Medical Imaging
Involves physicians, technicians, medical
physicists, nurses, radiation safety staff,
maintenance staff.
Highly non-trivial to produce an image.
Highly specialized and technical field.
Long history that spans over a century.

Mostly non-invasive.

Relies on increasing energy of light (or sound) to
probe deeper into the body.



Telescopes for the Body
— An Introduction to Arthroscopic Surgery
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derstand how this is done we need to L -‘_o,-'
how light propagates.

T

Then we’ll “build” a telescope (called an end
and use this to look at an arthroscopic surgery.
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https://www.youtube.com/watch?v=LRvLtlrAExk
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Kane, introduction to Physics in Modem Medicine, 3¢ edition, CRC Press, 2020 .
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Interaction of Light and Matter

Suppose that light is traveling through the air when it encounters a piece of glass in
the window of a building. If the index of refraction of air and glass are ng;,- = 1.0
and ngqss = 1.5 respectively, what fraction of the incident light gets reflected
from the glass surface and what fraction gets transmitted into the glass?

If you walked past ISEC on the path from the library to the gym on a sunny day
you may have noticed that as you walk in front of the windows you get very hot
and when you’re not in front of the windows you’re at the outside temperature.
This is because there is a coating on the windows that reflects a very large fraction
of the light rather than letting it get transmitted. What would be the index of
refraction of the coating on the windows if say 90% of the light that is incident on
the window gets reflected?

\What can you say about the relative difference in indices of refraction between the
two materials if you want a large percentage of the light to get transmitted into say
the second material from the material where the light is incident?



Total Internal Reflection of Light

When light is transmitted from a material with a higher index of refraction to a
material with a lower index of refraction the light will enter the second material and
be reflected from the interface between the two materials back into the first material.

The frequency of the light remains constant across the interface between the two
materials while the wavelength of light changes (which is associated with the change
in speed of light).

This means that the light ray changes speed when passing between the two materials
of different optical characteristics.

This speeding up or slowing down of the light is called refraction (or the bending of
the light ray.)

The angle of refraction is calculated using Snell’s law as light travels from one
material to the next given the angle of incidence in the first material.

Two results from Snell’s law
- Theangle of refraction is less than the angle of incidence when light travels
from a lower to a higher refractive index material
- The angle of refraction is greater than the angle of incidence when light travels
from a higher to a lower refractive index material
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Single-Mode

Multimode

https://mww.youtube.com/watch?v=NAaHPRsveJk
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Original image projected here

https://veteriankey .com/endoscopic-instrumentation-and-documentation-for-flexible
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Medicinal Fiber Optic Scopes

» Optical fiber scopes that are used for different procedures have different names, but
the scopes themselves are all essentially the same.

» Some typical medical fiber scopes include:

Endoscopes — used to investigate organs like the stomach or intestines
(colonoscope)

Laparoscope — surgeries involving the abdomen (gallbladder removal &
appendectomies) & gynecological surgeries

Bronchoscope — lungs

Cystoscope — urinary tract

Angioscope — blood vessels

Arthroscope — joints like the knees or shoulders

An excellent view of the peritoneal cavity
obtained by transluminal (across the peritoneal
cavity) endoscopy showing the stomach, liver
and greater omentum.

Wagh MS and Thompson CC (2007) Surgery Insight: natural orifice trans luminal endoscopic surgery—an
analysis of work to date Nat Clin Pract Gastroenterol Hepatol 4: 386-392 doi:10.1038/ncpgasthep0867



Making an Endoscope

@ Who Needs an Upper Endoscopy? (U ~»

Watch later ~ Share

MORE VIDEOS

P o) 1:37/455 - YouTube {3

https ://gastroassociates.com/procedures/egd/ and the video: https://youtu.be/TQZwLH9u578
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http: //consultqd.clevelandclinic.org/2015/01/going-all-arthroscopic-for-augmentation-of-rotat or-cuff-repa
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The least invasive procedure is to have arthros
rotator cuff to the humeral head.




Arthroscopic Surgery — Rotator Cuff Repair
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Shoulder & Rotator Cuff
Major surgical incision vs. arthroscopic
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http: //consultqd.clevelandclinic.org2015/01/ going-all-arthroscopic-for-augmentation-of-rotator-cuff-repairs/



FIG. 1: ROTATOR CUFF TEAR
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Arthroscopic Surgery — Rotator Cuff Repalr
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https://www.kneeandshouldersurgery.com/shoulder-disorders/rotator-cuff-disorders/rotator-cuff-tears/
http://www.or-live.com/BrighamandWomens/1374/event/webcast.cfm

Arthroscopic Surgery — Rotator Cuff Repalr



https://www.youtube.com/watch?v=NIU5-Mnb38w
https://www.youtube.com/watch?v=Ve_D4_T9ZF8

) https://www.newchoicehealth.com/arthroscopic-shoulder-surgery/cost

The average arthroscopic shoulder surgery cost in the United States is $25,925, though prices can
range from $6,900 to $31,650.

One factor that can greatly affect your arthroscopic shoulder surgery cost is whether you have the
procedure performed in an inpatient facility, like a hospital, or an outpatient surgery center.
Whether or not you can have outpatient surgery for your shoulder depends on your overall health.

Outpatient centers are just as safe as hospitals but could save you thousands on your medical bill.

Based on our data, the target fair price for arthroscopic shoulder surgery is $14,050, whether you
have health insurance or not.

e National Average: $25,925

* National Range: $6,900 - $31,650+

* Outpatient Facility Average: $16,150
* Inpatient Facility Average: $26,875

* Target Fair Price: $14,050
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