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by about 50 times, and hence they reduce patient exposure 50-fold. This
is clearly a desirable effect. One unfortunate side effect of using screens
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resolution, but the lack of x-ray absorplion efficiency requires excessive radiation dose
to the patient.







WHI @I Onen Opumized 1or given applicanons (e.g8., chest radiography
or mammography) using a computer analysis of all the pertinent param-
eters (and their consequences) taken together. Other issues, such as the
X-ray spectrum used, the scatter properties at play, and the physical char-
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sion, a latent image is stored but is not yet visible until the Alm is devel-
oped. Development is a process that results in silver being chemically
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contrast of about 3. Therefore, the film contrast serves 1o amplify the
subject contrast. There are problems associated with high-contrast film,
however, because the dynamic range of acceptable exposures is reduced







Absolute Speed (R™') = 1 / (Exposure in R to yield an OD of
[1.0 + base + fog]) (6.3)







vature and the slope) of the characteristic curve is primarily a result of
properties of the Alm. It is best to evaluate characteristic curves for a







erties of these phosphors can be used to record an image using x-rays.
The latent x-ray image can then be read from the storage phosphor at a
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that can be measured electronically.




that is emitted due to the laser excitation is collected using a light guide and is detected
using a photomultiplier tube and associated electronics. The final electrical signal is
digitized, thereby assigning a gray scale value to that (x,y) point that is being excited
on the plate.







Scattered radiation can play havoc with a radiographic image. Without
defensive measures, scatered x-ray photons can contribute very signifi-
cantly to the exposure of the image. In screen-film radiography, scauered




tube). The main premise of this projection of the three-dimensional anat
omy onto the two-dimensional image plane is that x-rays ravel in straight




Figure 6.17.  The relationship between the scatter to primary ratio, field size (diameter
of a circular field), and the thickness of the object. These values are for a 100 kV x-ray
beam, and a water equivalent object. The SPR values are determined at the center of
the field of view. Scatter increases with increasing thickness and increasing field size.







Bromerrical assumptions requiring a point source. Instead, radionuclide
Imaging uses monoenergetic gamma ray emitters and relies on the en-
ergy resolving capabilities of the scintillation camera. Scatter is rejected







interspace widths and grid bar widths, Consequently, it takes only a little
mechanical abuse 10 cause physical distortion in the alignment of the
grid bars in the grid. Dropping, bending or crushing a grid can cause

deformation of the grid bar alignment thar can be noticeable on the im-
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Ilmltecl oulput, focal spot is used). Higher magnification also results in a smaller effective
field of view in the patient, and so less anatomy is covered on a given size of film.







the entrance exposure would be about 5900 R and would result in seri-
ous radiation injury to the patient. (In reality, the x-ray tube would fail
even with a small fraction of such an exposure.) A fluoroscopic exami-
nation of this man may require around 3 mA (Yooth the radiographic 169







applications, such as GUGLI, cystography, peripheral vascular, cardiac, and
neurovascular examinations







usan’s know-how with high technology. For a 60-keV x-ray photon ab-
sorbed in the phosphor, approximately 3000 light photons (at about 420
nm wavelength) are emitted.
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Each electron causes the emission of approximately 1000 light photons
on the window side of the output phosphor.










system to display object contrast as a function of the size of the object
MTFs for fluoroscopic systems will be discussed in more detail below.
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are not readily adjustable. If there were no way to reduce the light output
of the 11, only a very low exposure rate could be used because higher
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scanning elecron beam strikes a phosphor that is coated onto the display
Screen. The amount of electrons in the scanning beam (beam current)
determines the brightness of the displayed picture at any given point in




resolution than lower bandwidth systems.




memory replaces the video camera.
Television was developed before the invention of the electronic tran-
sistor, The electronics revolution of the past decades has made possible
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i ‘nerate ' a series of subcom-
use them. The (luoroscopic image is generated by a serie






stage, the noise in the system will not be dictated by the number of x-
rays used in forming the image, but by the noise in some component
(the stage where the quantum sink occurs) in the imaging system. This
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Irequently in cardiac studies, where a very high frame rate is needed to







tures, Monocular visual clues include shadowing, which gives three-di-
mensional relief more vivid texture. On dull, cloudy days it is much more
difficult to ski on moguls (mounds in the snow), where the flat lighting 193







stereo images very rapidly, Electronic eyeglasses are available that block
the lefi eye when the right image of the stereo pair is displayed on the
monitor, and then block the right eye when the left image is displayed
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a particular object is blurred onto. Linear tomographic systems distribute
the contrast of an object over a straight line on the image. Other more




contrast. Also, inner ear studies are sometimes performed using conven-




LUNSIUCT A lomograpnic ecnnique in which 10U ma 15 used tor o
seconds at 80 kV. At this kV, the tube emits about 8 mR/mAS at 1 meter
50 at 1 meter from the tube, this technique would produce 600 mAS X
8 mR/mAS = 4800 mR = 4.8R. Because the patient’s entrance surface is typ-







original light image shone on it. Thus, if regular radiographic film were
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erator and tube capable of rapidly pulsed exposures. Instead of acquiring
the images onto film using a film changer, the image intensihier (I1) is
the primary detector. The video signal from a high-quality TV camera
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computation. This notion is best described diagrammatically (Fig. 8.8)




table, and an B-bit (256 shades of gray) result IS KeptL.
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of pm]cuu:m through the object. Although the mathematical details are
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at one-degree intervals around the patient.




TYMIT IULZ, U1 acquisilion results in the collection of inear (one-aimensionai) projec-
tion data at many different angles around the patient.




this information, the projection data, P(x), is calculated as:
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acquired over 360°, the sine wave caused by the metal rod is one complete cycle.







wELE wued eMl numbers. Other names tor the numbers that corre-
Spond to the brightness of each pixel in a CT image are Houndsfield




equation), and the numbers ran from —500 to 4 500.




Part of understanding an imaging modality involves the appreciation of
the maturation of that modality. In addition to a historical interest, the



beam geometry.




treased substantially (up to about 750 detectors), such that the linear
detector array formed an arc wide enough to allow the x-ray beam to
interrogate the entire patient (Fig. 10.9). Because detectors and the nec-







LIeaseda supstanually (up to about /50 detectors), such that the hnear
detector array formed an arc wide enough to allow the x-ray beam to
interrogate the entire patient (Fig. 10.9). Because detectors and the nec-
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and rotate around the patient together, This motion is also called rotate/rotate.
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Structed image in an annulus that is small in diameter. The annular re







the I, measurement is made by a separate detector that is positioned

toward the edge of the fan. Because the same detector is used for the









each other, they have lower geomelric emcliency man Xenor ueiecos




filtration (convolution). In third-generation systems, the first fan beam is
acquired just moments after the x-ray acquisition starts. This means that
the computer can start the necessary mathematical computations on the




“cine-CT" scanner does not use a conventional x-ray tube burt rather a




eration or fourth-generation slip-ring design. While the gantry is rotating,
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he pitch is defined as:




and implies that a certain amount of the projection data is skipped. A pitch less than
10isa tightly wound helix and implies that over sampling of the data occurs




completely planar.
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Of the collimator and x-ray scatter.




ray sampling is doubled and the possibility of aliasing is reaucea.
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Beneration systems, the number of rays is determined by how frequently




resolution.
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tors will influence the resolution. Smaller detectors permit higher reso-
lution (Fig. 10.25). The width of the backprojected rays through the im-
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CT images.




Fatent motion
Scanner motion (helical especially)




M g r e -

Body (32-cm dia)

120 kV/420 mAS 10 mm 15—-25 miEy (1.5-2.2 naus)




Putting these values into the above equation gives 370 “gram-Rads"—the
unit of integral dose. One gram-Rad = 100 ergs, and so the posteroanter-
ior film delivered about 37,000 ergs to the patient. For the lateral view,
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form on regular intervals. In addition to correcting for electronic drift in







ever, the image is very blurred. The simple backprojection technique
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tion data before backprojection is

a faster operation than nhienng e







The main reason for introducing the frequency domain operation in so




e varnons on a theme, with each hiter having a slightly ditterent shape




has taken through the object. When beam hardening ta cnange m g




and this produces a cupping appearance in the CT number prohle across
the phantom. CT rays that pass through large thicknesses of bone can be




computers become available for clinical implementation




€ach backprojected ray can contribute a large signal to the image, When
Mmotion occurs, the strong signals from each ray do not smoothly inter-
SECt in the image, and a very obvious streaking can occur. This type of
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head in foam rubber, is another good technique. In many cases, the pe-
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technologists often view the image on the monitor &




€xample) in the CT image can be displayed with very high contrast. How-
ever, high CT values, such as bone tissue, will all be displayed as white




the film, and the intensity of the laser beam is determined by the pixel












