5.7.1. Cuantities describing X ray output

Total photon fluence 1s not a sahisfactory quantty to descnibe X ray output;
rather, it 15 the speciral dismbubon of the photon fluence as a funchon of photon
energy that 15 uwseful for research m X ray imaging. Spectral data are rarely
avatlable for mdividnal X ray umts, although computer programs exist that give
useful sinmlations.

X ray tube cutput can be expressed in terms of the air kerma and measured
free mn air {see Chapter 21). A measure of the penetration and the quality of the
X ray spectrum 15 the HVL. The HVL 15 the thickness of absorber needed to
attenmate the X ray beam incident awr kerma by a factor of two. In diagnoshc
radiclogy, alumimium 15 commoenly chosen as the abserber, grving the HVL (umt:
mm Al).

5.7.2. 'Tube voltage and current

Figure 518 shows the effect of tube voltage on spectral dismbubon Both
maximim and mean photon enerzy depend on the voltage (kV). The shape of the
low energy end of the spectrim 15 determined by the anode angle and the total
filtration. Wote the appearance of charactenstic radiation mn the 100 EV beam and
the ncrease mn photon yield with mncreasing tube voltage. Tube current has no
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5.7.3. Tube voltage ripple

Figure 5.19 shows spectral vanations for a tube voltage of 70 kW for vanous
voltage npples. A DC voltage gives the hardest spectrum with maxinnm photon
yield. With an increase in npple, the yield drops and the spectrum softens.
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FIG 510 Fariation of X ray specira from a mngsten tareer with mbe voltaze ripple at
70 EFp fube valtage. DO constani peteniial, 3.9%; 12-pulse or converier generaior;
J3.4%; t-pulse generaror; 100%:: 2-puise penaraton

5.7.4. Anode angle

The anode angle determines the degree of X ray absorphion m the ancde
material. A decrease in anode angle causes an increase in the absorpton length
within the target. Accordingly, the masimum photon energy remains unchanged,
but hardness mereases and yield drops with decreasing anode angle (Fig. 5.207).

5.8. FILTEATION

As low energy photons do not comtmbute to the formation of an 1mage,
filters are used to reduce the low energy compoment. Figure 321 illustrates
the effect of added filters on an X ray spectum (90 kV, 3 4% npple}. Again,
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Chapter 6

PROJECTION RADIOGRAPHY

JL . POLETTI
UNITEC Institute of Technology,
Anckland, New fealand

6.1. INTRODUCTION

In 1ts simplest form. X ray imaging is the collechon of attenuation shadows
that are projected from an 1deal X ray point source on to an image receptor. Thas
simple form 1s true for all X ray imaging modalities, meluding complex ones
that involve source and receptor movement, such as computed tomography (CT).
This simplified view, however, 15 made vastly more complex by the non-ideal
pont source, by the consequences of projecting a 3-D object on to a 2-D) detector
and by the presence of scattered radiation, generated within the patient, which
will degrade any image that 15 captured.

6.2. X PAY IMAGE FOEMATION
6.2.1. Components of an imaging system

The principal components of a system for X ray projection radiography are
Ulustrated i Fig. 6.1. Of these components, the grid and the automatic exposure
control (AEC) are ophonal, depending on the imaging task. Further components
such as shaped filtration, compressicn devices or restraining devices may be
added for special cases. The X ray tube and collimation device are descobed
Chapter 5 and the image receptor systems are descnbed in Chapter 7.

When considenng such systems, the comcept of an 1deal imaging task 1s
often nseful, as illustrated in Fig. §.1. These concepts are covered m detail
Chapter 4 and are discussed only bnefly here. When considenng the ideal
magng task — the detection of a detail against a uniform background — the
1deal X ray spectum is monochromatic when the three constraints of patient
dose, 1mage quality and X ray tube loading are considered. Any parbcular
projection may consist of meore than one such task, each with a different 1deal
monochromatic energy. The cholce of X ray spectrum for each task 15, therefore,
alwavs a comoromise. so that the actual bremsstrahlung and charactenstic



radiabon spectrum provide the best approsamation to the 1deal meonochromatc
spectrum for the particular projecthon
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FIG &l Compenenis of a projection radicgraply oysfem, mcluding an ideal maging fask,
Jor the derecrion of a detail against g backeround. FID: focus fo image disfance,; QIDY: oBject
o imaee disfance.

Ceonsidering an ideal imagmng task, as dlustrated in Fig_ 6.1, contrast may be
defined simply as C'=AR/E where B is the image brighiness (or shade of grey)
a background region and AB 15 the difference mm bnghtness for a small detail Fer
small values of AR, linearity of bnghimess with X ray imtensity (I) 1s assumed,
so the contrast 13 AIT This 15 generally valid for a parficular menochromatie
spectrum. For a real polychromatic specttum, a monechromatic spectrum with
the average energy of the actal specttum may be used as an approximation, or
the result can be mtegrated over all spectral energes. Since the X ray mtensity
15 related to thickness by the attenuwation law, it follows that the pnmary contrast
for a detail of thickness x,; and linear attenuation coefficient i, embedded in a
matenial of linear attenuation coefficient y, 15 given by:

Cp=1- o=ty (6.1)
To find the average contrast for a particular detail Eq (6.1) shouwld be

mtegrated owver the detail Feor thuin sphencal details {e.g. mucrocalcifications
in mammography, solifary pulmenary nednles m chest X rays), this 1s



straightforward and results in a contrast that 15 2/3 the contrast obtained for a ray
passing through the centre of the detail

With regard to the relabonship between the linear attenuation coefficient and
the mass attennation coefficient (see Sectiom 2.3.3), contrast will exast for details

that differ in mass attenuation coefficient, or in density, or both. The contrast will
depend on the thickness of the detail, but not the thickness of surmmounding issne.
Since the values of p reduce as photon energy Increases, the contrast 15 seen to be
mversely related to the kW seting. Thus, kV may be considered to be the contrast
control, where contrast 1s stnctly the detail contrast. For screen film imaging, the
difference in optical density (OD) due to the detail 15 proportional to the subject
contrast multiplied by the gamma of the screen film system (see Section 7.3.4).
For dimital image receptors, the relationship 15 more complex, since the contrast
of the displayed image 15 Independently adjustable.

If the energy absorbed 1n a small region of the Image receptor due to pnmary
rays 13 E , and that due to secondary rays is E, then scatter may be quantified by
the scatter frachion:

SF=ENE,+E} (6.2)
oI by the scatter to pnmary ratio:
SPE=E/E (6.3)

The relationship between the two is:
SF ={(SPEh) + 1) (6.4)

In the presence of scattered radiation, Eq. (6.1} becomes:

1
Co=1—p Wa-saldta___ ~ 5.
P 1+ 5PR (6.3)

Clearly, mimimiization of scatter 15 important, leading to the use of anfiscatter
techmaques (see Sechons 6.3.4 and 6.3.5). Accurate collimation to the regmion of
clinical interest also minimizes scatter, as well as reducing the dose to the patient.

6.2.2. Geometrv of projection radiozsraphy



