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Notably the two W/Xe units, whose special ability is to enhance small contrast

differences, "barely" demonstrated the small tumour.

Resclution at high subject contrast

(3)

Karila used line pair plates placed on the surface of a 6 cm thick
polyethylene phantom to obtain estimates of resolution on mammography x-ray
tubes in Finland. Special mammography x-ray tubes averaged 6.9 line pairs mm‘l,
ordinary tubes 5.5 line pairs mm~l. In the present survey with the line pair

plate in the midline the average resolution over 17 X-ray tubes was

+

6.6 + 1.5 SD line pairs mm"l, and for the 5 Mo/F x-ray units it was at
7.1 £ 1.7 SD line pairs mm~ 1, (The two W/Xe units are excluded since high

subject contrast results in unreadable images.)

While the average resolution in each survey was similar, Karila reported a
wider range, from 1 to 10 line pairs mm~!. He attributed those with poor
resolution (<5 lp/mm) to several factors, of which too short a focus-film
distance for the focal spot was the most usual. Another factor he listed,

viz., poor screen-film contact, was found not to occur in this present survey.

The relative quality of imaging of the cranio-caudal phantom in each
mammography facility has been reported here. It is a reasonable

presumption that the same relativity would apply to clinical mammography.
However it does not necessarily follow that those facilities producing

lower ranked images with the phantom will also produce undiagnostic c¢linical

results,

McCrohan et al.(28) performed a correlation study of imagings of 5 recognised
phantoms with clinical images of average breasts in 34 mammography facilities
in the United States. Correlations were established by determining average
patient image quality indices and phantom image scores using the same
technique factors. The results showed th;t each phantom used for film/screen
mammography correlated "to some degree" with clinical image quality, but the
results for xerox imaging were inconclusive. The phantoms studied were
similar to the NRL phantom except, as already noted, the NRL phantom is

thicker.

Radiation Dosimetry

.
Comparison of the results of the present survey with those of Watson( ) is

directly possible only for surface doses since Watson did not use internal
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dosimeters in his phantoms. The change from non-screen x-ray film imaging
(which was prevalent in 1976) to screen/film imaging currently has effected

a general reduction in surface dose. Watson's technique B (W anode/non-screen
film) averaged about 4150 mrad (41.5 mGy), whereas the equivalent techniques
in the present survey averaged about 2.6 mGy. The only unit now using non-
screen x-ray film gave a surface dose of 22.64 mGy, more comparable with
Watson's earlier figures. If Kodak M is given an arbitrary par rating speed
of 1.0 (and Kodak Min RP/M is 1.25), then Du Pont Lo-Dose is 13.0, Lo-Dose II
(4)

is 26.0, and Kodak Min-R is 34.0 for mammography techniques, to give some

typical examples.

The only Mo x-ray set operating in 1976 (then newly installed) gave a surface
dose of 3050 mrad (30.5 mGy) but in the present survey the surface dose has
been reduced further to 4.31 mGy. Some of the difference may be attributed
to a faster film/screen combination, viz., from Lo-Dose in 1976 to Min-R
currently. ‘Additionally however, in 1976 the calibration of the kV for the
Mo x-ray set was slightly in error, measured kV being 34 when 31 was set.

(la)

Watson reported that under these conditions the automatic exposure unit

operated to actually increase considerably the entrance doses.

The entrance doses for the original 3 W/Xe units in 1976 were very similar and
averaged 1310 mrad (13.1 mGy). The two units remaining in the present survey
gave doses quite different from each other, 4.96 and 15.42 mGy. The
difference may derive largely from the observation that the actual kVp on the
lower dose unit is 11 kV higher than set. The imaging results for these two

units are very similar.

Of the 5 Mo/F x-ray units in the present survey 2 gave surface doses
considerably higher than the other three. Since all five.were nominally the
same technique and were not obviously different in any other way, no
explanation for the difference is offered. The 2 higher dose units gave
slightly better quality images and were Siemens units, the others comprised

2 Philips and 1 Picker.,

Since it might a priori be anticipated that radiographic practice in Australia
and New Zealand is similar, it is interesting to compare the results of the
current survey with those of Colgan and 0'Reilly who surveyed doses in 40
mammography units in New South Wales.(zg) They tabulated their results with

data taken from the national programme for evaluating trends in mammography
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(30)

in the United States, and to these are added the data from the current New

Zealand survey.

TABLE 7

Average dose per cranio-caudal view (mGy).

BENT Colgan & O'Reilly This Survey
Usa(30) NSW, Aust.(29) NZ
n = 2780 n = 40 n = 20
Film/Screen
Surface Dose 4,72 ' 7.56 5.37
Midline Dose 1.08 0.83 0.61
Xerox
Surface Dose 9.30 6.35 10.19
(2 units)
Midline Dose 2.79 2.57 2.89
(2 units)

Bearing in mind the small numbers of units surveyed in New South Wales and New
Zealand compared with the large number surveyed in the USA, the similarity of
doses in each instance may be somewhat fortuitous. However, comparisons with
doses determined in surveys in other countries demonstrate further
similarities. Fitzgerald et al.(z) report surface absorbed doses for Mo units
with Lo-Dose or Min-R imaging as averaging 9.5 mGy, which is central in the
range of doses for those units in the present study. For x-ray film overall,
Fitzgerald et al. report a mean of 11.9 mGy, which is slightly higher than the
(3)

corresponding values in Table 2. Karila has reported for Mo/F units a mean
surface dose of 17.6 mGy, but ranging from 5 to 60 mGy. This last figure
exceeds the ranges of the present survey and that of Fitzgerald, but it was

an isolated case, the remaining units being in the narrower range 5 - 30 mGy.

31) (32)

It is well-known (e.g., Jones( , Logan and Norland that compression of

the breast affects uniform tissue distribution, leading to a more homogeneous
film density, improves image contrast by the reduction of scatter due to the
decreased path in tissue for the useful x-ray beam, reduces geometric
unsharpness by decreasing object-film distance, and reduces radiation doses.

(33)

Egan has pointed out however that compression affects mainly the central
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and outer margins of the breast and may not allow adequate demonstration of

the tissues of the chest wall.

During the survey, detailed observation of the radiographic technique was
limited by the relatively infrequent coincidence of patient and visiting NRL
scientist, and by exclusion of male NRL staff during the procedure. The use
and degree of compression of the breast may not therefore accurately have been

assessed, but it was clear that in general the use of compression was limited.

All the Mo/F units (# 1, 3, 4, 5) having proper compression attachements used

them, and probably facility 10 also does now that it has similar equipment.

One W/Xe facility (# 7) used compression but the other (# 6) did not.
Facility # 16 may use compression but it would seem that it is not used in any

remaining facility.

The NRL cranio-caudal phantom thickness of 65 mm in the central beam axis was
based on a limited range of observations of compressed breasts in one facility.
While this thickness may not have been unreasonable for this New Zealand

survey, especially when compression is not universally applied, it is greater

(34)

than is reported in the literature. TFor example, in the USA Masterson

(35)

mentions a mean of 51 mm over 276 patients while Muntz asserts a modal

47-48 mm. Also in the USA, the BENT programme(A) estimates that for a medium
size, medium density breast under most compression techniques the cranio-
caudal thickness will range from 50 to 60 mm. The breast phantom of
Fitzgerald et al.(z) was 50 mm in the cranio—caudal projection, while
Sickles'(zs) 5 breast specimens under conditions of uniform compression
similar to those used clinically, averaged 48 mm. Burgess(IA) simulated a

"medium breast” with 37 mm lucite, and the Wisconsin phantom(ls)

(3)

has a sloping
anterior surface with a maximum thickness of 50 mm. Karila used _
thicknesses 20, 40, 60 mm for his breast phantom, and reported results only

(18) took a 60 mm breast as a working

for the 60 mm thickness, and NCRP
assumption when it reviewed the literature on breast radiation dosimetry. It
would seem therefore that the NRL cranio-caudal phantom possesses a thickness
which may be from 5 to 20 mm greater than phantoms used by other workers to
represent an average compressed breast. This has implications both for image
quality in this survey, and for radiation dose. It may be deduced(27) that

if the NRL phantom had been, say 50 mm, the imaging of calcifications may have

lowered the threshold of detection by ~0.05 mm.
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An advantage of the breast phantom used by Watson(l) in the initial New
Zealand survey was that it was compressible and his imaging and dosimetry

results would thus reflect the degree of compression used in clinical practice.

CONCLUSIONS

1. Radiation doses in mammography have been reduced considerably since a

(L

survey by Watson in 1976. The dose reduction appears to have been achieved
largely by the substitution of screen/film combinations such as Lo-Dose and

Min-R for non-screen x-ray film.

2. The quality achieved in the imaging of a 65 mm thick breast phantom was
at least comparable with that reported for other countries. Use of a slightly
thinner breast phantom may have been more representative and if so could have

given better imaging results.

3. As was to be expected, special mammography units (Mo/F and W/Xe) produced
the best mammograms but several W-anode units used with good techniques of
appropriately low filtration and kilovoltage and Lo-Dose or Min-R imaging,

were only slightly inferior.

More mammography was being performed on special mammography units than on

other types.

4. The proportion of special mammography units is increasing, although their
distribution on a national basis is still limited. Almost half the women in
the population do not have access to a special mammography unit in their area;
and about a quarter do not have access to any type of mammography in their

area.

5. Attention could be given to details of technique improvement for other
than special mammography units, but the most effective improvements in image
quality and access to service may be expected by the installation and

distribution of special mammography units.
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