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DENTAL ROENTGENOGRAPHY

I: AN INVESTIGATION IN ADUMBRATION. OR

THE FACTORS THAT CONTROL GEOMETRIC UNSHARPNESS

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

「EOMETRIG unsharpness is the term that 
indicates the degree of "diffusion of 

し detail" to be found, to a greater or 
lesser degree, in all roentgenograms. This 
phenomenon is controlled largely by 
three factors: the focal spot-film dis- 
tance, the object-film distance and the 
size of the effective focal spot used in 
the x-ray tube.t All three factors are 
important and closely related in the man- 
ner in which they affect the resulting 
degree of sharpness of detail in the 
roentgenogram.

It is not my intention to go into an 
exhaustive discussion regarding each of 
the factors presented. Rather, my pur- 
pose is to present these factors as general 
considerations and to segregate them so 
that a better understanding of the prime 
essential in dental roentgenography, 
sharpness of detail, is obtained.
."Division of Dental Roentgenology, Collcge of Den- 

tistrX; University of California.
tThe. foca. spot-film distance, which is also known as 

target-film distance and focnl, target or cone distance. 
is Ilie distance between the focal spot of thc x-ray tubc 
ond the film packet. The oljcct-film distance is the 
distance betwcen.the film and the object or objects 
that cast shadow images on the film. The focal spot of 
an x-ray tube is that area on the anode or target which 
is bombnrdcd by the stream of electrons from the hot 
filment when the tube is in nction.

Considering thc relatively small size 
of all the structures and tissues com- 
prising the dental tract, it is extremely 
important that maximum sharpness of 
detail be attained in all dental roentgen- 
ography. When the contour lines of 
teeth and osseous and soft tissues are 
clearly defined and distinct, the sharpness 
or definition can be considered good.1

The relationship of the three factors 
and their bearing on maximum sharp- 
ness of detail are shown in Figure i. The 
tw。 diagrams represent cross sections of 
upper molar regions and their adjacent 
structures, such as the dental ridge, pal- 
ate, zygoma and floor of the maxillary 
sinus and of the nares. In the top dia- 
gram, the focal spot is shown at a con- 
siderable distance from the molar region, 
to represent an increased focal spot-film 
distance. The lower diagram shows the 
focal spot closer to the molar region, to 
represent the shorter target distance 
that is incorporated in the dental x-ray 
units ordinarily used. The broken line 
represents the long axis of the tooth.

.. Jerman, E. C., Modern X-rgy Technic. St. Paul 
and Minneapolis: The Bruce Publishing Co.,1928.
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THE FACTOR OF GEOMETRIC
UNSHARPNESS

The'DIFFUSION OF DETAIL" 
is minimized bu increesing the 
cone distance,ANATOMIC 
ACCURACY" is attained bga 
difference in film placement 
and angulation and bg a elight 
change in object/film distance.

7inch Cone

Figure r

The heavy red line represents the edge 
of the film packet, and the distance be- 
tween the long axis of the tooth and 
the film packet is the object-film dis- 
tance. The black arrow indicates the 
position and direction of the central ray. 
The relationship of the plane of the film 
and the long axis of the tooth to the di- 
rection of the central ray illustrates 
distinct differences in film placement 
and vertical angulation.

The thin lines from the upper and 
lower edges of the focal spot to the film, 
crisscrossing in a typical manner before 
reaching the surface of the film, rcpre- 
sent the paths of the roentgen rays. As 
it is impossible to show diagrammatically 
the paths of all the radiation emanating 
from the focal spot, only that portion 
leaving the periphery is used. This ade- 
quately demonstrates the typical be- 
havior of roentgen rays. The radiation, 
on emission from the focal spot, criss-

crosses through the various structures in 
its path, projecting images on the film 
with varying degrees of geometric un- 
sharpness.

The degree of unsharpness is con- 
trolled by variations in focal spot-film 
distance, object-film distance and size of 
the focal spot. In the lower diagram, 
it can be seen that those structures close 
to the film will show a minimum of 
diffusion of detail. Those structures at 
a greater distance away, such as the 
buccal roots and buccogingival line, will 
show increased magnification and adum- 
bration. The zygoma, which is at an 
even greater distance from the film, 
will cast an imagc that is cxtremely 
enlarged and adumbral. The shadow of 
the zygoma, the size of which is rcpre- 
sented by the distance between the two 
short broken lines projecting out from 
the inner surface of the film, will be 
difluscly cnlarged because of the grcater
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object-film distance compared to the 
relatively short focal spot-film distance.

This unfavorable, but typical, inverse 
rati。 in focal spot-film and object-film 
distances accounts for an excessive de- 
gree of adumbration or geometric un- 
sharpness and also introduces into the 
picture a definite degree of aberration 
of detail or magnification of image. 
These two factors combine to render 
roentgenograms of the upper molars 
uninterpretative in many instances, since 
the shadow of the zygoma is so large 
that it obscures the roots of the teeth, 
tuberosity, floor of the maxillary sinus 
and any other structure, condition or 
lesion that may be present.

Itis possible to minimize the degree 
of diffusion of detail and makeit more 
proportional by effecting two changes. 
The first change is an increase in focal 
spot-film distance, and the second is a 
difference in the placement of film. In 
medical roentgenography it has long 
been accepted that the greater the focal 
spot-film distance, the sharper the de- 
tail, all other factors remaining the 
same. The work of F. W. McCormack2 
parallels this axiom in the field of dental 
roentgenography. With the focal spot 
moved back from the usual short dis- 
tance to a much greater distance, the 
paths of the roentgen rays tend to be 
much more nearly parallel, the aberra- 
tion of detail or distortion of the image 
by magnification is lessened consider- 
ably, and it is possible to place the film 
farther away from the teeth without 
discernible adumbration. Such an in- 
crease in focal spot-film distance, with 
the latitude allowed in object-film dis- 
tance, permits the operator to consider 
the use of oblique horizontal projections 
without encountering geometric blur- 
ring. These fundamentals have been 
explained in detail by D. W. McCor- 
mack in his work in dental rocntgenog-

. 2. McCormack. F. W.. A Plea for a Standardized 
Technique for Orl Radiography, with on Illustrated 
Classification of Findings andTheir Verified Interpre- 
tat ions. D. Rcs. 2:467 (September) 1o2o. 

raphy using the large medical x-ray 
units.3

Originally, experimental distances as 
great as 30 inches were used in the 
Division of Dental Roentgenology, Col- 
lege of Dentistry, University of Califor- 
nia,t。 determine what could be consid- 
ered a practical limit beyond which no 
improvement in detail was discernible 
when increased focal spot-film distances 
were used with the modern dental x-ray 
units. The distance, measured in inches, 
from the focal spot to the end of the 
extension cone usually is termed "cone 
distance" for convenience. The original 
30 inch cone distance was reduced an 
inch at a time until it was found that 
the maximum cone distance needed, as 
a practical limit, was 20 inches.

The difTerence in film placement is 
accomplished by pulling the film packet 
away from the crowns of the teeth so 
that the plane of the film parallels the 
long axis of the teeth. It can be seen 
by referring to the upper diagram that 
when this is done, the geometric 
unsharpness will be greatly lessened. 
There will not be the variance between 
the shadows of structures close to the 
film and those farther away; and, of 
even greater importance, the shadow of 
the zygoma, as shown by the distance 
between the broken lines, will be greatly 
reduced in size and adumbral propor- 
tions. It can be stated that the two 
mechanical changes, increased focal 
spot-film distance and a change in film 
placement, bring about geometric 
changes in the projected images, thereby 
rendering all portions of the roentgeno- 
grain more interpretative.

Figure 2, which shows enlargements 
of portions of the two diagrams in 
Figurc I, illustrates more clearly how 
the rays, after crisscrossing through var- 
ious portions of the objects, terminate in 
a double shadow： or geomctric unsharp-

...3. McCormack, D. W.. Dental Roentgenology: A 
cchnical I'roccslrc for Furthering thc Advancemcnt 

Toward Anatonical Accuracy. . Calilornia D. A. 13: 
8o(Nfay-Junc) 1037.
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ness, on the surface of the film. The 
distance between related lines at the 
surface of the film determines the de- 
gree of diffusion of detail——the greater 
this distance, the greater the diffusion 
or geometric unsharpness.

The size of the focal spot of the x-ray 
tube is another important factor in the 
control of sharpness or definition of 
detail. The origin of the roentgen rays 
is never a point.1 Regardless of how 
small this area may be, it always has 
finite dimensions, with every tiny por- 
tion of the area acting as an individual 
focal spot. The focal spot can be 
described further as the area from which 
the rays diverge as they proceed from 
the target. Since the rays are not pro- 
jected from a point but from a measur- 
able area and since each point in this 
area will produce a complete shadow of 
the object, the resulting image will con- 
sist of a series of superimposed shadows 
with the definition of the outlines of the 
image more or less impaired, depending 
on the size of the focal spot. The smaller 
the focal spot, the more uniformly con- 
centrated are the diverging rays and the 
superimposed shadows, with the result 
that a sharper and better defined roent- 
genographic image will be the result in 
the finished roentgenogram, all other 
factors remaining constant.

Modern dental x-ray units, not the 
older models, and certain medical x-ray 
units that can be adapted to dental 
roentgenography have line focus tubes 
with effective focal spots that are exccp- 
tionally small considering their electrical 
capacity. Consequently, it can be stated, 
at least for the present, that the size 
of the focal spot contributes toward 
roentgenograms of finer definition and 
lx tter quality.

Another factor related to the size of 
the focal spot is movement of the tube

Muncheryan, H. M., Modern Phy tics of Iocnt- 
rioloxy. Los Angeles: Wetzzel Publishing Co., Inc., 

1040.
・.Files, G: W., MedicaL. Radliographic Technic. 

Springficld, Ill.: Charles C. Thomas,1944. 

head of the x-ray unit during exposure. 
Any vertical, horizontal or circular move- 
ment or vibration of the focal spot when 
roentgen rays are being emitted acts in 
the same manner as an increase in the 
size of the focal spot, thereby causing 
an increase in geometric unsharpness of 
the resulting images in the roentgeno- 
gram. This increase is attributable to the 
greater area covered by the focal spot 
following the path of the vibration. Posi- 
tive contact of the x-ray cone against the 
patient's face quickly stops all vibration 
of the tube head.

The use of increased focal spot-film 
distance is not new in dental roentgenog- 
raphy. However, it is apparent from the 
wide variation of distances used by 
different operators that these distances 
probably were arrived at more or less 
empirically. It is likely that existing 
equipment, size of the focal spots avail- 
able, physical facilities and other physi- 
cal or electrical factors entered into the 
ultimate determination of the distances 
that were used. Also, the fact that some 
operators used slightly increased object- 
film distances should be considered a 
factor.

In the past, most of the emphasis 
usually has been placed on the focal 
spot-film distance, the object-film dis- 
tance being ignored to a large extent. 
Since most operators placed the film 
packet against the crowns of the teeth 
and the soft tissues of the arches to form 
the angle used in following out the com- 
monly accepted technical procedure, it 
was easy to overlook the factor of object- 
film distance. Actually, only certain ob- 
jects, the coronal portion of the teeth 
and certain lingual roots, were close to 
the film. All buccal roots and other 
structures toward the buccal or labial 
sides, such as the zygoma, were at greater 
distances. Consequently, with the short 
focal spot-film distance usually used, a 
definite element of geometric unsharp- 
ness and distortion of the image by mag- 
nification could be expected on portions
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of the roentgenogram—those portions 
depicting images of objects or portions 
of objects farthest from the film. As 
soon as the film packet is placed away 
from the crowns of the teeth with its 
plane parallel to their long axis and as 
soon as increased focal spot-film dis- 
tance is employed, geometric unsharp- 
ness is minimized and rendered more 
proportional. The factor of object-film 
distance then becomes more obvious.

With the 20 inch distance, it was ap- 
parent that there was considerable Jati- 
tude in the placing of the films in the 
mouth, since even with increases in 
object-film distance or the use of oblique 
horizontal projections, the roentgeno- 
grams displayed a minimum of geomet- 
ric unsharpness and a maximum of 
definition. The question that arose was 
how much latitude in object-film dis- 
tance could be expected with increases 
in cone distance. On review of past work 
in dental roentgenography reported in 
the literature, it was found that this 
problem had received little considera- 
tion.

An investigation was devised to deter- 
mine how much latitude in object-film 
distance could be expected with varying 
cone distances. The extreme limit in 
latitude of object-film distance was con- 
sidered to be that point at which the 
factor of geometric unsharpness in the 
roentgenogram became apparent by ocu- 
lar comparison. The following experi- 
mental objects were used: two dried 
sections of mandible, Sections A and B; 
a square of flat monel wire screen, 
Screen I ; and two squares of thin, per- 
forated metal plate, Screens 2 and 3.

Section A shows osseous structures 
that were subnormal in character. These 
characteristics were made more obvious 
in the roentgcnograms by having the 
buccocortical plate of bone removed, 
and the crowns of the teeth cut off. Sec- 
tion B shows Iarge, long-rooted teeth, 
with osscous structures of good quantity 
and quality. The openings in the wire 

mesh in Screen I were I mm. square. 
Screen 2 had 1 mm. circular holes spaced 
I mm. apart in the thin metal plate. 
The holes in Screen 3 were 4.5 mm. in 
diameter, spaced I.5 mm. apart. All 
five objects could be considered repre- 
sentative of many of the dental struc- 
turcs in size, and all would cast sharp, 
clean-cut images that would be unob- 
scured by such shadows as those cast 
by soft tissues, moisture content or other 
factors that would dull the sharpness of 
detail. A simple device was constructed 
that would hold the objects at varying, 
accurately measured distances from the 
film.

The x-ray units used were of three 
types: a modern dental x-ray unit that 
could be considered representative of 
most of the types in use at present, with 
a focal spot that measured 1.4 mm.; a 
much older type of dental x-ray unit hav- 
ing a 45 degree target face and a focal 
spot measuring 2.8 mm.; and a medical 
x-ray unit that had been converted to 
dental uses, having an effective focal spot 
that measured 1.7 mm. Cones were con- 
structed and correctly diaphragmed, so 
that, for each of the various cone dis- 
tances used, the useful bundle of primary 
radiation at the outer end of the cone 
was maintained at a diameter of 2.75 
inches. Standard dental x-ray films were 
used.

Each film in the series was numbered 
roentgenographically with lead numerals 
from ItoII, each number representing 
a difference in object-film distance. In 
all instances, in roentgenogram No. 1 
the object was in contact with the film; 
in No. 2 the object was 0.25 inch away 
from the film; and in No. 3 there was 
0.5 inch distance between theobjcct and 
the film. The object-film distance wits 
increased in 0.25 inch stcps for each num- 
ber until in No. 11 the object was 2.5 
inches from the film.

The 0.25 inch increases in objcct-film 
distance were considercd small cnough 
to correspond adequatcly to changes
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that might be made in film placement 
during a routine roentgenographic sur- 
vey of the mouth. Although it obviously 
would be impossible to place the film 
2.5 inches from the teeth, it is possible 
to demonstrate film placement in some 
mouths with an object-film distance of 
1.5 inches. Measurements in many 
mouths and on skulls have determined 
that approximately 1.25 inches would be 
the usual extreme limit in object-film 
distance that could be used within the 
confines of the dental arches and that 
1 inch would be about the average dis- 
tance. The 2.5 inch distance, as an 
extreme limit, was used to illustrate 
how geometric unsharpness and magni- 
fication of image continue progressively 
as the object-film distance is increased. 
Also, the changes that occur can be 
considered representative of those that 
affect the shadow image of the zygoma, 
since 2.25 to 2.5 inches is the distance 
between the zygoma and the film packet 
in the average mouth.

Next, roentgenograms of each section 
in two numbered series were made, as 
described previously, one series with a 
20 inch cone distance and the second 
series with either a7or8 inch cone 
distance, depending on the x-ray unit 
used. The shorter distances are the cone 
distances incorporated in most dental 
x-ray units.

In Figure 3, upper, the first and third 
rows across represent the roentgeno- 
grams taken with the 20 inch cone dis- 
tance; the second and fourth rows 
across are those taken with the 8 inch 
cone distance. Between the first and 
second rows and the third and fourth 
rows are numbers that indicate in inches 
or fractions of inches the object-film dis- 
tance used for each of the two roentgeno- 
grams. From this point on, each figure 
that compares the 20 inch cone distance 
with the 7 or 8 inch distance will have a 
grouping identical with the one just 
described.

Figures 3, 4 and 5 illustrate the
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changes that occurred in the roentgeno- 
graphic appearance of the image of the 
five sections when they were moved pro- 
gressively away from the film. A 1.4 mm. 
focal spot was used for this series of 
figures.

In Section A (Fig 3, upper), a com- 
parison of the two No. I roentgenograms, 
in which the objects are in contact, re- 
veals that the only discernible change 
is a slight degree of magnification of the 
image when the cone distance was 8 
inches. Roentgenograms No. 2 do not 
appear to be perceptibly different ex- 
ccpt for slightly more magnification of 
the image in the lower roentgenogram. 
Beginning with the lower No. 3 roent- 
genogram, changes become apparent, 
with the images of the tooth roots and 
osseous structures showing slight blur- 
ring of detail. These changes in the 
roentgenograms made with the shorter 
cone distance become progressively more 
obvious until at No. 5, in which the 
object-film distance was 1 inch, the 
changes are marked. Throughout this 
No. 5 roentgenogram, the images are 
blurred in outline and fuzzy in detail. 
On the other hand, the upper row that 
represents the 20 inch cone distance 
presents a distinctly different appear- 
ance. Even the roentgenograms with 
object-film distances beyond practical 
limits for the average mouth show good 
detail and definition. For example, on 
comparison of roentgenograms No. 6 
with No. 1, the changes are perceptible 
only as a slight degree of magnification 
of the image; whereas the row of roent- 
genograms representing the 8 inch cone 
distance displays, by diffusion of detail 
and greater magnification of image, con- 
siderably less latitude in object-film 
distance.

In following the same pattern in ex- 
amining Section B (Fig. 3, lower), it 
is possible to illustrate even more out- 
standing changes. The larger, longer- 
rooted teeth and better quality of the 
osseous structures appear to make the
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Figure 5

geometric unsharpness even more ap- 
parent when the 8 inch cone distance 
is used. Also, although all the images 
are blurred and obscured, the magnifi- 
cation of image is more obvious. The 
greatest changes appear to be in the 
images representing the osseous tissues 
and such structures as the periodontal 
membrane spaces, apices of the teeth 
and root canals——all of which are 
vital for interpretative purposes. Again, 
the roentgenograms display considerably 
more sharpness of detail and latitude in 
object-film distance where the 20 inch 
cone distance was used. The No. 6 
roentgenogram in the 20 inch row is 
decidedly more interpretative than thc 
No. 3 roentgenogram in which the 
shorter cone distance was uscd.

With Screen I (Fig. 4, upper), the 
extremes of change appcar to be greater 
than with Sections A and B, possibly 
because of the thinness of the objcct. 
Some diffusion of detail rcadily can be 

detected in roentgenogram No. 2 in 
which the 8 inch cone distance was 
used, although roentgenograms Nos. 7, 
8, 9 and possibly 10 in the 20 inch row 
appear to retain a high degree of sharp- 
ness of detail. It is of interest to note 
that with the shorter cone distance the 
wire mesh becomes thinner and the open- 
ings between the wires become larger. 
Screens 2 (Fig. 4, lower) and 3 (Fig. 
5) both appear to display the same 
general characteristics that were evident 
in Screen that is. retention of a high 
degree of definition with the longer cone 
distance and increasing geometric un- 
sharpness with the shorter cone distance 
as the object-film distance is made 
progressively greater.

Figures 6, 7 and 8 illustrate the adum- 
bral changcs that can be expected with 
a slightly larger focal spot, the object- 
film distances and the two cone distances 
remaining constant with those previously 
descrilcd. The focal spot in this x-ray
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unit measured 1.7 mm. All the changes 
in detail that were inherent in the pre- 
ceding figures appear to an even greater 
extent. This is especially noticeable with 
the 8 inch cone distance. All the images 
in the roentgenograms are larger or 
smaller than their original size, depend- 
ing on the comparative relationship of 
the original size of the object and the 
size of the focal spot. The osseous and 
dental structures are more diffuse in 
outline and detail, and the openings in 
the three screens arc so large that the 
separating spaces between thc openings 
show a tendency to disappear. Tn Screen 
i (Iig. 7, upper), this tendency is the 
most outstanding.

Thc last of this series consists of three 

groupings (Figs. 9 and 10). The size 
of lh(* focal spot uscd was 2.8 mm., the 

・ie. usually found in dental x-ray units 
ofoldermodel.'Thisoldertypc ofden- 

tai x-ray unit had a 7 inch cone distance, 
which was used in place of the 8 inch 
cone distance previously employed. With 
this shorter cone distance and larger 
focal spot, thc geometric unsharpness of 
the images becomes accentuated to an 
even greater degree than is discernible 
in the previous figures. On thc other 
hand, although thc use of a larger focal 
spot diminishes somewhat thc latitude 
in object-film distance when the 20 inch 
cone distance is employed, the limits 
obtainable arc still adequate to maintain 
sharpness of detail in possibly all but 
thc largest of mouths.

The roentgenograms in Figures i i and 
I2, because they are cnlargcd, illustrate 
better the factor of gcomctric unsharp- 
ness as it afTects roentgenographic de- 
tail. In these figures, a comparison can 
be made of porlions of three of the 
objccts. Sections A and B and Screen!.
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In each of the three pairs of roentgeno- 
grams, an object-film distance of i inch 
was maintained, a focal spot of 1.4 mm. 
was used and only the cone distance 
was varied.

In Figure II, left, in which the two 
roentgenograms are horizontal, the upper 
one was exposed with a 20 inch cone 
distance and the lower one with an 8 
inch cone distance. The upper roent- 
genogram reveals good detail and defini- 
tion, but in the lower roentgenogram 
gcometric blurring and magnification 
are much in evidence. In Figure 11. 
light, the two roentgenograms arc ver- 
tical in position, the one on the left 
representing the 20 inch cone distance, 
and the one on the right the 8 inch 
cone distance. Again there is discern- 
ible evidence of the changes that occur 
with variations in cone distance.

In Figure 12 the diffusion of detail 
in the lower roentgenogram, with the 
8 inch conc distance, is not so apparent. 
However, the degree of magnification of 

image is extremely evident. The upper 
film, with the 20 inch cone distance, 
displays a sharp, clear-cut image.

From the changes illustrated in the 
preceding figures, it can be deduced 
that the two extremes in cone dis- 
tance, 7 or 8 inches and 20 inches, 
allow little latitude in object-film dis- 
tance with the 7 or 8 inch cone and 
considerable latitude with the 20 inch 
cone. Also, when smaller focal spots 
are utilized, geometric unsharpness and 
magnification of image are minimized 
and more latitude in object-film dis- 
tance can be expected.

So far, only the extremes in cone dis- 
tance have been considered. To make 
the investigation broader in scope, four 
other cone distances were introduced 
into the problem to determine the lati- 
tude in object-film distance that could 
be expected with their usage. These 
conc distances were 1I, I4, 16 and 18 
inches.

Section B and Screens 1 and 3 wcrc
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Figure /1

used as objects. The dental x-ray unit 
had a 1.4 mm. focal spot. Each film 
was numbered roentgenographically with 
lead numerals, Nos. i through 1 I, and 
the sequence of object-film distances was 
exactly the same as in previous group- 
ings. The numbers on cither the right 
or left ends of the rows of roentgeno- 
grams indicate the cone distance used. 
In Figures 13 and I4, the top row across 
represents an 18 inch cone distance; the 
second row, a 16 inch cone distance; 
the third row, a 14 inch cone distance; 
and the fourth or bottom row, an II 
inch cone distance.

The No. 1 roentgenogram in each 
figure, in which the object was in con- 
tact with the film, displays good sharp- 
ness of detail, regardless of the cone dis- 
tance or the object used. With increases 
in the object-film distance, however, 
noticeable changes in sharpness of detail 
become detectable in the roentgenograms 
of all three objects. The pattern of ge- 
ometric unsharpness is somewhat differ- 
cnt for each object, which is probably 
attributable primarily to differences in 
inherent characteristics. For example, 
with Section B (Fig. 13) the first dcgrce 
of geometric unsharpness in the 1 1 inch 
cone distance row is detccted in roent- 
genogram No. 3. The 14 inch row shows 
the first changes in No. 5. The No. 6 
roentgenogram in the 16 inch row and 

the No. 7 roentgenogram in the 18 inch 
row reveal the first diffusion of detail. 
The first changes that occur in Screen 
I (Fig. I4, upper) become apparent in 
the following roentgenograms: Nos. 3, 
6, 7 and 8, in rows that represent. 
respectively, II, 14, 16 and 18 inch cone 
distances. In Figure I4, lower, Screen 
3 shows the first degree of diffusion of 
detail in Nos. 4, 6, 7 and 8 in the 11, 
14, 16 and 18 inch cone distance rows, 
respectively.

Thesc results demonstrate that with 
an object-film distance of 0.5 inch or 
more, a cone distance of at least 14 
inches should be used to maintain the 
highest possible degree of sharpness or 
definition of detail in the dental roent-

Figurc 2
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genogram. . It is strongly recommended 
that even greater cone distances be used 
in all dental roentgenography, out to 
the practical limit of 20 inches. The 
resulting increased latitude of object- 
film distance is an essential factor that 
aids materially in attaining technically 
correct roentgenograms that display high 
definition.

Voltage changes are not to be con- 
sidered a factor in the phenomenon of 
gcometric unsharpness. The penetrating 
qualities of roentgen rays are controlled 
by the voltage that is impressed on the 
x-ray tube. Although the detail of the 
roentgenographic image may be lost by 
bcing "burned out"' by excessive volt- 
age or may not be plainly visible be- 
cause of too mnuch contrast from too 
Iow a voltage, the sharpness of detail 
Ihas not been changed. Actually, the 

detail either has been lost or has not 
been brought out, the roentgenograms 
either being too dense or having too 
much contrast.

Figure 15 illustrates that the factor 
of geometric unsharpness persists un- 
changed in roentgenograms that have 
been subjected to voltage changes. 
Three series of roentgenograms were 
taken of Section B, with a dental x-ray 
unit having a focal spot of 1.4 mm. The 
20 inch cone distance was used, and the 
object-film distance was increased in 0.25 
inch steps, from contact to 2.5 inches. 
Thc -ray unit was calibrated so that 
the approximate voltages were known. 
The voltage used for thc top row of 
roentgenograms was 45.4 kv.p.; for the 
middle row, 49.3 kv.p., and for the hot- 
tom row, 53.2 kv.p. "Thc difTerential in 
voltage bctween rows was approxi-
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mately 4,000 volts. The correct voltage, 
or penetrating factor, was worked out 
so that the roentgenograms in the middle 
row displayed high contrast and had 
good density. With the middle row as 
a norm, it was apparent by comparison 
that the top row had too much contrast 
from being underpenetrated and that 
the bottom row of roentgenograms was 
too dense from being overpenetrated by 
too high a voltage. If all the indi- 
vidual roentgenograms in each series are 
checked, like numbers checked against 
like numbers, it readily can be seen that 
the factor of geometric unsharpness re- 
mains consistently the same regardless of 
the voltage changes. Consequently, the 
voltage factor, either underpenctration 
or overpenetration, has no rclationship 
to the factor of gcometric unsharpness, 
but simply makes the dctail less plainly 
visible in the roentgenograms by not 

casting the shadowy images or by burn- 
ing them out.

The thickness of the dental films and 
the cone distance that is employed are 
factors that combine to a fleet the roent- 
genographic images with a greater or 
lesser degree of geometric unsharpness. 
All double-coated films have an emul- 
sion on both sides of the film base, and 
each emulsion receives a roentgeno- 
graphic image. Because of triangular 
projection, or the divergence of the 
roentgen rays leaving the focal spot, the 
image that is the farthest from the focal 
spot is always the largest. The greater 
the cone distance that is used, the less 
the rays diverge and the more perpen- 
dicular they become as they strike the 
cmnulsion. Consequently, the two images 
become more closcly superimposed, and 
gcomctric blurring becomes less appar- 
cnt. It is unneccssary and usually im-
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practical to extend the cone distance of 
the modern dental x-ray unit beyond 
20 inches. Therefore, it is important 
that the standard dental x-ray film with 
a thin base be used as an aid in mini- 
mizing geometric unsharpness.

To illustrate this point, one can con- 
duct a simple experiment by comparing 
the detail of the resulting images on a 
standard periapical type of film with that 
on a thicker type of film, for example, 
an occlusal film, cut down in size. The 
same portion of the dental tract should 
be used for comparative purposes in this 
experiment. Also, different cone dis- 
tances, out to the practical limit of 20 
inches, should be used. This experiment 
will show that it is necessary to go con- 
siderably beyond the practical cone 
limit of 20 inches to reduce the angle 
of incidence of the rays as they strike 
the emulsion of the thicker film before 
the resulting sharpness and definition of 
detail can be favorably compared with 
that of the thinner type.
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The three primary factors that control 
the degree of geometric unsharpness in 
dental roentgenography are the focal 
spot-film distance, the object-film dis- 
tance and the size of the focal spot. The 
focal spot-film or cone distance should be 
the longest practicable. The object-film 
distance should be proportional to the 
cone distance and great enough to assist 
in attaining anatomic accuracy of the 
images in the roentgenogram. The focal 
spot should be the smallest size available.

When geometric unsharpness is mini- 
mized or controlled by the correlation of 
these factors, distortion as a result of 
magnification of the image will be re- 
duced, there will be greater latitude in 
placement of the film in the mouth, the 
shadow of the zygoma will be greatly 
lessened in adumbral size, and the roent- 
genographic images of all the dental 
structures will be sharper and more 
distinct in detail, thereby rendering the 
roentgenogram more interpretative.— 
The Medical Center.

IMMEDIATE DENTURE SERVICE:

ADVANTAGES. DISADVANTAGES

AND TECHNICAL PROCEDURES

Frank C. Hughes,*  D.D.S., Indianapolis

EAR, uncertainty and embarrassment 
are uppermost in the minds of almost 
all patients approaching the edentulous 

state. They fear the possible pain that 
may be connected with the surgical pro- 
cedures required, and they dread the un- 
certainty and embarrassment of appear- 
ing without teeth before their friends 
and associates.

• Professor of prosthctic dentistry, Schoolof Ientistry, 
Indiana University.

The practice of placing artificial den- 
turcs immediately after the removal of 
the last tooth or teeth is a procedure 
which is definitely increasing in pop- 
ularity. The old practice of extracting 
the teeth and telling the patient to "go 
into seclusion and come back next fall 
for dentures" is all but obsolete. Today 
the patient has an appointment with the 
dentist and in many instances is back 
at his work within an hour or so with

百島 祐貴
長方形




