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can be followed., The Xeray study of fossils,
such as foraminifera and other microspecimens,
often reveals details of the internal arrangement
that cannot be seen by other methods. The dis-
tribution of fibers and filler in papers has been
extensively studied by micruru({i()graphy. {See
Plate 3.)

6. Radiography and Fluoroscopy

The use of Nerays to obtain photographs of
the interior of objects that are opuque to visible
light was applicd shortly after Roentgen's dis-
covery of these rays. The method is now widely
used in indastrial and medical applications. The
apparatus is basically simple. The object to be
p%mtnumphcd is placed between the Xeray tube
{or gamma-ray source) and the film cassetle.
The image shows the Neray transparency of the
three-dimensional object projected onto the flat
film. Regions of high Neray absorption in the
specimen cause Jess blackening of the film than
do regions of low X-ray absorption.

In fluoroscopy the apparatus arrangement is
identical to that of radiography, except that the
film is replaced by a fluoreseént screen to per-
mit direct viewing of the image. The advantages
over radiography are that both the film develop-
ing time and the cost of the film, which may be
as much as one half of the total Xeray inspec-
tion cost, are eliminated. The disadvantage is
that the image has poorer quality hecause of the
graininess and diffusion in the fluorescent screen.
In photofluoroscopy the image on the Huorescent
sereen is photographed with a smull camera; this
has the advantage of a permanent record, but
the small photograph has poorer quality than the
large direct photograph. The film is sometimes
placed between a pair of fluorescent screens so
that the light from both screens serves to in-
tensify the image on the film, although this
causes some loss of definition. Xeroradiography,
in which an clectrostatically formed image is
obtained, has been used in place of film and
fuorescent screens in certain applications,

For a given Xoray tube voltage, the product
of the tube current expressed in milliamperes
(ma) and the exposure time in scconds is re-
ferred to as the exposure, which is expressed in
milliampere-seconds  (ma-sec). In radiography
the continuous radiation is used. The X-ray
output of the tube may be increased by increas-
ing the voltage or the current, but the pene-
trating power can be increased only by raising
the voltage. Since monochromatic X-rays are
not used and since the object may have a non-
uniform  thickness, the cxposure times can be
caleulated only roughly, and a few trial expo-
sures may be rcquircc{ to obtain the optimum
contrast. The elemental composition of the ob-
ject is most important in determining exposure
time and the sclection of the Xeray tube voltage.
For example, 200-kv Xerays are transmitted with
approximately equal intensity through 1.2 in. of
steel and 0.1 in. of lead.

The same geometric laws of shadow formation
that are used for visible light apply to X-rays.
Hence the sharpness of the image on the Gl s
dependent on the size of the X-ray focus, the
thickness of the object being Xerayed, the close-
ness and parallelism of the object, and the film.,
The smaller the focus and the thinner the ohject,
the sharper the image. The definition becomes
distorted when cach point of the object casts a

shadow that overlaps with the shadows from adja-

~

cent points. Increasing the distance between the
focus and the film aids in improving the defini-
tion, but the intensity at each point in the photo-
gruph is reduced by the inverse square of the dis-
tance.

Scattering, diffraction, and fluorescence origi-
nating in the object, the film cassette, portions of
the apparatus, or floor and walls of the roum add
to the background on the film, thereby reducing
the contrast. Scattering is reduced by means of
lead-foil screens surrounding the film o absorb the
softer radiations, the use of a thick lead sheet on
the back of the film cassette, and the use of vari-
ous diaphragms to limit the beam,

In order to obtain penspective, it is necessary
to mitke a pair of radiographs by moving the Xeray
tube a distance equal to the separation of the eyes
and to view the pair with a stereascope,

Applications.~Radiography is used in a farge
variety of applications, such as to find gas holes
in wluminum-alloy castings for aircraft: to fspect
welds; to exercise quality control of clectronic
components such as vacuum tubes, resistors, and
printed circuits; to detect porosity and shrinkage
cavities in castings; to locate segregations in alloys;
and to find cracks, ruptures, inchisions, and other
defects in metallic bodies. (See Plate 4.3

Flash-radiographic systems have been devel-
opud that can photugraph a rapidly moving object
in a fraction of a sccond. A spevial Xerav tube
with a ficld-emission cothode is used in conjunc-
tion with a capacitor charged to the required
voltage. The capacitor is discharged by a trigzger-
ing clectrode, causing current to flow td the anode
and produce a high-intensity burst of X-rays.

Image Intensifier.~The image intensifier is
an evacuated glass tube in which an Xeray Huo-
rescent screen and photocathode are mounted, as
shown in Fig. 24, Nerays entering the tube strike
the fluorescent sereen, and the emitted light canses
clectrons to be released from the photocathode.
The number of electrons released from each point
on the cathode is proportional to the luminous
intensity of the screen at that point and hence also
proportional to the incident Xeray intensity.

B L. Teves, “Phillps Tecknizal Review,” 1955

Fig. 24. Schematic cross section of image-intensifier tubeo,
O, object exposed to X-rays; D, suppor! carreying R, the
first flucrescent screen, and K, the photocathode; A, hellow
anode surrounding Fl, the viewing fuorcscent seroan; M,
viewing microscope; W, conductive cooting on intgricr of
evaocuated glass envelope.

An electric field focuses the electrons so that
the image is reproduced, reduced by a factor of
about 9, on the viewing fluorescent sereesn. The
clectrons cause visible Buorescence and the lumi-
nous image can then be viewed by a simple micro-
scope or hinoculars with about 9w magnification,
so that the image is seen in its origing] size. This

.




Abova: 1,500-mesh-per-inch  silver
rid wire, showing lorge depth of
ocus and oxactly corroct perspective.

Upper righi: Ant, showing internal
structure. Gold target, 10 kv.

Right: Diatoms {Arachnoidiseus),
gold-shadowad.

Far right: Tissue paper, treated with
alcohel-todine solution to  enhance
fiber contrast.

For fefs: Sandsione,
mounted on  73-meshe
per-inch toppar grid. <y
targes,

Left: Same fleld ond
specimen  os  for (for
fef1;, but Fe sorgel.
Spetiman  conloing an
iron-bearing mineral that
strongly obsorbs the Cu
radiation ond tronsmits
the Fo rodiotien. By
comparing the two pho-
tographs the exoer dis-
tribution of iron won be
soen,
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X-RAY MICRORADIOGRAPHY . p . ot

~

Loft: Thin section of bone., White areas have
greater X-roy cbsorption than black aroos,
Ostoocytes and differonces in density of min-
eralization are clsarly visibla.

Centar: Microscope view of samo soction o
for (ieft) in ordinary light. Note that mineralis
zation does not show.

Right: Microscope view of zame soction in
polarized light.

The three bDoltom right paneis are contact microradio-
graphs, All others are projection microradiographs, (Top
row} Ong Sing Poes, “‘Nicroprojection with X-Rays,”
Martinus Nijheff, The Hague, 1959; Ong Sing Poen.
{Second row! Ong Sing Poen, ““Microprojsction with
X-Rays’/; Ong Sing Poen. (Third row) Ong Sing Poen.
(Bottom row) R. Amprino and A. Engstrom, *‘Studies on
X-Ray Absorption and  Diffraction  of Bonz  Tissue,”
Acta Atomica, 5. Karger, Basel/New York, 1952




PLATE 4

Lefr: Human wrist, mey cbsorption in bons
is much stronger thon in surmcunding flash,
and bones oppenr o3 light arens. Wheve
bones oro supsrimpeted, additienal abioepe
tion outlines the details of overlopping bone
structure,

RADIOGRAPHY

fleft) St Francls Hewpital, Ewasston, 11 (belwa)
Prilips  Electronic  Imstroments;  (botlom, leff  asd
righty from “‘Roentgen Eramination of Paistingy’’ by
Stanter H. Moatht, B.D, ang Bruce Eichisan, The
American  Journal of Roentgesology, Radivm Ther ape
and Muclewr Medicine, Deteoit, Mich, Hovember 1940

o, Right: Etot?rcn‘!uba and mictophone. X-rays vsed for checking internal
" structure not visible fo aya for quality control. Both pictures are two-
minute oxposures on single-emulsion film obtoined with @ fine focus (0.4

mm} X-ray fube oparated ar 120 kv, 5 ma.

Below: This portrait of Gerorgo Washington was sxamined !o determine

whether it was one of many pointed by Gilbert Stuart. By comparing the

roantgenographic study (below right) with ene of an authenticated Stuart

work, similaritios and differences were noted, and it was established thot
¢ this waos not the work of Stuart,
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image, however, is much brighter than the original
image on the first fluorescent screen, This intensi-
fication results from two factors. First, the high
voltage applicd between the photocathode and
viewing screen imparts high energy to the elec-
trons, thereby increasing the fluorescence inten-
sity on the viewing screen to 10 to 15 times that
on the first fluorescent screen. Second, the size of
the image on the viewing screen is reduced by 99,
s0 that the light is emitted from an area 81 times
smaller than the first screen. The product of these
two factors gives a gaim in intensity of from 800
to 1,200, and the image resolution is as good as
that of the fluorescent ssereen normally used in
fluoroscopy. Hence it is possible to decrease
greatly the normal X-ray dose received by a pa-
tient in, say, chest fluoroscopy and also cnaﬁ)lc
the patient to be examined in a room with mod-
erate Hghting without the physician requiring eye
adaptation. The increased intensity also makes
possible X-ray motion pictures without excessive
radiation dose to the paticnt. The image intensi-
fier has also been usm% in many types of industrial
radiographic examinations.

WiLLianz Paruisy,
Chief, X-Ray and Crystallography Sections, Philips

Laboratories, Ircington on Hudson, N.Y.

7. Medical Uses of X-Rays

With the advent of X-rays mankind gained
one of the most powerful tools in the long history
of medicine. For the first time it became possible
to peer into the innermost recesses of the body
Wit,&mut the aid of the surgeon’s scalpel, It also
became possible to apply medical diagnostic meth-
ods to hitherto completely inaccessible areas of
the human body by painless, efficient techniques.
Few discoveries have had such far-reaching elfects
and universal application as that of Roentgen.
His X-rays are employed all over the world and
have made an immeasurable contribution o the
arly diagnosis, control, and treatment of discase.
It is equally true that the full possibilitics of X-
rays are not vet understood and that increasing
uses of them may be achieved in the future.

The term “radiology” is used to designate
those branches of medicine concerned with X-
rays, other ionizing radiations, and radioactive
substances. From the beginning the diagnostic
uses of Xerays have been chielly divided into
fluorascopic and radiographic techniques. Xerays
are also employed as a method of treatment and
have a wide application ranging from the acne or
vimples of the adolescent ta the widely prevalent
%,‘ursitis or shoulder pain and dccp-scutcé cancers
in remote areas of the body. See RADIOTHERAPY.

Fluoroscopic Techniques.—Frequently, fluoro-
scopic examination of portions of the human body
precedes other X-ray methods and constitutes a
way of examining the body in motion. It is ac-
complished by placing the patient between the
X-ray tube and a special fluorescent sereen. When
the rays strike the screen they cause the particles
in the screen to glow strongly enough to be casily
seen in a completely darkened room. When the
patient is placed between the X-ray tube and the
screen, the difference in density of varicus parts
of the body causes a varying shadow to be cast
on the screen, enabling the observer to distinguish
between different parts of the body. This effect
is further Cnhanco(i if the observer {ms 4CCOMINO-
dated the pupils of his eyes by wearing special
goggles bcflom going into the darkroom. In addi-
tion, various techuniques are adopted to accentu-

ate contrast in this method, such as the use of
radio-opague solutions that cause a dense shadow
to be cast on the screen.

One of the most frequent uses of Huoroscopy
is in the investigation of the alimentary canal or
digestive system. This method was pioncered by
Dr. Walter Bradford Cannon {1871-1943). In
order, for example, to diagnose discase of the
esophagus or swallowing tube, the patient is given
a solution to drink that is sufficiently dense to cast
a clear-cut shadow on the fluorescent screen, The
opaque medium usually employed here and for
other parts of the digestive system is barium sul-
phate. The patient stands behind the screen in
the darkroom holding a glass of barium sulphate,
and the observer takes a position in front of the
screen with the controls of the X-ray unit at hand.
The patient is then told to drink from the glass,
and on the screen the observer is able to see the
entire swallowing process and follow the barium
into the stomach. If there is any adverse condi-
tion allecting the esophagus, such as inflamma-
tion, a swallowed bone, or a tumor, the drink of
barium sulphate will outline the effect of the con-
dition on the structure of the esophagus. For ex-
ample, if the patient had swallowed, whole, a
chunk of meat that had lodged midway down the
esophagus, the bariuim sulphate would stop at that
point and indicate just where the meat was lo-
cated. If it became necessary to operate, knowl-
edge of the exact Jocation of the obstruction would
be of extreme value to the surgeon.

A similar technique is employed for investiga-
tion of the stomach. The stomach is Giled with
barium sulphate and outlined on the fluorescent
screen,  The motion and action of the stomach
are clearly seen, and abnormalities of function as
well as structure may be identified. Examination
of the large colon or intestine is also carried out
by this method. In this case the barium sulphate
is administered as an enema from the rectum and
the observer is able to visualize the rectum and
the colon. Muany persons have been saved from
cancer by having the curable conditions that pre-
cede cancer in the colon discovered and corrected
in time.

Examination of the heart as a moving organ is
best done with the fuoroscopic screen. Where
previously doctors labored Witgz listening and tap-
ping aids to draw a mental picture of their pa.
tients” hearts, it now is possible to see the heart in
its functioning state and to watch it expand and
contract. At the present time this method has be-
come so well accepted that it is a rare heart spe-
cialist who does not have a fluorescopic deviee in
his office for this purpose. At the same time that
the heart is examnined the lungs are inspected and
the movement of the diaphragm is observed.

The flunroscopic sereen has different uses for
the various specialties in medicine. The ortho-
pedic or bone surgeon checks fractures with it. The
industrial or military surgeon uses it to locate
metallic fragments resulting from industrial aceis
dent or military gunshot. The pediatrician or baby
doctor looks for an inhaled candy ball or toy. The
chest physician searches for early evidence of lung
tumor. This partial list of present uses of Huoros-
copy is continually being expanded.

Radiographic Techniques.—Techniques to oh-
tain a picture of some part of the interior of the
hody are now standard medical practice all over
the world. These methods differ }r()m fluorescopy
in that a still picture is obtained, with no indica-
tion of the motion of the part X-rayed except
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when enough sepurgte films are taken to simulate
a cycle of motion. These stills, however, play a
most important role in medical diaenosis and Ten-
erally show a finer detail troughout than it i
possible to obtain on the fluoroscopic sereen,

An enumeration of all the uses of X-ray films
would be extremely lengthy. Suffice it to say that
there is no part of the body that is exempt from
the probing of the Xeray eye and that medical
diagnosis has become markedly dependent upon
X-ray findings, so much so that a complete medi-
cal specialty has grown up around Roentgen’s dis-
covery and doctors devote years to training in the
various aspests of X-ray technology.

The uses of special substances to show organs
in the body reach into many branches of muodi-
cine, The kidney specialjst may wish to determine
the location and clicet of a kidney stone. There
are available to him several medications that, when
injected intravenously, will render opuque the
internal kidney structures as well s the tubes
leading to the urinary bladder and the bladder
itself. In sorme cases he will inject the contrast
medium through an instrument inserted from be-
low into the bladder, Xerays taken at this time
show the structures in consideruble detail and
enable the physician to locate the site of disease.

The gallbladder is a relatively frequent of-
fender. A contrast medium has been perfected

that, when taken by mouth, will render the gall-
bladder dense enough to be seen on an X-ray film,
In this way gallbladder function and the possi-
bility of stones are determined, Ever after the
gallbladder is removed there are ways of study-
g the remaining bile passages  with contrast
media and Neray filims,

The problem of sterility, or inmability 1o bear
children, has come under Xeray observation, 1he
specialist may inject material that will render the
femade reproductive tract opague and show the
structures on Neray il In this way the exact
canse of sterility may he found and its cogre tion
attemmpted. Following conceplion,  Xerayvs  are
used to measure the female pelvis in order to
determine whether the unbormn infant can pass
safely down the birth canal, By mecuns of this
technique, muany  children  are now delivered
safely, whereas formerly they might have hemor-
rhaged intracranially and as o rewlt been born
with brain damage and paralysis hecause of smul
maternal passages.,

X-ray studies have been of great assistance. to
the neurologist and neurosurgeon. X-ray photo-
graphs of the skull and spine may point the way
to the diagnosis. Speciatized techniques are also
available. For example, in the diagnosis of spinal-
column discase the specialist may inject an opaque
solution and watch its passage up and down the
spinal canal with the fuoroscope. He may also
inject air for special brain h(llt}“t?h, especially to
diagnose and locate brain tumors,

Preventive medicine has benefited vastly by
the employment of Xeray techniques. Chest sur-
veys for the carly diagnosis of tuberculosis, with
resultant decreased time of treatment and dimin-
ished risk to contacts, are a commonplace. This
screening technique has been applicd in govern-
ment, industry, the armed services, and commu-
nity life,

Many advances have been made in refining
technirpues for the purpose of carly diagnosis, espe-
cially in the heart and cancer fields, Methods of
showing the inner structures of the heart are of
particular importance to children bormn with de-

fective hearts who  had previously been  con-
demned to ever-constricting activity and ultimate
death. These cases include the so-cadled blue
Dubies, babies with q faulty circulation of the
blood that causes them to have bluish cast.
Diagnostic methods now make possible an early
determination of just where the heart defect may
be and couble the surgeon to utilize appropriate
surgicad techniques.

Another devclopment of note enables the radi-
ologist to tuke films at disignated Tevels in the
body in an attempt to determine more preciscly
the site of disease. This technigue is known as
Laminography and is particularly important in the
chest, where tuberculous cavitios must be located
precisely for the chest surgeon. For the further
determination of depth and for the localization of
objects within the body, a sterco technique called
stereoroentyenology is emploved. In this method,
two films are exposed following a small shift in
position: of the N-ray tube corresponding to the
distunce between the radiologist’s eves. The ob-
jeet being Xeraved remains stationary. The two
films are then viewed in a stereoscope so that the

illusion of depth is achieved. This method s
used, for example, to localize a foreign body in
the skull preparatory to surgical removal,

The Xeray apparatus used for radiography and
fluoroscopy s undergoing constant change and
there is a steady flow of specialized accessories
designed to facilitate more modern procedures,
One of the most notable of these s an electronic
device that increases the brightness of the Buoro-
seopic image. See abo VETEIINARY MEpiCing
Practice (Specialization ) Kadiology,

Radiation Hazards.~The hasards of Merays
arc being reemphiasized in this ave of atomic
rudiations,  Improper use may result in damage
being done to all peronnel concerned, and the
history of radiology i replete with it fartyrs,
Thiv means, in eflect, vestricting Neray proce-
dures to those types of divenne 1n which the exe
pectution: of usetul und pertinent information is
a rcasonable one. In addition, there should be
Bull employment of protective devices and tech-
nigques dirceted principally toward reducing the
amount of radiation received by the patient, the
physician, and the technica] staff, These include
the proper use of leaded shiclds, modern equip-
ment, and skilled technicians.

The government has begun to exert its influ-
enice on safety requirements, and mspection {or
compliance with existing regulations may become
a routine accurrence. At the same timpe it must
be stated that the preeminent position of the Xoray
method in the diagnosis of disease should not be
downgraded because of radiation hazards, In
the hands of skilled technicians and well-trained
radiologists, the risks can be reduced to a mini-
mum and the great benefits retained

Avax R Breion, MDD
Assistant Clinical Professor of Rediology., New
York Medical Collepe.,
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