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HisToricaL

In discussing radiographical phe-
rnomena one should have some histori-
cal information as to the impact Roent-
gen’s discovery made upon the world
at the time. Roentgen, himself, de-
scribed his discovery in the now famous
paper A New Kind of Rays which was
published on December 28, 1895. When
Roentgen published his paper, he did
not, of course, realize that Goodspeed,
at the University of Pennsylvania, had
accidentally made an x-ray photograph
about six years earlier. Goodspeed had
discarded these photographs as freaks
and let it go at that, but when Roent-
gen gave his discovery to the world,
Goodspeed re-examined his plates, and
in one of his lectures at the University
of Pennsylvania on February 22, 1896,
had this to say:

“We can claim no merit for the dis-
covery, for no discovery was made. All
we ask is that you remember, gentle-
men, that six years, day for day, the
first picture in the world by cathodic
rays was taken in the physical labora-
tory of the University of Pennsylvania.”

As the use of x-rays became more
world wide, Roentgen became greatly
disturbed by reports reaching him of
peculiar skin reactions in persons using
the x-ray machines. He could not be-
lieve that these reactions were due to
x-ray. It was, however, Sir Joseph Lister
who convinced Roentgen of the dan-
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gerous radiation hazards. When Lister
addressed the British Association for
the Advancement of Science in Septem-
ber 1896, he said in speaking of x-rays:

“There is another way in which the
roentgen rays connect themselves with
physiology and may possibly influence
medicine. It is found that if the skin
is long exposed to their action it be-
comes very much irritated, affected with
a sort of sunburn. This suggests the idea
that the transmission of the rays through
the human body may be not altogether
a matter of indifference to internal or-
gans, but may by long continued action
produce, according to the condition of
the part concerned, injurious irritation
or salutary stimulation.”

Lister’s prophetic words were evi-
denced by the disastrous experiences of
the early investigators, some of whom
died from the effects of x-ray radiation.
A contemporary of Roentgen, our own
Thomas Edison, thought that Conrad
Roentgen should profit financially by
his discovery, but Roentgen réfused to
exploit it. Many honors came to Roent-
gen. He received the first Nobel prize
in physics in 1901 and donated the
money to the University of Wurzberg to
be used in the interests of science.

The final chapter has not been writ-
ten as to the future role x-ray will play
in science and history, for as recent
as this year a large x-ray corporation has
reported a new process called xero-
radiography which produces an image
on a dry plate. By this process selenium
coated aluminum plates are given an
electrostatic charge prior to the x-ray
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exposure. The exposure time is about 8
times as long as for x-ray film. After
exposure, the plates are dusted with a
fine chemical dust which clings to the
charged surface like iron filings to a
magnet. X-rays reaching the plate tend
to dissipate the electrostatic charge de-
pending on the density of the subject
x-rayed. The more dense the tissue, the
less dissipation of the electrostatic
charge. Hence, the fine detail of defini-
tion between hard and soft structures.
Like sound tape, these plates can be
erased and used repeatedly. However, as
yet, these plates are too slow and limited
in their use. In their present form of
development they certainly cannot be
used in cephalometric roentgenography
for they cannot be traced in the conven-
tional manner. These plates can, how-
ever, be photographed very easily.

TrE X-Ray MACHINE

The x-ray machine, in itself, is quite
an intricate mechanism. It is not im-
perative that one must understand the
construction of all the parts of this
marvelous machine in order to produce
a good roentgenogram. However, the
productive part, the x-ray tube, should
be described to appreciate fully the re-
markable powers of this device. It is the
source of radiation, producing the
roentgen rays or X-rays.

Any good x-ray machine calibrated
and capable of delivering up to 30
milliamperes and 90 kilovolts, with a
focal spot measurement not exceeding
three millimeters square, is quite ample
and desirable. Most dental x-ray ma-
chines are equipped with tubes which
cannot meet such requirements.

Tue X-Ray Tuse

The modern x-ray machine is usually
equipped with a Coolidge hot cathode
tube enclosed in a shockproof case. This
kind of x-ray tube (Fig. 1) was de-
veloped by Dr. W. D. Coolidge in 1912
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and consists of a lead glass bulb from
which most of the air has been pumped
out to create a pressure of about 0.00001
millimeter of mercury—almost a com-
plete vacuum. Within this tube are two
metallic electrodes, the cathode and
anode, opposing each other from the
opposite ends of the tube and separated
by a few millimeters. The face of the
anode toward the cathode is at an
angle of 15° to 22°. Within the face of
the cathode is embedded a tungsten
filament in a focusing cup. The small
filament of tungsten wire in the cathode -
end of the tube is heated to incandes-
cence to about 3240°F. At this tem-
perature, there is a spontaneous emis-
sion of electrons. With a further in-
crease in temperature, more electrons
are emitted. Then, as a high voltage
current is passed through this filament,
these electrons are hurled against the
tungsten spot (focal spot) of the anode
to complete the circuit. This stream of
electrons, called the cathode rays, bom-
bards this target at tremendous speeds.
The speed at which these electrons
travel depends on the kilovoltage. The
greater the kilovoltage, the higher the
speed. As these electrons (from the
cathode) hit the tungsten anode, some
of the electrons (less than 2 per cent)
collide with the other electrons or atom
nuclei of the anode, and the result of
this collision produces the roentgen rays
in various wave lengths, The rest of
the electron stream passes into the tung-
sten target between the atoms and pro-
duces tremendous heat.

The very short waves are the most
penetrating and, therefore, are the use-
ful or primary rays. The long waves,
called the Grenz rays or soft rays, are
of little value in roentgenography and
have no great penetrating power. They
are, however, a disturbing factor in
roentgenography and also present a ra-
diation hazard. Fortunately, the x-ray
tubes constructed today filter out most
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of these soft rays. Additional attach-
ments such as aluminum filter disks in
the x-ray head can further climinate
these undesirable rays from the useful
field.

Roentgen rays or x-rays have the
same speed of light, and, like ultraviolet
rays and electric waves, are invisible
and travel in a straight line. Unlike
light rays, however, they cannot be
refracted, focused, or reflected by mir-
rors, X-rays exhibit the remarkable
phenomenon of passing through bodies
of various densities. When stopped or
slowed down in their passage through
dense or very large bodies, the x-rays
are absorbed by these bodies. This ab-
sorption sets up another phenomenon,
secondary radiation. This is another
disturbing factor with which to cope.
Further explanation of this phenome-
non will be discussed later.

The amount of electric current pass-
ing through a machine or conductor
can be measured. The unit of measure
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is an ampcre. The x-ray machine is 50
calibrated that it mcasures these units
in milliamperes or 0.001 ampere. Milli-
amperage, during radiation, affects and
determines the density of an image on
a film, that is, the blackne-s. The higher
the milliamperage, the greater will be
the density. Milliampercs multiplied by
ceconds of time arc called milliampere-
scconds, the basis of comparison for
radiation.

The pressure or clectromotive force
which drives an electric current through
a conductor or wire is measured in units
called volts. Becausc of the tremendous
amount of electromotive force neces-
cary to push the electrons across the gap
between the cathode and anode of an
x-ray tube, the units employed in roent-
genography are kilovolts or 1,000 volts.
Kilovolts control the resulting contrast
of x-ray films. This contrast is neces-
sary in defining the various densities of
a body as they appear on a film. Hence,
in penetrating very hard iissues, a high
kilovoltage would be required.
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DIAGRAMS /LLUSTRATING PROJECTION OF POINTS, A £ 8,
ON AN  OBJECT WITH X-RAYS EMANATING FROM SMALL AND LARGE FOCAL SPOTS
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Fig. 2 Diagrams illustrating projection of points A and B on an object with rays ema-

nating from large and small foeal spots.

Tue FocaL Spot

The “actual focal spot” area (the
area of the tungsten target, bombarded
by electrons) is slightly Jarger than the
filament of the cathode because the
face of the target is at an angle (15
degrees to 22 degrees) to the long axis
of the tube (Fig. 1). This inclination
determines the “effective focal spot” of
the tube for the rays emanating through
the window. The “effective focal spot”
size (Fig. 2) is a determining factor in
detail sharpness in radiographic pro-
jection, the smaller the focal spot, the
more detail sharpness and less diffusion.
Dental x-ray tubes have effective focal
spot measurements of 1.3 to 1.8 milk-
meters square, hence, the sharpness of
detail in dental roentgenograms. How-
ever, the dental x-ray machine is one of
limited power. To subject the dental

s-ray tube to a high current intensity
would burn out the focal spot of that
tubc.

As has been stated before, x-rays
emanate from the focal spot of the
anode stream through the lime glass
window of the x-ray tube. An x-ray
emanating from the exact center of the
focal spot has been termed the “central
ray.” This is merely a hypothetical sug-
gestion. There are many rays emanating
from the center of the focal spot. How-
ever, x-rays given off in that area are
usually very short and, therefore, the
most penetrating, and cause the least
distortion of the image on the roent-
genogram.

FocaL FiLm anp OBjecT FiLm
Distance

The focal-film distance is measured
from the center of the focal spot (tar-
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Fig. 3 Magnification distortion from short and long focal film distances.

get) on the anode to the film in the
cassette. In roentgenographic cepha-
lometry, the focal-film distance is of
utmost importance; besides improving
the detail sharpness of the roentgeno-
gram, the long focal-film distance helps
decrease the magnification distortion.
The standardized distance from the fo-
cal spot to the midsaggital plane of the
cephalostat is usually fixed at sixty
inches. Therefore, the focal-film dis-
tance is this fixed distance plus the
object-film distance, which is the dis-
tance from the mid-saggital plane to
the film, which is two to three inches
longer. Of course, it is not possible to
get a true rendition of an image of an
object on a film without some magnifi-
cation because the body being radio-
graphed cannot be contained in the
same plane of the film. However, the

greater the focal-film distance the less
distorted is the magnification of the
true image of the object (Fig. 3).

In the matter of focal-film distance
and object-film distance, it is shown
diagrammatically in Figure 4 that we
have two x-ray tubes of equal poten-
tial and of equal sized focal spots and a
constant focal-film distance. X-rays
emanating from the focal spot through
points A and B create areas of dif-
fusion (penumbra) A' and B'. The
greater the object-film distance becomes
the greater the areas of diffusion and
magnification distortion, and also the
less detail sharpness or definition. In
addition, it should be observed that the
rays emanating from the “heel” portion
of the anode produce a smaller area of
diffusion, hence better definition. There-
fore, in setting up the x-ray tube for
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Fig. 4 Different projections due to different object-film distances,

cephalometric roentgenography, it is
advisable that the heel end of the anode
is toward the facial portion of the head.
In this manner, the x-rays emanating
from that portion of the tube produce
the least amount of diffusion on the film
and give a better definition of facial
skeletal landmarks.

SECONDARY RADIATION

A disturbing factor in x-ray radiation
is that of secondary radiation. As is
known, the primary x-rays emanating
from the x-ray tube have the unique
property of passing through a body to
cast an image on a film, but some of
these rays are absorbed by the body and
surrounding area. This phenomenon of
absorption sets up foci of “miniature
x-ray tubes” within the body radio-
graphed and the surrounding area
reached by x-rays, which in turn send
out rays of various wave lengths in dif-
ferent directions. These are called sec-

ondary rays. Some of these rays are di-
rected toward the film and produce a
fogging, thereby obscuring, in effect, the
detail sharpness of the image. It is
understandable that the greater the total
mass and area of the body under radia-
tion, the greater the factor of secondary
radiation. This is an important con-
sideration in cephalometric radiography
when one considers the size and mass of
the human head. By reducing the beam
of primary x-rays, and limiting thesc
rays to the anatomical part desired, the
“fogging” effects of secondary radiation
can be reduced to a minimum. Devices
such as cones, cylinders, diaphragms,
aluminum filters, and grids help limit
the effects of secondary radiation by
limiting the area of primary radiation.
In roentgenographic cephalometry, the
area for radiation can be limited to a
circular area ten inches in diameter. It
is not necessary to radiograph that por-
tion of the cranium above the sella tur-
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Fig. 5 Diagram showing radiation

cica and nasion and below the chin
point. Using the ear point (porion) as
the center of a circle, a radius of five
inches will cover an area of the head
sufficient to include all points for meas-
urement. This can be accomplished with
the use of a limiting device such as a

restricted with use of a cylinder.

cylinder (Fig. 5). As indicated in Table
1, the length and diameter of the cylin-
der to cover an area of ten inches has
been computed on the basis that the
film is approximately five inches from
the mid-saggital plane. That means the
focal-film distance is sixty-five inches.

MEASUREMENT IN INCHES

Inside ; -
Diameter of Distance of Near End of Cylinder to Focal Spot
Cylinder 1.5 2.0 2.5 3.0 3.5
2 11.5 11.0 10.5 10.0 9.5 Length of
Cylinder
at
~ ~ FocalFilm
2.5 14.75 14.25 13.75 13.25 12.75 Distance
of
65 inch
3.0 18.0 175 170 165 160 for
10 inch
Diameter
3.5 21.25 20.75 20.25 19.75 19.25 of Film
Image

Table 1
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X-ray HoLDERS oOrR CASSETTES

Because of the great focal-film dis-
tance which is necessary in cephalomet-
ric roentgenography, the exposure time
would be too long and impracticable if
orie were to use ordinary non-screen
film. In order to decrease this exposure
time very materially, one must use
screen x-ray films which are placed in
cassettes with intensifying screens. Each
cassette holder, composed of Bakelite
and metal cover, contains two intensi-
fying screens. The Bakelite cover, facing
the x-ray tube, is transparent to x-rays.
Alco, the screen facing the tube is
thinner than the rear one to allow for
better penetration and less absorption.
The intensifying screens are composed
of cardboard, coated usually with fluor-
escent crystals of calcium tungstate or
a similar chemical. The film is placed
between the two screens. The film used,
as stated before, must be a screen film
which is sensitive to the fluorescence of
the screen. The fluorescent glow of the
intensifying screens is produced by the
x-rays in their action on the coating of
calcium tungstate. The fluorescent ac-
tion of the screens speeds the action of
the x-rays on the screen-sensitive film.
Actually, the fluorescent glow of the
screens has a greater effect on the
screen-censitive film than the primary
x-ray beam. It has been shown, experi-
mentally, that only two per cent of the
primary radiation affects the screen
film when using intensifying screens.
That means that more than ninety-eight
per cent of the effect of radiation on a
film is produced by the fluorescence of
the screens. However, detail sharpness
or definition is impaired by the use of
intensifying screens. This, of course,
cannot be avoided entirely. Bucky dia-
phragms can be used to aid in detailed
sharpness. However, that means more
radiation exposure. Obviously, if an
extremely sensitive non-screen film
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could be developed, intensifying screens
in cassettes would not be necessary.
This offers another field of investigation.

Rapiation Hazarps

The subject of radiation hazards to
both patient and operator has been
reported in a previous paper. However,
certain salient points should again be
emphasized, especially in regard to the
position of the operator.

Those of us who work with x-ray
equipment should be aware of the
dangers of scattered or stray radiation.
In addition, one should always be cog-
nizant of the radiation hazards from
primary rays to our patients. It is well
to have some practical understanding
of the energy or radiation which is
emitted from the x-ray tube. X-ray
radiation is a form of energy which is
obviously very useful but could also be
very dangerous to those who are igno-
rant of its cumulative lethal potenti-
alities.

We are all cognizant of the dangers
of x-ray burns from primary or direct
radiation. This type of burn proved
disastrous and fatal to some early in-
vestigators. As a result of their sad ex-
periences we have learned to be care-
ful and stay out of the path of the rays
when operating x-ray equipment. How-
ever, we are not too informed regarding
the risks involved from the effects of
scattered or stray radiation. It should
be remembered that the effects of x-ray
radiation (primary or otherwise) on
human tissue is cumulative and irre-
versible.

The radiation output of an x-ray
tube is measured in roentgen units.
Handbook 41 issued by the United
States Department of Commerce, Na-
tional Bureau of Standards defines a
roentgen unit. It makes no difference
whether the x-ray radiation is primary,
secondary, or scattered for they are all
measured in roentgen units. It is merely
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a question of intensity per unit of time.
Therefore, the National Bureau of
Standards defines the maximum total
dose to which any part of the body of
a person shall be permitted to be ex-
posed continuously or intermittently in
a given time as 300 mille roentgens per
week.

Hice KiLovoLTacE TECHNIC

The technic of cephalometric roent-
genography is very well standardized.
The usual exposure for lateral roent-
genograms followed by many operators
is 20 milliamperes for 22 seconds at
60 kilovolts. This is a total of 50 milli-
ampere seconds of radiation. In seeking
for a technic which will better define
the soft structures without materially
affecting the hard tissue definition, we
have modified the above technic with
a higher kilovoltage and lesser milli-
amperage. Two millimeters (aluminum
disks) of filtration have been added to
the x-ray head which further screens
out the undesirable long wave x-rays or
Grenz rays without affecting the quality
of the resulting roentgenogram. In ad-
dition, we have reduced the radiation
hazard to the patient as well as to our-
selves. Instrument readings made by
the General Electric X-ray Corporation
prove this point. All lateral cephalo-
metric roentgenograms produced in our
office have been the result of one stand-
ardized technic for all patients regard-
less of age or size of head. The exposure
time is 4/10 second at 20 milliamperes
and 90 kilovolts. Our position, during
this exposure, is about four or-five feet
to the left of the patient obliquely fac-
ing the x-ray machine. Of course, the
x-rays are limited to the head of the
patient because we use a sixteen inch
by three inch diameter cylinder as a
limiting device. This position was de-
termined from readings made by the
General Electric Corporation. It was
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found that the safest position for the
operator was not behind the x-ray head
but to the side of the patient.*

CONCLUSION

There is still much to be desired in
roentgenographic cephalometry. There
is no question that x-ray machines capa-
ble of delivering much higher kilo-
voltages, such as those with rotating
anodes, would further improve the tech-
nic. However, these machines are very
costly. It is our belief that the develop-
ment of non-screen films, similar io
dental films, which are extremely sensi-
tive to the radiation required in cephalo-
metric roentgenography should be the
next step.

208 E. Wisconsin Ave.
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