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DENTAL ROENTGENOGRAPHY
II: VERTICAL ANGULATION, FILM PLACEMENT

AND INCREASED OBJECT-FILM DISTANCE

Gordon M. Fitzgerald,* D.D.S., San Francisco

nations in dental practice depends on

the quality of the resulting roentgen-
ograms and the accuracy of the inter-
pretations. Ennis’ said that it is not easy
to interpret a perfect dental roentgeno-
gram and that it is practically impossible
to interpret an imperfect one. That
being  the it follows that if the
shadow images are distorted and in-
distinet, various conditions or lesions
may be suggested but not decisively re-
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vealed in the roentgenogram with the
result that misinterpretations will pre-
vail. Increasing interest in correct tech-
nical procedure demonstrates that the
profession has come to realize as never
before the need for roentgenograms of
the best quality obtainable. Haphazard
technical procedures will not result in
roentgenograms  of  consistently  good
quality because the latitude of error is
so limited. It is possible to place a film
packet in the mouth. direct the roent-
gen rays in its general direction and
produce a roentgenogram, but the prob-
ability that all the factors will conform
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to the requisite conditions of correct
procedure is extremely remote. Con-
sistently good roentgenograms  will be
produced if, instead of using procedures
at random, the operator will study and
utilize the factors that control quality
and at the same time will systematize
and standardize the procedure.

The ideal dental roentgenogram dis-
plays a maximum of anatomic accuracy
in both the shape and size of the result-
ing roentgenographic image, the highest
obtainable degree of definition of all the
dental structures and tissues present and
the proper balance of roentgenographic
contrast and density so that maximum
visibility of detail is assured.” In other
words, a dental roentgenogram should
be correct anatomically, roentgeno-

2. Jerman, E. C., Modern X-Ray Technic. St. Paul
and Minneapolis: The Bruce Publishing Co., rg=8.

Fig. 1.

sygoma shadow, which appears in the middle of the upper edge, is diminished in size
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graphically and photographically.” Prob-
ably the most important of the foregoing
qualitics in the ideal dental roentgeno-
oram is anatomic accuracy. It is attained
by the correct alinement of the film,
the object and the x-ray tube. This aline-
ment, which is referred to as film place-
ment and angulation, involves the posi-
tion of the film packet in the mouth and
its relationship to the long axes of the
teeth and to the projection of the central
ray in vertical and horizontal planes.

Vertical Angulation

Angulation usually is separated into
two types, according to the plane of pro-
jection. Vertical angulation is the projec-
tion of the roentgen rays in a vertical
plane, either from above downward to-

3. Thompson, W.

3 < S.. Operative and Interpretive
Radiodontia. Philadelphia:

.ea & Febiger, 1936.

U pper molar region, lateral projection. The occlusal surfaces show in profile, and the
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ward the region to be examined or from
below upward. In the first instance, it is
referred to as plus vertical angulation
and in the second as minus vertical.
Horizontal angulation is sometimes re-
ferred to as directional angulation and is
the projection of the radiation in a hori-
zontal plane around the jaws of the
patient. The placement and inclination
of the film packet is intimately involved
with both vertical and horizontal angula-
tion. Of the two types of angulation, ver-
tical angulation creates more obvious
distortions than the horizontal type.
These distortions affect anatomic accu-
racy and can be detected in the roent-
genogram as foreshortening or elonga-
tion or changes in the shape of the
shadow images. Since vertical angula-
tion and its related film placement are
primarily responsible for the degree of
anatomic accuracy present in the roent-

Fig, a.
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genogram, it will be given more consider-
ation at this time. Horizontal angulation
and its related film placement will be
stressed in greater detail in subsequent
articles that will describe the examina-
tion of cach part of the mouth.

Lack of anatomic accuracy, sometimes
known as shape distortion, does more to
render the images in a roentgenogram
unfit for interpretive purposes than any
ol the other features. Shape distortion
can be defined as the changing of the
resulting shadow images so that they no
longer represent the true shape of the
object undergoing roentgenographic ex-
amination. If the object itself is actually
rectangular, it is a definite disadvantage
interpretively to project its shadow so
that the image on the film is square.* A
distortion of this sort can be avoided and

4. Files, G. W. and others: X-ray Studies III. Chi-
General Electric X-ray Corp., 1935.

cago:

Upper molar region, mesial oblique projection. The open interdental spaces make il

possible Lo view across the crest of the alveolus, thereby gaining a true impression of the resorf-
tion present, The characteristies of the alveolar bone are apparent
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anatomic accuracy attained by the cor-
rect geometric relationship of the pro-
jected bundle of roentgen rays to the
object and the film.

For example, in the upper first molar
region, the dental roentgenograms that
display the following features can be said
to demonstrate a high degree of ana-
tomic accuracy (Figs. 1-3): one that
shows the crowns of the teeth in profile
with little or no occlusal surface in cvi-
dence; one that shows the interdental
spaces open so that it is possible to view
across the crest of the alveolar ridge and
not onto it; one in which the projected
shadow images closely approximate the
dimensions of the actual molars, with the
elimination of the usual foreshortened
buccal roots and elongated lingual roots,
and one in which the obscuring shadow
of the zygoma either is eliminated or so
minimized in size that it can be shifted
forward or backward or off the film by
oblique horizontal angulation.

Film Placement

To achieve this degree of anatomic
accuracy, it is important to consider the
rules that govern the geometric princi-
ples that are involved in the film place-
ment and the vertical angulation of the
roentgen rays.

The first rule to follow is to deter-
mine the inclination of the long axes
of the teeth to be examined, since subse-
quent steps in this technical procedure
are based on this factor. Clinical exami-
nation of the coronal surfaces of the
teeth and the labial and buccal reflexes
enables the operator to ascertain the in-
clination. This is a simple matter which
becomes even casier with increased ex-
perience.  With  this inclination as a
guide, the film packet is positioned in
the mouth so that its plane is parallel
to the long axes of the teeth, The verti-
cal angulation then is directed so that
the central beam is at right angles to the
two parallel planes. To complete the pro-
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Fig. 3—Upper molar region, lateral projec-

tion. The buccal roots of the first molar are

not foreshortened nor is the lingual 100t elon-

gated. The floor of the maxillary sinus and

the dental structures are not obscured by super-
imposed shadows

cedure, the central beam is maintained
at the level of the apices of the teeth to
be examined ; the occlusal plane must be
kept parallel to the floor.

Figure 4 shows the plane of the film
placed parallel to the long axis of the
tooth, with the central beam, indicated
by the arrow, projected at right angles
to the two parallel planes. This proce-
dure, which is not new, was advocated
by Kells,® approached by LeMaster® and
since 1911 has been used and perfected
to a high degree by McCormack.” With
dental roentgenograms taken in this
manner, the relationship between caries
and the dental pulp is indicated more ac-
curately; the periodontist has a truer im-
pression of the extent of alveolar resorp-
tion, and the exodontist, orthodontist
and prosthodontist can determinc the
true characteristics of the alveolar struc-
tures and the actual root length of the
teeth present. These features are illus-
trated in the inset in Figure 4.

5. Kells, C. E., Three Score Years and Nine. New
Orleans: Published by author, 1926.

6. LeMaster, C. A., A Modification of Technique
for Roentgenographing Upper Molars, A Speedy Tech-
nique for Roentgenographing the Teeth. D. Cosmos
66:433 (April) 1924.

7. McCormack, T. W.. A Plea for a Seendardized
Technique for Oral Radiography, with an Tustrated
Classification of Findings and Their Verified In-
terpretations. J. D. Res. 2:467 {September)

1920,
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Figure 4

Increased Object-Film Distance

The mechanics employed in placing
the film out away from the teeth and
parallel to their long axes are easy to put
into practice and will be explained in
detail later for each region in the mouth.
A type of filmholder and cotton rolls are
used to keep the film in specific positions
(Fig. 5). It should be stressed that in all
parts of the mouth, with the exception
of the lower molars, the film is positioned
well away from the teeth. This can be
considered the second rule that is impor-
tant to follow, since only from increased
object-film distance can the film be posi-
tioned parallel to the long axes of the
teeth.® Also, it is the positioning of the
film packet in this manner (Fig. 6) that

8. Fitzgerald, G. M., Dental Roeuntgenography I:
An Investigation in Adumbration, or the Factors_that
Control Geometric Unsharpness. J.A4.D.4. 34:1 (Janu-
ary 1) 1947.

allows regions beyond the apices of the
teeth to be shown roentgenographically
without excessive plus or minus vertical
angulation — excessive angulation that
would result in distortions.

The tissue edge of the film packet is
positioned beyond the median suture line
of the palate, well away from the teeth
and ridge (Fig. 7). This is the usual film
placement for the upper molar region
in the average size mouth. Occasionally,
in mouths that have low, flat vaults or
shortened vertical dimensions externally,
the film may be placed cven farther
away. The film packet is positioned in
this manner and maintained in place
with either a filmholder or with cotton
rolls. A hemostat with short jaws about
0.75 inch long is used as a filmholder.
On the inner surfaces of the jaws, par-
allel to their length, are fairly deep serra-
tions that firmly hold the film packet and
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metal film backing when the instrument
is clamped with the ratchet. A rubber
bite-block with two parallel sides is
slipped on over the box-lock of the in-
strument. This instrument will hold the
film and metal backing in any required
position, whether the mouth has all of
the teeth present or is partially or com-
pletely edentulous. The filmholder can
be used cffectively for cither side of the
mouth, in the upper or lower jaws and
in the anterior or posterior regions.

A metal film backing is used routinely
with the filmholder as a reinforcement
for the soft film packet. The backing
assists in maintaining a rigid film so that
a flat surface is presented to the roentgen
rays. In certain parts of the mouth, such
as the upper posterior regions, where
pressure from the tongue may have a
tendency to bend the film, the use of
the metal film backing is a necessity. A
fairly stiff or spring metal, such as stain-
less steel or German silver of 27 gage,
has been found to work well as a backing.
It is precisely shaped to fit the rubber
film packet, but also works well with the
paper-covered type of film. As illustrated
in Figure 5, one side of the backing is
turned at right angles to form the shelf
edge; the opposite edge has rounded cor-
ners and is feathered slightly. The feath-
ered edge of the metal backing is slipped
under the rim of one side of the rubber
film jacket to become the tissue side of
the film. At the same time, the shelf
edge comes to rest against the outer edge
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Figure 6

of the opposite side, to become the film-
holder side. When clamped on the shelf
side of the film and backing, close to the
edge, the filmholder is ready to use in
the mouth. At the feathered edge, only
the soft rubber jacket touches the tissues.
With the paper-covered type of film
packet, the feathered edge is not in con-
tact with the tissues because the metal
backing is slightly shorter than the width
of the film.

Another means of positioning the film
packet, using increased object-film dis-
tance, is with cotton rolls (Fig. 5). The
No. g size, 1.5 inches in length, can be
used for this purpose. Although it is pos-
sible to use cotton rolls in all parts of the
mouth, they have been found to have
certain limitations when used in the
upper posterior regions. For instance, in
mouths with low, flat palates where the
object-film distance is increased even
more than is usually the case, cotton rolls
ordinarily do not allow the control or
latitude in film placement that can be
attained by using the filmholder. Also,
the film packet, when placed with the
filmholder, is more manageable for ob-
lique projections in the upper posterior
regions. However, since cotton rolls have
proved to be quick, casy and effective to
use in the average case, it has been rou-
tine procedure to use them in the follow-
ing parts of the mouth: the upper and
lower anterior regions, with the special

=
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narrow size film; the lower bicuspid re-
gion, with the regular size film turncd
vertically, and the lower molar region,
where the regular size film is used hori-
zontally. The thumb or index finger of
the patient is used in conjunction with
the cotton rolls to support the film packet,
maintaining it in position in the mouth.
The thumb supports the film in all re-
gions in the upper jaw, and the side of
the index finger acts as a prop for the
film in all regions in the lower jaw. The
springy action of the dry cotton rolls plus
their bulk makes it possible to place the
film parallel to the long axes of the teeth
and to use increased object-film distance.

Increased object-film distance offers
many advantages that should be em-
phasized. As mentioned previously, this
increase in distance facilitates the par-
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alleling of the plane of the film packet
with the long axes of the teeth, but of
equal importance is the feature that with
the film well away from the teeth, it is
then in the most spacious portions of the
mouth. This allows considerable latitude
in shifting the film around for various
oblique projections and in placing the
packet in good alinement for all parts to
be examined roentgenographically.
When working in the mouth, the op-
erator has to overcome certain handicaps,
such as the gag reflex, and many times
he encounters certain anatomic limita-
tions. These limitations are the height
of the palate, which is fixed and which
may be low; the depth in the floor of the
mouth, which is compressible but often
only to a limited degree, and the width
of the dental arches. At times a lack of

Figure 7
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vertical dimension between the occlusal
surfaces of the upper molars and the
zygoma also becomes a definite obstacle.

With the commonly accepted proce-
dure, the solution to these problems has
been to place the film against the teeth
and tissues and use rather extreme verti-
cal angulations. This procedure does not
overcome the anatomic limitations but
merely circumvents them somewhat, with
the result that the shadow images are
distorted or obscured or both. If in par-
alleling the plane of the film with the
long axes of the teeth the film is posi-
tioned as close to the teeth as possible,
the result in many cases is as illustrated
in Figures 8, left, and g, left; that is, with
the vertical angulation at right angles to
the two parallel planes, the apices of the
teeth do not show in the roentgenograms.
On the other hand, if the film is moved
farther away from the teeth, out to and
usually beyond the median line, where
the palate is ordinarily the highest (Fig.
8, right and g, right), it is possible to
demonstrate that the apices of the teeth
and the structures beyond the apices can
be shown roentgenographically even
though the vertical angulation remains
the same.

Figure 10 shows the geometric prin-
ciples that are involved with changes in
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object-film distance. Because of the limits
in the width of the dental arches, the
object-film distance cannot be increased
too much, especially if increased focal
spot-film distance is used.® However, it is
possible to position the film or part of it
too close to the tceth, and when this
occurs, the apices in that portion of the
roentgenogram will be cut off. For in-
stance, if only the back portion of the film
is too close, not only will more of the
roots be cut off progressively toward the
distal but also the section of dental arch
present in the roentgenogram will appear
to have an exaggerated occlusal curve.
The teeth will run diagonally upward
toward the distal edge of the roentgeno-
gram.

The third rule is to use a flat, rigid film
for all regions in the mouth. The film
packet should not be bent, contoured or
dog-eared to fit, since manipulation of
this sort results in objectionable and un-
controllable distortions of the shadow
images in the roentgenogram. Instcad, a
rigid film of the correct size should be
fitted to the portion being examined.
This is made possible by the use of the
films shown in Figure 5. The standard size
(1.25 by 1.625 inches), if turned verti-
cally or horizontally, provides two sizes,
and the special narrow size (0.75 by

Fig. 8-—Upper molar region, lateral projection. Left: The film packet was maintained in

position too close to the teeth with the result that the apices do not show in the roentgenogram.

Right: The result of the use of increased object-film distance, all other factors remaining the
same. The shadow in the lower left corner was cast by the jaws of the filmholder
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Fig. 9—Upper anterior region. Left: The rarefaction at the apex of the lateral incisor does
not show roentgenographically when the film packet is maintained too close to the teeth. Right:
When the object-film distance is increased, more of the region above the apices can be examined

1.625 inches) offers an additional size.
The regular size turned either way, as
indicated to fit the portion to be ex-
amined, is used routinely for all the
upper and lower posterior regions, and
the special narrow size is invaluable for
the upper and lower anterior regions.
Since actually three sizes of film are avail-
able for use and since the film is placed
usually out in the roomiest part of the
dental arches away from the teeth and
tissues, it is not necessary o consider
bending or contouring the film packets
to fit even small mouths. By the addition

S ey

of suitable tabs, bitewing films are fab-
ricated from the two sizes of film. The
regular size is used for bitewings in ex-
amining the mouths of older children and
adults, and the special narrow size makes
an ideal bitewing film for smaller chil-
dren. This type of film has been avail-
able to the profession for some time from
the usual sources.

Summary

Little training and no practice are re-
quired to produce a dental roentgeno-
gram of poor quality. To date, with only

e
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Fig. 10—With the film packet placed in the “a” position, the apices will not show in the
roentgenogram, but with an increased ab_]ecr-ﬁhn distance as shown by the “b” position, it 15
possible to demonstrate the apices of the teeth and the structures beyond

a few exceptions, there has bcen no
opportunity to obtain adequate train-
ing in dental roentgenography. Conse-
quently, many in the profession who use
this diagnostic aid invariably obtain
technically incorrect and inconsistent re-
sults.

As a result of the limited information
readily available concerning technic,
probably more effort has been directed
toward interpretation than toward im-
proving technical procedures, in a vain
attempt to interpret that which is dis-
torted or not clearly visible in the roent-
genograms. Fundamentally, it is necessary
first to record the shadow images with a
technically correct procedure so that
the evidence is distinctly apparent. It is
then possible for the operator, by ob-
servation and careful study, to solve
more successfully the interpretive prob-
lems presented in the roentgenograms.
The interpretive quality of the roent-
genogram progresses consistently with
increasing proficiency in operative ability.

Experience in {raining opcrators has
established the fact that no special natu-
ral endowments are required to become
an expert and that the only qualifica-
tions necessary are a knowledge of the
fundamental principles involved and
their consistent and precise usage. That
there is a need for this knowledge and

experience can be proved by comparing
the quality of the average dental roent-
genograms with those made by an oper-
ator who has become proficient by the
study of, and from close adherence to,
factors that conform to correct basic
geometric principles. Essentially, these
factors are angulation and film place-
ment; they control the degree of an-
atomic accuracy and are summarized as
follows:

First, the inclination of the long axes
of the tecth to be examined roentgeno-
graphically should be determined clini-
cally. This inclination is the guide for
subsequent steps in the procedure, and if
judged inaccurately, will materially af-
fect the roentgenographic aspect of the
projected images.

Second, the film packet should be posi-
tioned in the mouth so that its plane is
parallel to the long axes of the teeth to
be examined roentgenographically. At
the same time, the film should be posi-
tioned well away from the teeth in all
parts of the mouth, except in the lower
molar region. Film positioning of this
sort facilitates the paralleling of the two
plancs and ordinarily places the film
packet in the most spacious regions in
the mouth. The filmholder or cotton rolls
are used to position the film in this
manner.
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Third, a rigid film should be used.
With the film presenting a flat recording
surface to the roentgen rays, the distor-
tions usually caused by any bending of
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the film are eliminated. A rigid film of the
correct size should be fitted to the re-
gion, not haphazardly bent or molded
into place.—The Medical Center.
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