

















PROCEDURES

10.1. PORTABLE RADIOGRAPHIC AND CAPACITOR DISCHARGE UNITS

Purpose

To provide consistent, high-quality portable radiographs.

Equipment Needed

Full complement of QC test tools to check collimator and light field alignment, focal spot size, HVL, kVp,
exposure time, and mR/mAs linearity and repeatability as described in the Procedures sections of Chapters
6,7,and 8

Procedure—Conventional Portable Generators

1. Perform the full series of tests that you would perform on a fixed radiographic system.

2. Pay special attention to short exposure times such as those used in chest radiography.

3. On single mA station equipment do repeatability studies at a short (1/60-1/30 sec), medium (%2 sec), and
long (1 sec or over) exposure time.

4. Although not a true linearity, compare the mR/mAs for 3 or 4 time stations.

5. Record the results in the QC room log.

Procedure—Battery Powered Portables

1. Perform the full series of tests for conventional generator portables.
2. In addition, perform a battery depletion study:

a. Completely charge the storage batteries.

b. Select an average technique for the day-to-day work load.

c. Measure with a dosimeter and record the exposure in mR for three exposures at the preselected tech-
nique.

d. If your machine has power-assisted motion, drive the machine the typical distance one would travel be-
tween patient rooms.

e. Repeat the three exposures and movement sequence until the mR output has fallen to 80% of the origi-
nal output.

f. Plot the mR versus the number of exposures on a piece of graph paper (Figure 10.1). If the typical num-
ber of exposures per portable run falls short of the number required to reduce the output to the 80%
level, you should have little trouble producing consistent-density radiographs if all other radiographic
factors are properly controlled.

g. |f your typical case load goes beyond the 80% mark, recharge the batteries for 5 minutes, and make a
measurement of the exposure output. Typically, this brief recharge will bring the generator close to the
original output. [Note: This brief recharge procedure should be implemented during heavy case load
portable outings.]

3. Record the results in the QC room log.

Procedure—Capacitor Discharge Portable and Permanent Equipment

Perform the series of tests described above for conventional portable generators.

The kVp measurement on capacitor discharge equipment will need special acceptance limits. A typical
capacitor discharge unit (1-microfarad capacitor) will lose 1 kVp for each 1 mAs of exposure. In other words, a
typical kVp test cassette exposure for 80 kVp would require 20 mAs, and would yield a final minimum of 60 kVp
with an average kVp of about 70. To further complicate the issue, the filtration used in the test cassette pref-
erentially attenuates the lower-energy photons, which will yield a kVp reading higher than the average kVp.

Problems and Pitfalls

1. Portable radiographs of poor quality are often accepted because they are “just portables.” The same perfor-
mance characteristics can and should be expected from mobile equipment and fixed equipment.
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Figure 10.1. Output exposure as a function of the number of exposures for a battery-operated x-ray unit.

Special efforts should be made to provide the technologist with every possible aid to assure the correct

2.
source-to-image distance, angulation, beam alignment, and exposure factors.

3. Battery-powered portables should be recharged after every use to assure maximum consistency in output,
i.e., they should be plugged in and charging at all times when not in use.

4. Capacitor discharge units require special consideration when building technique charts. It is advisable

Acceptance Limits

1

2.

from the patient exposure standpoint to chart higher kVp and lower mAs than you would use for conven-

tional generators.

Conventional and battery-powered mobile equipment should meet the acceptance limits outlined for fixed

equipment.

Capacitor discharge equipment should meet all acceptance limits outlined except for the measured kVp.
Because there are no calibration curves provided with the kVp test cassette for capacitor discharge equip-
ment, no specific limits can be given, but for an 80-kVp, 20-mAs exposure, expect a 72-74 kVp reading.

Corrective Action
If the acceptance limits are not met, have a service engineer correct the problems.

10.2. TOMOGRAPHY

Purpose

To assure maximum resolution in planes of interest and optimum blur of overlying structures, and that the pa

tient entrance exposures are the same from room to room.
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Equipment Needed

1

2.
3.

Tomographic phantom [commercially available, typically consists of varying-size mesh resolution patterns
and lead numbers to indicate slice level and thickness (Figure 10.2)]

A 4 x4 x1/g-inch (10 x 10 X 0.3-cm) sheet of lead with a 1/1e-inch (1.5-mm) countersunk pinhole in the center
Direct readout dosimeter

Procedure

1.

2.

P

Place the phantom and the lead pinhole on the table (Figure 10.3). [Note: For linear tomographic equip-
ment turn the phantom so the lines of the mesh pattern are at 45° to the direction of the tube travel.]
Adjust the fulcrum to the appropriate level for the phantom being used. The pinhole should not be at the
same level as the cut level. It should be about 2 cm above that level.
Set the arc to the maximum routinely used. Make sure the exposure time is long enough to cover the com-
plete arc.
Cover the phantom, but not the pinhole, with a sheet of lead.
With the x-ray tube centered and perpendicular to the film, make a nontomographic exposure at the same
kVp and about 10% of the mAs needed to properly expose the phantom. This exposure will mark the center
of the pinhole trace.
Remove the lead, zero the dosimeter, and make a tomographic exposure of the phantom and the pinhole;
read the exposure from the dosimeter. [Note: Depending on the phantom thickness, the pinhole trace
may be too dark to interpret. An ideal density would be 0.6 to 1.2, and can be achieved by placing several
millimeters of the aluminum used to measure the HVL over the pinhole.]
Repeat the procedure in the opposite direction for linear tomographic equipment that exposes in both
directions.
The maximum arc should show any problems, if they exist, but if you wish to evaluate the slice thickness
for lesser tomographic arcs repeat the procedure at the desired arc.
Interpretation
a. Slice level—For the typical commercial type, read the lead number that is in best focus (Figure 10.4).
b. Slice thickness—Observe the total number of lead numbers in focus.
c. Resolution

i. Observe the finest mesh size resolved (typically #30 to #50 mesh is present in most phantoms).

ii. Compare films with films from a similar tomographic unit or with ones taken previously on the same

equipment.

Figure 10.2a. A tomographic phantom developed for our
quality control program that allows all sections to be
imaged at one time, and allows for a pinhole trace to be
made at the same time as the tomographic image.
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Figure 10.2b. Radiograph of tomographic phantom shown in a. A portion of the femur lies in the plane of the tomographic
cut with the rib lying above the plane. The mesh patterns lie at an angle through the plane of cut. A cutout for identification
information (dark area on the left) lies in the plane of cut. The small triangles also lie in, above, and below the plane of cut,
but are separated by 1 mm.

d. Pinhole trace
i. Forlinear tomography the pinhole trace should be equally divided on either side of the center mark.

ii. Check any excessive change in density over the length of the trace. Areas of increased and de-

creased density will indicate hesitation or changes in the speed of the tomographic sweep.
e. Blur

i. Observe the edges of the resolution mesh or the lead numbers out of the plane of focus for
smoothness of blur.

ii. It may be helpful to place a paper clip bent into the shape of a triangle on top of the phantom, with
one edge of the triangle parallel to the direction of the tomographic sweep. This arrangement will
give an indication of the blur for objects parallel, 45° to, and 90 ° to the direction of travel.

10. Record the results and the dosimeter reading in the QC room log.

Problems and Pitfalls

1. Some linear units may produce better results in one direction of travel than the other. Make sure to test in
both directions of travel. If efforts to correct the problem fail, establish a procedure to have all tomographic
exams done in the direction that produces the best results.

2. Pay special attention to the blur capability of the tomographic unit. A phantom film may give the appear-
ance of a properly functioning machine, but if the blur is poor, the results will be less than adequate.

3. When comparing resolution between different machines (using the same screen-film combination) keep in
mind that different-size focal spots will have an effect on resolution.
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Figure 10.3a. Tomographic test setup. A light exposure is Figure 10.3b. Tomographic test setup. A conventional to-

first made (with lead over the imaging portion of the phan- mographic exposure is then made so that both pinhole im-
tom) with the tube in the center position so that a pinhole ages and a tomographic image of the thick section are made
image is produced marking the center of the sweep. at the same time.

4. The dosimeter must be located in the same position relative to the anode-cathode axis (parallel and perpen-

dicular) for consistent results. Also, the dosimeter should be placed such that it will be exposed to radiation
during the entire tomographic sweep.

Acceptance Limits

-

The slice level should be within 5 mm of the indicated level.

The slice thickness varies with arc, but a linear sweep with a 30° arc should have a slice thickness of 2 to
2.5 mm. A complex motion tomographic unit operating in excess of 30 ° of arc should have a slice thickness
of about 1 mm.

The resolution will be dependent on the focal spot size, the magnification (phantom thickness), and the
smoothness of the tomographic motion. A good-quality unit will resolve the finest mesh (#50 mesh). A
typical linear tomographic unit should resolve the #40 mesh. A unit that can resolve only the coarsest mesh
size (#20 or #30) is in need of repairs.

The pinhole trace for a linear unit should be equally divided on either side of the center mark. If it is not,
check to see that the correct exposure time was used. Complex motion units should not leave large gaps or
greatly overlap on the trace pattern. The density of the trace should be relatively smooth and follow a
smooth, uniform course (Figure 10.5).

The blur of objects out of the plane of focus should be smooth and not a series of repeating images of the
object.
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Figure 10.4. Commercially available tomographic phantom. This phantom requires several exposures to obtain the neces-
sary information.

6.

For similar tomographic systems using similar generators, tubes, collimators, tabletops, and screen-film
combinations the entrance exposures to the phantom should be within + 10% of each other. If there is a
greater variation, then you should investigate the cause, paying particular attention to the HVL, the output
of the x-ray tube, and any other factors that may affect the exposure to the patient. If rooms do not use sim-
ilar equipment, then exposure variations will be greater than noted above. However, you should investigate
the reason for these variations and consider differences in the tabletops, HVLs, collimator design, x-ray
tubes, and any other factors that may affect the output of the x-ray generator and the patient exposure. Mea-
surements of the PEP for Bucky uniformity and motion and of the exposure consistency (pages 89-90)
should also be made. With these measurements, you can compare entrance exposures in the room under
two different conditions.

Corrective Action

1

RS RS

168

Observe the motion of the x-ray tube and film tray for hesitation or adverse motion. If adverse motion is seen
or indicated on the pinhole trace, try to locate and correct the cause of the problem.

Clean any dirt from the tube and Bucky tracks or support rails.

Tighten any loose screws, bolts, or connecting pins.

Look for loose or worn bearings.

Make sure the tube and film tray locks are releasing during the tomographic motion.

Correct the exposure time and check position-sensing microswitches if the pinhole trace is not equal on
either side of the center.

Consult a qualified service engineer if your efforts fail to correct the problem.
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Figure 10.5. Pinhole traces. (a) Good pinhole trace with image located symmetrically on either side of center mark. (b) Unac-
ceptable motion, probably due to dirt or lack of lubrication on the rails of the tube and cassette system. (c) Note the heavy ex-
posure at the top end of the trace. This could be due to either the tube not starting to move before the x-ray exposure is ini-
tiated or the tube motion terminating before the exposure terminates. (d) In addition to poor motion this exposure was not
symmetric about the center mark. This may be due to the x-ray exposure time terminating the exposure before the entire to-
mographic swing has been completed.

10.3. ANGIOGRAPHIC EQUIPMENT

Purpose

To assure optimum-quality angiographic examinations.

Equipment Needed

T

w

N o &

A full complement of test tools to check collimator alignment, focal spot size, HVL, kVp, exposure time,
mR/mAs linearity, and repeatability

Star focal spot test target (for focal spots of 0.3 mm or less)

Copper mesh resolution test tool, and a low-contrast resolution test tool to check fluoroscopic and cine
resolution

Lead resolution target

Screen contact test mesh

A homogeneous patient equivalent phantom (PEP)

Direct readout dosimeter
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Procedure—Roll or Cut-Film Angiographic Equipment

)

2.

Perform the full series of tests on the generator(s) and x-ray tube(s) as described in the Procedures section
of Chapter 8.

Test the high-and low-contrast resolution parameters (pages 150-155) and the maximum and standard oper-
ating exposure levels (pages 133-138) of the image intensifier.

Check the screen contact of the film changer at the maximum frame rate used in your aniographic suite,
then compare the rapid film contact test with a static (single-exposure) film from the film changer.
Check and compare the resolution (with a phantom) of the film changer with static and serial films at the
maximum filming rate used. If magnification work is performed check the resolution both in contact and at
the normal magnification ratio used. The phantom can consist of a variety of test objects placed on top of
the uniform density phantom used to measure the fluoroscopic exposure rate. A lead resolution target with
a bar pattern that goes to 5 cycles/mm or beyond would be ideal, but a copper mesh pattern can be used
[Note: Turnthe mesh pattern 45°to the grid lines, and the lead target 90 ° to the grid lines.] A magnification
phantom can be constructed of loosely bound steel wool, small catheters, fine wire, and small pieces of
bone placed on the uniform density phantom (Figure 10.6). These objects could also be used with the lead
resolution target or copper mesh to check the resolution in contact (non-magnification) situations. Save the
static film and one of the serial films for comparison on return checks.

Measure focal spots used for magnification with a star focal spot test target at a 3:1 or 4:1 magnification
ratio as described on pages 79-80. In addition to measuring the focal spot at the NEMA-specified mA and
kVp (one-half the maximum mA and kVp), measure the focal spot at the maximum mA used to check for ex-
cessive focal spot blooming.

Figure 10.6. Radiograph of PEP with objects added that are common in the angiographic environment.
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Problems and Pitfalls

1. Anangiographic suite consists of many key components that can greatly affect the quality of the final prod-
uct. Each component must be thoroughly tested on a regular basis.

2. Some film changers are not capable of producing good-quality angiograms at a high frame rate, because of
either poor design or excessive wear. Check them at all frame rates normally used, and use the frame rate
that produces the best results whenever possible.

3. Focal spots that have excessive bloom and produce less than adequate images, are not covered under any
manufacturer’s warranty. Situations like this must be handled on a one-to-one basis with the vendor.

Acceptance Limits

1. Generators, x-ray tubes, and fluoroscopic systems should meet acceptance limits outlined in the respective
Procedures sections of Chapters 7, 8, and 9.

2. Film changer screen contact may deteriorate somewhat on the outside edges of the image during serial
runs because of the lack of adjustment points at the very edge of the pressure plates, but the center contact
must be uniform throughout. If the contact problems cannot be corrected because of poor design or exces-
sive wear, try to limit the use to the slowest possible frame rate.

3. Resolution loss due to serial motion should be minimal—up to 6 frames/sec on a good quality film changer.
You may lose one group of bars (approximately 0.2 to 0.3 cycle/mm) on a lead resolution target, and you
should not lose a full mesh size if a copper mesh pattern is used.

Corrective Action

1. If you experience excessive resolution loss, check for vibration, film movement during exposure, or changer
motion that could cause blurring of the image. If none can be found consult a service engineer.
2. For generators or x-ray tube problems consult a service engineer.

Procedure—Cine Systems

1. Check the fluoroscopic maximum and standard exposure rate as outlined on pages 133-138.

In addition, regularly check the standard cine exposure rate following the same procedure outlined on
pages 146-150. Clearly outline all the parameters, such as tower height, collimation, frame rate, and
selected kVp, so this procedure can be easily duplicated on return checks. The ideal time to start this pro-
gram would be just after a service engineer has calibrated the system. The typical method of setting the ex-
posure rate is to remove the grid from the face of the image intensifier and then set the entrance exposure
rate through an attenuator to the input phosphor to approximately 18 to 20 uR/frame or 70 mR/min.

3. Regularly check the high- and low-contrast resolution of the cine system as described on pages 150-155.

4. Check and record the film density produced by the cine system by reading the density from a low-contrast
test target or from a cardiovascular phantom if one is available.

5. Asimple phantom and patient identification marker can be constructed from inexpensive materials that can
provide a continuous check of a cine system performance (Figure 10.7). This phantom can be used to iden-
tify the patient before each case and will continuously give an indication of any changes in resolution and
contrast. The attenuator can be copper (best) or aluminum. A small step wedge (3 or 4 steps) can be made
out of lead foil, such as the lead backing in a cassette or the lead in a dental film back. Steps with 1,2, 4, and
8 thickness of lead foil from a dental pack can be used. Copper screen can be used for a simple resolution
pattern. [Note: Check with a local hardware dealer for copper screen mesh.] The date and the patient’s
identification number can be placed on the phantom with lead numbers.

6. With the assistance of a service engineer set up a program to clean the lenses of the image amplifier and
cine camera every 6 months. Excessive dust and dirt can greatly reduce the contrast of a system.

7. Set up a program to clean the viewing screen and lenses of your cine projector monthly.

Problems and Pitfalls

Cine systems are complex systems that have more stringent requirements than most radiographic equipment.
Work closely with the manufacturer of your equipment to learn these requirements, and establish a quality con-
trol program that meets the needs of your equipment.

Acceptance Limits

1. The standard cine exposure rate is dependent on many factors, such as the frame rate, kVp, filtration, and
exposure requirements of your image amplifier. A change of 1 uR/frame at the entrance to the image inten-
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Figure 10.7a. Contact radiograph of the cine patient identification and test phantom. Patient ID information is added to this
phantom and it is imaged before each patient is placed on the table for an examination.

sifier can mean a difference of several R/min at the entrance to a 21-cm patient equivalent phantom. You will
have to establish acceptance limits that meet the needs of your equipment. To give you some idea of the
magnitude of the entrance exposure rate, our equipment at 60 frames per second in the 6-inch (15-cm) mode
operates at about 70-75 R/min through a 21-cm patient equivalent phantom (at 70 kVp).

2. Agood-quality cine system will be able to easily resolve # 60 mesh in the center of the image. If a lead resolu-
tion target is used expect to resolve 2 cycles/mm or better. The low-contrast resolution test should resolve
the smallest hole size [1/1sinch (1.5 mm)].

3. The typical film density range selected is from 0.80 to 1.2 (these are not control limits).
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Figure 10.7b. Sketch of the cine patient identification and test phantom.

Corrective Action
1. Carefully follow the manufacturer’'s maintenance schedule and particularly the cine camera film loading

and maintenance instructions.
2. For exposure rate or resolution problems consult a qualified service engineer.
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