








Figure 11.2a. CT image produced with a video hard-copy camera.

6. Be sure to record all the exposure factors, including f-stops, exposure time, brightness, and contrast set-
tings, on the control charts.

Problems and Pitfalls

1. Phototimed systems make it almost impossible to carry out quality control since the exposure depends on
the image.

2. Some older and poorly designed multiformat cameras are designed so that the brightness and contrast con-
trols are not independent, making it impossible to adjust the contrast without changing the brightness.

Acceptance Limits
If your processor is in control, set your limits for the mid-density and density difference at +0.10.
Corrective Action

1. Adjust the brightness and contrast controls to bring the density and contrast back within the control limits.
2. Cleanthe face of the CRT and camera lens monthly with a soft brush, then use lens tissue and lens cleaning
solution.

11.2. IMAGE QUALITY TESTS FOR PRODUCT COMPARISONS

Purpose

To compare under clinical conditions the differences in image quality from different products, such as intensify-
ing screens, films, or grids.
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Figure 11.2b. Ultrasound image produced with a video hard-copy camera.

Equipment Needed

1. Anatomical phantom

2. Flat metal washer with 3/s-inch hole
3. Densitometer

4. Lead markers

5. Dosimeter

Procedure

1. Tape the flat metal washer to the top surface of the anatomical phantom in a location such that its image
will appear in an exposed portion of the radiograph (an area where the density will be about 1.0). For exam-
ple, if an abdomen phantom is used, locate the washer over the kidney region. This is done to assure that
densitometer readings used to obtain a close density match are made at the same point on the comparison
radiographs.

2. Set up the generator, phantom, and x-ray tube for routine radiography. Position the dosimeter chamber on
the phantom to record entrance exposure to the skin in the area of interest. The setup will vary depending
upon the product being evaluated.

3. Place lead markers on the cassette to identify the products being evaluated, but do not use the product
names—use only numerical identification.

4. Make aradiograph using technical factors appropriate for the anatomic phantom for the product currently
used in the department and record the dosimeter reading.

5. Process this radiograph and check for proper positioning of the phantom, metal washer, and dosimeter
chamber (Figure 11.3).

6. Repeat Step 4 if needed to obtain a typical radiograph and satisfactory location of the metal washer.
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Figure 11.2c. Nuclear medicine digital image produced with a video hard-copy camera.

Do not alter the radiographic setup once a satisfactory radiograph has been obtained until the testing
series has been completed.

Expose a radiograph with technical factors appropriate for the product being tested and record the
dosimeter reading.

Process the comparison radiograph in the same processor.

Make densitometer readings in the open area of the washer and record the readings. Repeat radiographs if
necessary to attain a density match within + 0.05 (ideally), or within £ 0.10 if necessary.

Problems and Pitfalls

1
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It is essential that the test be conducted in a manner such that the only difference that will be noted in the
comparison radiographs will be due to differences in the products tested—in this case, between the cur-
rently used and new product. For this reason, problems will be avoided if you:

a. Make the comparison radiographs at the same kVp setting.

b. Make exposure adjustments with exposure time. Avoid changing mA initially, if possible. Calibration of
the x-ray generator may be inaccurate between mA stations and changing to a different mA station may
also result in a change of the focal spot size.

c. Use the same cassette when comparing films or grids.

d. Process the radiographs in as short of a time period as possible in the same processor.

A mismatch in light level or color on adjacent illuminator panels used to view comparative radiographs can

significantly affect results.

Unbiased evaluations require that other observers not be able to identify the product from the identification

markers, or manufacturer’'s edge markings, on film and screens.

Itis essential that densities of the comparison films are matched as closely as possible. A slight difference

in density can significantly alter the appearance of the radiographic contrast and sharpness.
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Figure 11.3. Product comparison phantom film. Each image should contain a washer to mark the spot for density matching,
lead letter identification information that is not related to the product name, and an ionization chamber for monitoring the

phantom entrance exposures. All edge markings are then trimmed from the film so that neither the film nor the screen can be
identified by the viewer.

Acceptance Limits

Densitometer readings on the comparison radiographs should be in the general range of 0.80-1.0 and should
ideally match within + 0.05, but you may have to accept = 0.10. Make additional radiographs if needed to attain
matched densities within these limits.

Image Analysis

1. View comparison radiographs on adjacent panels of well-matched viewboxes under normal viewing condi-
tions for interpretation. Form and record subjective impressions regarding differences, i.e., information
equally well visualized, better visualized, or less well visualized.

2. Review theresults with a radiologist to determine further action. If the new product at this point offers suffi-
cient advantages to warrant clinical use (i.e., provides the same information at a lesser dose or more infor-
mation at the same dose), further testing that may involve comparison patient radiographs will be required
before a final decision is made.

If comparison patient radiographs are made, good radiation safety practices dictate that these be:
a. Kept toa minimum
b. Made only on patients who require a particular examination
c. Made only on patients beyond the usual childbearing age
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d. Limited to not more than one comparison radiograph on any given patient
e. Made only after approval by the chairman of the radiology department and in many institutions after ap-
proval by the human studies and radiation control committees.

11.3. ATTENUATION MEASUREMENTS

Purpose

To accurately determine the attenuation or transmission of materials under clinical conditions.

Equipment Needed

1

Patient equivalent phantom (PEP) with base

Direct readout dosimeter with an ionization chamber that fits in the Bucky tray plus a large conventional
chamber

A 14 x 17-inch (35 x 43-cm) sheet of Y2-inch (1.3-cm) plywood backed with lead. An opening should be cut into
the plywood to hold the ionization chamber and assure that it is centered in the Bucky (Figure 11.4).

Procedures—Measuring Attenuation of Cassette Fronts, Grids, Tabletop Pads, Lead Aprons, etc.

T

2.
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Place the PEP and base on the table, set the x-ray tube at the normal working distance, and center it to the
PEP.

Place the large chamber in the base opening under the PEP and assure that it is centered under the phan-
tom.

Set the generator to about 50 mAs and to a kVp that would be typical for the use of the product you are work-
ing with.

Make three exposures, determine the average of the three, and record the data in a log book.

Place the item that you are measuring between the phantom and the base (Figure 11.5). Care should be
taken not to damage the product being tested.

Repeat Step 4 above.

Determine the attenuation using the following formula:

Exposure with sample
- X 100% = % Attenuation

Exposure without sample

Figure 11.4. Bucky tray ionization chamber holder. This
holder is designed to center the ionization chamber in the
Bucky tray as well as to provide protection from variations in
backscatter (by utilizing lead backing under the plywood
sheet).
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Figure 11.5. Attenuation measurement test setup for prod-
uct evaluation. Care must be taken not to damage the prod-
uct being evaluated when the PEP is placed on top of it.

For example, assume your dosimeter read 100 mR without the sample and 10 mR after the sample was in-

serted in the beam; then
10 mR
- | —— =909 i
1 100 mR x 100 =90% attenuation

The transmission is equal to 100% — percentage of attenuation;i.e., (100% —90%)=10% transmission.
If the attenuation of another product is to be determined at this time, place the product between the phan-
tom and the base. Note that it is not necessary to make the initial three measurements without the product
(Step 4) again, since the exposure will be the same.

Procedure—To Measure Tabletop and Grid Attenuation

1.

»

©c@NoO O

Place the PEP and base on the table, set the x-ray tube to the normal working distance, and center the tube
to the phantom.

Place the 14 x 17-inch (35 x 43-cm) sheet of plywood in the Bucky tray and center the Bucky tray to the x-ray
tube.

Collimate to the phantom.

Place the Bucky ionization chamber under the phantom, on top of the table, assuring that it is centered
under the phantom and x-ray beam.

Set the generator to about 50 mAs and the typical kVp used in the room.

Make three exposures, take the average of the three, and record the data in a log book.

Place the Bucky ionization chamber in the cutout of the plywood sheet in the Bucky tray (Figure 11.6).
Make three exposures, take the average of the three, and record the data in a log book.

Use the formula in Step 7 of the procedure above to determine the attenuation.
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Figure 11.6. Attenuation measurement test setup for
tabletop and grid attenuation. Care must be taken not to
damage or crimp the cable coming from the Bucky ioniza-
tion chamber. Since the signal is not digitized at this point,
the cable is carrying extremely low currents and is sensitive
to induced currents as a result of flexing the cable.

Problems and Pitfalls

1. If the product being evaluated is to be used over a wide range of kVp values, then the attenuation must be
determined over the same range (usually 20-kVp increments is sufficient).

2. |t is essential to evaluate the product under the conditions that are typical of its use. For example,
measurements made of cassette fronts must be made through a phantom and, ideally, through a grid also.
Grids, whether of primary or secondary interest in making attenuation measurements, must be used at the
proper distance to assure accurate data.

3. Do not change the generator between the various measurements, since it is difficult to reset the generator
to the identical technique.

Acceptance Limits

There are no acceptance limits for this test. However, table pads should have a minimum amount of attenuation,
as should cassette fronts and tabletops. Under the conditions described, grids will appear to have large attenua-
tion factors since they are removing scattered radiation. You may also want to measure the attenuation of grids
without the phantom. This attenuation value (for primary radiation) should be minimized. In general, a difference
in attenuation of 10% or less between two products will not result in a visible difference in the radiographs pro-
duced.

11.4. COPY FILM

Purpose

To provide copy films of quality similar to the original.
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Equipment Needed

1.

Aluminum step wedge (2 mm-thick steps)

2. Copper mesh resolution target or lead resolution target

3. Aluminum used to measure HVL

4. Fine-screen mesh

Procedure

1. Make a radiograph of the step wedge and resolution target. Make sure that a full range of useful densities
(0.25 to 2.5) is exposed on the wedge. For an average step wedge you will need to place about 8 mm of
aluminum over the resolution target to prevent overexposure of the target. (You should obtain a density of
about 1.0 beside the test target.) Also, make a radiograph of the fine-screen mesh (Figure 11.7).

2. Expose acopy film with the original test film made in Step 1. Also expose a copy film of the fine-screen mesh
radiograph.

3. Read and compare the densities of the original and the copy with a densitometer.

4. Match the density of the original and copy film to within 0.10 at the density on the step wedge closest to 1.0.
This is accomplished by adjusting the timer or the light intensity setting on the copy machine.

5. Compare the resolution of the original and the copy film.

6. Check the copy of the mesh radiograph for contact over the entire image.

7. Repeat this procedure on a monthly basis.

8. Save the original and the current copy film in your QC room log.

Problems and Pitfalls

g 8

Typically, the high and low density may be less dense than the original.

Figure 11.7a. Original radiograph of step wedge and skull phantom.
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Figure 11.7b. Original radiograph of step wedge and mesh resolution target.

2. If the duplicating bulb must be replaced, make sure to use the bulb recommended by the manufacturer.
Acceptance Limits

1. The copy film density should be within 0.10 of the original at a density around 1.0. Visually, there should be
very little difference between any original and copy.
2. There should be little or no loss of resolution between the original and the copy film.

Corrective Action

1. Adjust the timer or light intensity to produce the correct density.
2. |If the densities cannot be matched, or if resolution is lost, consult a service representative from the copy
film or machine manufacturer.

11.5. METHODS OF LOWERING THE FLUOROSCOPIC EXPOSURE RATE

Purpose

To minimize the fluoroscopic procedure dose to the patients and staff while maintaining image quality suffi-
cient for diagnostic purposes.

Equipment Needed

1. Patient equivalent phantom (PEP)
2. Copper mesh resolution test tool or lead resolution target
3. Low-contrast resolution test tool
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Figure 11.7c. Copy film of Figure 11.7a.

4.

Dosimeter (and stopwatch if pen dosimeter is used)

Procedures — Fluoroscopy

1.

2.

>

6.

7.

Measure and record the standard fluoroscopic exposure rate as described on pages 136-137 before chang-
ing the exposure rate.

Place the copper mesh or lead resolution target on the PEP and note the maximum resolution before the ex-
posure rate is changed.

Place the low-contrast test tool on the table and note the smallest hole size resolved before the exposure
rate is changed (see Figure 9.18).

Observe the noise level during all tests before the exposure rate is changed.

With the assistance of a service engineer, gradually lower the fluoroscopic exposure rate. [Note: Changes
in the aperture of the TV camera lens will have to be made to meet the light requirements of some TV
cameras. In fiberoptically coupled systems it will be necessary to vary the video gain.]

Check and compare the image quality (resolution, contrast, and noise) and exposure rate with each step un-
til the desired image quality and/or exposure rate is obtained.

Record the final exposure rate, kVp, mA, and image quality data in the QC room log.

Procedure—Grid Versus Nongrid Fluoroscopy and Photofluorospot (PFS) Films

1.

2.

Compare the image quality and exposure levels as described above through the PEP with and without the

fluoroscopic grid.

Make PFS films of all the test objects through the PEP with and without the grid. [Note: The kVp used for
the PFS films without the grid may have to be lowered if the exposure time is in minimum response range of
the phototiming circuit, typically 10 msec.]
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Figure 11.7d. Copy film of Figure 11.7b.

3.

Consult your radiologists with the data and exposure measurements. [See Gray and Swee (1982) for further
information and data.]

Initiate a patient trial if the data are favorable.

If it is apparent that the fluoroscopic exams and PFS films can be performed without the grid, discontinue
its use; this will reduce both patient and staff exposure.

Record the exposure levels for the standard phantom and the image quality data in the QC room log.

11.6. WHAT TO DO BEFORE THE SERVICE ENGINEER LEAVES

Purpose

To assure that the x-ray equipment that you as a technologist are responsible for is mechanically and electri-
cally safe and that the equipment is producing high-quality, consistent radiographs at a minimum dose to the
patient.

Equipment Needed

hon A
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The entire quality control test kit that you have developed

The QC room log

Patient equivalent phantom (PEP) :
An understanding of the x-ray equipment, how it functions, and the problems the service engineer is trying
to correct

Good rapport between the quality control technologist and the service engineer
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Procedure

1

5.

Verification of the integrity of x-ray equipment after it has been serviced is an important part of the quality
control program that is often overlooked. This is the responsibility of the QC technologist and is best taken
care of before the service engineer leaves. In fact, it is even better if it can be taken care of before the service
engineer replaces all of the covers on the equipment.

Work closely with the service engineer, if possible, so that he understands the problem that you called him
to repair and to assist him in any way possible. In some cases your test tools may provide results that differ
from the engineer’s measurements, so you will have to work together to resolve this problem.

Provide the service engineer with whatever test equipment he needs that you may have, which can make his
job easier. For example, provide him with your phantom and dosimeter so he can set the fluoroscopic ex-
posure rates to the levels you specify and under the conditions you normally use in evaluating the equip-
ment.

Before the service engineer leaves test all aspects of the equipment function that he may have affected
through his service. Most service engineers will be pleased to have you do this while they are there so that
they can see what you are doing and to avoid the necessity of a second trip to your institution to correct a
problem they thought was already corrected. In addition, avoiding this second trip can be financially advan-
tageous to your institution since most vendors now charge between $50 and $60 per hour for service work,
door-to-door. In other words, you are paying for the time the service engineer takes to get to your institution
from his office, do his work, and return to his office from your institution, plus mileage.

Finally, make several radiographs of the PEP to assure that patient films will be acceptable.

Problems and Pitfalls

Often the QC technologist is not available when the service engineer is ready to leave or an adversary relation-
ship develops between the QC technologist and the service engineer. Remember, your institution.is paying for
the engineer’s services so you should make every effort to assist him and make his job as easy as possible.
There is no sense in developing an adversary relationship (e.g., “I'm checking up on you since we don't trust the
work you do”), because this will benefit no one. Good rapport and a close working relationship are
essential—e.g., “l would like to work closely with you and assist you in any way that | can to better explain the
problem we are having and to minimize the number of return trips you have to make to eliminate this problem.”
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