Dow. (n.d.). Retrieved October 31, 2022, from
https://www.dow.com/en-us/doc-viewer-blank.html?docType=SDS&contentType=SDS&produ
ct=01225286z&tradeProduct=000000487711&selectedCountry=US&selectedLanguage=EN&r
ecordNumber=42395199&useRequestPath=true

6). Cmescience. (2021, June 22).Who invented ultrasound? CME Science. Retrieved
September 24, 2022, from
https://cmescience.com/who-invented-ultrasound/#:~:text=The%20first%20time%20ultrasound
%20was,the%20end%20of%20the%201950s

7). Diederichs, R. (n.d.). Material's acoustic properties. Retrieved September 26, 2022, from
https://www.ndt.net/links/proper.htm

8). Duulal, B., Egenberger, K., Rego, M., & Sabater, J. (2021, May 0). Ultrasound Imaging
without Gel for Clinical Application.

https://www.ems1.com/ems-products/medical-equipment/articles/10-helpful-stethoscope-tips-for-emts-paramedics-and-students-NGyvwy7KNAYMzRBS/
https://www.ems1.com/ems-products/medical-equipment/articles/10-helpful-stethoscope-tips-for-emts-paramedics-and-students-NGyvwy7KNAYMzRBS/
https://blog.cincinnatichildrens.org/radiology/ultrasound-gel-a-necessary-mess/
https://www.mdpi.com/2310-2861/8/1/42/htm#:~:text=Ultrasound%20gel%20is%20the%20best,complete%20transmission%20of%20ultrasound%20waves
https://www.mdpi.com/2310-2861/8/1/42/htm#:~:text=Ultrasound%20gel%20is%20the%20best,complete%20transmission%20of%20ultrasound%20waves
https://www.dow.com/en-us/doc-viewer-blank.html?docType=SDS&contentType=SDS&product=01225286z&tradeProduct=000000487711&selectedCountry=US&selectedLanguage=EN&recordNumber=42395199&useRequestPath=true
https://www.dow.com/en-us/doc-viewer-blank.html?docType=SDS&contentType=SDS&product=01225286z&tradeProduct=000000487711&selectedCountry=US&selectedLanguage=EN&recordNumber=42395199&useRequestPath=true
https://www.dow.com/en-us/doc-viewer-blank.html?docType=SDS&contentType=SDS&product=01225286z&tradeProduct=000000487711&selectedCountry=US&selectedLanguage=EN&recordNumber=42395199&useRequestPath=true
https://cmescience.com/who-invented-ultrasound/#:~:text=The%20first%20time%20ultrasound%20was,the%20end%20of%20the%201950s
https://cmescience.com/who-invented-ultrasound/#:~:text=The%20first%20time%20ultrasound%20was,the%20end%20of%20the%201950s
https://www.ndt.net/links/proper.htm


9). Figure 1. history of diagnostic ultrasound devices - researchgate. (n.d.). Retrieved
September 24, 2022, from
https://www.researchgate.net/figure/History-of-diagnostic-ultrasound-devices_fig1_312247825

10). Hall, C. (2019, August 16). Could a handheld ultrasound replace the stethoscope? TMC
News. Retrieved September 24, 2022, from
https://www.tmc.edu/news/2018/04/solutions-could-a-handheld-ultrasound-replace-the-stethos
cope/#:~:text=While%20a%20stethoscope%20allows%20the,the%20population%20with%20h
earing%20deficiencies

11). How much do you really know about ultrasound gel? National Therapy. (2021, October
20). Retrieved October 31, 2022, from
https://nationaltherapy.com/how-much-do-you-really-know-about-ultrasound-gel/

12). Kicking the oil habit: Making propylene glycol from plants. Energy.gov. (n.d.). Retrieved
October 31, 2022, from
https://www.energy.gov/technologytransitions/kicking-oil-habit-making-propylene-glycol-plant
s#:~:text=Many%20everyday%20consumer%20products%20from,year%20to%20meet%20wo
rldwide%20demand.

13). M;, N. (n.d.). Hazard assessment of silicone oils (polydimethylsiloxanes, PDMS) used in
antifouling-/foul-release-products in the Marine Environment. Marine pollution bulletin.
Retrieved October 31, 2022, from
https://pubmed.ncbi.nlm.nih.gov/17553530/#:~:text=PDMS%20do%20not%20bioaccumulate
%20in,trapping%20and%20suffocation%20of%20organisms.

14). Oldani, P. (2019, April 23). How to use a stethoscope to listen different body sounds.
Inside First Aid. Retrieved September 24, 2022, from
https://insidefirstaid.com/diagnosis/how-to-use-a-stethoscope-and-where-to-auscultate

15). Paul. (2022, August 29). The stethoscope and how to use it. Inside PA Training. Retrieved
September 24, 2022, from https://mypatraining.com/stethoscope-and-how-to-use-it/

https://www.researchgate.net/figure/History-of-diagnostic-ultrasound-devices_fig1_312247825
https://www.tmc.edu/news/2018/04/solutions-could-a-handheld-ultrasound-replace-the-stethoscope/#:~:text=While%20a%20stethoscope%20allows%20the,the%20population%20with%20hearing%20deficiencies
https://www.tmc.edu/news/2018/04/solutions-could-a-handheld-ultrasound-replace-the-stethoscope/#:~:text=While%20a%20stethoscope%20allows%20the,the%20population%20with%20hearing%20deficiencies
https://www.tmc.edu/news/2018/04/solutions-could-a-handheld-ultrasound-replace-the-stethoscope/#:~:text=While%20a%20stethoscope%20allows%20the,the%20population%20with%20hearing%20deficiencies
https://nationaltherapy.com/how-much-do-you-really-know-about-ultrasound-gel/
https://www.energy.gov/technologytransitions/kicking-oil-habit-making-propylene-glycol-plants#:~:text=Many%20everyday%20consumer%20products%20from,year%20to%20meet%20worldwide%20demand
https://www.energy.gov/technologytransitions/kicking-oil-habit-making-propylene-glycol-plants#:~:text=Many%20everyday%20consumer%20products%20from,year%20to%20meet%20worldwide%20demand
https://www.energy.gov/technologytransitions/kicking-oil-habit-making-propylene-glycol-plants#:~:text=Many%20everyday%20consumer%20products%20from,year%20to%20meet%20worldwide%20demand
https://pubmed.ncbi.nlm.nih.gov/17553530/#:~:text=PDMS%20do%20not%20bioaccumulate%20in,trapping%20and%20suffocation%20of%20organisms
https://pubmed.ncbi.nlm.nih.gov/17553530/#:~:text=PDMS%20do%20not%20bioaccumulate%20in,trapping%20and%20suffocation%20of%20organisms
https://insidefirstaid.com/diagnosis/how-to-use-a-stethoscope-and-where-to-auscultate
https://mypatraining.com/stethoscope-and-how-to-use-it/


16). Plant-based propylene glycol. Corpus Naturals. (n.d.). Retrieved October 31, 2022, from
https://corpusnaturals.com/blogs/natural-curious/plant-based-propylene-glycol#:~:text=Historic
ally%2C%20propylene%20glycol%20was%20made,is%20derived%20from%20vegetable%20
oils.

17). Premier Diagnostic Services, inc.: Ultrasound gel. Premier Ultrasound Services. (n.d.).
Retrieved October 31, 2022, from
https://www.premierus.com/blog/news/post/ultrasound-gel-what-it-is-and-why-we-need-it#:~:t
ext=The%20gel%20is%20composed%20of,sonographer%20is%20performing%20the%20ultra
sound.

18). Rigby, J. (2022, March 25). Are silicone products sustaible and eco-friendly? let's find out.
MindsetEco. Retrieved October 31, 2022, from
https://mindseteco.co/is-silicone-environmentally-friendly/#:~:text=like%20a%20rock.-,Is%20
Silicone%20Environmentally%20Friendly%3F,plastic%20so%20it%20lasts%20longer.

19). Roguin, A. (2006, September). Rene Theophile Hyacinthe Laënnec (1781-1826): The man
behind the stethoscope. Clinical medicine & research. Retrieved September 24, 2022, from
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1570491/#:~:text=Rene%20Theophile%20Hy
acinthe%20La%C3%ABnnec%20(1781%E2%80%931826)%20was%20a%20French,the%20o
bservations%20made%20during%20autopsies

20). Salustri, A., & Trambaiolo, P. (2003, July). The "ultrasonic stethoscope": Is it of clinical
value? Heart (British Cardiac Society). Retrieved September 24, 2022, from
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1767710/#:~:text=PORTABLE%20ULTRAS
OUND%20MACHINES&text=Now%20we%20can%20add%20sonography,pathology%20dur
ing%20the%20physical%20examination

21). Stethoscope 101 what do doctors listen for? SCL Health. (n.d.). Retrieved September 24,
2022, from https://www.sclhealth.org/blog/2021/12/stethoscopes-101-what-doctors-listen-for/

22). Sassaroli, E., Crake, C., Scorza, A., Kim, D.-S., & Park, M.-A. (2019, March). Image
Quality Evaluation of ultrasound imaging systems: Advanced B-modes. Journal of applied
clinical medical physics. Retrieved October 31, 2022, from
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6414140/

https://corpusnaturals.com/blogs/natural-curious/plant-based-propylene-glycol#:~:text=Historically%2C%20propylene%20glycol%20was%20made,is%20derived%20from%20vegetable%20oils
https://corpusnaturals.com/blogs/natural-curious/plant-based-propylene-glycol#:~:text=Historically%2C%20propylene%20glycol%20was%20made,is%20derived%20from%20vegetable%20oils
https://corpusnaturals.com/blogs/natural-curious/plant-based-propylene-glycol#:~:text=Historically%2C%20propylene%20glycol%20was%20made,is%20derived%20from%20vegetable%20oils
https://www.premierus.com/blog/news/post/ultrasound-gel-what-it-is-and-why-we-need-it#:~:text=The%20gel%20is%20composed%20of,sonographer%20is%20performing%20the%20ultrasound
https://www.premierus.com/blog/news/post/ultrasound-gel-what-it-is-and-why-we-need-it#:~:text=The%20gel%20is%20composed%20of,sonographer%20is%20performing%20the%20ultrasound
https://www.premierus.com/blog/news/post/ultrasound-gel-what-it-is-and-why-we-need-it#:~:text=The%20gel%20is%20composed%20of,sonographer%20is%20performing%20the%20ultrasound
https://mindseteco.co/is-silicone-environmentally-friendly/#:~:text=like%20a%20rock.-,Is%20Silicone%20Environmentally%20Friendly%3F,plastic%20so%20it%20lasts%20longer
https://mindseteco.co/is-silicone-environmentally-friendly/#:~:text=like%20a%20rock.-,Is%20Silicone%20Environmentally%20Friendly%3F,plastic%20so%20it%20lasts%20longer
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1570491/#:~:text=Rene%20Theophile%20Hyacinthe%20La%C3%ABnnec%20(1781%E2%80%931826)%20was%20a%20French,the%20observations%20made%20during%20autopsies
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1570491/#:~:text=Rene%20Theophile%20Hyacinthe%20La%C3%ABnnec%20(1781%E2%80%931826)%20was%20a%20French,the%20observations%20made%20during%20autopsies
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1570491/#:~:text=Rene%20Theophile%20Hyacinthe%20La%C3%ABnnec%20(1781%E2%80%931826)%20was%20a%20French,the%20observations%20made%20during%20autopsies
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1767710/#:~:text=PORTABLE%20ULTRASOUND%20MACHINES&text=Now%20we%20can%20add%20sonography,pathology%20during%20the%20physical%20examination
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1767710/#:~:text=PORTABLE%20ULTRASOUND%20MACHINES&text=Now%20we%20can%20add%20sonography,pathology%20during%20the%20physical%20examination
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1767710/#:~:text=PORTABLE%20ULTRASOUND%20MACHINES&text=Now%20we%20can%20add%20sonography,pathology%20during%20the%20physical%20examination
https://www.sclhealth.org/blog/2021/12/stethoscopes-101-what-doctors-listen-for/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6414140/

