
Two thousand years ago, the histo
r ian P l in ius ment ioned in his book 
Naturalis Historia that "the laser is 
numbered among the most miraculous 
gifts of nature and lends itself to var ious 
appl icat ions." This ancient laser was a 
plant that was used to cure var ious 
d iseases. Dur ing the last 30 years , 
modern lasers have gradua l ly pen
etrated the medical arena and they are 
being used for diagnostic and thera
peutic procedures. At the same time, 
there has been rapid progress in the 
development of low loss opt ica l f ibers 
for c o m m u n i c a t i o n s y s t e m s . T h i s 
served as the basis for the use of opt i
cal f ibers in medical appl icat ions such 
as endoscop i c imaging, f iber op t i c 
sensing, and laser power t ransmiss ion. 
Integrated laser-fiber systems as the 
laser endoscope or the laser catheter 
wi l l facil itate imaging, diagnost ics, and 
therapy inside the body. These "least 
invasive" techniques have already been 
tr ied c l in ical ly in var ious medica l dis
cipl ines and are bound to have a tre
mendous impact on medicine. 

The development of opt ical f ibers is 
a culminat ion of many decades of re
search done by a p lethora of scient ists 
and engineers. In fact, Nature in her 
eternal w isdom was already using this 
device mi l l ions of years ago. In some 
plants, seedlings that are in the dark
ness under the so i l send up a shoot 
above ground. This shoot behaves like 
an ordered bundle of f ibers and the 
plants make use of light guiding to help 
coordinate their physio logy. 

In the animal wor ld , there are opt ica l 
gu id ing phenomena in the imaging 
systems of the eyes. In the human eye, 

a single lens system forms an image on 
the ret ina. The rods and the cones in 
the ret ina have a higher index of re
fract ion than that of the surrounding 
t issue; the whole assembly is thus a 
bundle of f ibers. There are reports that 
in some types of moths the female emits 
pheromones that luminesce w i th a 
character ist ic IR emiss ion. The male 
moth detects this emiss ion, through 
the use of IR fiber opt ic sensors and is 
attracted to the female. 

LASERS IN MEDICINE 
Medica l laser systems have dramati
cal ly improved during the last few years. 
These systems are now more rel iable, 
more efficient, and much fr iendlier to 
the users. Today there are numerous 
lasers that have been used on hundreds 
of thousands of patients. Some of the 
appl icat ions cal l for the use of cont inu
ous (CW) lasers, whi le others require 
pulsed operat ion, wi th pulse durat ions 
of nsec to msec. They cover the spectra l 
range between 200 nm and 10 µm, wi th 
power levels f rom 1 mW to 100 W. The 
most commonly used lasers are the C O 2 

(= 10.6 µm), Nd :YAG (= 1.06 µm), and Ar 
( = .4 - .5 µM). Some other useful lasers 
are l isted in Table 1. 

When a laser beam impinges on tissue, 
it is attenuated by absorption and by 
scattering. The absorbed light usually 
generates heat. The absorption of laser 
light in tissue depends on chromophores 
such as water, hemoglobin, melanin, 
carotene, and protein. Water does not 
absorb in the visible, but its absorption is 
rather high (and scattering is low) in the 
mid IR (>3 µm ), where C O 2 or CO lasers 
emit. Red pigment in hemoglobin absorbs 

blue-green light and therefore the ab
sorption in blood of argon or krypton 
laser emission is high. Nd:YAG laser light 
( = 1.06 µm) is not absorbed well by 
tissue or by blood and scattering is high. 
In the UV, the excimer laser light (<300 
nm) is highly absorbed by tissue, with 
little scattering. 

At low power densit ies, laser beams 
can be used as a diagnost ic tool for 
measur ing the absorpt ion or the lumi
nescence of t issue. The heat generated 
by an absorbed laser beam has been 
widely used for therapy. The claims are 
that the minute heat generated by a low 
power laser beam may acce le ra te 
heal ing of wounds and reduce pain (i.e., 
b iost imulat ion). At higher power den
sit ies, laser beams that penetrate deep 
into t issue generate heat and can be 
used for hyper thermia cancer treat
ment, for coagulat ion of b lood, or for 
"weld ing" of t issue. When the power 
density is sufficient, the temperature of 
the t issue rises above the vapor izat ion 
temperature and t issue is removed. 

In laser surgery, a laser beam is fo
cused on a certain area. By moving the 
focal spot, the phys ic ian may ablate 
t issue or perform inc is ion. T issue out
side the area of the focal spot is also 
affected. It heats up to a temperature 
that is dependen t on the the rma l 
diffusivity and the absorpt ion coeffi
cient of the t issue. The heating effects 
may cause permanent damage to the 
surrounding tissue. The damage is lower 
if photoablat ion is carr ied out by lasers 
for wh ich the absorpt ion is very high 
and, rather than using CW, one uses 
short pulses of energy (e.g., excimer, 
C O 2 T E A or E r :YAG lasers). Pulsed la-

TABLE 1. M E D I C A L A P P L I C A T I O N S O F L A S E R S AND O P T I C A L FIBERS 

FIELD POWER DENSITY INTERACTION PENETRATION APPLICATIONS LASER W A V E L E N G T H DELIVERY 

( W / C M 2 ) TIME (SEC) DEPTH (MM) (µM) FIBER 

DIAGNOSIS 10-3 C W 0.1 BLOOD DIAGNOSIS H E C D .3-.4 FUSED SILICA 
10-3 C W 0.5 TISSUE CHARACTERIZATION A R 0.5 GLASS 

THERAPY 10-3 1 0 3 

2 BIOSTIMULATION H E N E .63 GLASS 
10-2 104 2 PHOTOCHEMOTHERAPY DYE .63 GLASS 
1-10 1 0 5 TISSUE WELDING; HEATING ND:YAG 1.06 GLASS 
1 0 1 0.5 COAGULATION A R 0.5 GLASS 
108 10-6 STONE FRAGMENTING DYE .4-.6 FUSED SILICA 

SURGERY 104 10-3 - 1 .02 INCISION. VAPORIZATION CO2 10.6 IR FIBERS 
107 10-7 .01 PHOTOABLATION EXCIMER .2-.3 FUSED SILICA 
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sers of high energy (e.g., dye lasers) can 
also be used to shatter stones in the 
ur inary or b i l iary tract. 

S o m e l a s e r a p p l i c a t i o n s are 
nonthermal . A lmost 4,000 years ago, 
the ancient Egyptians used nonthermal 
phototherapy. They noticed that people 
who ate common plants (e.g., A m m i 
majus) that grew on the banks of the 
Ni le became more suscept ib le to sun
burn. They used this information to 
treat vit i l igo, a skin disease where areas 
on the skin lose their pigmentat ion. The 
act ive ingredients in those p lants— 
p s o r a l e n s — a r e used in m o d e r n 
photomedicine. The most widely studied 
case of th is na tu re is the l ase r 
photochemotherapy treatment of cancer. 

The important lasers and their appl i 
cations are l isted in Table 1 wi th some 
representative values of the laser power 
density, the penetrat ion depth of the 
laser beam into t issue, and the typ ica l 
interaction t imes. 

OPTICAL FIBERS 
Ancient glass blowers in Greece and 
other countr ies were wel l aware of the 
t ransmission of light in th in rods or 
threads of glass. A clear scient i f ic dem
onstrat ion of this effect was given in the 
19th century by the famous Br i t i sh 
scientist John Tyndal l . The beginning 
of modern day opt ical fiber technology 
started in the early 1920s wi th attempts 
to develop opt ical fiber bundles for 
medical imaging. In the early 1950s, 
wi th the development of f ibers consist
ing of core and cladding, the f lexible 
fiber opt ic bundle became a pract ica l 
tool for imaging inside the body. 

About this t ime, interest in fiber op
tic communicat ion generated rapid de
velopment of op t ica l f ibers of h igh 
qual i ty and extremely low losses. Such 
fibers, in turn, were incorporated into 
improved medical f iber-laser systems. 
These fibers were based on ord inary 
s i l ica glass materials and were highly 
transmitt ing in the v is ib le and near IR. 
Yet they absorbed strongly in the UV 
and in the mid and far IR and were not 
designed to transmit high power. For 
these tasks, required for many medical 
app l icat ions, f ibers based on other 
materials had to be developed. Some of 
these are noted below: 

LASERS 
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U V fibers One of the few materials that 
can be used for fabricating UV transmit
ting fibers is quartz, a single crystal made 
of pure SiO 2 that is transparent between 
200 nm and 4 µm. Glass made of quartz is 
called fused si l ica and can be drawn into 
fibers, much like ordinary glass. 

IR fibers There are three families of 
materials that can be considered for 
the t ransmiss ion of IR. 

1) Hollow waveguides: These are flex
ible ho l low tubes, made of infrared 
transmitting dielectrics or metallic tubes. 

2) Infrared transmit t ing glasses: For 
the t ransmiss ion of mid IR, non-oxide 
glasses are needed, such as glasses 
made of chalcogenides (e.g., As 2 S 3 ) or 
f luoride glasses (e.g., ZrF 4 ) . Many of 
these new glasses have poor mechani
cal propert ies, high toxici ty, and excess 
solubi l i ty in water. 

3) Crystal l ine fibers: Fibers made from 
certain crystalline halide (e.g., AgC l x Br 1 - x ) 
materials are highly transparent in the 
far infrared and have been successful ly 
used for the t ransmiss ion of the high 
power C O 2 laser beam. 

Power fibers A rather severe demand 
of the fiber opt ic del ivery system is to 
supp ly sufficient energy to vapor ize 
t issue. If one assumes that t issue be
haves like water and that an impinging 
laser beam is fully absorbed wi th in 0.05 
mm, then the energy density needed to 
vapor ize t issue or water is roughly 10J/ 
c m 2 . Th is may be considered as the 
ablat ion " thresho ld" for t issue. Typi
cally, the "power" fibers have large diam
eters of .2 - .6 mm and transmit laser 
pulses of energies of 10 mJ - 100 mJ. If 
pulse durations of 10 nsec-10 µsec are 
used, the power density at the fiber core 
are in the order of 106 - 109 W/cm 2 , Such 
extremely high power densities are suffi
cient to generate Shockwaves in water 
and may easily damage the fiber. 

The power handl ing capabi l i t ies of 
opt ica l f ibers has increased as a result 
of improvements in the propert ies of 
the fibers and better handl ing of the 
fiber end faces. Many of the problems 
associated wi th coupl ing high power 
laser beams into f ibers have been 
solved. Special t ips have been added 
for shaping the power output f rom the 
f ibers. As a result, specia l power f ibers 
have been added to medica l lasers as 
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standard items for power transmission. 

FIBER B U N D L E S 

Optical fiber bundles are the building 
blocks of fiber optic imaging systems. 

Illumination bundles (light guides) 
Illumination is provided by a non-or
dered assembly of clad fibers. Light 
from a high intensity source is focused 
on one end of the bundle and emerges 
from the other end. To increase the 
light collection efficiency, the fibers 
are designed to have a relatively high 
numerical aperture. 

Imaging bundles Optical fibers can 
be accurately aligned in a bundle, such 
that the order of the fibers at one end 

Figure 1. Image transmission through an ordered bundle of fibers 
and a schematic diagram of an imaging fiberscope consisting of 
a light guide and an imaging bundle. 

is identical to the order at the other 
end. If a picture is projected and imaged 
on one end of such an ordered bundle, 
each individual fiber transmits the light 
impinging on it, and the ordered array 
will transmit the whole picture to the 
other end. 

To see very fine details through an 
imaging bundle, one has to have high 
light collection and high resolution. 
For better light collection, the indi
vidual fibers must have a large core 
diameter with thin cladding, while high 
resolution requires the smallest pos
sible core diameter and thin cladding. 
At the same time, to prevent crosstalk, 
the cladding thickness cannot be too 
small. As a compromise, the core di
ameter is about 10-20 µm and the clad
ding layer is of the order of 1.5 - 2.5 µm. 

Endoscopes The name endoscope 
is based on two Greek words: endon 

(within) and skopien (to 
view). It is used to de
scribe optical instru
ments that facilitate in
spection and photogra
phy of internal organs. 
Endoscopes may be in
serted through natural 
openings (e.g., ear, 
throat, rectum) or 
through small incisions 
in the skin. The simplest 
endoscope—an open 
tube—has been used in 
medicine for thousands of years. Later 
models of rigid endoscopes incorporated 
a series of lenses and illumination. 

The two types of bundles can 
be combined to form a 
fiberscope (Figure 1), which is 
the imaging sect ion of an 
endoscope. Light from a lamp 
is focused first onto the input 
end of a flexible light guide to 
illuminate the object. An ob
jective lens forms an image of 
the illuminated object on the 
distal end face of the ordered 
bundle and the image is trans
mitted through the bundle to 
the proximal end. Another 
compound lens system (called 
ocular) is used to facilitate 
viewing of the image at the 
proximal end. A photographic 

camera or a television (video) camera 
can also be connected to the proximal 
end of the bundle with a special opti
cal adaptor. The image (or video pic
ture) can then be recorded on color 
film or magnetic tape. 

A regular endoscope may include 
ancillary channels through which the 
physician can perform some other 
tasks. One open channel serves for 
inserting biopsy forceps, snares, and 
other mechanical instruments such as 
cutting tools. Another channel may 
serve for insufflation with air or for 
injection of transparent liquids to clear 
away the blood and to improve visual
ization. A channel may also serve for 
aspiration or suction of liquids. 

A schematic cross section of a com
plex endoscope is shown in Figure 3. 
Many endoscopes have some means 
for flexing the distal tip to facilitate 

Figure 2. The two types of fiber optic sensors: (A) direct and (B) 
indirect, and the two types of indirect sensors: (C) physical and (D) 

chemical. 
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better viewing. There are ultra-thin 
endoscopes (e.g., angioscopes) of a 
total diameter of about 2 mm, in which 
the imaging bundle consists of 10,000 
fibers, each with a diameter of 9 µm. 
Some typical data on commercially 
available endoscopes are as follows: 
length 300-1500 mm; outer diameter 2 
- 20 mm; ancillary channel diameter .5 
-3 mm; depth of field 5-100 mm; field of 
view 50 - 70°; resolution 20 lines/mm. 

Special endoscopic techniques 
Magnifying- Magnifying fiberscopes 

have been developed, with magnifica
tion between 15x and 30x. These may 
be used for pathophysiology studies of 
the gastric mucosa and other tissues. 

Holography-Over the last few years, 
there has been significant progress in 
holographic endoscopy. It has been 
demonstrated that three-dimensional 
images could be obtained in cavities 
inside the human body. It has also 
been shown that these images could in 
principle have very high resolution. 

Luminescent endoscopy - One part of 
the image is accentuated by lumines
cent techniques, illuminating the tissue 
under study with a wavelength that in
duces characteristic luminescence. In 
cardiology, there is a need to distinguish 
between plaque and healthy tissue that 
look similar through a regular 
angioscope. If plaque is illuminated by 
UV light through the illuminating bundle, 
the emission is different than that of 
regular tissue. This enables the physi
cian to distinguish between plaque and 
healthy tissue. An alternative procedure 
is to accentuate the image by the use of 
luminescent dyes that are selectively 
retained in plaque. 



FIBER SENSORS 
At present, blood samples are sent to 
a laboratory for a chemical analysis of 
one or more of their constituents. The 
laboratory may be far from both the 
patient and the physician. There are 
frequent delays and unavoidable er
rors in the chemical analysis. With the 
development of new fiber optic sensors 
for industrial and military applications, 
many of these techniques have been 
applied to on-site medical analysis. 

A typical fiber optic sensor system 
is shown schematically in Figure 2. 
The laser beam (often UV or blue) is 
coupled into the proximal end of an 
optical fiber and is transmitted to the 
distal end. Reflected light or lumines
cence emission is transmitted back 
through the fiber and is reflected into 
an optical instrument for optical 
analysis. The fiber optic sensors fall 
into two categories: indirect sensors, 
which incorporate a t ransducer 
(optode) at the distal end, and direct 
sensors, where the distal end is bare. 
Each of these categories should be 
further divided into two: physical 
sensors that respond to some physical 
parameters (e.g., temperature), and 
chemical sensors that respond to 
chemical parameters (e.g., pH ). A few 
examples are shown in Figure 2 and 
discussed below. 

Direct physical sensors Laser Dop
pler Velocimetry (LDV) may be used 
for measuring blood flow. An optical 
fiber is inserted into a blood vessel 
through a catheter (plastic tube) and a 
laser beam is sent through the fiber. 
The beam is scattered by the flowing 
red blood cells and is frequency shifted 
by the Doppler effect. The scattered 
light is transmitted back through the 
fiber and analysis of its spectrum of 
frequencies can be used for mapping 
the blood velocities in a blood vessel. 

Direct chemical sensors Oxygen in 
blood is carried by the red blood cells 
and the reflection spectrum of blood 
is highly dependent on the oxygen 
content. This reflection spectrum can 
be measured through optical fibers 
and used for determining the oxygen 
saturation, the ratio between the oxy
gen content, and the maximum carry
ing capacity. In another example, UV 

light is sent through an optical fiber 
and excites luminescence in tissue. 
The excitation or the emission spectra 
of the luminescence may be indicative 
of the state of health of the tissue. 

Indirect physical sensors In the case 
of temperature sensors, the optode 
may contain a phosphor whose lumi
nescence is temperature dependent. 
The signal output is thus directly cor
related to the temperature. Other 
optodes are designed to measure 
pressure. For example, a reflective 
membrane may be attached to the di
stal end of a fiber by a flexible bellows. 
Light sent through the fiber is reflected 
back from the membrane. The light 
output depends on the shape or the 
position of the membrane, which in 
turn depends on the pressure. Both 
temperature and pressure have been 
measured inside blood vessels. 

Indirect chemical sensors The 
optode consists of a porous polymer 
that is impregnated with a special re
agent (e.g., luminescent dye). When 
the optode is inserted into a blood 
vessel, the reagent is allowed to in
teract with the blood through diffu
sion. In some cases, the luminescence 
emission spectrum or the exci
tation spectrum of the reagent 
is dependent on the pH. These 
sensors can be used for mea
suring the pH of blood in the 
phys io log ica l /pa tho log ica l 
range. In other cases, the lumi
nescence is sensitive to the 
partial pressure of blood gases 
such as oxygen or CO 2 or to the 
presence of glucose or other 
chemicals in the blood. 

Biochemical sensors Special 
sensors are needed to detect 
chemical substances in com
plex solutions such as blood. 
Biochemical fiber optic sensors 
are based on optodes that in
corporate enzymes or antibod
ies, and are therefore highly specific. 
These sensors may monitor the levels 
of glucose or penicillin, and may soon 
measure metabolic substances, tox
ins, and micro-organisms in the body. 

All the medical fiber optic sensors 
are, in principle, specific, sensitive, 
accurate, biocompatible, and safe. 

Moreover, several sensors could be 
attached to form a miniature and inex
pensive compound sensor that will be 
disposable. The feasibility of using 
optical fibers as biomedical sensors 
has been established, but some tech
nical problems (e.g., response time, 
calibration, and shelf life) need further 
attention. Some of the sensors de
scribed above have already been in
troduced into clinical use. However, 
this is a fairly new technology, with 
hurdles still to be crossed. 

INTEGRATED LASER-FIBER SYSTEMS 
The lasers and the power fibers may 
be combined to form two types of inte
grated systems: laser catheters and 
laser endoscopes, shown in Figure 3. 

Laser catheters These are plastic 
tubes with several open channels. 
These channels may serve for inserting 
a "power" fiber, for irrigation with saline 
solution, for introducing drugs, or for 
inserting fiber optic sensors. A metal 
"guide wire" is often inserted in one of 
the channels to facilitate easy insertion 
of the catheter into the body. Recent 
progress in such catheters has led to 
their clinical use in cardiology, orthope-

Figure 3. Schematic cross sections of the laser endoscope 
(incorporating a fiberscope) and of the laser catheter. In the 
ordinary endoscope, there are ancillary channels, but power 
fiber or fiber optic sensors are not used. 

dics, and urology. 
Laser endoscopes These systems 

are more complex than the catheters 
and include fiberscopes. Some of these 
endoscopes incorporate novel devices 
such as miniature ultrasound systems 
that provide three-dimensional imag
ing inside b lood vessels. Laser 
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endoscopes have reached the stage where 
they are being used cl inically in several 
m e d i c a l d i s c i p l i n e s s u c h as o to l 
aryngology, gynecology, gastroenterol
ogy, and in certain areas of cancer therapy. 

CLINICAL APPLICATIONS 
Cardiology - Laser angioplasty One 

of the leading causes of death in the 
Western Wor ld is acute myocard ia l 
infarct ion. The mechanism that leads 
to this condi t ion is the bui ldup of ath
erosclerot ic plaque that gradual ly oc
cludes the coronary arteries supply ing 
the heart. If the artery is obst ructed, 
the cardiologist inserts a catheter that 
contains a bal loon at its distal end, and 
threads it through the blockage. In this 
"bal loon angioplasty" procedure, the 
bal loon is inflated and the opening en
larged by compress ing the plaque to 
the sides of the artery. 

In cases of severe blockage, open 
heart surgery has to be per formed—a 
"bypass" operat ion. A bypass is a ma
jor, t raumatic operat ion that carr ies 
r isk and is of high cost both to the 
patient and to society. There are many 
cases where bal loon angioplasty is ei
ther not appl icable or is inadequate to 
s o l v e the p r o b l e m a n d " l a s e r 
angioplasty" may be used instead. The 
laser catheter is inserted and threaded 
al l the way into the coronary artery. A 
laser beam transmit ted through the 
power fiber may then be used to vapor
ize the obstruct ing plaque and restore 
b lood flow in the artery. 

Hundreds of patients have already been 
treated by excimer laser angioplasty. 
Laser catheters based on other lasers ( 
e.g., Ar or Nd:YAG) are also being tried. 
One problem not yet fully solved is that of 
monitoring and control of the laser beam 
during the procedure. Some of the laser 
catheters are using fiber optic sensor 
techniques to distinguish between plaque 
and normal arterial wall, and to prevent 
perforation of the arteries. One of the 
disadvantages of the laser catheter is the 
inability of the physician to get a clear 
view of the area being treated. This can be 
overcome by using the laser endoscope. 

Photochemotherapy of cancer Photo
chemotherapy is based on the activation 
of chemical drugs by light. It can be used 
v ia laser endoscopes for the diagnosis 

and treatment of cancer. A specia l non
toxic chemical, called hematoporphyrin 
derivative (HPD), is injected into the body. 
This drug has three characteristics: 
* After a few hours, the HPD is accumu
lated select ively in malignant cel ls. 
* If then it is i l luminated wi th UV light, 
it emits a character is t ic red light. 
* If then it is i l luminated wi th intense 
red light, the HPD disintegrates and it 
releases a toxic agent (singlet oxygen) 
that kil ls the malignant host cel ls. 

Suppos ing that a phys ic ian per
forms a regular endoscopic examina
t ion inside the body and d iscovers a 
suspic ious tumor. HPD is injected into 
the body. After a couple of days, the 
phys ic ian inspects the tumor, whi le i l 
luminat ing it w i th the UV (e.g., Kr laser) 
light, rather than the regular white light. 
The phys ic ian now looks at the tumor 
through the endoscope, using a red 
filter. If the tumor emits a red light, it is 
malignant. If the phys ic ian now i l lumi
nates the same tumor wi th an intense 
(e.g., A r p u m p e d d y e l a s e r ) r e d 
light, through the same endoscope, the 
HPD wi l l disintegrate and ki l l the tumor 
ce l l s . T h i s i l l us t ra tes how a laser 
endoscope may be used both for diag
nosis and therapy. 

Urology - Laser lithotripsy Laser 
catheters based on f lashlamp pumped 
dye lasers or Nd :YAG lasers have been 
used for l i t h o t r i p s y (sha t te r ing of 
stones). In this case, the laser catheter 
is inserted through the ureter and the 
distal t ip of the power f iber is brought 
in contact wi th the stone. Laser pulses 
sent through fused s i l i ca f ibers gener
ate a p lasma, and the result ing shock 
waves shatter the stone. This process 
is accompanied by a character ist ic light 
e m i s s i o n that is t r ansm i t t ed back 
through the same fiber and may serve 
as a diagnost ic tool for the end of the 
process. Laser l i thotr ipsy is part icu
lar ly useful in the cases where other 
noninvas ive methods cannot be ap
pl ied. It has been successfu l ly appl ied 
on hundreds of patients for the removal 
of ur inary stones or b i l iary stones. 

LOOKING TO THE FUTURE 
M o d e r n l ase r ca the te r s and lase r 
endoscopes are sophist icated systems 
using the latest laser and opt ical f iber 

technology. They have been tr ied in 
v a r i o u s m e d i c a l d i s c i p l i n e s in 
prec l in ica l and c l in ica l studies. In addi
t ion to the diverse medical appl icat ions 
noted earl ier, they also have been used 
for endoscopic or thopedic surgery on 
joints and in neurosurgery for treating 
brain tumors. In gynecology, they have 
reconstructed Fal lopian tubes; in gas
troenterology, they have coagulated 
bleeding ulcers. 

It should be stressed again that these 
modal i t ies are "least invasive" and, in 
many cases, they may be adequately 
performed in the physic ian 's office. The 
out look is that laser and fiber opt ic 
techniques wi l l replace numerous tra
di t ional procedures that involve major 
surgery and thus revolut ionize many 
areas in medicine. 

This may have been al luded to in 
Proverbs X X , 27: " The spir i t of man is 
the candle of the Lord searching al l the 
inward parts of the bel ly." 

A B R A H A M KATZIR is head of Appl ied Phys
ics at Tel Av iv University's School of 
Physics and Astronomy, Tel Aviv, Israel. 
This article is based on a plenary talk 
given at OPTCON '90 in Boston. This talk 
was sponsored by SPIE and co-sponsored 
by IEEE/LEO, LIA, and OSA. 

FOR FURTHER READING 
1. Carruth, J.A.S. and McKenzie, A.L. Medical La

sers - Science and Clinical Practice Adam Hilger, 
Bristol and Boston, 1986. 

2. Council on Scientific Affairs, "Lasers in medi
cine and surgery," J. American Med. Assoc. 256, 
1986, 900-907. 

3. Deutch, T.F. and Puliafito, C.A.(eds.) "Lasers in 
biology and medicine," Special issue of IEEE 
Journal of Quantum Electronics, QE-23, No. 10, 
1987. 

4. Dixon, J.A. Surgical Applications of Lasers, Year 
Book Medical Publisher, Chicago, 1987. 

5. Katzir, A. (ed.), Optical Fibers in Medicine, SPIE 
Milestone series, MS11,1990. 

2 2 Optics & Photonics News February 1991 


