/fq;f ./

Cxa

YASTER g

(it;?ﬂux;:’ §7£o }’ fﬁi'ié-'" ) (

NOTICE

The sepost was prepaied a3 an axoum of wark
sponsored by the Unsted States Goweramer: Nethe:
the Unitad Suies noi the Unsted States Eantpy
Rosra’ch and Devtopmenmt ASIaRITBtION, RO! aRYy of
theis employses. #ov any of thew comlractons,
sebcontractons, of thaw  emgloyess. mwkes any
wammanty, expres of imphed, oo smumes sny by
hbﬁly ot respanability fou llnamu-:v compictencs

cf any product or
pvow- ducioned, 2F teprosents nul ity upr would not
infringe prvatey owned rights.

Image Quality in Mammography

Arthur G. Haus*, Xunio Doi, Ph.D., Charles E. Metz, Ph.D.,

and Joel Bernstein, M.D.

From the Department of Radiology, the Center for Radiolcgi~ Image Research,
The University of Chicage, and The Franklin MclLean Memorial Research Insti-
tute (operated by The University of Chicago for the U. S. Energy Research

and Development Administration under Contract EY-76-C-02-0069). This work

was supported in part by USPHS Grant GM 18940,

Tnvited paper presgented at the symposium: Radiologic Advances in Breast
Cancer, Sixty-second Scientific Assembly and Annual Meeting of the Radio-

logical Society of North America, Chicago, Illinois, November 15, 1976.

*Present address: Department of Radiology, The University of Texas
System Cancer Center, M.D. Anderson Hospital, Houston, Texas 77025.

Piease send all correspondence to this address.

o

DISTREUTION OF THIS DOCUVTHT IO (0

S R B RS

A

i R

Qur g
e

i, e,



ABSTRACT

In mammography, image quality is a function of the shape, size, and
X-ray absorption properties of the anatomic part to be radiographed and
of the lesion to be detected; it also depends on geometric unsharpness,
and the resclution, characteristic curve and noise properties of the
recording system. X-ray energy spectra, mcdulation transfer functions,
Wiener spectra, characteristic and gradient curves, and radiographs of
a breast phantom and of a resected breast specimen containing micro-
calcificaticns are used in a review of some current considerations of
the factors, and the complex relationship among factors, that affect
image quality in marmography. Image quality and patient radiation expo-
sure in mammography are interrelated. An approach to the problem of
evaluating the trade-off betweer diagnostic certainty and the cost or

risk of performing a breast imaging procedure is discussed.



INTRODUCT ION

The recent cmphasis on carly detection of breast cancer has led to
an accelerated interest in mammography. Recent studies on the question
of benefit versus risk in routine mammography and in mammography assc-
ciated with breast screening programs have become quite controversial
and, to some degree, quite confusing (1, 2). There is agreement that
radiation exposure to the patient must be minimized. Image quality and
patient cxposure in mammography are interrelated, hcwever (3, 4). For
example, reduction of patient radiation exposure can be achieved in mam-
mography simply by use of the highest-speed recording system available,
but the use of such s system may result in degradation of the radielogic
image and thus in reduced diagnostic certainty, so that the reduction of
patient exposure is of no value to the patient. It is therefore timely
and important that the factors affecting image quality in mammography
be discussed and understood.

In essense, image quality is & function of the shape, size, and
absorption properties of the anatomic part to be radiographed and of the
lesion to be detccted; of the geometric unsharpness; and of the recording
system in terms of its resolution, characteristic curve, and noise prop-
erties. Sufficient image quality is required so that the mommogram con-
tains adequate information for interpretation and evaluation. Figurc 1
shows the various factors, and the complex inteirelationships among these
factors, that affect image quality in mammography or breast imaging. Each
factor is a major topic within itself. It is the purpose in this presen-

tation, thereforc, to revicw some current considerations of these factors



as they affect image quality in terms of object contrast, geometric and
recording system unsharpness, the recording system characteristic curve

and noise properties, and image evaluation.

OBJECT CONTRAST

Molybdenum and tungsten target tubes arc presently used for film
and screen-film mammography and xercradiography. The relative usefulness
of these tubes depends upon the thickness and composition of the breast
(5, 6, 7). Determining the cptimal tube in terms of image quality and
patient exposure is complicated by tactors such as the x-ray energy
spectrum emitted, the filtration used, attenuation properties of struc-
tures within the breast, scatter, and the energy response of the record-
ing system (8, 9).

The x-ray spectra emitted by a molybdenum anode tube and by a tungs-
ten anode tube at 40 kVp are shown in Figure 2 (10). These specira were
measured with an intrinsic germanium detector and a 4096-channel pulse
height analyzer (11) and have been corrected for the energy dependence
of the detector efficiency. The rather intense spectral lines at 17.9
and 19.S‘ch from the molybdenum anode tube are due to the characteristic
Ka and KB radiation of molybdenum. The spectrum from this tube is strongly
suppressed at photon energies above 20 keV by inherent filtration and by
the standard additional 0.03 rm molybdemuen filter, because of the K-shell
absorption ecdge of molybdenum at that encrgy. ‘The tungsten spectrum, on
the uther hand is smoothly ccntinuous. Because of the relative concentra-
tion of x-ray energy in the 17.5 and 19.5 keV lines of the molybdenum-anodce

spectrum, molybdenum is superier to tungsten for imaging of low-contrast



detail in soft tissue. Greater attenuation cof low-energy x-rays causes
greater subject contrast. Figure 3 shows the x-ray spectra from both
tubes, transmitted through 5 cm of fat (left) and through 5 cm of water
(right). In the calculation of these spectra from the measured incident
spectra, the encrgy dependence of the attenuation coefficient cf fat and
water was taken into account (10, 12). These materials were chosen be-
cause the breasts of older women are composed primarily of fat, whereas
those of younger women contain a considerable fraction of fibrous and
glandular (water-equivalent) tissuec.

The characteristic lincs in the molybdenum spectrum carry a signifi-
cant portion of the total x-ray intensity transmitted through the fat.
The relative strength of the characteristic lines is decreased consider-
ably in passage through the 5 cm of water because of the even stronger
prefercucial absorption of low-energy photons by water. These spectra
suggest, thercfore, that the contrast of small objects such as micro-
calcifications in manmograms of fatty breasts approximately S cm thick
should be greater with the molybdenum anode tube, but that the contrast
of details in brecasts of the same size, but of higher density would be
nearly equal.

These predictions are confirmed in radiograph«. (Fig. 4) of a 1.5 cm
thick scction of resected breast tissue superimpused with 3.5 cm of lard
(left) and 3.5 cm of water (right) which simu'.ate 5-cm-thick fat- and
wiater-equivalent breasts. The radiographs show that: (a) through fat,
the molybdenum tube image has much greater contrast than the tungsten
image; (b) the molybdemum tube image through water has significantly less

contrast than that through fat; and (c) for the dense or water-equivalent



breast, the images with molybdenum and tungsten are quite similar. Re-
garding the latter observation, the tungsten image is obtained at a lower
patient exposurc because, when the molybdenum target is used, a high per-
centage of low-cnargy components is absorbed in the patient and thus does
not contribute to formaticn of the image. For increasing thicknesses of
dense, water-equivalent breasts, contrast differences between tungsten
and molybdenum tubes become smaller, but patient exposure increases rela-
tively faster vith the molybdenum tube.

Therefore, the effect of breast tissue on the transmitted x-ray
spectnum, and hence on radiographic contrast, depends upon the amount
of fat relative to fibrous and glandular tissue presen.. Breasts com-
posed primarily of fat yield images of higher radiographic contrast when
imaged with the molybdenum rather than the tungsten anode tube at the
same kVp, although the patient exposurc required with molybdenum increases
relatively faster with breast thickness. When the breast is very thick
or contains a large percentage of fibrous and glandular tissue, the con-
trast obtained with the molybdenum anode tube will be similar to that
obtained with the tungsten anode tube, but patient exposure will be
greater.

For Xeroradicgraphy, enphasis has recently been placed on the use of
tungsten target tubes at higher kVp settings, and with increased aluminum
filtration to harden the beam further and thus reduce the radiation dnse.
This approach should be taken with caution because, at some point, there
may be a critical loss of object contrast resulting from excessive beam

hardening. Present and future investigations on the efficient use of



molybderum and tungsten target tubes with various filtration schemes

(13, 14), measurements of x-ray spectra through breast material (15),
determination of absorbed radiation dose from spectral data (16), and
determination of the effect of scatter in mammography (17) will be impor-
tant for establishing the ¢onditions under which acceptable image con-

trast can be obtained at minimal radiation exposure levels.

GEOMETRIC AND RECORDING SYSTEM UNSHARPNESS

- Image unsharpness in mammography is caused by geometric, recording
system, and motion unsharpness. Geometric unsharpness is determined by
the size and shape of intensity distribution of the x-ray tube focal spot,
in combination with the object-tc-recording system distance and the focal
spot-to-object distance (cone length). The geometric setup to evaluate
the effect of geometric unsharpness for the Senographe molybdenum-anode
unit is illustrated in Figure 5 (18). On the left is the geometrical con-
figusation when a conventional cone is used. On the right is the config-
uration when improved geometry *:ith a long cone is used. The conventional
compression cone supplied by the manufacturer provides a focal spot-to-
skin distance of 28 cm. For the 5-cm-thick breast, the conventional cone
introduces geometric magnifications of 1.18 and 1.03 at object-to-recording
system distances of 5 cm and 1 cm, respectively.

The modulation transfer functions (MIFs) of geometric unsharpness in
the image plane at these object-to-recording system distances, with the
conventional cone, are shown in Figure 6. These MIFs were calculated from
those of the focal spot and from the geometric magnification factors cor-

responding to each object-to-recording system distance (19). They are
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deterwined perpendicular to the x-ray tube cathode-to-anode axis. Re-
cording system MIFs of RP/M direct x-ray film, of the DuPont Lo-dose
single-screen single-emulsion system for mammography, and of a conven-
tional medium-spead screen film system, Par RP, arc included in Figure
6. All of these MIFs were calculated from digital Fourier transforma-
tions of line spread functions from slit images. The Par RP system re-

quires 1/150, and the Lo-dose system 1/15, of the exposure for RP/M film
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to provide radiographs of comparable photographic density at the same

kVp setting.
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Several important results can be noted from these MIFs. (a) Geo- .

metric unsharpness contributes more significantly to image unsharpness

than does RP/M film at all object-to-recording system distances shown;
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(b) at the 5 cm object-to-recording system distancc, geometric unsharp-
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ness contributes more significantly to image wmsharpness than even the
Lo-dose system; and (c) the Par RP system is more limiting in resolution
than geometric unsharpness at either object-to-recording system distance |
considered. Certain rare-earth screen-film systems, such &g Trimax
Alpha 8-XM, have even poorer MIFs and significantly higher noise than
the Par RP system.

Typical exposing conditions for mammograms of a 5-am thick compressed
breast, using the Senographe unit with a conventional cone, are 35 kVp,
35 mA (the maximz: tube curreat for this unit at 35 kVp), and an exposure
time of S5 seconds when Kodak RP/M direct x-ray film is used. Due to limi-
tations of tube output for this unit, the effect of geometric unsharpness
cannot be reduced bty increased focal spot-to-recording system distance

when RP/M film is used.




Since the lo-dose systen requires approximately 1/15th the exposure
of R¥/M dircct x-ray film, some of this exposure speed can, therefore, be
used for an increasc in the focal spot-to-recording system distance, and
thus for reduction of geometric unsharpness. With the Lo-dose system,
even at an increascd distance, the patient exposure is reduced by a fac-
tor of 15 at the samwe kVp dial setting. Figure 7 shows the MIFs obtained
at the 5 cm object-to-recording system distance when a long cone is used
which provides a focal spnt-to-recording system distance twice that for
the conventional cone. The geometric configuration is that shown on the
right in Figure 5. The MiFs of geometric unsharpness are improved con-
siderably with the result that the spatial frequency range is expanded
to approximately twice that for the conventional cone. This MIF is even
better than the MIF of the Lo-dose system, except at some higher spatial
frequencies.

For a visual demonstration of the results obtained from the MIF
curves, radiographs have becen miade of a special test object (Figure 8).
The object consists of five stacked Lucite blocks, each 1 cm thick, with
microwire mesh patterns located at object-to-recording system distances
of 5 amn, 3 cm, and 1 an (shown at the top, middle, and bottom of the fig-
ure, respectively). The five meshes in each pattern contain cyclic fine
structures, the fundamental frequencies of which are 4, 8, 13, 16, and
20 cycles per mn (top row to bottom row). The images on RP/M film with
the conventional cone on the left are significantly less sharp in the
first patch, which corresponds to the S cm chject-to-recording system
distance, than thosc obtained with the Lo-dose system and the lone-cone
technique, shown on the right, due to the effect of geometric unsharpness.

The horizontal wires in the first patch are barely imaged on the left, but
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are sharply imaged on the right with the improved geometry and the Lo-dose
system.  The sharpness of the mesh patzerns at the 3 cm level uppears more
nearly alike, although the Lo-dose system with the long cone is vetter. At
the 1 <n level, the images made with RP/M film and a conventional cone are
better due to the better MIF of RP/M film and the small geometric unsharp-
ness at this object-to-recording system distance.

Recording systems such as RP/M direct x-ray film provide high resclu-
tion; at certain object-te-recording system distances and for certain x-ray
units, however, the total resolution is limited ecven more by geometric un-
sharpness than by the Lo-dose screen-film recording system. In such cases,
thr Lo-dose system can be used to advantage for three reasons: (a) The
effect of geometric unsharpness can be reduced since one can use larger
focal spot-to-skin distances (long <one); (b) motion unsharpness can be
reduced by use of shorter cxposurc times; and (c) the exposurc to the pa-
tient can be reduced significantly. Clinical comparisons have shown that
the effect of geometric unsharpness can be crucial in the detection of
microcalcifications at cevtain object-to-recording system distances, and
that the Lo-dese system can be used advantageously as indicated above
(2, 18).

The effect of geometric unsharpness varies for different x-ray units.
If the effect of geometric unsharpness ror a given unit is less than that
demonstrated here, images on direct x-ray film such as RP/M will be sharper
than Lo-dose system images made at increased object-to-recording system dis-

tances. Furthermore, although the use of x-ray tubes for mammography with

significantly srmaller focal spot sizes may result in reduced geometric un-

sharpness at all planes within the breast when a conventional focal
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spot-to-skin distance is tsed, the output of these units may be limited
and thus may still reguire a relatively fast recording system.

At present, it is difficult to make a quantitative comparison of
resolution ditferences between Xeroradiography and the conventional image-
recording systems such as direct x-ray films and screen-film systems com-
monly used in diagnostic radiology. Xeroradiography, however, is still
considered to be a rather high-resolution recording system. In Xero-
radiography, therefare, geometric unsharpaess may also be a significant
factor when the same x-ray unit is used ir combination with the short com-
pression cone, and a significant reduction in total unsharpness could be
obtained by use of a long compression cone with cn increased focal spot-
to-skin distance (20).

If the Senographe x-ray unit is used, the combination of a higher kVp
sctting with a 0.5 mwm aluninum filter rather than a molybdemm filter facili-
tates the increased exposure output required for breast Xeroradiography.
The exposure conditions cormonly used are 42-48 kvp, 30 mA, and 1l-second
exposure time when the short cone supplied by the mamufacturer is employed.
The kVp setting is adjusted for proper exposure conditions according to
breast thickness and anatomical composition. Most examinations are done
at 43 kVp. For the comparisons bhetween the short cone and the long cone
discussed here, the kVp setting remained constant, and the exposure time
was increased when the long cone was used.

The test objcct, shown in Figure &, was used also to evaluate the
effect of geometric unsharpness in Xeroradiography by cemparison of the
conventional short-cone technique with the long-cone technique. The con-

figuration employed for Xeroradiography of a 5-um-thick breast was that
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shown in Figure 5. Images of the test object, obtained with Xeroradiography,
are shown in Figure 9. The images with the conventional cone én the left
are significantly less sharp in the first patch, which corresponds to the

5 cm object-to-recording system distance, due to the effect of geometric
unsharpness. The horizontal wires in the first patch are barely imaged on
the left, but are sharply imaged on the right with improved geometry.

In Xeroradiography, geometric unsharpness can be a significant factor
in image degradation. When the Senographe unit is used at the same kVp dial
setting, it is necessary to increase the exposure time from approximately
1 second for the short cone to 3-4 seconds for the long cone which provides
an increased focal spot-to-skin distance. For our clinical comparisons,
motion unsharpness due to the increased exposure time has not been a prob-
lem compared to the marked improvement in the sharpness of microcalcifica-
tion images. Howefer, the effect of motion unsharpness as well as the
effects of kVp (beam quality) and beam filtration must be studied in more

detail in the future.

RECORDING SYSTEM CHARACTERISTIC CURVE AND NOISE

Other important imaging properties in mammography are the shape of
the characteristic curve and the noise properties of the recording system.
The characteristic and gradient curves of RP/M film and of the Lo-dose sys-
tem (Fig. 10) were measured with ap X-ray inverse-square sensitomer (21).
They show that RP/M film has a steep characteristic curve and that the Lo-
dose system has wide latitude. The gradient of RP/M film increases mono-
tonically up to approximately 4.6 as the density increases to 2.6. The
Lo-dose gradient varies gradually with dens'ity and has a maximum at a den-

sity of approximately 1.5.
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At densitics below 1.3, the Lu-dose gradient is higher than that of
RP/M. With RP/M film the high contrast provided by direct x-ray film is
utilized only if the average density of the mammogram is high, because of
the low gradient at low density and the narrow latitude of the film. The
1ange of photographic densities corresponding to films categorized as
properly exposed, underexposed, or over exposed, based on a method used
in a recent study (22), is also noted in Figure 10. In this study, photo-
graphic density measurerents were made in three arecas on each mammogram:
(1) the area of lowest photographic density, (2) the area of highest den-
sity, and (3) the area which represented the average density of the film.
The films were evaluated by three observers and divided into the three
categories: (1) properly exposed, (2) underexposed, and (3) overexpcsed.
Underexposure or overexpcsure can result in films which make proper diag-
nosis extremely difficult and which. cause unnecessary radiation exposure
to the patient because of the necessity for repeated radiography. Poor-
quality films can also result in loss of detection of microcalcifications
or of subtle mﬁss lesions.

The noise properties of film and screen-film systems are evaluated by
means of Wiener spectrum measurcments. The Wiener spectra of RP/M film
and of the Lo-dose system are shown in Figure 11. These Wiener spectra
were measured by electronic Fourier analysis of transmission fluctuations
through the film (23, 24). The noise in the Lo-dose system is apparently
greater than that in RP/M film. The Wiener spectrum of the Lo-dose sys-
tem contains a low spatial frequency component due to quantum mottle, which

is not present in the noise Wiener spectrum of direct x-ray films. The
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noise in higher-speed recerding systems such as the rare-earth Trimax Alpha
§-XM system can be expaected to be significantly greater than in the Lo-dose
system (23).

In order to demonstrate the effects of some of the imaging properties
discussed above on radiographs of microcalcifications in the breast, a sec-
tion of resected breast containing a carcinoma was used. The size of the
specimen was approximately 3 cm by 5 cm by 1.5 cm thick. Radiographs of
this specimen spaced in air at an object-to-recording system distance of
5 cm are shown in Figure 12. The radiograph on the left was made with RP/M
film with the conventional cone and that on the right, with Lo-dose and the
long cone. The effect of geometric umsharpress is apparent in this compari-
son: the detection of microcalcifications is confusing and difficult in the
images with RP/M film and the conventional cone (left). Many of these micro-
calcifications. appear more sharply imaged and are clearly distinguishable
on the right, with the Lo-dose system and the long cone which yield improved
geometry. Figure 13 shows images of the breast tissue in contact with the
recording system, made with RP/M and the conventional cone (left) and with
the Lo-dose system and long cone (right}). In this comparison, the effect
of geometric unsharpness is small. A difference in sharpness between the
RP/M and Lo-dose systems is apparent, but most microcalcifications appear
to be imaged and distinguishable with both systems. The background noise
of the Lo-dose system is slightly greater than that of the RP/M, in agree-
ment with the results ot the Wiener spectrum measurements. The slightly
increased noise does not seem to affect the visibility of microcalcifications

significantly, however, either in this comparison or in the comparisons shown
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in Figure 11, where the visibility of microcalcifications is improved
with the long-conc geometry and Lo-dose system. It is not known at pres-
ent to what extent, if at all, background noise influences the detection
of smaller and lower-contrast microcalcifications.

Studies with the Kodak Min R system have shown empirically that its
resolution and noise are comparable to those of Lo-dose, with exposure
reduced by a factor of 2 to 3 (25, 26). It should be noted with caution,
however, that increased recording system speed can, in some cases, result
in increased noise and loss of resolution. In the comparison of geometric
--unsharpness and recording systems, for example, the higher-speed recording:
system limited image resolution even more than did the worst case of geo-
metrical unsharpness. At present, it is also not.clear. how the speed,
curve shape, resolution, and noise characteristics of Xeroradiography (27)
and electron radiography compare with film and screen-film. systems. Such
measurements for these and for new screen-film systems applicable to mam-
mography should be forthcoming. Recent studies on magnification tech-
niques for mammography may also offer advantages for improved image shar-

ness and noise (28).

IMAGE EVALUATION
Given the discussion above, the question remains: "Which imaging
technique should be used in mammography?'' In order to decide which of
several alternative imaging factors or diagnostic procedures is best, one
must first formulate a very specific answer to the question: 'Best for
what?" After some thought, it should be apparent that the best imaging

technique is not necessarily the one that provides the highest detectability
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of disease, since ever higher detectability can usually be "purchased"
at cver higher 'cost" in terms of risk and paticent radiation exposure.
Clearly, some compromise must be madc between the benefit expected from
correct diagnosis of breast cancer and the radiation risk incurred in
the performance of the diagnostic procedure. Perhaps less obviously,
one must consider the trade-off expected between the benefits of correct
diagnoses made with a given procedure or imaging technique and the costs
of the consequences of incorrect diagnoses. Each of the benefits and
costs considered must be weighted by the probability that the benefit
or cost in question is incurred in a particular diagnostic situation.

In essense, then, any meaningful comparison of the usefulness of
alternative diagnostic procedures or imaging techniques should take into
account the costs and risks incurred when the procedure is performed,
4the costs or benefits of the consequences of the various possible types -
of correct and incorrect diagnostic decisions resulting from'the use of
the procedure, the relative frequencies of correct and incorrect decisions,
and the medical context in which the diagnostic procedure is employed.
Concerning the latter consideration, one should note that a highly defini-
tive mammographic technique involving high radiation exposure may be very
beneficial when it is applied to a carefully screensd population if the
consequence of a correct positive diagnosis is a probable cure of breast
cancer, whereas use of the same technique may not be justified for mass
screening of an unselected population.

The concept of "average net benefit'" has been proposed as an ap-
proach to the evaluatior of diagnostic studies which takes these factors

into account (29, 30). This approach combines diseasc detection performance,
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ds measured by Receiver Operating Characteristic (ROC) curves {31), with
benefit and cost consideraticns.  The "average net benefit' can be gener
alized to the evaluation of alternative scquences of diagnostic tests as
well as alternative procedures, and hence can be uwied to explore optimal

diagnostic strategics.

CONCLUSION

The factors and complex interrclationship among factors that affect
image quality in mammography make the choice of optimun imaging techniques
difficult. Knowledge and understanding of these factors and, in marticu-
lar, the resulting trade-off between image quality and patient radiation
exposure arc of the utmost importance to the sclection of the best imaging
method for each paticent. The concept of "average net bencfit," which com-
bines disease detection performance as measured by Receiver Operating
Characteristic curves with benefit and risk cousiderations, offers a
quantitative approach to the evaluation of diagnostic studies which takes

these factors into account,
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Fig. 1. Diagram of the various factors and of their complex imter-

relationship, as they affect image quality.
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Fig. 2. X-ray spectra emitted by a molybdenum and a tungsten anode tube.
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Fig. 3. X-ray spectra from the molybdenum and the tungsten anode tube,

transmitted through 5 cm of fat (left) and threigh 5 em of water (right).
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Fig. 4. Radiographs of a 1.5 cm thick section of resected breast tissue
with 3.5 ocm of lard (left) and 3.5 am of water {right) superimposed to simu-
late 5 cm thick fat- and water-equivalent breast. The images made with the

n‘olybdenum tube are on top and those with the tungsten tube, on the bottom.
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Fig. 8. Radiographs of five, stacked Lucite blocks, each 1

with microwire mesh patterns interpoded at objeci:-to-récording system dis-

tances of 5 cm (top), 3 om (middle), and 1 cm (bottom). Conventional cone,
i [ ]
RP/M film (left). Long cone, lo-dose system (right).

Fig. 9. ¥Xeroradiographs of resolution test object shown in Fig. 8.

Conventional cone -(left); long cone (right).
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Fig. 11. Wiener spectra of RP/M film and lo-dose system. Average
derssity, 1.0; x-ray tube voltage, 35 kVp.




Fig. 12. Radiograrhs of section of a carcinoma from a resected breast.
The speciman was spaced in air at an cbject-to-recording gystem distance

of 5 em. left, RP/M, conventional cone; right, Lo-dose system with long

Fig. 13. Radiographs of section of a carcinoma from a resccted breast.
The specimen was in contact with the recording system. Left, RP/M with

conventional cone; right, Lo-dose system with long cone.



