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Å The past

Å In the 1840s, shortly after Michael 
Faradayôs invention of the induction coil, 
Duchenne began using the new invention to 
study paralysis and the ways that muscles 
contract. By applying voltage to muscles, 
even the muscles of the paralyzed or the 
recently dead, it was possible to make the 
muscle tissue twitch. Duchenneôs studies 
concentrated on the muscles of the hand, 
arm, foot, and face, and used what he 
called ñlocalized faradizationò (connecting 
the induction coil to the skin near the 
muscle) to determine what kind of electric 
shock resulted in a particular movement. He 
discovered that most motions were caused 
by a group of muscles working together 
rather than just a single muscle. He made a 
series of famous photographs showing how 
the muscles of the face were used to create 
facial expressions such as smiles and 
frowns and mapped these movements out. 
He noted, for example, that a fake smile 
used only the muscles around the mouth, 
but that a genuine smile caused facial 
contractions around the eyes. 



ÅIn 1896 Wilhelm Röntgen 

discovered something that would 

prove to be one of the major medical 

breakthroughs of the twentieth 

centuryðthe x-ray. Rºntgenôs x-ray 

was a major medical breakthrough. 

For the first time in human history it 

gave medical personnel a means of 

seeing inside the body without 

having to resort to surgical 

procedures. The use of x-rays 

spread quickly around the globe. 

Röntgen received the Nobel Prize in 

Physics for his discovery in 1901. 



ÅBeginning in 1901, Einthoven completed a series of prototypes 
of a string galvanometer. This device used a very thin filament 
of conductive wire passing between very strong 
electromagnets. When a current passed through the filament, 
the electromagnetic field would cause the string to move. A light 
shining on the string would cast a shadow on a moving roll of 
photographic paper, thus forming a continuous curve showing 
the movement of the string. Thus the electrocardiogram below.



ÅEarl Bakkenôs prototype 
pacemaker was first used in 1958. 
It was used on patients whose 
hearts failed to begin beating after 
surgery. ñBack at the garage, I dug 
out a back issue of Popular 
Electronics magazine in which I 
recalled seeing a circuit for an 
electronic, transistorized 
metronome. The circuit transmitted 
clicks through a loudspeaker; the 
rate of the clicks could be adjusted 
to fit the music. I simply modified 
that circuit and placed it, without 
the loudspeaker, in a four-inch-
square, inch-and-thick metal box 
with terminals and switches on the 
outsideðand that, as they say, 
was that.ò The very next day, the 
pacemaker was used in the 
hospital on the first patient. 



Historical background

Å 1816  stethoscope 

Å 1850 clinical thermometers

Å 1850 ophthalmoscopes

Å 1857 laryngoscopes 

Å 1860 scopes for the rectum and vagina

Å 1877 cystocopes for the urinary bladder

Å 1895 x-rays

Å 1896 sphygmomanometers

Å 1901 ECG devices

Å 1918 arthroscopes

Å 1927 iron lung

Å 1929 cardiac catheter

Å 1929 EEG instruments 

Å 1931 Electrosurgery

Å 1944 artificial kidney

Å 1950s fiber optic imaging bundles 

Å 1951 cardiopulmonary bypass unit 

Å 1951 PET

Å 1952 mechanical heart valves 



Å 1954 donor-organ transplants of the kidney

Å 1957 synthetic arterial grafts 

Å 1959 artificial kidney chronic use 

Å 1959 implantable pacemakers 

Å 1960 cemented total artificial hips

Å 1960 laser 

Å 1961 intra-aortic balloon pump 

Å 1963 donor-organ transplants of the liver

Å 1963 pulsatile ventricular assist devices

Å 1964 artificial kidney home use 

Å 1965 xenograft bioprosthetic heart valves

Å 1967 donor-organ transplants of the heart 

Å 1968 balloon angioplasty 

Å 1968 ultrasonography

Å 1969 artificial hearts

Å 1971 CT

Å 1980s MRI 

Å 1983 laparoscopic appendectomy 

Å 1987 laparoscopic cholecystectomy 

Å 1990s donor-organ transplants of the intestines & pancreas 



The present: The x-ray tube generates x rays that are restricted by the 

aperture in the collimator. The Al filter removes low-energy x rays that 

would not penetrate the body. Scattered secondary radiation is 

trapped by the grid, whereas primary radiation strikes the screen 

phosphor. The resulting light exposes the film.



The lowest-energy x rays 

are absorbed in the anode 

metal and the tube glass 

envelope. An Al filter further 

reduces the low-energy x 

rays that do not pass 

through the body and would 

just increase the patient 

dose. Only the highest-

energy x rays are capable of 

penetrating the body and 

contributing to the film 

darkening required for a 

picture. Note that the 

average energy increases 

with the amount of filtration.



In the image intensifier, x rays strike the input phosphor screen, thus 

generating light. Light stimulates the photocathode to emit electrons, 

which are accelerated through 25 kV to strike the output phosphor 

screen. Brightness gain is due to both geometric gain and electronic gain.



Images of the skull taken using CT and images 

of the brain taken with MRI, fused into 

composite images. (Courtesy of Rock Mackie, 

University of Wisconsin)



Basic coordinates and geometry for computed tomography The 

projection rays shown represent those measured at some angle q. The 

source and detector pair are rotated together through a small angle, 

and a new set of rays measured. The process is repeated through a 

total angle of 180° .



Back projection (a) 

Projections of this 

object in the two 

directions normal to 

the x and y axes are 

measured. (b) These 

projection data are 

projected back into the 

image plane. The area 

of intersection 

receives their summed 

intensities. It is 

apparent that the 

back-projected 

distribution is already 

a crude representation 

of the imaged object.



IMATRON electron beam CT system. (Courtesy of Doug 

Boyd, IMATRON Corp.)
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512 ³512 pixel CT image of the brain Note that the 

increased number of pixels yields improved images 

(Photo Courtesy of Philips Medical Systems.)



Control console and gantry assembly of a CT 

system (Photo courtesy of Philips Medical Systems.)



Precession of charged particles in a magnetic 

field.
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In MRI, RF coils excite one slice in the y-axis. An RF receiver 

measures from one slice in the x-axis.



MRI image of the head (Photo courtesy of Philips Medical 

Systems.)



Connection of a pump oxygenator to bypass the heart A disk-type 

oxygenator is used with a roller pump. Venous blood is taken from a 

cannula in the right atrium, and oxygenated blood is returned through a 

cannula in the femoral artery.


