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Many factors can contribute to the deterioration of x-ray image quality. Problems connected with
thesefactors makeit difficult for small medical x-ray facilities, particularly thoselocated in remote
areas, to produce good quality radiograms consistently. Thisarticle describesaquality control test
tool that can be used to monitor the x-ray imaging system performance.

Introduction

Acceptable x-ray image quality is maintained by using a comprehensive quality control program,
and isafunction of x-ray output and film processing performance.* At large urban x-ray facilities,
specialized personnel together with local supplier support makeit arelatively easy task to maintain
the desired image quality. At smaller hospitals, and especially at remote health care centres and
nursing stations, many factors can make it difficult to produce consistently good image quality.
These may include the use of less sophisticated equipment such as small mobilex-ray units, manual
film processing, locally generated el ectrical power, and alack of readily avail able technical support.
Also, x-ray operators whose main responsibility is to provide general health care usually have
limited training and experience in radiographic technique.

Variations in image quality are caused by changesin x-ray output and film processing techniques.?
The changein x-ray output may be due to aging of the x-ray tube, variation in the electricity supply
or in the x-ray machine parameters (kVp, mA, and timer calibration), or due to operator error.
Improper film processing technique is the most frequent cause of poor x-ray image quality. This
is dueto the large number of variables such asthe concentration level of the processing chemicals,
the development time, and temperature. Most of these variables can be controlled by carefully
following the manufacturer’ s recommendations. On occasion, it isdifficult for aless experienced
operator to determine which of the variables is at fault, which may lead to unnecessary expense
(suchasprematurely replacing processing chemicals). Thus, it can be seenthat small x-ray facilities
face avariety of constraints that make it difficult to maintain good quality radiograms.

"Thearticle: “An Inexpensive M edical X-Ray Image Quality Control Test Tool” appeared
in The Canadian Journal of Medical Radiation Technology, October 1999, 31(1), pgs. 5-8
(English), pgs. 18-21 (French).



Materials and Methods

To overcome this difficulty, the X-ray Section of the Consumer and Clinical Radiation Protection
Bureau recognized the need for asimple and reliable method of checking x-ray machine output and
film processing system performance. The test method chosen®* requires taking a radiogram of an
attenuator under fixed conditions and measuring the optical density of the image.
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The test tool design, smilar to the Dentd
Radiographic Normalizing and Monitoring
Device®, incorporates an attenuator and a simple
method to determine the image density without
using adensitometer (asisusually required for this
procedure). The image density is evaluated
visualy, using a view box, by comparing the
density of the attenuator image against a series of
11 increasing density steps on a reference film
with a median optical density of 1.1. In practice,
thetest tool incorporatesthe 11 reference densities
displayed on a single diding film strip with the
density steps labelled from -5 to +5 and with the
median density step labelled O (see Figure 1).

The thickness of copper attenuator selected is
equivalent to 12.7 mm of auminium at 80 kVp.
This thickness can accommodate the output of

various types of medical x-ray machines (three-phase, full-wave rectified and capacitor discharge

units) and the wide range in image receptor speeds (200 to 800) currently in use.

The procedure involves irradiating the copper
attenuator, placed on a loaded film cassette at a
distance of 100 cm from the x-ray source (see
Figure 2). The exposed film is processed
following the manufacturer’s recommendations
and the density of the resulting image is compared
as previously described. The standard x-ray tube
voltage used is 80 kVp, and between 90-95 kVp
for capacitor discharge units. Initialy, this
procedure is repeated, varying the loading factors
(usualy mAs), until the density of the attenuator
image matches the reference film step 0. This
initial procedure establishes the loading factors
required to produce an image density equal to the
step labelled 0. Typicaly, for three-phase x-ray
units, with 400-speed image receptors, this is
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achieved by using 5 mAs, while single-phase full-
wave rectified units may require 15 to 20 mAs.
The initial procedure should be performed only
after the x-ray machine calibration has been
checked, and new processing chemicals should be
used.

These same loading factors are recorded, aong
with theimage receptor identification, and are used
with the test tool in all future tests to evaluate the
performance of the x-ray imaging system on a
periodic basis. Weekly monitoring is
recommended (minimum monthly) or eachtimethe
imaging equipment performance is uncertain. If
the density of the attenuator imagefalls outside the
density step range labelled -2 to +2, indicating a
trend away from the previously established norm,
significant deterioration in image quality has
occurred and corrective action is required.
Initially, since it has been established that image
quality is a function of x-ray machine output and
film processing variables, corrective action will be
in the form of careful checks on physical parameters such as the source to film distance, loading
factors, development time and temperature. Subsequent action to re-establish the desired image
quality may require some technical assistance.

|[Figure 3: Noah Tassugat, a Basic
Radiography Worker at the Clyde River Health
Centre in Nunavut, uses the X-ray QC Test Tool
for radiographic quality control of x-ray
equipment and images.

Discussion

The adoption and use of this quality control
procedure provides users with a simple non-
invasive method to check the status of their
imaging systems and to maintain image quality.
This is especialy important for x-ray facilities
where the workload is low or the x-ray system has
not been used for an extended period. When
significant deterioration of image quality has
occurred, the procedure will assist users in
determining if it is the result of an imaging system
problem or operator error. From this, with the help
of sometechnical support, therequired changescan
be made to bring the system back to the previously
established operating level.

Figure 3A: More than 250 test tool kits
have been distributed for use at remote
and/or small x-ray facilities across Canada.




Since mid-1994, the Consumer and Clinical Radiation Protection Bureau has distributed more than
250 test tool kits for use at remote x-ray facilities across Canada, including locations in northern
Canada (see Figures 3 & 3A). Thekitsinclude an instruction manual and quality control chartsto
facilitate data recording for further evaluation. Where this has been implemented, requests for
technical assistance have decreased. Also, the x-ray operators are now able to provide factual
information about their imaging equipment problems when requesting technical assistance. This
quality control method has increased their confidence in their ability to produce good quality
radiograms and is reflected in a significant decrease in the number of repeated films.

This simple quality control method has been very well received by users and has since aso been
successfully implemented at other small (low workload) x-ray facilities, such as at penitentiaries,
aswell asat chiropractic and veterinary clinics. The Test Tool isalso being used asan X-ray quality
control teaching tool in the Mohawk College / McMaster University '‘Basic Radiography Worker
Program’' in Hamilton Ontario, training First Nations health professionals working in remote
northern Canadian communities,

Conclusion

The quality control test tool discussed in this article provides an effective, low-cost, low-
maintenance method for monitoring X-ray imaging system performance. In field testing, it has
proven particularly beneficial to smaller institutions that are challenged to find the necessary
personnel and resources to devote to quality control, particularly those in remote areas of Canada.
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