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due to cine, (depending on projection) and that 45% of the cine exposure was
caused by "testing", to set the exposure factors. Many new generators have
automatic adjustment of cine exposure parameters. The use of such equipment
is to be encouraged. In the absence of such devices, the skill of the
radiographer in obtaining the correct exposure parameters as rapidly as

possible is crucial.

As with all x-ray equipment, adequate filtration is necessary to prevent
excessive skin doses; the case referred to above involved removal of the

(69)

filtration as a contributing factor .

The choice of film types and correct processing have a significant effect on

(73)

the doses required in 105 mm and similar spot film cameras, the faster

films giving lower patient doses, with noisier images.

Attenuation by the table top can increase patient dose significantly, when
over table x-ray tubes are used with the intensifier under the table.

Taylor et al.(36) recommend that manufacturers should pay more attention to
the design of x-ray couches, especially with modern trends towards C-arm, or

U-arm systems,

3.7 Mammography

Mammography provides special problems in the design of x-ray systems because
of the subtle difference between the normal and pathologic tissues of the
breast, and the importance of detecting minute details such as
microcalcifications and the marginal structural characteristics of soft tissue
masses. Thus the three major requirements for mammography are low beam
energies and filtration, small focal spot sizes, and fine grain film/screen
combinations. The combination of slow film/screens and soft radiation means
that the doses in mammography are high. Considerable research has gone into
the reduction of mammography doses, but doses are still relatively much

greater than for other examinations.

(78) £ound a 5000-fold

difference between the lowest and highest surface doses, and large variations

A survey of 29 mammography machines in Finland

in image quality. The methods recommended in this paper for minimizing dose

to the breast include, long focus to skin distances, use of 3 phase or

constant potential generators, use of compression, correct kilovoltage settings,
use of screen rather than non-screen film, replacement of old screens and

cassettes that give poor contact, correct film density and processing.

The requirements on the x-ray machine are the following: less than | mm total
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filtration, less than 35 kV, small focal spot, preferably a molybdenum anode
and molybdenum filter, long focus-to-film distance, and high output ratings

to allow short exposure times.

There is no justification for performing mammography with unadapted
(75)

Some work has been performed on selection
I
(76)

conventional equipment (WHO)
of appropriate K-edge filters such as rhodium and paladium, to allow the
use of tungsten anode tubes. Results are not yet of the quality of specialized
equipment, and also demand heavy x-ray tube loadings, but may prove to be a
viable alternative. It is recommended that the average absorbed dose to the

breast should not exceed 10 mGy y“1 (Ellis).

3.8 Summary of Factors Affecting Patient Dose, and Relative Magnitude of
their Effects

The major factor affecting dose to the patient in x-ray diagnosis, is awareness
and understanding of the principles outlined in this report, by those who use,
service and purchase x-ray equipment. Provided that equipment is appropriate
for the task, is used sensibly, serviced correctly and replaced when age and/or
obsolescence make it no longer suitable, then doses will be as low as

reasonably achievable,

Bearing this in mind, the factors which are the most significant are, in

approximate order of importance:

(1) Whether or not to perform the examination, and if so, the
number of films, type of technique, whether or not to use

fluoroscopy etc.
(2) Fluoroscopic dose rate and fluoroscopy time.
(3) Speed of film/screen systems.

(4) Use of adequate filtration, optimum kV, and three phase

versus single phase equipment.
(5) Grids.
(6) Attenuation of table tops etec.
(7) Film density and processing.

(8) Focus-film, focus to skin distance, and collimation.

3.9 Typical Patient Doses

Because of the wide range of x-ray techniques, there is a correspondingly wide

range of possible patient doses. To indicate the magnitude of the doses which
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might be expected, a list of doses for various examinations is given in

(8)

which

and the

Tables 27 and 28. These doses are from data by Laws and Rosenstein,

(78)

was based in turn on United States national dose survey data,

<I6). It should be

Monte Carlo organ dosimetry calculations of Rosenstein
realized that the doses are average doses for the examination which may

include several films, each with varying frequency. For example the chest
examination includes 107 AP, 927 PA, 50% LAT, and 2% OBL, with an overall
average of 1.5 films per examination. Because of the differences in male/
female anatomy and risk factors, there is one table for males and one for

females.

The data are for average exposure factors from the United States survey, and
the doses are those to an average patient. Thus the doses do not apply
directly to any individual, nor do they reflect possible differences between
the United States and New Zealand in radiographic practice, and average

anatomy.
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TABLE 27: Somatic dose index and organ doses for common radiographic
examinations (female).
Examination Somatic Organ Dose (uGy)

Dose : ,

Index | Thyroid ; Active | Lung Breast |Ovaries | Uterus/

(uGy) Bone Embryo

Marrow

Chest 110 65 30 200 140 0.6 0.6
Mammography 4450 - - - 10000 - -
Skull 350 2220 310 20 <0. <0.1 <0.1
Cervical Spine 490 4040 110 140 <0. <0.1 <0.1
Ribs 2650 1540 420 2960 | 4110 4 5
Shoulder (one) 460 580 60 270 770 <0.1 <0.1
Thoracic Spine 3150 810 410 13790 | 5360 10 8
Cholecystogram 460 10 660 {1760 <0. 60 50
Lumbar Spine 910 3 1260 | 1330 <0.1| 4050 4080
Upper GI 1380 70 1140 | 4760 530 450 480
KUB 290 0.1 480 120 <0. 2120 2630
Barium Enema 1320 2980 40 <0. 7870 8220
Lumbosacral 1190 0.5 2240 350 <0. 6400 6390
Spine
1vp 820 0.1 1160 350 <0. 6360 8140
Pelvis 190 <0.1 270 11 <0. 1480 1940
Hip (one) 110 <0.1 170 <0. <0, 780 1280
Full Spine 1670 2710 350 | 1170 | 2340 1000 1280
(Chiropractic)
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TABLE 28: Somatic dose index, and organ doses for common radiographic

examinations (male).

(Chiropractic)

Examination Somatic Organ Dose (uGy)

Dose

Index Thyroid Active Lung Testes

(uGy) Bone

Marrow

Chest 80 65 40 190 <0.1
Skull 450 2220 310 20 <0.1
Cervical Spine 520 4040 110 140 <0.1
Ribs 1350 1540 490 3240 <0.1
Shoulder (ome) 1900 580 60 390 <0.1
Thoracic Spine 1550 810 520 4210 <0.1
Cholecystogram 900 10 660 1760 <0.1
Lumbar Spine 1750 3 1260 1330 70
Upper GI 2310 7 1170 5320 4
KUB 570 0.1 480 120 160
Barium Enema 2600 2 2980 480 580
Lumbosacial Spine 2310 0.5 2240 350 430
IVP 1580 0.1 1160 350 490
Pelvis 360 <0.1 270 11 570
Hip (one) 210 <0.1 170 <0, 3680
Full Spine 980 2710 350 1490 100
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