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27. The correct answer is (C).

When using a variable kVp technique chart system, the radiographer is able to make very small
adjustments to kVp that will improve the overall contrast of an image. When the kVp is “fixed” at a
certain setting and mAs is adjusted to compensate for part thickness, the kVp is generally set to a
higher setting that will produce more scattered radiation and degrade the contrast on the image.
Decreased contrast is also referred to as increased latitude (D).

28. The correct answer is (B).

When making a measurement, the anatomy of interest must be measured so that an appropriate
technique can be selected. The measurement is usually made by measuring along the path of the
central ray as it enters and exits the patient. Another valid way of measuring is to measure the
thickest part of the anatomy of interest to ensure that all anatomy is penetrated. Measuring the
thinnest part may lead to underpenetration, decreased density, and a need to repeat the image.

29. The correct answer is (A).

The only factor controlled by automatic exposure control is time; the radiographer must still select
the appropriate kVp and mA station. The AEC system will terminate an exposure when enough
radiation has reached the image receptor to create an appropriate density on the film; it will keep
the exposure running (increase the time) until this has occurred.

30. The correct answer is (A).

Object A is closer to the image receptor than object B. When the object-to-image receptor dis-
tance (OID) is decreased, magnification is decreased and recorded detail is increased.

31. The correct answer is (A).

Density controls (-3, -2, -1, 0, +1, +2, +3) should be used only to compensate for unexpected
underexposure or overexposure due to patient pathology, anatomy, or positioning irregularities. AEC
can automatically adjust for changes in patient thickness, body habitus, or changes in kVp, so it is
unnecessary for the radiologist to set the density controls to shut off sooner or stay on longer.

32. The correct answer is (B).

Opening the collimators wider than necessary when using AEC will cause an increase in the
amount of scatter production and a corresponding decrease in contrast on the completed image.
The increase in scatter production will also cause the ionization chamber to sense an increase in
the amount of radiation reaching the image receptor and the exposure will be terminated prema-
turely, thus causing an underexposed image.

33. The correct answer is (C).

Atelectasis, or “collapsed lung,” is a condition in which a part of the chest cavity normally occu-
pied by an air-filled lung is replaced by fluid or tissue. This increases the tissue density, making

it more difficult to penetrate, and an increase in technique is needed to maintain film density.
The other conditions listed result in a decrease in tissue density and would require a reduction in
radiographic technique in order to maintain film density.
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34. The correct answer is (A).

The problem associated with increased tissue density is a problem of penetration. Pathologic con-
ditions such as Paget disease increase the density of the tissues and attenuate the X-ray beam to
a greater extent than expected. kVp controls the penetrating power of the X-ray beam, so this fac-
tor should be increased in order to ensure that the beam is able to reach the image receptor.

35. The correct answer is (B).

For this exam, the center detector was selected (between the knees) and the exposure time was
greatly reduced. AEC detectors are designed to terminate an exposure when a set amount of
radiation has reached the image receptor. Since the X-ray beam was not adequately attenuated
in the area of the selected detector, radiation easily reached it and the exposure was terminated
prematurely.

36. The correct answer is (D).

Increasing kVp increases the likelihood that an incident X-ray photon will interact with the phosphors
of the intensifying screen. This results in a more efficient screen, and therefore, a greater speed.
No other factor under the control of the radiographer will affect the efficiency of the screen,
although using screens in warm weather conditions (greater than 38°C) will result in less efficient
X-ray/phosphor interactions and a slower overall screen.

37. The correct answer is (C).

Since kvp affects the efficiency of the film-screen combination, a range of kVp is selected by
manufacturers when determining the relative speed of a film-screen system. Above and below
this range the film-screen combination will respond differently, although this change will not be
immediately apparent in the diagnostic range of kVp.

38. The correct answer is (C).
In order to determine the new mAs when a new screen is selected, the following formula is utilized:

mAs,  Relative Speed,

mAs,  Relative Speed,
When the known quantities are substituted in the above formula it should look like this:

40 300

mAs, 400

Now multiply the original mAs by the original speed (40 x 400 = 16,000) and divide by the
new speed to determine the new mAs (16,000/300 = 53).

39. The correct answer is (C).

Photostimulable imaging plates are capable of compensating for relatively large variations in mAs,
however, these plates are very sensitive to scattered radiation. Keeping the kVp set to an appropri-
ate level and collimating to reduce the production of scatter will ensure that the best possible
image is created.



Part Two: Practice Sets

Image Acquisition and Evaluation Answers and Explanations m

40. The correct answer is (C).

A smaller anode angle will lead to a smaller effective focal spot size and increased recorded
detail. In this case, Anode A has a 12° angle and Anode B has a 17° angle; therefore, Anode A
will produce the smallest effective focal spot size and the greatest detail. The focal spot size does
not have a noticeable effect on radiographic dose.

41. The correct answer is (A).

Quantum mottle is the grainy appearance displayed on images that lack a sufficient number of
X-ray interactions. Because mAs primarily controls the number of X-ray photons that reach the
image receptor, a lack of photons results in a lack of information on the finished image. The com-
puter algorithms will attempt to compensate for the decrease on photons and boost the “density”
of the image so the image will not appear to be underexposed.

42. The correct answer is (D).

Since digital imaging systems are able to manipulate the digital data in order to lighten or darken
the finished image, the use of the term “density” to describe how much radiation has reached
the image receptor is misleading. In digital imaging, the best way to determine if the correct
technical factors have been used is to determine how much radiation has reached the image
receptor. Different manufacturers use different terminology to describe the amount of radiation
exposure to the image receptor, but most agree that an exposure of 1 mR is an appropriate level
of radiation exposure needed to create a quality image.

43. The correct answer is (A).

Lung tissue, which contains air-filled sacs, would be the easiest for an X-ray to penetrate.
Therefore, the amount of X-rays that would penetrate lung tissue and create a density on the fin-
ished film would be greater than the other tissues and would create the greatest density of any
of the tissues listed. The tissues in answer choices (A) through (D) are listed in order of opac-
ity—that is, from easiest to penetrate (lung) to most difficult (bone). When measuring and using a
manual technique, it is important for radiographers to consider the patient’s body habitus, includ-
ing the predominant tissue in the patient's body. A muscular patient and an obese patient that
measure the same thickness would not necessarily require the same technical factors.

44. The correct answer is (D).

A pneumothorax is characterized by free air in the chest cavity that pushes lung tissue out of the
way. Since air is very easy to penetrate, the radiographic technique must be decreased in order
to maintain an appropriate density. The other pathologies listed in this question are considered
“constructive” pathologies because they require an increase in technique in order to compensate
for an increase in tissue density.

45. The correct answer is (B).

A D log E curve like the one shown here is a graphical representation of how radiographic den-
sity and contrast are affected by changes in exposure (technical settings). In this case, the D log
E curve shows that Film B would require an increase in exposure (horizontal line) to produce a
desired radiographic density (vertical line).
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46. The correct answer is (C).

The SID has no effect on contrast, however, it does affect the geometric factors of detail and dis-
tortion. Detail decreases and magnification (size distortion) increases as SID decreases. Because
varying the SID to adjust the radiographic density of an image will also affect the appearance of
anatomical structures on a finished radiograph, it would be a poor choice to use; using mAs to
increase or decrease density is a far better choice.

47. The correct answer is (B).

Although answers (A), (B), and (D) would all result in a lower scale of contrast, only answer (B)
adjusts mAs to compensate for the increase in kVp. Increasing the kVp by 15 percent effectively
doubles the radiographic density as well as lowers the scale of contrast. Cutting the mAs in half
also cuts the radiographic density in half without directly affecting image contrast. The net effect
of these two changes is that the increase in kVp and the decrease in mAs cancel each other out,
whereas the increase in kVp lowers the overall contrast of the image.

48. The correct answer is (C).

The combination of a long SID, short OID, and small focal spot size will result in the best possible
recorded detail. Long SID and short OID ensure that the lowest possible magnification occurs,
and a small focal spot results in less blurring of the edges of objects than would occur with a
large focal spot.

49. The correct answer is (A).

When the anatomical part of interest is aligned perpendicular to the central ray and parallel to the
image receptor, the only distortion that occurs is size distortion due to magnification. If the central
ray is perpendicular to the image receptor and the anatomical part is positioned at an angle to
either the central ray or the image receptor, foreshortening will occur. If the part is placed parallel
to the image receptor but the central ray is angled to the image receptor, elongation will occur.

50. The correct answer is (D).

This radiograph is overexposed and any change should lead to a decrease in exposure to the
patient. Setting the density control to —1 is the only choice that will lead to decreased exposure.
Selecting detector C will increase the exposure because the spine lies over the detector and will
be more difficult to penetrate than the lung field.

51. The correct answer is (B).

Spectral matching is the paired characteristics of a film-screen combination. To get the full benefit
of a film-screen combination, the film must be sensitive to the light emitted from the screen in
the cassette. If the screen and film are mismatched, an image will still appear but it will be under-
exposed and therefore lighter than what would be expected.

52. The correct answer is (D).

Increasing screen speed through increased intensifying screen conversion efficiency refers to

the amount of light given off by the phosphors located in intensifying screens. As the conver-
sion efficiency increases, the number of light photons given off by each phosphor also increases.
This results in a decreased need for X-ray photons (radiographic technique) in order to produce
an appropriate density but also means that less information is available on the image receptor
(increased noise and decreased recorded detail).
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53. The correct answer is (B).

Compton interactions are the primary contributors to scattered radiation. As kVp increases, the
likelihood that an incident X-ray photon will interact with matter through a Compton interaction
increases significantly. At low kVp settings, the percentage of Compton interactions is relatively
low (around 21 percent at 50 kVp). At higher kVp settings (around 120 kVp), the percentage of
Compton interactions is much higher (approximately 83 percent). This is the reason images pro-
duced at higher kVp settings exhibit reduced radiographic contrast.

54. The correct answer is (A).

When increased collimation is utilized, a smaller volume of tissue is irradiated and, therefore, less
scatter is produced. Because less scatter is produced, less scatter reaches the image receptor and
radiographic density is decreased. In order to maintain radiographic density when shifting from a

noncollimated technique to a collimated technique, an increase in mAs is necessary to compensate.

55. The correct answer is (A).

Placing an angle on the tube (in relation to the image receptor) results in elongation of the ana-
tomical structure. Elongation magnifies the anatomical structure unevenly and causes one end
(the end farthest from the tube) to be especially magnified. Increased magnification leads to a
decrease in recorded detail. Foreshortening occurs when the anatomical structure is angled to the
image receptor.

56. The correct answer is (A).

The air-gap technique is used as an alternative to grids. If a space is created between the patient
and the image receptor, some of the scattered radiation created inside the patient will be scat-
tered in such a way that it will miss the image receptor and not add information to the finished
image. This will increase contrast, although the increased OID will decrease recorded detail. The
subtraction of some scattered radiation from the image may also slightly decrease the overall
density on the finished radiograph.

57. The correct answer is (C).

In order to solve this problem, the radiographer must first know the Bucky factors (grid factors).
The average grid factors are listed below:

No Grid 1
5:1 Grid 2
8:1 Grid 4
12:1 Grid 5
16:1 Grid 6

Using these grid factors and the original mAs, use the following formula to find the new mAs:

mAs;  Body factor,
mAs, ~ Body factor,
10 4
mAs, 5
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Now solve for the new mAs by cross-multiplying and then dividing by the original Bucky factor:
mAs, = 50/4
mAs, = 12.5

58. The correct answer is (B).

The beam coming out of the X-ray tube is divergent—in other words, it comes out at an angle
much like a flashlight beam expands as it travels from the flashlight. Because of this, the lead strips
in a grid are often angled to match the angle of the X-ray beam. This allows the X-rays critical to
image formation to pass through the grid without allowing the scattered radiation to reach the
image receptor. For this to occur properly, the grid is designed to be used at a specific distance
(focused). If the grid is moved too close or too far from the point at which it is focused, the X-rays
that add to the image are absorbed by the edges of the grid. If the grid is accidentally placed
upside down, the same thing occurs. When a grid is placed off center, the density is generally
decreased across the entire image.

59. The correct answer is (D).

The exposure maintenance formula (also known as the direct square law) must be used to solve
this problem (New mAs = Old mAs x New Distance2/Old Distance?). Rooted in the inverse
square law, this formula follows the general rule that radiation intensity decreases to the square
of the distance increase. However, instead of stating a change in radiation intensity, the exposure
maintenance formula describes the change in mAs necessary to compensate for the change in
distance. The exposure maintenance formula does not describe an inverse relationship; in other
words, if distance increases, the mAs will also need to increase in order to compensate. To solve
this problem, replace the values in the formula:

New mAs = 25 x 60%/402
New mAs = 25 x 3,600/1,600
New mAs = 90,000/1,600
New mAs = 56

60. The correct answer is (C).

The main reason why the small focal spot should not be routinely used is that X-ray production
occurs in a much smaller area when using a small focal spot than when using a large focal spot.
Because many more heat interactions than X-ray interactions occur when X-rays are produced,
heat can be very damaging to the anode. When a large focal spot is used, this heat is spread
over a wider area and is much easier on the anode. If a large technique is desired, as in a lateral
lumbar spine exam, the large focal spot should be used so that a technique can be set high
enough to penetrate the anatomy. In the present case, a highly detailed image is not the goal of
the exam. For a small object like a finger, though, a detailed image is desired so that the smaller
anatomy can be visualized. The small focal spot should be used in this case because the tech-
nique is not high enough to strain the tube and the decreased focal spot size will increase the
detail of the image.



Part Two: Practice Sets
Image Acquisition and Evaluation Answers and Explanations

61. The correct answer is (A).

Adding filtration and adjusting the technique to compensate has roughly the same effect as
increasing the kVp and adjusting the technique to compensate: increased production of scatter,
lower contrast, and a noisier image.

62. The correct answer is (D).

Quantum mottle can be defined as a noisy, grainy appearance of anatomy on a radiograph due
to a low number of X-rays reaching the image receptor. This is often caused by a severe decrease
in mAs brought on by a high kvp technique or a very fast intensifying screen.

63. The correct answer is (C).

The thicker an object is, the more distorted it appears on a finished radiograph. This occurs mainly
because of the geometric factor of OID. Thicker anatomical structures are located further from the
image receptor than thinner objects, such as a hand, so they are magnified to a greater degree
than a smaller object would be. In addition, the surfaces of larger objects are farther apart, so the
surface farthest from the image receptor appears larger than the surface located closer.

64. The correct answer is (A).

Because of the attenuation of X-rays by the anode, the cathode side of the X-ray beam is signifi-
cantly stronger than the anode side. For this reason, it is wise to position the X-ray tube so that
the anode is located over the thinnest part of the anatomy and the cathode is located over the
thickest part. In the case of an AP femur examination, the area closer to the pelvis is thicker than
the patient’s knee so the cathode should be positioned on the superior side of the patient.

65. The correct answer is (C).

Patient motion remains the number one cause of motion blur. Patient communication, through
the giving of clear instructions regarding breathing and movement, is the best way to reduce
motion blur.

66. The correct answer is (B).

The two pictures demonstrate an exam performed with open collimation (A) and tight collimation
(B). Because the X-ray beam interacts with less tissue in B, less scatter is produced, thus increasing
the radiographic contrast. This will also reduce the density slightly because less scatter reaches
the image receptor. Collimation does not directly affect detail and distortion.

67. The correct answer is (D).

Pediatric patients are often unwilling or unable to comply with breathing or movement instructions.
Because of this, motion will often appear on a finished radiograph if the exposure time is not set
at a lower value than what may typically be used for an adult. Other technical factors such as kvp
and mAs should be set 25 to 50 percent lower than what would be used for adults due to the
smaller size and underdevelopment of the pediatric skeletal structure.

68. The correct answer is (B).

Using a screen instead of direct film radiography significantly reduces a patient's radiation dose.
When a screen is used, fewer X-ray photons are needed to create a diagnostic image and mAs
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can be reduced. Unfortunately, when screens are used, recorded detail decreases. This decrease
in recorded detail is not immediately apparent with slow-speed screens but can become a signifi-
cant problem when faster speed screens are utilized.

69. The correct answer is (D).

If the patient is in the left lateral position, the tumor will be located farther from the image recep-
tor than in any of the other positions. This increases the object-to-image receptor (OID) distance,
which increases the magnification.

70. The correct answer is (C).

The 15 percent rule refers to the impact of kVp on radiographic density. A relatively small increase
in kvp, such as 15 percent, will cause the radiographic density to double. Answer (C)

is correct because it raises kVp 15 percent and doubles the density. Answer (D) raises the kVp

15 percent as well but also increases the mAs, which is not a component of the 15 percent rule.

71. The correct answer is (A).

Direct digital radiography systems are able to convert X-radiation directly into an electronic signal
without having to scan and convert photostimulable phosphor plates. This greatly shortens the
image processing time but is more expensive to use since existing equipment must be replaced.

72. The correct answer is (C).

The area bordered by A contains the lung field, which consists of highly contrasting anatomical
structures such as air, bone, and lung tissue. These tissues are made of different substances that
attenuate an X-ray beam differently. The area bordered by B contains organs of the body that
are very close to each other in terms of substance and attenuation. Because there is a great deal
more subject contrast in area A, that area will display increased contrast on the finished image.
Although grids and kVp affect contrast, it is highly unlikely that they could be adjusted during the
exposure. The heel effect will result in variations in density across the finished image, but not to
the degree shown in this example.

73. The correct answer is (C).

Most computed radiography systems are set to mimic the response a radiographer would
achieve with a 200 to 400 film-screen system. Because computed radiography systems respond
similarly to the way film-screen systems react, radiographic techniques used with film-screen will,
on average, work well with computed radiography. Once the system is in place, the technical
factors may have to be fine-tuned for specific exams. The computed radiography system can be
adjusted to mimic just about any speed used with film-screen radiography.

74. The correct answer is (A).

Film-screen systems are superior to computed radiography in terms of spatial resolution—or
recorded detail. The pixel size is the limiting factor for computed radiography. However, com-
puted radiography outperforms film-screen systems in the area of contrast resolution, which is
the image receptor’s ability to differentiate two objects with slight variations in density. Both film-
screen and computed radiography are subject to the effects of SID, OID, and angulation on size
distortion.
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75. The correct answer is (B).

Direct digital radiography utilizes solid-state detectors to transfer data directly to a computer, elimi-
nating the need to use individual cassettes. This also eliminates the extra step of converting an
analog image on a photostimulable phosphor plate into digital information. Other aspects of radi-
ography, such as collimation, marking, and correctly centering, remain virtually unchanged.

76. The correct answer is (A).

if the grid ratio changes, the following grid conversion formula must be used: New mAs =
Original mAs x New Grid Conversion Factor/Original Grid Conversion Factor. Since our original
mAs was 40 and the New Grid's Conversion Factor is 5.5 at 85 kVp, this results in a product of
220. This number is then divided by the original conversion factor of 4 to give us the answer of
55 mAs. Although the other answers contain changes that affect density, we would not increase
kVp in this case to maintain density because grids are used to improve contrast; increased kvp
would degrade contrast. Also, increasing kVp by 15 percent, as is seen in this example, would
increase density beyond what is needed to maintain density. Increasing SID in this example will
decrease density. Focal spot size has little, if any, effect on film density.

77. The correct answer is (C).

kVp is the only factor in this question that influences contrast. Contrast is improved as kVp is
reduced, so 72 kVp would produce the best contrast. Choice (D) is incorrect because a reduction
in kVp without an increase in mAs will fail to maintain radiographic density.

78. The correct answer is (B).

A decrease in OID greatly improves the recorded detail on a radiograph. By turning a patient from
AP to PA, the lumbar spine would be further from the image receptor and a larger OID would
result. The same technique would be used regardless of AP or PA position.

79. The correct answer is (C).

Quantum mottle is caused by too few X-ray photons striking the image receptor to create the
image. The only way to solve this problem is to increase mAs so that more X-ray photons will ulti-
mately reach the image receptor.

80. The correct answer is (A).

mAs is the product of mA and time (s). The reciprocity law states that mAs value is the same
regardless of the mA and time used to produce it. In other words, 200 mA x 0.1 seconds = 20
mAs, and 100 mA x 0.2 seconds = 20 mAs. Even though different numbers are used, the mAs
values are the same and mAs will respond in the same way regardless of the values used to
achieve it.

81. The correct answer is (B).

The patient's size contributes to the detail that can be seen on the finished image. In this scenar-
io, Patient A is larger than Patient B so the anatomical structures located in Patient A are located
farther from the image receptor, increasing magnification and decreasing recorded detail.
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82. The correct answer is (C).

The manufacturing process determines how quickly a film will produce a density when it is
exposed to X-ray or light photons. Faster films require less radiation in order to produce a den-
sity. mAs, or mA, should always be used to adjust a technique if no other change is desired.
Decreasing the kVp would allow a radiographer to maintain film density, but it would also change
the visible contrast on the image.

83. The correct answer is (B).

Above 80 kVp a great deal of scattered radiation is produced that will degrade the contrast on a
digital image. The addition of a grid will absorb scattered radiation and improve the overall quality
of the image.

84. The correct answer is (B).

Note that this question is asking for the minimum change necessary to produce a noticeable
change in density. It does not take a large change in kVp to affect the density on a finished radio-
graph—15 percent would effectively double the amount of density. In mAs, 30 percent is the
minimum change needed to produce a noticeable change in radiographic density.

85. The correct answer is (A).

Fixed, high, and automatic exposure charts normally use a higher kVp than variable kilovoltage
charts. Because kVp is increased, mAs can be dramatically decreased and a savings in patient
dose results. The trade-off between variable kilovoltage charts and other charts is in image qual-
ity; because variable kilovoltage charts allow for small variations in kVp, contrast is generally better.
This kVp is generally the highest kVp capable of producing an acceptable quality radiograph.

86. The correct answer is (B).

By compressing anatomy through the use of a compression paddle or compression band, the
radiographer is essentially reducing the volume of tissue being irradiated. Decreasing the amount
of tissue means less scatter is produced, which increases radiographic contrast; and a decreased
radiographic technique is required to penetrate the tissue, leading to a decreased dose to the
patient. Compression will also bring anatomy closer to the image receptor, which increases
recorded detail.

87. The correct answer is (C).

As the grid ratio increases, the grid's ability to remove scattered radiation and improve contrast will
also improve. The grid ratio is determined by dividing the height of the grid by the thickness of
the interspace material. The grid height and interspace size are listed for each of the three differ-
ent grids. Grid A has a height of 5 mm and an interspace size of 1 mm, for a ratio of 5:1. Grid B
has a height of 3 mm and a thickness of 0.5 mm, for a ratio of 6:1. Grid C has the highest ratio,
because it has a thickness of 2 mm and an interspace size of 0.2 mm or a grid ratio of 10:1.

88. The correct answer is (A).

Because of the divergent nature of the X-ray beam, anatomy located further from the central ray
will become more distorted. The only location on the radiographic image in which no shape dis-
tortion appears is along the path of the central ray.
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89. The correct answer is (C).

The most important thing for a radiographer to do when using an automatic exposure device is to
position the anatomy of interest directly above the AEC device. If the anatomy of interest is posi-
tioned to the side of the ionization chamber, the AEC device will either stay on too long or shut off
prematurely, leading to an image that is either overexposed or underexposed. The AEC is capable
of adapting to changes in SID. Because the AEC ultimately controls the time setting and the
radiographer controls the mA and the kVp, it is not necessary for the radiographer to set the time.

90. The correct answer is (C).

A kVp setting below 80 will provide the contrast needed to outline the colon but will not be
capable of penetrating the barium within the colon and allow visualization of internal structures.
In order to penetrate the barium inside the colon, a setting of 90 kVp or higher is necessary.

Image Processing and Quality Assurance
1. The correct answer is (A).

Film stored at higher temperatures will age prematurely and begin to show increased density.
Film can be stored below 55°F but it must be brought up to room temperature slowly to avoid
condensation. Therefore, a range of 55 to 68°F is optimal for film storage.

2. The correct answer is (A).
Film should always be stored on end to avoid pressure artifacts.

3. The correct answer is (C).

If the chemicals in the developer work too efficiently, the image will exhibit an increased den-
sity across the entire film or a portion of the film. Because this increased density is the result of
chemical actions, it is known as chemical fog. Problems in the processor, such as increased tem-
perature and/or an increased concentration of chemicals, will cause these chemicals to do their
job much too quickly and chemical fog will result.

4. The correct answer is (B).

Plus densities are areas of increased density on a finished film caused by a buildup of chemical
residue, dirt, or the result of pressure or bending. Identifying a plus-density artifact will help in
identifying the cause of the artifact and allow the radiographer to rule out other causes.

5. The correct answer is (A).

Small scratches at the leading and/or trailing edge of the film are most likely due to the part
of the processor that guides a film from one processing tank to another (guide shoes). It is

not unusual for these scratches to appear, but they should be no longer than 0.25 inch. If the
scratches are longer than 0.25 inch, the crossover assemblies should be checked to make sure
they are in the correct position. The direction of travel is important when identifying guide-shoe
marks; the marks will always follow the direction of film travel.

KAPLAN)



Part Two: Practice Sets

120 Chapter 6

KAPLAN)

6. The correct answer is (B).

The artifact shown in the illustration is called a Pi /ine due to the fact that it is the result of
residue on a 1-inch roller (pi is the circumference of a 1-inch-diameter roller, or 3.14 inches).
Generally, Pi lines are the result of emulsion building up on a roller until it is deposited on one
or more films. It always appears perpendicular to the direction of film travel. This line can usually
be wiped off the film. This artifact can be avoided altogether by cleaning the rollers regularly and
replacing rollers that have become worn or rough.

7. The correct answer is (C).

Static discharge that interacts with the film results in a plus-density artifact that looks like a tree
branch, a spider web, or a group of smudges. The artifact is the result of static discharge that
occurs in a darkroom while the film is being handled or placed on the feed tray. Low humidity,
static buildup from carpeting, or even a small charge in the feed tray may increase the appear-
ance of static artifacts. In order to avoid this artifact, the humidity in the darkroom should be kept
between 30 percent and 50 percent, antistatic mats should be used, and all equipment in the
darkroom should be properly grounded.

8. The correct answer is (A).

Because radiographic images are considered part of a patient's medical record, they should be
treated like any other legal document. As with all legal documents, it is important that the identifi-
cation placed on the image be correct and permanently affixed. Although some departments may
allow for the addition or correction of patient information with use of a permanent marker, this
would not be a wise course of action for routine use. Using lead markers or light exposure (flash-
ing) ensures that the correct patient information is attached to the radiographic image.

9. The correct answer is (C).

In the developer, black metallic silver combines with exposed silver halide crystals to create the
radiographic image. Although the image becomes visible, it will quickly become fogged in normal
light since the unexposed silver halide crystals have not yet been removed from the film.

10. The correct answer is (A).

Extreme changes in temperature can have negative consequences for radiographic film. In the
developer and fixer, the film emulsion is relatively soft so that the chemicals can penetrate the
emulsion and develop the image. It is not until the film gets to the wash and dryer that it begins
to harden. If this hardening is performed too quickly, the fragile emulsion can crack and the
image may be ruined.

11. The correct answer is (A).

The fixer contains a clearing agent that removes unexposed silver halide crystals from the film
and sends them to the silver recovery system of the processor. If the fixer is not working properly
and the undeveloped silver halide crystals are not removed, the film will have a milky appearance
when it comes out of the processor. Because the silver halide crystals that are removed from the
film contain real silver, it is advantageous for the department to recover and sell this silver. This is
also a good practice to protect the environment.
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12. The correct answer is (B).

Most of the developer chemicals have been removed by the fixer once the film reaches the wash
tank, so the majority of chemicals that are removed from the film in the wash are from the fixer
tank. If the fixer is not adequately removed in the wash, it will continue to slowly work on the film
emulsion, and premature aging (yellowing) will occur. The wash water quickly becomes saturated
with fixer during processing, and failures of this nature generally occur when the wash tank is not
turned on, the water is not adequately agitated, or the water is circulating at a decreased rate.

13. The correct answer is (C).

The dryer does more than simply remove excess water from the processed film; it performs a
vital function to protect the radiographic image. The dryer uses relatively high temperatures (120
to 150°F) to harden the film that has been softened by other chemicals to assist in the develop-
ment process. Silver halide crystals are removed in the fixer.

14. The correct answer is (C).

The transportation system consists of rollers, crossover networks, and a drive system that moves
the film all the way through the automatic processor. The drive system controls the speed with
which the film travels through the processor, and thus controls how long the film spends in each
individual tank of chemicals. The replenishment system adds chemicals to the tanks and the
recirculation system ensures that the chemicals are properly mixed.

15. The correct answer is (C).

Chemicals called bromides that typically control the action of the developer are deposited into the
tank by the emulsion of the film. During the chemical reaction that occurs during development,
these bromides are removed from the emulsion and deposited in the developer solution. Since
these chemicals are not present in a fresh tank of developer chemicals, a starter solution that
contains bromides is added to the tank to control the action of the developer until the develop-
ment process begins to add bromides during normal processing. If a starter solution is not used,
the first films that run through the processor will demonstrate increased radiographic density.

16. The correct answer is (A).

Sensors located in the automatic processor are able to determine the length of a film and add
the correct amount of chemicals to the tank to replace the chemicals used during development.
They are generally set up for a film to be fed into the processor in a lengthwise orientation.
Continuously running films crossways will deplete the amount of chemistry in the tanks and lead
to underdeveloped images.

17. The correct answer is (D).

Tank A contains the developer solution, while Tank B contains the chemicals used in the fixer. The
fixer chemicals are designed to stop the action of the developer chemicals; therefore, fixer chemi-
cals in the developer would severely slow the development process. An amount as small as 10
ml of fixer solution in a 10-liter developer tank would totally stop development. Tank C contains
water for the wash; small quantities of water escaping into the other tanks would not cause a
problem since water is used as a solvent in the three tanks that contain chemical solutions.

121

KAPLAN)



Part Two: Practice Sets

122 Chapter 6

KAPLAN)

18. The correct answer is (C).

Once chemicals have been added to the automatic processor, they are agitated and mixed by
the circulation system in order to ensure consistent chemistry throughout the processor. Because
the chemicals are in motion due to the action of the circulation system, heat from the tempera-
ture control system is transferred throughout the processor as well. Chemical replenishment is
performed by the replenishment system.

19. The correct answer is (B).

The only indication that a film is safely in the processor is an audible beeping noise. An additional
film can be placed into the automatic processor at any time, which can lead to the processor
jamming or to films sticking together. If the radiographer does not wait for the beeping noise and
opens the door to the darkroom or turns on a light, the film may be ruined.

20. The correct answer is (C).

Flood replenishment pumps chemicals into the processor tanks on a time interval, as opposed to
volume replenishment that adds chemicals based on actual processor usage (number and size
of films). Floor replenishment is particularly effective in low-use situations because it keeps the
chemistry fresh. Standard (B) and extended (D) refer to the processor setting that controls the
length of time a film will spend in the processor.

21. The correct answer is (D).

A cassette should ideally never be opened more than 2 to 3 inches while the film is removed
and replaced. This will keep dust, dirt, and moisture from settling on the screen inside the cas-
sette. Although it is a good idea to clean cassettes and intensifying screens regularly (once a
week, for example), it is not necessary to clean or inspect them after every use. Bare hands will
not damage the cassette or intensifying screens if the cassettes are cleaned regularly.

22. The correct answer is (D).

The longer the period of time that a film spends in the developer, the more the radiographic
density will increase. The same is true of developer temperature; as temperature increases, the
chemical activity of the developer increases and so does radiographic density. When the develop-
er chemicals are more concentrated than required, they are able to penetrate the entire emulsion
of the film and deposit metallic silver in places that were not exposed by radiation or light; this
increases radiographic density.

23. The correct answer is (A).

With a daylight processor the cassette is placed directly into a slot in the front of the processor
and the processor automatically opens the cassette, removes the film from the cassette, sends
the exposed film for processing, places a new film into the cassette, and returns the cassette to
the front of the processor for reuse. When using a daylight processor, it is not necessary for the
radiographer to enter a darkroom, touch undeveloped films, or place a film on a feed tray. All
other components of an automatic processor function normally.
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24. The correct answer is (D).

Although marking additional information on an image is perfectly acceptable, the only item that
must be included on every radiograph is the Right or Left identification. This identification must
be placed on the image during the exposure, not afterwards with a permanent marker or even
with an electronic stamp. Other information that must be included on each radiograph includes
the date of the exam, the patient's identification (name or ID number), and the name of the
institution.

25. The correct answer is (B).

The crossover assembly can easily become contaminated with chemical residue and emulsion
deposited by films passing through. The crossover assembly should be removed, rinsed, and
lightly scrubbed with a soft sponge, if necessary. The feed tray should be cleaned daily, but it is
not necessary to remove the feed tray from the processor in order to perform the cleaning. The
other parts of the processor listed here should be kept clean as well, but it is not necessary to
clean them daily.

26. The correct answer is (C).

The developer and fixer tanks are generally drained only during the monthly cleaning cycle. The
developer filter is replaced monthly as well. The lid is raised to keep chemical fumes from build-
ing up in the processor while it is not being used.

27. The correct answer is (B).

The mid-density point, or speed indicator, is a measurement of the speed of the entire process-
ing system. When images are processed, it is important that the chemistry is stable so that imag-
es are consistent from day to day. The mid-density point is used in sensitometry (the measure-
ment of processor performance) to indicate the ability of the processor chemistry to create an
appropriate density on the finished image. If the reading is 0.10 higher than normal, the images
will demonstrate increased density; conversely, if the mid-density point is 0.10 lower than normal,
the image will demonstrate decreased density. A robust sensitometry program will ensure a con-
sistent processor and good-quality images.

28. The correct answer is (D).

Section D of this illustration represents the dryer, where temperatures reach 120 to 150°F. The
other sections of the automatic processor contain chemicals that maintain a temperature of 93 to
95°F

29. The correct answer is (C).

Just as its name implies, the base + fog measurement evaluates the effect of the film base and
any additional fog on the preprocessed image. The base + fog measurement also evaluates the
storage conditions of film. If film becomes fogged due to radiation, light, or chemical contamina-
tion, the base + fog measurement will identify the problem. In order for the base + fog reading
to be considered stable, it must be maintained between + 0.05 of its original reading. Density
difference (a) is determined by subtracting the D, reading from the D, ,, measurement and is
a measure of film contrast.
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30. The correct answer is (B).

The archiving procedure prepares a film to be stored for several years by removing excess chemi-
cals from the emulsion. The wash removes the residual fixer from the film so that yellowing of
the film does not occur while the film is in storage. The dryer seals the emulsion and hardens the
supercoat to help protect the image from scratching. The fixer is responsible for “fixing" the image
permanently so that it can be viewed in white light, but the retention of fixer in the emulsion will
quickly degrade the archiving quality of a radiographic image.

31. The correct answer is (A).

Resolution or recorded detail is measured in line pairs per millimeter (Ip/mm). General radio-
graphic film is capable of resolution in the range of 5 Ip/mm, although mammography film can
exceed 5 Ip/mm. The resolution of digital imaging is much less than that of film, although its abil-
ity to increase quality in other areas makes it the imaging system of choice for many radiography
departments.

32. The correct answer is (D).

Pixels are the picture elements of a digital image that are extremely tiny squares comprised of a
various shades of gray—all the way from white to black. The image itself is made of thousands of
individual pixels that blend together to form the digital image. The matrix size indicates how many
pixels are located within the viewing area. Therefore, if the viewing size remains constant (the
screen size on a monitor, for example) and the matrix size increases (more total pixels), the size
of the pixels will have to decrease. The smaller the pixel size, the better the image resolution.

33. The correct answer is (B).

Window width controls image contrast inversely: as the window width is increased, the overall
contrast decreases. The window leve/ controls density directly: as the window level increases,
density increases.

34. The correct answer is (D).

Storing images electronically allows them to be copied and stored at multiple locations so that if
there is a disaster at one location (fire, flood, etc.), the images will remain intact at another loca-
tion. The ability to send images electronically provides the additional benefit of allowing multiple
users to view the images at separate sites. Also, images can be sent quickly to various locations,
which may take hours or days with a film-based archiving system.

35. The correct answer is (B).

DICOM stands for Digital Imaging COmmunication in Medicine; it was designed in the

early 1990s by the American College of Radiology and the National Electrical Manufacturers
Association (NEMA). Through the use of the DICOM “language,” every piece of digital imaging
equipment can interact with every other piece; more importantly, every piece of equipment can
also interact with the storage system so that images from all modalities can be stored in the
same system and can be retrieved to any modality as needed. The other two answers in this
question refer to a test pattern used for digital imaging (SMPTE, Society of Motion Picture and
Television Engineers) and software used to link patient information and images in a radiology
department (RIS, Radiology Information System).
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36. The correct answer is (B).

Photostimulable phosphor plates create a latent image by “capturing” energy in the phosphor
layer. This energy will dissipate over time and degrade the finished image if the processing does
not occur in a timely manner. One-fourth of the image is lost after 8 hours, and the image will
continue to lose energy until almost all of it is gone after just a few days.

Criteria for Image Evaluation
1. The correct answer is (A).

mAs is the controlling factor of radiographic density because density increases as mAs increases
and decreases as mAs decreases. Although an increase as small as 30 percent in mAs will result
in a visible change in density, a change of 100 percent (a doubling of mAs or an increase by a
factor of 2) is necessary to adequately change maAs.

2. The correct answer is (C).

Grids are used to clean up the scattered radiation that is produced by the patient during an expo-
sure. Because scattered radiation degrades the contrast on an image, much better radiographic con-
trast will be demonstrated on a film produced with a grid than on a film produced without a grid.

3. The correct answer is (B).

Poor film/screen contact will create a small area of unsharpness on a finished film but will rarely
cause a loss of detail across the entire image. The cause of poor film/screen contact is worn or
warped screens, or residue in between the film and screen that prevents the film and the screen
from making direct contact with each other during the exposure. The other answer choices would
all cause unsharpness across the entire film, but not in only one area.

4. The correct answer is (C).

The kidneys lie near the patient's back, so performing a PA abdomen will position the kidneys far-
ther from the image receptor than what would be seen in an AP abdominal radiograph. Because
increasing the OID increases the amount of size distortion, the kidneys will appear larger in

the PA radiograph. Performing the exam PA will also increase the amount of size distortion and
decrease the detail seen in the spine—the opposite of answer (D). Contrast and density are not
noticeably changed by positioning a patient AP or PA.

5. The correct answer is (C).

Magnification occurs on every radiograph because it is never possible to place an anatomical
part directly on an image receptor. Elongation will occur if the central ray is off target because the
beam will act as if it is angled across the anatomy. Foreshortening is reduced if the central ray is
directed perpendicular to the anatomy of interest.

6. The correct answer is (B).

Every radiograph has to clearly identify which portion of the anatomy is right or left. This mark-
ing must occur on the radiographic image and not be written or flashed onto the image after
exposure. Correctly marking right or left protects the patient and ensures that procedures will be
completed on the correct anatomical part. Other markers may be added as needed, but right or
left markers must appear on all radiographs.
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7. The correct answer is (B).

Voluntary muscle movement includes all skeletal muscles used for movement as well as the
muscles involved in breathing. If a patient moves or breathes during an exposure, motion will be
seen on the entire radiograph. If the motion is due to involuntary muscle movement, the motion
will be seen only in the localized area where the motion takes place: in the digestive system,
generally as a result of peristalsis, or in the chest due to the movement of the heart. Poor film-
screen contact is localized in one area or several small areas of an image. Image processing will
not cause blurring of the image.

8. The correct answer is (A).

Grids are made of alternating strips of lead and an interspace material. Because the lead strips
attenuate a portion of the X-ray beam, they can sometimes be seen on a completed radiograph.
Although the processor can cause lines on a completed image, there will not be hundreds of
them, and they will generally appear more prominent than grid lines. The lines seen on a radio-
graph due to static discharge will appear random, not parallel.

9. The correct answer is (D).

A cracked safelight filter will allow unfiltered (white) light to escape from the safelight and strike
the film, causing an increase in density across the film. Choices (A) and (B) in this question
would result in light films, and choice (C) would result in white specks on a completed image.

10. The correct answer is (C).

Noise is the grainy appearance caused by decreased mAs and is the result of high kvp techniques
or very fast screen speeds. Because of the decrease in mAs, an insufficient number of X-rays are
available to produce a quality image.

11. The correct answer is (B).

Increasing distance without making any other change will decrease radiographic density on a
finished image. In the two illustrations, Configuration A is closer to an image receptor than
Configuration B, so greater density will occur with Configuration A if the same technique is uti-
lized. Configuration B will result in increased detail due to the longer SID as well as decreased
patient dose. Distance does not affect motion blur.

12. The correct answer is (B).

kVp is a primary controller of the contrast seen on a radiographic image. By decreasing kVp and
increasing mAs, less scatter will be produced, contrast will improve, and radiographic density will
remain unchanged. The changes in choices (C) and (D) would maintain density but not signifi-
cantly affect contrast.

13. The correct answer is (D).

If time is decreased and mA is increased, the image will not be affected because mAs remains the
same. This is called the reciprocity law. Choice (A) would lead to decreased contrast, and choices
(B) and (C) would lead to decreased radiographic detail.
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14. The correct answer is (C).

Increasing the OID without adjusting SID will increase magnification on the completed image.
Observation of the four images in this question shows that the greatest magnification is demon-
strated on Image C (most notably, the femurs are clipped on Image C).

15. The correct answer is (A).

The reason for placing an angle on the central ray is to reduce the superimposition of the clavicle
over the scapula and superior ribs. Although the angle allows for greater demonstration of the
clavicle, the image will appear more distorted. Magnification will occur to the same or greater
degree than that seen on the AP projection.

16. The correct answer is (B).

No patient identification information is seen on this radiograph. This information may be added
after exposure but must be placed on the image prior to processing (with the use of a flasher, for
example). The other information that is missing on this radiograph is the name of the institution.
Adding the technologist's name or initials is not always necessary but is a good way to determine
who is responsible for the image.

17. The correct answer is (C).

Paget disease is an additive condition that is caused by an increase in bone growth. Because
more bone tissue is present than what would be expected, the resulting image would be under-
exposed if a normal technique is used. in order to compensate for the increase in bone tissue,
the radiographic technique must be increased.

18. The correct answer is (A).

Crescent marks like the one shown in the image are caused by the film being bent prior to pro-
cessing.

19. The correct answer is (D).

Film that has been stored for a long period of time will begin to lose its ability to function as it
was designed to, and will lose both speed and contrast. Because expired film has been stored for
a long period of time, it will become fogged by light, radiation, and chemical fumes. This will add
a slight density to the film that will additionally degrade radiographic contrast but not be sufficient
to increase density beyond what is normally anticipated.

20. The correct answer is (D).

Noise is the “grainy” appearance of an image caused by a mAs setting that is far too low to
provide enough information to provide a quality image. Image A displays decreased contrast,
Image B displays increased density, and Image C displays increased contrast.

21. The correct answer is (A).

Use of a 10-foot distance will increase radiographic detail and decrease magnification. The
reduced magnification helps to ensure that all of the desired anatomy (the costophrenic angles,
for example) will be displayed on the completed image. Increasing SID requires that mAs be
increased, however, which may lead to greater exposure times and an increased possibility of
motion artifacts.
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22. The correct answer is (B).

Radiation fog is caused by scattered radiation striking the stored film in the exam room. Film
should be stored in a darkroom or a storage facility that is free of scatter radiation. Chemical fog
(A) is a by-product of a poorly maintained processor. Temperature fog (C) is a result of increased
storage temperature or increased temperature in the processor. Fog from a safelight (D) occurs in
the darkroom and is the result of a cracked or damaged safelight filter.

23. The correct answer is (D).

The distinct characteristic of static discharge is the branching artifact seen on the left side of the
artifact. The central portion of the artifact is caused by static as well. A pressure artifact (A) or
poor film-screen contact (C) will appear less distinct and blurry. Dirt in a cassette will appear as a
minus density (white) rather than a plus density, as seen in this image.

24. The correct answer is (A).

Osteoporosis is a destructive disease that weakens or thins bone; if technique is not reduced, the
resulting image will display increased density. The other pathological conditions listed in the ques-
tion would all require an increase in technique in order to maintain radiographic density.



