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. FOREWORD

Increased employer activity in the protection of entplovee health
. through elimination or control of occupational disease hazards includes
the wider use of the physical examination. not only upon employment
but periodically thercafter. An important part of this procedure is
the roentgen examination of the chest.

It was deemed desirable to have available x-ray methods compared,
the investigators to keep in mind the primary importance of diagnostie
accuracy and, as well, the importance of time and cost where large
groups of men are involved. Accordingly, in 1938, Air Hygiene Foun-
dation usked the University of Pennsylvania to make such an investi-
gation under a research grant from the Foundation. This bulletin,
issued under the auspices of the Medical Committee of the Foundation.
is a report on the work accimplished.

The study was directed by Dr. E. P. Pendergrass of the Depart-
- ment of Radiology of the Hospital of the University of Pennsylvania.
Technical aspects were developed by the staff of the Moore School
X-Ray Laboratory comprising Professor Charles Weyl, Dr. S. Reid
Warren, Jr., and Mrv. Dallett B, O'Neill. Mr. D. E. Haagensen, M. S. ~
in E. E,, conducted many of the tests. .

The roentzenographic apparatus was borrowed from the Westing- .
house X-Ray Company. The darkroom: facilities of the General Elec- )
tric X-Ray Corporation’s Philadelphia office were made available for
the processing of all of the test roentgenograms. Powers X-Ray Prod-
ucts, Inc., supplied the roentgenographic paper and the chemicais for
proceszing the paper. Representatives of zeveral x-ray film manufac-
turers cooperated in the project. In acknowledging the assistance of
these companies, it should he stated that the scope of the experimental
investigation might have been diminished without their generous
cooperation.

Acknowledgment is made alse to the 48 roentgenologists listed on
page 18, who examined test roentgenograms and recorded their opin-
ions in special questionnaires.

H. B. MELLER,
. Managing Director.

4409 Fifth Avenue,
Pittsburgh, Pa.,
. June 1, 1939.
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THE COMPARATIVE VALUES OF CIIFST
ROENTGENQOGRAMS MADE ON FILM
AND ON PAPER I'OR
INDUSTRIAL SURVEYS*

INTRODUCTION

Throughout industry there has been a trend toward the use of a general
physical examination of employees and of applicants for employment. This
development has been due in part to increased interest on the part of employ-
ers in the health of-emplovees and in part to the development of compensa-
tion laws for those empioyees who are incapacitated due to illness. Since
discases of the chest are thought to be the causes of an appreciable part of
such illn: -ses, increasing importance has been placed upon chest examinu-
tions by physicians who are engaged in industrial work. The roentgen exam-
ination is an important part of the chest examination, und therefore of the
complete physical examination. The question arises, then, 2s to how the
roentgen exantination of employvees and applicants for employment should
be conducted.

Leading roentgenolowis*s agree that stereoscopic X-ray films of the chest
made in accordance with the best modern technical methods are the necessary
minimum requirement for accurate diagnosis. It is often impracticable for
industries to make stercoscopic films of all employees since such a procedure
is extremely costly and since the findings would be negative in many cases.
It is, therefore, important to consider the use of a survey method which
would permit the examining physician to determine which employees had
healthy chests, and those in whom the roentgen findings were abnormal. The
abnormal group could then be re-examined using stereoscopic x-ray films.
The roentgen examination used for survey methods must be of such charac-
ter that tne resuits may be produced quickly and at low cost; at the same
time the diagnostic accuracy of the examination must be such that those
men with early lesions in the chest may be referred for further detailed
examinations.

Two survey methods are at present available:

(1) Single pieces of 14 inch by 17 inch x-ray film may be used with
suitable appzaratus to produce single roentgenograms of each
emplovee. The apparatus which is necessary to produce high
quality chest roentgenograms is expensive and the personnel
required to make the roentgenograms is also costly.

(2) A large number of roentgenograms of emplovees may be pro-
ducad on rolls of sensitized paper. This work may be done by
an agency whicn brings the apparatus to the factory, makes
the roentgenograms, processes them, and delivers them te the
examining roentrenologist. This method is speedy and less ex-
pensive than the method described above, ’

The question immediately arises: “What are the comparative values of

single roentgenograms on flm and on paper?” It is the purppse of this
publication ‘to describe tests which have been conducted during the past

* A preliminaey repest wos porcsented by Dl 8, Rein Wiarren, Jr.. at the annnal
nmecting of Air Faziens Foundation, held in Pittsburgh, . November 17, 1938,
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eight months for the purpose of answering thls question. It. is gssumcd
throughout this discussion that, whenever the voentzen c¢xamination of a
group of employees consists of a single exposure, each cmployee whose
roentgenngram shows definite or suggestive evidence of diseasze, or some
other abnoermal findings in the heart or lungs, will be re-exaniined in order
to obtain sterevseopic roentgenvgrams produced by modern high quality
exposurce technigues.

In the future there way be developed other survey methods; in fact
some such methods are now being studied. In one company employees have
becn examined by means of the fluoroscope. In zeveral Inboratories methods
are being studied for photographing the fluorescent image projected on a
sereen by means of an X-ray apparatus. Since the use of a fluovoscope does
not permit the company to keep a permanent record of the results of the
examination, this method is not believed to be practicable for industrial
surveys. Sinuce the method of phatography of the fluorescent image was not
develuped sufiiciently early to permnit comparison with the results of these
tests, no comments in this report apply to this method. This dizcussion is
confined entirely to a consideration of the relative merits of the single film
and paper roentgenograms for surveys., It should not be difficult, however,
to use the methods described below to compare any new survey procedure
with those procedures hysdin diseribed.

Comparisons of paper and film roentgenograms have been conducted
several tines during the past ten vears. Their comparative values have been
a controversial question during this period. Many test roentgensgrams
comparing paper and film have been examined by one or by very few roent.
genologists. In ordsr to obtain more decisive resulis than those which have
arisen from this method, the test roentgenograms in this investigation were
submitted to 40 rventgenoclogists in the east and in the middle west. JMost
of these mien are famtiiiar with the problem of chest diagnosis in industry.
Some are specialists in tuberculosis; about one-iifth of the iotal number
have had considerahle expcrience in the use of roentgenographic paper.
Most of the men, however, have used x-ray film almost exclusively in their
work. )

The following material comprises a detailed discussion of the experi-
mental procedure which has been used, of all of the experimental data, and
of the records of the 49 roentgenclogists who examined the test roentgeno-
grams and who commented on their quality from the diagnostic point of
view, The marerial is divided into the following sections:

I. The Physical Characleristics of Roentgenograms on
X.ray Film and X.ray Paper.
II. Preliminary Experimental Procedurel”
11I. Roentgenographic Exposure Techniques.
IV. Tezt Roentgenograms and Questionnaires.
V. Physical Data of Test Roentgenograms.
VI. Roentgenologists’ Comments on Test Roenigenograms.
VII. Conclusions,

A limited number of mimcographed copies of the summary report of
these tests prezented at the annual meeting of the Air Hygiene Foundation
of America, November 17, 1833, are available for those who do not want to
study the detailed discussion of the tests recorded in this paper.
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. I
THE PHYSICAL CHHARACTERISTICS OF ROENTGENOGRAMS
ON X-RAY FILM AND X-RAY PAPER

NX-ray film conxists of two layers of sensitized emulsion on the two
faces of u sheet of trunsparent cellulose acetate. X-ray films are exposed
by placing them in light-tight cassettes in which two intensifying screens
are mounted, vne intensifying sereen being held in intimate contaet with cach
of the two layers of sensitized emulsion. After exposure and precessings,
the x-ray fibu therefore comprizes two superposed pictures. X-ray filin
is examined by means of light transmitted through the fitm. The character-
istics of the finished film may be conveniently described in terms of three
measurable quantities: density, contrast, and sharpness. Density is the
characteristic of the film which determines how much light is transmitted
through it.* It has values from something closely approaching zero for
clear film to 2.5 or 3.0 for the extreme blacks. The contrast beiween two
areas of a film is the difference in density between the two areas. The
greater the contrast the easier it is for the observer to distinguish between
two arecas. Sharpness is the characteristic of the film which measures the
blurring of shadow borders. Sharpness depends not only upon the roentgen-
ographic apparatus and expasure technique but also upon contrast. I.. order
to use these three descriptive terms during the presentation of the test
material the following examples are presented:

Five negative prints of filns (Figures 1-3)$ are shown. The first, Figure
1, has medium average-density: and medium contrast. Note that the density
in the shadow of the periphery of the lung does not become too Jow for
adequate representation of the vascular structure of the lung. Note that
nowhere within the chest shadow does the density become so high that the
eye is unahle to see the shadows of the parts within the thorax. The second,
Figure 2, has a low average-density. In this illustration the siiadows of
parts of the lung projected in the areas of the base and of the periphery are
not perceptible because the densities in these areas are too low. The converse
disadvantage arises if the average-density is too high as in ¢he case of the
third illustraticn, Figure 3. So little light is transmitted through the dark
areas that the eye is unable to see small density di¥erences. Finally, in
Figure 4 and Figure 5 the average-density has a medium value, but the
contrast in Figure ¢ is very high and in Figure 3 it is very low. One of the
important results of this investigation has heen the demonstration that ex- .

. Dc»ns'it,v D of an area of film which has been exposed and processed is defined
by the cquation: D = logs — where lo Is the intensity of the light incident

:l!nun“lh(v filthh annd I iz the intenxity of the light transmitted through the area of
e fHn,

t  These flrures, together with the charts mentioned later in the text, will be
found fn the pocket attached to the back cover of the bulletin.

3 Th2 average-density refers to balf the xum of the maximum density within the
dirgnostic aren of the roentZenogrien and the minimum densgity within the siie
ared, The following relittions describe approximately the values of average-density
discussed in thix bulletin:

0.70 -+ o.2¢

"Low averagesdensity™ —— = 0.50

i

“MedHum average-density” = &::—-9—‘-? = 1.00
) 4
“Hizh average-density” = -I-Lz—x-—!‘-‘ = 1.50
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perienced roentgenologists prefer a medium average-density and medium
contrast film, and further, that it is unnecessary to obtain films having
other characteristics for a preliminary diagnostic survey.

Roentgenographic paper is made of a sheet of paper eovered with =
single thin layer of sensitized emulsion so that only one intensifying screen
is required. Since the base is opaque the paper roentgenoyzram must be
examined by means of reflected light. Minimum densities {for paper, den-
sity is the characteristic which determines how much of the incident. light
iz reflected b it) in paper roentgenograms are represented oy the plain
white surface of the processed paper. Maximum densities in the paper dao
not exceed 1.8, as represented, for example, by the areu of a roentgenogram
outside of the shadow of the body of the patient.

The two curves of Figure 6 show how the density and contrast charac-
teristics of film differ from those of paper. The urdinates of these curves
are densities. The abscissas represent the Jogarithms of the exposures. Any
point on a curve represents thervefore the density which is produced by a
particular exposure. The following well knhown conclusions may ve derived
from these curves:

1. More exposure is required to produce a medium density {(for
example a density r.u) on the paper than on the film. In other
words fillm is faster than paper. This result might be expecied
since the film really comprises two layers of sensitive emulsion
on one sheet of material while the paper has only one sensitive
layer. .

2. The increase in density for a given increase in exposure is
greater for film than for paper. In other words the contrast
produced on film: is greater than that produced on paper for a
given exposure of a given subject.

3. A greater density range is available in roentgenocgrams on

- film than on paper. This is due to the fact that the surface of
the paper refleets a large part of the light even though the
exposure of this area has been quite high.

The deficiencies of the paper described above have been generally recog-
nized not only Ly those who condemn the use of paper for roentgenography
but alse by those who have supported the use of paper because it is an inex-
pensive survey medium. The latter have claimed that even thougzh the paper
is less effective than fillm in the reproduction of reprvesentative shadows of
parts within the chest, these shadows are clear enough for preliminary
diagnosis,

It was noted on one occasion during these tests that roentgenographic
paper failed in normal use on a day when the temperature was between 99°
F. and 95°F. and the relative humidity approximately 9577. The emulsion
apparently softened under these conditions with the result that a number of
roentgenograms procezsed under these stringent conditionis were sufficiently
damaged so that they could not be used. Films developed on the same day
were entirely satisfactory.

Finivhed roentgenograms on film and on paper were placed in a space
for which the air temuporature was maintained at 100°F. for a period of six
weeks. The relative humidity of this test cihamber was approximately 5047,

tis alleged that a test of this tyve is a means for finding out how the photo-
graphic material will stand up over a long period of time 2t normal temper-
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.
atures of the order of 70°F, Both film and paper withstood the six-weeks
test satisfactorily.

In the handling of x.ray films care must be taken not to seratch the
surfaces of the emulsion, Hewcever, films will withstand a great deal of
rough treatment in the form of bending with the fingers without being per-
manently damuaged. The paper roeitgenograms made in this test must be
handled extremely carefully since it is an easy matter to bend the paper
sufficiently to cause the emulsion to crack., Since the manufacturer of the
paper has produced roentgenograms in large rolls which have been stored for
a number of vears and which are still in good condition, it seems probable
that this cracking of the emulsion with handling is something which may
often occur with single sheets of paper but will rarely occur when the roent-
genograms are made on rolls of paper which are properly handled.

Il
PRELIMINARY EXPERIMENTAL PROCEDURE

In order to conduct tests the purposes of which are described above it is
necessary first to determine vwhat roentgencgraphic apparatus and ti:zh..igue
are best adapted to the peculiar conditions of a chest roentzencgraphic
survey in an industrizl plant, It is the general consensus of opinion that the
best quality chest roentgengrams may be made by using apparatus capable
of delivering to the x-ray tube currents of the order of 200 ma to 500 ma at
voltages from 45 kvp to 90 kvp; a rotating anode tube should be used in
order to produce minimum blurring or unsharpness due to focal spot size; an
exposure time of 0.1 second or less should be used in ord.r to minimize the
unsharpness or blurring due to the motions of the parts within the chest; the
control apparatus must be so designed that the quality of the chest roent-
genogram may be reproduced accurately, These conditions can only be met
by the purchase and installation of apparatus which is at once expensive and
bulky. & company having employees whose chest roentgenograms they
want to obtain may install such apparatus and produce roentgenograms of a
quality equal to the best which is obtained in any x-ray department. How-
ever, this procedure iz expensive. On the other hand it is not in general
practicable for a company to send its employees to a hospital or to the office
of a private roentgenologist where such apparatus is available. Oftentinies
such appavatus is not available even in hospitals or private offices. If these
two methods are therefore considered to be impracticable it is necessary
to find out what apparatus may be obtained which has the following
characteristics:

{1) 1t must be transportable by means of a snmll truck in order
that an ageney whose purpose it is to make the survey expos-
ures may bring the equipment to, and set it up within, the
industrial plans,

{2) The apparatus must be operabdle in connection with power sup-
ply transformers and lines having different rated voltages,
current carryving capacities and voltage variations.

Most roentgenographic equipment requires a supply of alternating volt-
age which i3 constant within two percent throughout the times during which
roentgenographic exposures are being made. It is often impossible to obtain
a suppiy line having these characteristics in an industrial plant where sudden
changes of voitage are produced intermiitently by the operation of motors,
welding apparatus, electropiating equipment, ete,

The roentgenographic apparatus most generally used for chest work

5
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comprizes control equipitent and a high tension transformer with rectifyieg
valves together with an x-ray tube. It is often necessary to supply to the
x-ray tube during the short exposure time encergy at the rate of 43 kw. This
corresponds to ‘z line current (at 220 voits) of the order of 200 amperves, {f
the voltage of the supply line varies during the exposure due to the influence
of loads other than that of the x-ray equipment. the exposire may vary in
such a manner that the roentgenographic results are compromised.

In view of these facts it was decided to test a roentgenographic appa-
ratus in which a cendenser is charged to a high potential and subsequently
discharged through the x.ray tube at the time of exposure. This type of

equipment draws energy from the supply line durmg a penod of 4 to 8
seconds. The peak xoltage to which the condenser is charged is a function
of the line voliage at the end of this charging period. Variations of line
voltage which occur after the condenser is charged have no effect upon the
x-ray tube voltage during the roentgenographic exposure. The cnergy taken
from the line to charge the condenser remains in the condenser (which acts
as a storage tank) until it is desired to make the roentgenographic exposure.

In general the x-ray trthe current at any instant depends upon the ~.ray
tube voltage and the temperature of the x-ray tube cathode or filament, In
this particular apparatus the full condenser voltage is applied to the termin-
als of the x-ray tube during the charging pericd. While the condenser is
being charged. however, the cathode of the x-ray tube is maintained at such
a low temperature that a very small current® fiows through the tube.

After the condenser is charged and it is desired to make an exposure,
a switch and relay system is used to produce a sudden increase in the cathode
current, This causes a sudden increase in the temperature of the cathode.
When the temperature of the cathode attains a sufficiently high value the
energy stored in the condenser is discharged through the x-ray tube causing
a pulse of x-rays to emanate from the tube. The duration of this pulse
depends upon the adjustments of the cathode circuit parts. In these tests
an exposure time of approximately 1/15 second was used.

The apparatus originally supplied by the manufacturer comprised a
condenser having a capacitance of 0.25 microfarad which could be charged to
a maximum voltage of 90 kvp. The quantity of electricity stored in this
condenser at any peak voltage V kvp iz equal to V/4 milliampere-seconds.
Thus, if the condenser is charged to 2 peak voltege of 60 kvp the x.ray
exposure will comprise a pulse having a peak voltage of 60 kvp and milli-
ampere-seconds §0/4 = 15 mas; if the condenser is charged to 80 kvp the
exposure is 80/4 = 20 milliampeore-seconds. It was found that this apparatus
could be uzed in conjunction with a line focus roentgenographic tube having
an effective focal spot approximately 3 millimeters square at a focal spot-
film distance of four feet to produce satisfactory chest roentgenograms of
patients having chest dizmeters up to approximately 26 centimeters. When
the chest diameter of the patient was greater than 26 centimeters, it was
fournd that such 2 high voltage was required that the resultant roentgeno-
gram did not have sufficient contrast within the diagnostic area of the ﬁhn.

. Since the apparatus produced satisfactory films for thin and mediom
weignt patients but did not produce satisfactory films of heavy adults, of

¢  FEven the smalt curreat produces x-rays of such intensity that the total “dosage’
during the charging perind may produce a detlectinn of two-fifths of full scale
dsfloctinn of a Victoreen condans-r r-mster us-d with & spacinl bukelite fonization
chamber for which the fu!l scale deflection i3 ap"ronmately 9.25 1.
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whom many are found in industey, the manufucturer was asked to supply
an additional condenser like the onc originally installed vn the machine to
be connected in parallel with it. With this conncction the total capacitancs
was 0.5 microfarad. The milliampere-seconds passing through the x-ray
tube when this larger condenser was used was equal to one-half the x-ray
tube voltage in Xvp. For example, when the condenser was ch.m.ul to R0
kvp the exposure was 40 mas.

During these tests the apparatus was supnlied by nieans of a 110 vole,
60 cycle alternating current line.r It is a relatively simple matter to provide
a transformer which will permit the use of alternating currents of this fre-
quency at voltages other than 110 volts, Thus the equipment may be oper-
ated using power supply transformers and lines having various rated volt-
ages, limited current carryving capacity, and relutively high variations of
voltage without compromising the quality of roentgenographic results. It
is this feature of the condenser discharge type of equipment which is advan-
tageous in industrial survey work.

It was concluded therefore that the condenser discharge apparatus is
satisfactory for chest roentgenographic surveys if both capacitances (0.25
mfd and 0.50 mfd) are available.

For ail exposures with x-ray film, a bakelite front cassette wus used
with two Patterson Par-Speed intensifying screens, For all exposures using
roentgenographic paper a similar bakelite front cassette was used with a
single Patierson Par-Speed screen mounted on the back of the cassette.
Thus in the case of film the x-ray beam passed through the patient. the
front of the cassette, the iront intensifying screen, the front emuision of the
ﬁlm, the film base, the back emulsion layer, and the back intensifying screen
in the order named. In the case of roentgenograms using paper the X-ray
beam passed through the patiénts, the front of the cassette, the paper base
of the sensitized material, the single emulsion layer, and finally the intensi-
fying screen. The x-ray film is therefore a superposed double exposure pro-
duced by two intensifying screens and two lavers of sensitive emulsion while
the roentgenographic paper has only one intensifying screen and one layer
of emulsion.

All of the x-ray film was developed in fresh developer for six minutes
at 65°F. It should be noted that deviations from these values are permissi-
ble with x-ray film so long as one of the deviations is compensated by the
other. For example, it is permissible to develop the film for five minutes
at 68°F. or 4 minutes at 70°F., without compromising apprecnab‘v the
appearance of the finished roentgenogram.

Roentgenographic paper was processed in the manner recommended by
the manufacturer. The chemicals for making deyeloper were supplied by
the manufacturer of the paper. In this solution the paper roentgenograms
were developed for 3 minutes at 63°F. Longer development sometimes pro-
duced brown s:ains on the finished roentgenogram, although no such stains
were obtained when the paper and the solutions were used in accordance with
the manufacturer’s recommendations.

A vwwmg box was obtzcined for the examination of the x-ray films
comprising a 250 watt frosted blue glass lamp mounted in a commonly used
14 inch by 17 inch film illuminator on the front of which there is a sneet
of blue flashed opal giass. The light intensity of the surface of this viewing
box under normal conditions is 250 foot candles with a maximum deviation
over the surface of =100 foot candles.

For viewing the paper roentgenograms the manufacturer of paper sup-
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plied a device comprising a flat metal surface on which the paper could be
mounted, together with a light similar 10 a desk lamp which was held Ly
means of hrackets near the top of the paper holder. Two 60 watt lamps are
used in thiz light and the light iz projected through a piece of fashed blae
opal gluss to the surface of the paper, This light is reflected by the paper
to the eyes of the observer. The light intensity at the surface of the paper
holder has a maximum value of 190 fuot candles and varies greatly over the
surface, having a minimmum value of ¥3 foot candles. Experiments indicate
that it would be advantazesus tu increase the intensity of the light incident
upon the roentgenographic paper. It is a relatively simple matter to take
cave of this defect in the paper iluminating device by increasing the lump
wattage, or by modifying the lamp mounting, or both.

An aluminum ladder having three steps of thicknesses %% inch, 1% inch,
and % inch was mouuted on the cassette holder over the upper right hand
corner of the cassette. Tor each exposure therefore x-rays passed through
this ladder and produced an image of the ladder on the film. By this means a
record of the overall roentgenographic effect of each exposure was obtained.
Measurements of the densities of the steps of the ladder and of the densities
within the shadows of the lung fields were made by means of two densi-
tometers, a photoelectrie densitometer being used for the film and a reflec-
tion densitometer being usced Iu. ine paper. The deansitometer used for the
paper was of a t¥pe which may be used for the measurement of transmission
densities as well as reflection densities, A few films were measured on both
densitometers in order to be sure of the comparability of the final results.

. 1
ROENTGENOGRAPHIC EXPOSURE TECHNIQUES

The roentgenographic apparatus was adjusted to produce exposures of
approximately 1/13 second. This adjustment was left unchanged through-
out the tests. A focal spot-film distance of four feet was chosen gince the
average-density and the contrast of roentgenograms obtained with this
machine were judged to be satisfactory at this distance. The use of a greater
focal spot-film distance makes necessary an increase in the x-ray tube volt-
age and therefore a decrease in contrast. The use of a shorter focal spot-
film distance produces excessive enlargement of the shadows of the paris
within the lungs. This factor alse remained constant throughout the tests.
Records were kept of the weight of the patient and of the chest diameter
measured by means of a rule after the paticnt had been placed in position in
front of the cassette holder. The tube was always placed at the level of the
second interspace below the prominent cervical vertebra.

In order to avoid differences in the appearances of films which wers to
be compared due to exposures in diferent phases ofwthe cardiac cycle a
device was installed to produce exposures always in the late diastolic phase
of the cardiac cycle when the heart and vessel motions are thought to be
minimum, By the use of this davice direct comparisorn may be made of the
roentgenograms made on paper and on filr: for a given patient without
being confused by differences in sharpness which would have been produced
if the exposures had been made in difervnt phases of the cardiac cycle.

To suramarize: The developing procedures, the focal spot size, the focal
spot-film distance, the intensifving screens, the exposure time, and the car-
diac phase during exposure were maintained constant throughout the tests.

X-ray tube voltage is therefore the only variable factor. It is necessary
1o measure and to judge the structure of the chest and then to specify what
x-ray tube voltage will produce 2 roentgenogram having the desired charac-
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teristics. It is well known that, if the chest diameter alone is measurcd, the
average-density of roentgenograms may vary considerably. There will be
some films with low average-density hecatse some pationts have chest walls
which are extremely fat or muscular or both., There may also be sonie
patients’ films for which tlhie average-density is quite high because the chest
walls are very thin. In order {0 produce uniform roentgenograms, therefore,
it is necessary at least to nmieasure the chest diameters _zmd to estimate the
type of chest wall

In the preparation of the test material for thiz investigation roentgeno-
grams were made both on paper and on film with low average-densities,
medium average-densities, and high average-densities.  Although it was
believed that the medium-density films were most acceptable from the diag-
nostic point of view, it was also recognized that many roentgzenclogists have
formed the habit of using light or dark films. Some films of this type were
therefore included in order to find out how many roentgenolegists liked
medium-density films and how many liked high or low average-density
films. For the medium-density films of patients with average chest walls
the technique was as given in Table 1. Note that the x-ray tube voltage
was approximately 6 kilovolts higher for the paper than for the film,

TABLE 1

Chest Roentgenographic Exposure Technique for Condenser
Discharge Apparatus Used in These Tests

?:::::;‘:’;:::: c‘;‘;’;ﬁt"::;e Charged Condenser Voltage—kilovoits
:,l,:” microfarad For Film For Paper
15 0.25 32.2 38.3
16 0.25 83.7 €1.6
17 . 025 82 - 64.1
18 0.25 , 60.2 66.2
18 0.25 - 62.2 68.2
20 0.25 64.2 70.2
21 0.25 66.2 722
22 0.25 68.2 74.2
23 0.25 70.2 76.2
24 0.25 72.2 78.3

- 25 0.25 74.2 80.3
26 0.50 ) .-68.0 74.0
27 0.5¢ 71.2 765
28 0.50 73.6 - 786
29 Q.50 76.0 80.6
30 0.50 8.7 83.0
31 0.50 822 86.2
32 0.50 87.0 90.1

The data in.Table 1 have been read from curves showing averages of
experimental data, With the apparatus used for these tests the peak charg-
ing voltage could be changed in steps of 2 kv, These tests lead to the con-
clusion that the voltage control should permit the choice of voliage in steps
not exceeding 1 kv.
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TEST ROENTGENOGRAMS AND QUESTIONNAIRES

From all of the roentgenugrams made during these tests, two groups
were chosen asbeing representative of the most iniportant problems. These
two groups of roentgenagrams were tuken to the laboratories of ) roent-
genologists in the cast and in the middle west. Each roentgenologizt exam-
ined the roentgenograms and recorded his opinion in a special questionnaire.
Brief description of the charucter of these test ruentgenograms, and of the
mimeographed questionnaire is given below.

A single roentgenogram on film and a single roentgenogram on paper of

each of 27 individual patients were selected from the test roentgenograms.
These patients had chest diameters from 20 cm to 29 cm. Their weights
varied from 104 tbs. to 210 Ibs. DMost of these roentgenograms were films
of medium average-density. A few of the films were of low average-density
3 and a few were of high average-density. The low and high density films
were included in order to find out whether roentgenologists recognize a dif-
3 ference in the diagnostic values of films of various average-densities.
} The second series of film and paper roentgenogrums was made of 12
patients whose weights and chest diameters lie within approximately the
same range as those included in the series described above. Six roentgeno-
“grams of each of the 12 patients were made on film and six on paper. The
first exposure either on film .7 paper was purposely chosen tn produce a
roentgenogram of low average-density. The exposure was increased in five
equal steps so that the sixth film and the sixth paper roentgenograms were
of quite high average-density.

The names of the patients and the code numbers of their roentgenograms
were listed on the first three pages of the mimeongraphed form. The x-ray

e film and the paper reentgenogram of the first patient were placed in their
g respective viewing devices. The roentgenolegist was asked to examine the
] two roentgenograms and then to record on the mimeographed form the

following data:

; 1. His opinion concerning the acceptability, from the interpretative

1 point of view, of each roentgenogram, using the symbols D for
“Diagnostie” and ND for “XNot Diagnostic.”

2. His opinion concerning the relative merit of each roentgeno-
gram for preliminary diagnosis, using { for excellent; 3 for
good; 2 for fair; 1 for poor.

3. A check mark in either the filim or paper colunm to show which
he preferred.

This procedure was followed for each of the 27 patients having single
film and paper roentgenograms. —

The roentgenologist then examined the series of 6 films of one of the
12 patients of whom 12 exposures had been made, He was asked to choose
the particular film of the & which he thought to bz of the best diagnostic .
quality, He was then given the series of 6 paper roentgenograms of the
same patient and asked to choose the one of the best diagnostic quality.
Finally he was asked to compare the film and the paper which he liked best
for this patient and to record his opinion as described above for the individ-
ual film-paper comparisons. A minimum number of 4 patients was exam-
ined in this manner by each roentgenologist.

On the fourth page of the mimeographed form the following question
10
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was presented: “From the given examples of film and paper roentgenograms
presented, do you believe that paper rventgenograms are satisfactory for
industrial survey work? Yes.. . No. ..""  Space was available
below this question for cach roentgenologist to write qualifying comments
on the question and on his answer.

On Page 3 of the mimeographed form each roentgenologist was asked
to state whether he thought that films or paper roentgenograms were casier
to read and to describe in detail the reasons for his answer.

The roentgenograms were shown in this manner to 49 roentgenologists.
The answers of these roentgenologists fuorm the results of this investiguation.

It should be emphasized that relatively few of the roentgenologists on
this list have had wide experience in the use of, or the intevpretation of, puper
roentgenograms. [t has been almost universally accepted, and nothing in
this test proccdure appears to contradict, that roentgenograms on x-ray
film provide more accurate diagnostic data than roentgencgrams on paper.
This is due to the facts mentioned previously that the density range and the
contrast on paper are less than those obtained on film. In view of these
facts many roentgenologists in large hospitals and in private practice have
used only x-ray film. Some roentgenologists who are interested in public
health problems, and th~~~{ore in mass roentgenographic survevs. have made
use of paper roentgenograms; a few of these men have examined the test
results of this investigation and have commented upon them.

v
PHYSICAL DATA OF TEST ROENTGENOGRAMS

Since there are so many physical data of the test roentgenograms they
are presented in the form of a series of charts., These charts have been
prepared in such a manner that they may be examined individually or they
may be placed on a table or desk to form one large chart comprising all of
the experimental data. It is important to note certain correlations between
the physical data and the data taken from the answers of the roentgenologists
who examined the test roentgenograms. Thus, for example, in Chart B it
may be noted that the roentgenogram on film of patient WB has received
9 votes “not diagnostic.” Reference to the phvsical data of Chart A shows
that this roentgenogram had a maximum density of 0.89 and a minimum-
density of 0.21. According to the discussion presented in Section I above
this roentgenogram has a low average-density. Therefore, these “not divg-
nostic” comments indicate that more than one-fifth of all of the roentgen-
ologists who examined the test roentgenograms cannot accept this film
which has a low average-density. Interpretations of this general nature are
presented in some detail in the following sections.

VI .
ROENTGENOLOGISTS’ COMMENTS ON TEST ROENTGENOGRAMS

The data recorded in the questionnaires by the 49 examining roentgen-
ologists are presented in the form of charts (A, B, C, D, E, F), which are
enclosed in an envelope fastened to the back cover of this bulletin, The
following general notes concerning these comments have been abstracted
{from these data:

As stated in the introduction, roentgenologists in general agree that a
single roentgencgraphic exposure, whether it be on paper or on filin, does
not constitute 2 surficient basis for accurate diagnosis. If 2 single exposure

11
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method is used it must be recognized that all ruentgenograms which show
definite signs of patholojty, or even shadows which lead the roentgenologist
to suspect the presence of an abnormal condition, are indications for further
detaited roentgen exaraination on film of the patients which they represent.

Practically all of the roentzenolugists who examined the test material
remarked that the quality of the paper roentgenogruams in this test far
excels the guality of paper roentgenograms which they had previously
examined. They also stated that the films were of excellent quality.

Many of the roentgenoclogists (including ten men who favor the use of
paper for chest survey work) stated that film has a greater density range
than paper, that the contrast on film is greater than that obtained on paper
and that in gencral voentgenograms on film appear to have greater sharp-
ness than those which are made on paper.

There are tabulated below a few of the data recorded by the examining
roentgenologists concerning the preference of film over paper or vice versa,
and the relative diagnostic values of film and paper.

Of a total of 1,323 comments on the films of patients of whom single
films and single paper roentgenograms were inade, there were 39 “not
diagnostic” comments concerning film and 117 “not diagnostic” comments
for paper. If these data aic vvarelated with the measured densitics in the
chest shadows it is found that no film having medium contrast and medium
density has received a “not diagnostic” vote. In.a similar manner the very
light paper roentgenograms and the very dark paper roentgenograms re-
ceived many more votes “not diagnostic” than those in the middle range.
There were, however, some men who thought that a few of the best paper
roentgenograms were not diagnostic. In the case of an industrial survey
such patients would have to be called for special examination along with

those in whose roentgenograms shadows indicating the presence of disease

were found. For the same group of roentgenograms 912 comments indicated
a preference for filin over paper; 267 thought that the filn and paper were
equal from the diagnostic point of view; 116 preferred paper roentzenograms.

Although the number of those who prefer film is high, it is the opinion
of those who have conducted this investigation that these facts are to be
interpreted as an expression of the definite possibility of the use of paper
in industrial surveys. In the first place approximately one-fifth of the 49
rocntgenologists have had a large experience in the use of paper. In spite
of this fact wmore than one.fourth of the votes on the series of individual
films show cither a preference for paper or no preference. This is a particu-
larly important fact when it is also recognized that all of the roentgenolo-
gists believe film to be superior to paper from the physical point of view.

In the case of the patients for whom a series of roentgenograms was
made on paper and on film the number of votas “not diagnostic” was natur-
ally lower, No films were marked “not diagnostic” and only three of 169
notes on paper roentgenograms were “not diagnostic.”

Several roentgenologists recorded their emphatic opinion-that both paper
and film would have the value shown in their respective reports only if the
?ochnique used in these tests were accurately reproduced. It is extremely
important, therefore, to set up definite standards of quality and to maintain
these standards in any industrial survey. It is a relatively easy matter to
produce poor roentgenograms either on paper or on film and so to compro-
mise the diagnostic resuls and to confuse the controversial question concern-
ing the use of these two photographic media for survey work.

In answer to question 1 as to whether paper would be satisfactory for
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industrial surveys, 21 roentgenologists answered “'yes” while 18 roentgen-
ologists answered “no.” In answer to questicn 2 as to whether film or paper
is easier to read, 36 thought that film was eaxicr to read, 3 thought thp
paper was casicr to read, while 9 thought that there was no chaice in the
matter. The answer to question 2 again reflects the lack of experience of
many men in the use of high quality paper roentgenograms. Although this
is an important fact tending now to discourage the use of paper roentgeno-
grams, it is quite likely that roentgenologists nway learn quickly to use them.
The following statements are taken from the comments given by the
roentgenologists to the questions 1 and 2 in the mimeographed form. Inter-
pretative conuments are added to each statentent. :
The following comnients are from the questionnaires of those roentgen-
ologists who believe that paper is unsatisfactory for industrial surveys:
“Range of density with paper is quite narrow so that part of the diag-
nostic area may have suitable density while another part is too light or too
dark.” Another roentgenologist makes the following statement: “These
paper roentgenograms o»2 _uperior to any we have seen but they still Jack
contrast antd detail such as are seen in good films.,” These roentgenologists

“have clearly recognized the physical characteristics of paper and film roent-

genograms which are discussed in detail in the first section (I) of this report.

“The sharpness on paper appears to be poorer than that which is ob-
tained with film."” This criticism probably arises from the fact that the con-
trast of paper is less than that of film and therefore the apparent sharpness
in the case of paper is inferior to the apparent sharpness in the case of dim.

“Roentgenograms of heavy patients are poorer than roentgenograms of
patients with thin chests.” It is not at present possible to produce equal
contrast for all chest thicknesses using either paper or film. Since the
density limits of paper are less wide than those of film and since the contrast

-of paper is less than that of film, paper roentgenograms of very heavy

patients oceasionally may not be satisfactory. On the other hand, the appar-
atus and techniyue used in these tests are peculiarly adapted to the produc-
tion of high coutrast roentgenograms of heavy patients. Several roentgen.
ologists who examined the results of these tests stated that the contrast of
these roentgenvgrams (on both paper and film) of heavy patients was super-
jor to those usually produced.

“More paper rocntgenograms are found to be ‘not diagnostic”” This
comment is in part based upon the lack of experience in the use of paper.
However, even roentgenclogists who are experienced in the use of paper are
likely to find fewer “not diagnostic” films than they find in a series of paper
Toentgenograms.

“Gross pathology easily seen in paper; early lesions may be missed.”
Some of the roentgenologists believe that this is particularly true of early
lesions of silicosis. There can be no doubt that roentgenograms on film will
show early changes in the structure of the Jupgs due to either tuberculosis
or silicosis more accurately. It seems to have been the opinion of many
roentgenologists that in cases such as these the paper would have shown
suspicious shadews and the patient would therefore have been asked to have
a re-examination using stereoscopic filns.

“Some changes in the lung structure are reproduced in roentgenogranis
on film which cannot be seen on paper roentgenogrants of the same patient.”
This comment was made by three roentgenologists, none of wlom has had
great experience in the use of paper.

“One case of tuberculosis missed in a survey may prove to be extremely
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costly in the long run” This is an argument which has long been used to
support the contention that i complete x-ray examination including stereco-
scopie fils of high quality is the only means by which carly lesions may be
detected with cevtainty. While there ¢an be little doubt that this statement
js true, the practical exigencies of the industrial survey problem require a
means for quick, inexpensive x-ray survey, Every one should recognize,
nevertheless, that the use of single roentgenograms on film or paper may
lead to occasional errors,

The following comments are made by those men who believe that paper
is satisfactory for roentgenographic surveys in industry:

“The paper radicgraphs shown in this demonstration are technically
far superior to any I have scen to date.” “I was impressed by the good
quality of radiograph that the paper produced as they were much superior
to the films that we went over in an industrial survey here in last
year.,” *“Paper is satisfactory if the technical procedure can be maintained
at the level represented by the test films” “From previous experience I am
convinced that it is very doubtful that so uniformly good a series of paper
radiographs could be obtained under ordinary workmg conditions.” The

_practical aspects of this problem are extremsly important. It will be diffi-

cult but not impossible te arrange in the future by collaboration verween
the agencies who mauke roentgenograms, the roentgenologists, and those who
have specified the technique used in these tests to arrive at the specification
of a procedure such that most of the roentgenograms produced in an indus-
trial survey will have av engc-densntv contrast, and sharpness equnalent
to those roentgenograms produced in these tests.

One roentgenologist called attention to a group of problems which are
important though not primarily technical. “Every effort must be made o
prevent the use of paper radisgraphs from having a deletericus effect upon

- the development of the science and practice of radiology; that it has some-

times produced such deleterious effects is due to the aims and practices of
individuals, not to any of the technical factors involved.”

“Paper is cheaper and in the form of rolls may be used as the basts of
a very fast exposure procedure. In addition there is greater ease in hand-
ling the finished roentgenograms in rolis.” This point is of extreme import-
ance. If it were possible to make single 14 inch by 17 inch roentgenograms
on film, to precess them and to view them as casily, as quickly and as inex-
pensively as to make serial roentgenograms on roll paper, there would be no
question that the filmy would be used. Al the present time, however, the roll
paper is the only medium which permits quick exposures using semi-portable
apparatus, continnous processing and the use of a simple, convenient method
of viewing the finished roenigenograms.

One radiologist who offered opinions on this test, in & conversation with
one of the authors of this report stated that he felt that the charges for
paper roentgenographic surveys were too high, when considered in the light
of actual costs. He felt that if paper surveys were to be used, technical
charges should be materially reduced. It was the opinion of this radiologist
that a definite effort shou'd be made to develop the survey method on roll
film using an exnosure size of 13 x 14 inches. It is possible that the size of
the exposure avea could be reduced to 12 x 14 or 10 x 12 inches. TFilms of
such sizes as mentioned above could cover most of the lung field except the
diaphragmatic regzion. Sirce the charge for film is bazed on the number of
square inches, a considerable saving may be effeeted by reduction in the size
of the film.

“Even if paper is used for industrial survey work to cover those e~
14




ployces nowwworking in industry it is considered important that all appli-
cants for positions be examined using x-ray flm.” The men who made this
comment recognize the importance of the fast survey method using roil
paper but also recognize that the paper is deficient when compared to fiim.
Applicants for new positions come usually in small numbers and may be
hardled without teo great expense without recourse to nmass survey methods,
In these cases, therefore, they insist upon having high quality roentgeno-
grams on film. )

Finally, several of the men mentioned that other methods may be avail-
able for industrial survey work. Although this is certainly true and such
other methods should in the future be carefully considered, it was the purpose
of this investigation to test the methods now available.

VII
CONCLUSIONS

In this section certain conclusions based upon the experimental data
and the opinjons of the roentgenologists who exaniined the film are briefly
presented. )

It has been shown clearly that experienced roenrgenoiogists require
chest roentgenograms having densities within the diagnostic area in the
range 0.35 to 1.63. If the minimum density is below 0.35 or the maximum
density greater than 1.63 roentgenologists in general react untavorably to
the film. This fact, which may be clearly derived from the experimental
data of this investigation, was predicted upon the basis of an analysis of
the physical and physiological phenomena which has been published.* It
was also demonstrated by mieans of a serics of test roentgenograms exhib-
ited at the annual meeting of the National Tuberculosis Association in Los
Angeles in June, 1933. There are very few roentyrenologists who insist upon
using films whose maximum and minimum densities lie outside of the range
0.35 to 1.65. This was certainly not true as recently as five years ago. It
is a particularly encouraging fact to note that progress has been made
toward the achievement of an accurate specification of an optimum roent-
genogram,

1t is concluded from these tests, just as it has been concluded from
former tests by other workers, that the average-density and contrast of
roentgenograms made on.paper are inferior to those which may be produced
on film using simple practical apparatus and technique. In view of this
fact it is believed that roentgenographic paper should never be used unless
important practical reasons prevent the use of film.

If a large group of employees is to be~examined and a part of this
examination is a single roentgenogram of each employee, then it is less
expensive and quicker to use paper in rolis than to use single pieces of x-ray
film. Such a survey may be made with paper if the technical methods out-
Jined in this report are used.or if other methods are used which produce equal
or better resuits. Paper roentgenograms obtained by means of pulsating
apparatus of rating less than 200 ma are not likely to be satisfactory, par-
ticularly for heavy individuals. If paper is used for survey work in conjunc-
tion with apparatus and technique at least equal to those described above,
the best interests of all parties concerned will be served if pathological and
doubtful cases are referred for a more thorough radiologic examination.

. Apparatus and Technique for Peentgenography of the Chest: Weyl, Charles: and
Warren, & Reld, Jr.: published by C. ¢, Thomas, 1933,
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Doubtful cases from the use of the paper roentgzenograms full in either one
of two classes: (1) roentgenograms showing definite evidence of discase of
the chest; (2) roentgzenograms showing shadows which make the roentgen-

CREE Lo, o

E' ologist doubtful as to whether or not there may be lesions within the chest.
’ . In some instances even a careful fluoroscopic and stercoscopic examination
1 of the chest may not be sufficient.

Although only ten of the 49 roentgenologists who examined the test
roentgenograms have had great experience in the use of paper roentgeno-
5, grams, 31 were of the opinion that paper roentgenograms like those pro-
3 duced in these tests would be satisfactory for a preliminary survey. It is
concluded that these results demonstrate two points:

(1) The paper roentgenograms produced in these tests are of
better quality than those produced by other methods heretofore
_ used in survey work. .
{2) Many roentgenologists learn easily and quickly the technique
. of viewing paper roentgenograms even though they formerly
- may have been unfamiliar with the use of this roentgenographic
medium.

o)

HERH N

Some time will be rquired to set up methods whereby paper roentgeno-
grams may be routinely made in accordance with the technical procedures
described in this paper. However, it is possible to set up such methods, and
an effort will be made to devise them and to put them into use as soon as
possible.

The authors believe that in view of the fact that no evidence has been
produced to show that paper roentgenograms are in any way superior to
those on film from the dingnostic point of view, it would be best in the long
run to attempt to work out a scheme for making roentgenograms on film
S quickly and at low cost. There appear to be no insurmountable difficulties
- in the processes of devizing methods for using x-ray film in rolls. It is
quite likely also that the cost of survey roentgenograms might be reduced
when using either paper or film by decreasing the size of the roentgenogram
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j from 14 inches by 17 inchas to 13 inches by 14 inches or whatever size
- might be found to be adequate.

j It is apparent that it would be extremely useful to devise a detailed
3 specification of al!l of the technical factors involved in the chest roentgeno-
i._-“-‘ graphie procedure in such a manner that these specifications might be accur-
’ ately followed in any laboratory: Work along these lines has been begun,
¥ and it will be the purpose of this work to submit to Air Hygiene Founda-
-3 tion of Anterica a report describing precisely what methods should be used
3 for makiny chest roentgenograms under any of the circumstances which
E& arise in industry.
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LIST OF ROENTGENOLOGISTS WHOSE COMMENTS ARE
1 SUMMARIZED ON CHARTS B, C, D. &, F,
ARRANGED ALPILABETICALLY®

¢ ) Dr. K. D. A, ArLEX, Denver, Colovudo
: i Dr. J. B. AseggsnN, New York, New York
$ Dr. CHESLEY Brsn, Livermove, Califarniy
k De. W, E. CHaMrrRLAIN. Philadelphia, Pa.
3 ) Dr. G. W, CHaMuERLIN, Philadelphia, Pa.
Dr. A. C. CurisTig, Washingten, D. C.
Dz. H. P. Datk, Detroit, Michigan
Dr. H. K. DuNnay, Cincinnati, Ohio
¢ De. H. R. Erwarns, New Vork, New Vork
t Dr. D. E. EHRLICH, New York, New York
3 Dr. H. H. FeELLOowES, New York, New York
1 Dg. G. W, Guier, Pittsburgh, Pa,

Dn, E. W. HALL, Detroit, Michigan
3 Dgr. W. C. HatLy, Philadelphia, Pa.
1 Da. P.J. Hovges, Phijladelphia, Pa.
Dr. F.J. Hopers, Ann Arbor, Michigan
Dn. P. C. Hoduian, Cotcago, Hlivois
Dg. B. R. KirkLIN, Rechester, Minnesota

o Dr. A.J.LaNZa, New York, New York
4 Dr. D. Lasnon, Boston, Massachusetts
: : DRr. D. 0. N. Lixozera, Decater, llinois

DR. R. P. MEADER, Philadelphia, Pa.

Dr. W.J, McCoNNELL, New York, New York
Dr. J. T. McGRrEER, Ann Arhor. Michiganp

Dz. E. M. McPeak. Washington, D, C.

Dr. MAURICE McPuroraN, Philadelphia. Pa.

[WPUTTs

] Dz. Sueawoop Mceorr, St. Louis, Missouri
£ Dr. J. T. Mtrray. Toledo. Ohio .
} 4 Dr. J. A. Myezs, Minneapolis, Minneanta
2 Dr. V. V. Nortox, Cincinnati, Ohio
< Dr. F. W, O’'BRIEN, Baston, Massachusetts
- 4 Dr. L. H. OsMexD, Pittsburgh. Pa.
: Dr. E. P. PExnERGRASS, Philadelphia. Pa.
] Dr. G. S. PrsqQUFRA. Mt. MeGregor, New York
S DRr. A. §. PoPE. Boston, Massachusetts
Dr. H, E, PoTTER, Chicago. Ilinois
: DR. R, R. RaTHEOXNE, Washington, D. C.
B Dr. Apa C. ReIp, New York. New York
1 DR. D. ReIsNER, New York. New York
Dr. Lawrence REYNOLDS. Detroit, Michigan

: : Dr. Lea G. RigLer, Minneapolis. Minnesota

; Dr. A. B. RosiNg, New York., New York

d Dr. A. E. Russert, Chicago, Ilinois

Dr. H. 8. Savpsox, faranae Lake. New York
Dr. L. R. SaxTE. St. Louis. Missouri

DR. W, G. ScotT, St. Louis, Missouri

DR. MERRILL C. SosyaN, Baston, Massachusetts
Dr. J. E. Wissrer, Wazhington, D. C.

Dr. H. H. WriGHT, Ann Arbor, Michigan

° The racntzencingists’ onde numbers used in Charts R, C, D, F, F. are not
arranzed aiphatetically.
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GENERAL COMMENT

1. CAPACITANCE OF CONDENSER USED FOR
ROENTGENOGRAPHIC EXPOSURES

1y mfd Capacitance ty mid Capacitance
Individual-Patient — R.R. Individual-Patient — B, W.
Wt 45 —_ E. T. @ [ — J. Z.
“ & — "v. B. [y L —_— F. .\I.
- “ - E.C, “ “ — J.A.
&“ “ —_— c‘ B. " & — L. M.
“ “ ~ R.M.B. ¢ “ © —~— J.R.
« " — E.R. TS i — A, P.
" “ — E.K. “ “ — M.S.
“ “ —  M.M. “ “ — M.C.
ke “ — ALA, Serial-Patient - TP
o 4 — H.M. “ “ — O.H.
& * —_— ‘!\L . “ 3 — N. I
" K1 — J. S. " [ — J. K’
s o — W.M. ¢ “« ~ W.N.
“ " — L. C. (13 “® — s. H.
“ “ — L.K, « “ — E.W.
o “ — s‘ B.
« “ ‘_. D’ L.
Serial-Patient — A H:

4 ¥ — E.AK.

o “ — E.S8.K.

I3 i —_— c. E.

4 “ — J.0.B,

(Individual-Patient: Patient for whom one roentgenogram on
film and one roentgenogram on paper were made.
Serial-Patient: Patient for whom a series of roentgenograms
of different average-densities was made on film, and a similar
series of roentgenograms was made on-paper.)

2. CHART A

The “minimum densities” for a1l filmi and paper roentgenograms were
measured under the intersection of two ribs just inside the periphery of
the chest,

The “maximum densities” for both film and paper roentgenograms were
measured in the lung field.

The average-density refers to half the sum of the maximum density
within the diagnostic arvea of the reentgenogram and the minimum density
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within the same area. The following relations describe approximately the
values of average-density discussed in these charts:

.

0.70 + 0.20

“Low average-density” = o= o=z 050

“Medium average-density” =

2

160 -fz- 040 _ 400

196 + 110 _ 459

“High average-density” = ==

The optimum values in the serial-patient roentgenograms data are
taken from the net findings of the 49 roentgenologists’ data. See Charts

E and F.

3. CHART B

Question 1 — From the given examples of film and paper roentgenograms

Question 2 —

presented would you state that paper roentgenograms are
satisfactory for industrial survey work? Yes..ivenses
B\ SN e COmments:

It is desired to obtain the answer to the question of the
relative ease of diagnosis of the paper roentgenograms
versus the film roentgenograms. Which of the two would
you state is ¢asicr to diagnose and why?

4. CHARTS B, C, D, E, F—INDEX OF SYMBOLS USED

D. — Diagnostic
N.D. — XNot Diagnostie
Pref — Prefercnce
F. -— Preferred roentgencvgram on Film
P. — Preferred roentgenogram on Paper
N.P. — No Preference
4 — Excellent roentgenograri™
3 — Good reentgenogram
2 - Fair roentgenogram
1 — Poor roentgenogram
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