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Quality Control Of Film Processing in medical x-ray

imaging
A . Asma Saeed Abogila EImahdi
Faculty of science — El Ajelat, Zawia University

Abstract:

Film processing is playing important role of producing
radiographic image. Any spoil in processing will affect the image
quality, so it is important to do processing monitoring by using
either commercially available sensitometer or aluminum
stepwedge. Besides, the performance of x-ray machine is also
important to keep it maintained ,We know the source of the
radiation in the medical field especially in diagnosis X-ray
department is X-ray machine ,so The quality control of film
processing and Xx-ray machine is necessary to make sure that it
meets the regulation requirements to prevent unnecessary dose to
the patient undergone the diagnostic procedures.

From the study we get the follow:

- the speed of film using automatic processor is faster than manual
processor. Also they are found to have the weak processing
chemical for manual processor, that is why the speed is slow and
they have the lower maximum density compare to auto processor.
Ideally, sensitometer monitoring should be done as daily routine
work and it is used to monitor the performance of film processing,
darkroom and related item and equipment.

- Sensitometer Density for Exposure A and B using Auto
Processor vs Manual:
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I.) Measurement of film speed = Density of middle spot = 1.435
(for automatically( film A)) & 1.02 (for manually (film B))

Ii.) Average gradient (gamma) = Difference of density between
outer 2 spots = 0.828 (for automatically film A) & 0.575 (for
manually film B)

1ii.) Base plus fog density = 0.21automatically, 0.22 manually.
-The density v.s aluminum thickness curve is similar in form to the
characteristic curve of a screen-film combination. The slope of the
density vs. thickness curve is dependent on the exposure factor
used to radiograph the aluminum stepwedge.

We can conclude that the results in this study showed us that the
quality control of processing film was good in condition. These
quality control procedures should be done according to the time to
avoid unnecessary damages to the films and processing materials.
The good implementation of quality control will produce a good
image to help the consultant to diagnosis the patient. So the patient
no needs to expose to unnecessary dose.

Keywords: x- ray machine, film processing , automatic
processor, manual processor, aluminum stepwedge.

1.0 Objective:

To evaluate the important parameters associated with film
processing.
since many factors will cause variations in the quality of processed
film, so it is an important aspect of our quality assurance program
, the film speed is the most important measurement in processor
control and is a sensitive indicator of changes in processing. also
the aim of this part of experiment is to obtain a characteristic curve
for film processing by using the aluminum stepwedge. Because
the high quality of x-ray machine means a good image that lead to
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get the best and more details of radiographic film with a little
exposure to the patient and also with low cost. And since processor
operation can change in a short period of time so it should be
checked daily.

2.0 Introduction And Theory

The darkroom and film processor play an important role in
converting a latent image into a clearly visible image. No matter
how well the film has been exposed, a faulty processing technique
can completely spoil a result and so nullify the value of the
radiographic image quality. One of the tests for darkroom and film
processor is sensitometer monitoring. Ideally, this sensitometer
monitoring is a daily routine works to monitor the performance of
film processor and its chemical for certain period of time normally
3 to 4 weeks.

Patient undergoing x-ray examinations are subjected to a wide
range of radiation exposure. There are several factors that affect
patient exposure during a radiographic procedure. Factors that
affect patient exposure may also affect image quality. In most
instances when changing a specific factor to decrease exposure
will also result in decrease of image quality. Therefore, the factors
should be selected carefully to provide an appropriate compromise
between patient exposure and image quality. (MINT, 2004).

In reality, after installation of irradiation apparatus, this irradiation
apparatus must be tested to ensure conformance to its
specifications. This test is known as commissioning or acceptance
testing. The test is carried out to ensure that the apparatus is
complied with users’ requirement and fit for clinical use. It is also
to provide baseline values for future comparison. Once the system
Is in clinical use, the apparatus must be tested regularly, at least
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once a year to ensure proper functioning and continue to perform
optimally. This yearly test is called Quality Control (QC) test that
include the checking of mechanical and electrical safety aspects,
operational radiation protection and performance standard
measurements. Performance standard measurement covers the
checking for kV accuracy, half value layer (HVL), focal spot size,
X-ray exposure timing, film screen contact and several other test
such as beam alignment, beam congruence, image quality and film-
focus distance scale. (B. M. Moores (1987)).

2.1 Theory :

This experiment which for quality control of processing film is
to its very important for quality assurance program to evaluate
processed film which has been given a known exposure. Since
Variations  of  chemistry  (contamination, oxidation,
replenishment), temperature, agitation and other factors will cause
variations in the quality of processed film. Many of the variables
change slowly so that daily monitoring of processor performance
and plotting the results can be used to initiate corrective actions
before the radiographs have decreased in diagnostic quality.
Since it is normal for x-ray generators to vary in output as much
as 10% from a mean value and since the high contrast of x-ray
films amplifies this variation, the use of x-ray test films i.e., wedge
films, as a processor testing means is not recommended .Instead,
a regulated sensitometer is used to expose a test film in the same
area, the film processed at the same time each day and the
operating temperatures are recorded.

This is done with the RMI processor control sensitometer uses a
precision mechanical shutter and light source to give reproducible
light exposure to three circle regions on a film, from these three
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circles which have optical densities can measure the film speed
which is important measurement (Film speed is the most important
measurement in processor control and is a sensitive Indicator of
changes in processing. The density of the middle step is chosen as
a measure of the film speed).(3)

Three density steps are all that need to be measured. These three
measurements will permit the evaluation of the speed, the average
gradient (gamma), and the base plus fog density. Monitoring these
three parameters will detect deterioration of film processing before
there is a noticeable change in the radiographs.

The third parameter that should be recorded is the base plus fog
density. This should be measured in an area of the film which has
not received any x-ray exposure. This is a relatively insensitive
measure of Processor change, but if it increases it indicates an
inappropriate safelight in the darkroom or film pre-exposure by
stray radiation.

And if an aluminum wedge must be used, expose it in the
described manner. The best time to check the processor is in the
morning about one hour after it is turned on.

Gammex's Aluminum Stepwedge, Model 117, is constructed of
homogeneous, high purity aluminum and is designed to provide
incremental exposures to x-ray film by the increased aluminum
thickness in each step.
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Figurel: RMI Aluminum Stepwedge

The RMI Aluminum Stepwedge has 11 steps, each 3 mm (0.12")
high the wedge is 6.4 cm (2-1/2") wide and 14 cm (5-1/2") long.
The aluminum used is better than 98% pure.

Step wedges are most useful when comparing the characteristic
curve of various film-screen combinations. They may also be used
to check mA stations and, with great care, Sensitometer, after
exposed the stepwedge using the film-screen combination that is to
be evaluated. Use exposure factors that will result in an image with
optical densities (OD) from base + fog to approximately 3.0 OD.

The densities should be plotted as a function of log exposure with
the thickness of the aluminum setpwedge.

The characteristic curve is arbitrarily divided into three parts. The
straight line portion relates to the diagnostic range of densities.
The toe region will demonstrate limited contrast in density because
it is in this range that the density is first measured. The shoulder
will demonstrate maximum density on the film. (Martin,J.E, 2000)
An important factor of how a radiographic film reproduces a
portion of the anatomy is the angle that the straight line portion of
the characteristic curve makes with the horizontal axis. The
tangent of this angle is referred to a slope of the straight line and

called gamma. The steeper the slope or gamma of the curve, the

greater the film contrast ,A steep slope or high gamma film will
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have less latitude than a low gamma film with many shades of
gray. Another value which can be obtained from the characteristic
curve is the sensitivity or speed of the film.

3.0 Apparatus:

Diagnostic film, Konica 8” x 10”

Dual Colour Sensitometer, Gamex RMI X-Rite
Processor control sensitometer, RMI Model 201B
Auto processor, Minolta SRX-101A

RMI Aluminum step wedge

RMI Densitometer

ok wdpE

Figure2: RMI sensitometer , Figure3: X-Rite sensitometer

—

\

Figure4: Step wedge
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o i
Figure6: Densitomet
4.0 Procedure:

In this experiment we have to measure the three densities,
These three measurements will permit the evaluation of the speed,
the average gradient (gamma), and the base plus fog density.
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Monitoring these three parameters will detect deterioration of film
processing before there is a noticeable change in the radiographs.
And to comparing the characteristic curve of various film-screen
combinations. They may also be used to check mA stations and,
with great care, Sensitometer, after exposed the stepwedge.

a. Using 21 step density from a sensitometer (Dual Colour
Sensitometer, Gamex RMI X-Rite), record the measured densities
and plot the graph for an effective Quality Assurance Program.

B. Using three step density from a sensitometer (Processor control
sensitometer, RMI Model 201B), record the measured densities
and plot the graph for an effective Quality Assurance Program

c. Using an RMI Aluminum stepwedge for a known exposure
(76kV, 5mAs), obtain a characteristic curve for the x-ray film.
-we can explain it by two steps:

4-1 RMI processor control sensitometer using automatic and
manual processing.

4.2-Using an aluminum stepwede.

4.1.1 RMI processor control sensitometer procedure :

This experiment is done in two methods ,manually and
automatically process Used afresh blue film 8” x 10” we will
exposed it by the RMI sensitometer at a dark room, which the RMI
process control sensitometer uses precision mechanical shutter and
light source to give are producible light exposure to three circular
regions on the film, firstly the sensitometer should be warm up
about10 minutes the light source continually on when the unit is
plugged on, the film is then ready to be exposed slip the film
between the box and the spring clam(at the edge of the film).then
press the exposure button, and the red light should come on to
know that the film is exposure and repeat this operation for the
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other side of the film to get the three circular region with optical
densities. then we will exposed the both other sides film by the
RMI X- rite sensitometer which will gives the 21 steps of the gray
scale, after that the film will be developed to evaluate the trace of
the exposure, we did these steps for three days using three films
and made measurements twice a day AM and PM, these traces
densities (the three spots & the21 lines) have a specific important
details to be explained, we will discussed them in the results.
4.1.1.1 The manual process:

This method is called manually according to the way of
developing the film, In dark room, we prepared three small vats
contained (developer, water and flaxier) the film should be firstly
sinking in developer for 4 minutes secondly the film should be
washed in water for 2 minutes. After that, the film was dipped in
fixer for about 6 minutes then the developed film washing with
fluent water for about 30 minutes after that the film was being
hugged to being dry. The same procedure was repeated until we
will get a good image, from the developed films we will measured
the optical density (O.D) using a densitometer.
4.1.1.2 The automatic process:

At the same way of exposure film which indicated previously the
exposure film will developed by a such machine (Minolta SRX-
101A) the machine should be turned on before about 30 minutes
from inserting the exposed film inside to be developed ,to warm
up. then the film will be developed immediately by the machine so
in this method we can get the result faster.

4.2Using the aluminum stepwedge Procedure:

Reload the cassette in a dark room with afresh blue film and
make sure that the cassette looked well after that we will divide
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the cassette area into two parts by covering the area without the
stepwedge by apiece of shield (lead used) each area will exposed
with different amount of kvp and mAs to take two images
collimate the x-ray beam at the center of the step wedge. Expose
the stepwedge, using the film-screen combination that is to be
evaluated both at 100cm distance from the x-ray beam to the
cassette .

we exposed the film at 70Kvp and 6.3mA:s.

After exposure the film and developed it by the machine we
will measure the optical densities trace by the densitometer (OD).
The densities should be plotted as a function of log exposure with
the thickness of the aluminum setpwedge, which is represented in
a curve the density vs. thickness of aluminum curve is similar in
form to the characteristic curve of a screen-film combination. The
slope of the density vs. thickness curve is dependent on the
exposure factor used to radiograph the aluminum stepwedge.
Another value which can be obtained from the characteristic curve
Is the sensitivity or speed of the film.
3.0Reference (standard):

-Acceptable variation from day to day is +0.1 OD(optical
density)for speed and gradient.

-Base plus fog density (B+ F) +£0.02.

-The optical density of three circular regions on a film about
0.5,1,and 2 above surrounding unexposed area.

-The density of the middle spot is measure of the film speed.
-The difference in densities of the outer two spots is the average
gradient (contrast of the radiographic film).

Note : we use blue film in our experiment.
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5.0 Result And Discussion:

In this experiment, the OD(optical density) values obtained for the
films processing manually and automatically are recorded as the

following:-

1) )
automatically Manually
Sensitometer readings Sensntqmeter

. . readings

Strips ) ) ) Strips ) Right
Left side | Right side Left side side

1 0.18 0.18 1 0.19 0.2

2 0.18 0.18 2 0.2 0.2

3 0.18 0.18 3 0.2 0.2
4 0.19 0.19 4 0.21 0.21
5 0.2 0.21 5 0.23 0.22
6 0.24 0.24 6 0.25 0.26
7 0.3 0.3 7 0.31 0.31
8 0.42 0.42 8 0.42 0.41
9 0.66 0.67 9 0.62 0.61
10 0.98 0.99 10 0.89 0.89
11 1.42 1.43 11 1.27 1.25
12 1.89 1.92 12 1.64 1.66
13 2.26 2.28 13 1.94 1.98
14 2.58 2.58 14 2.19 2.21
15 2.75 2.75 15 2.34 2.39
16 2.8 2.8 16 2.43 2.44
17 2.8 2.82 17 2.43 2.45
18 2.78 2.8 18 2.42 2.46
19 2.74 2.78 19 2.42 2.45
20 2.73 2.77 20 2.42 2.45
21 2.71 2.75 21 241 2.43

Table 1: OD for every step of sensitometer (Automatically).
Table 2: OD for every step of sensitometer (Manually).
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Figure 7:- Graph OD versus Step number for automatic processing.
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Figure 8: Graph OD versus Step number for manual processing.
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The comparison between manually and automatically developed

film:
oD

Steps Manual auto
1 0.195 0.18
2 0.2 0.18
3 0.2 0.18
4 0.21 0.19
5 0.225 0.20
6 0.255 0.24
7 0.31 0.3
8 0.415 0.42
9 0.415 0.665
10 0.415 0.985
11 0.615 1.425
12 0.89 1.905
13 1.26 2.27
14 1.65 2.58
15 1.95 2.75
16 2.2 2.8
17 2.365 2.81
18 2.44 2.79
19 2.435 2.76
20 2.43 2.75
21 2.42 2.73

Table 3: The comparison between manually and automatically developed

film.
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Figure 9 :The characteristic curves for film processed manually and
automatically (automatic processor v.s manual processor).

the both sides film exposed by the RMI X- rite sensitometer which
will gives the 21 steps of the gray scale, the graph shown the
relationship between average density and steps for the exposed
film used for processor quality control.

By Using the aluminum stepwedge Procedure:

OD values
Aluminum thickness auto manual

3.46 0.23 0.26
3.15 0.27 0.3
2.825 0.26 0.38
2.515 0.52 0.51
2.205 0.8 0.73
1.895 1.18 1.02
1.575 1.64 141
1.26 2.14 1.81
0.955 2.55 2.19
0.64 2.81 25
0.32 291 2.66

0 2.92 2.7

Table 4: Optical density and thickness of Aluminum stepwedge

( FAlQurtas goumal
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Figure 10: Plotted graph of characteristic curve by using RMI Aluminum
Stepwedge.

For the Aluminum stepwedge the exposure is in the form of
eleven steps. Eleven steps are useful for plotting characteristic
curve but are unnecessary for processor control. Three densities
are all that need to be measured. These three measurements will
permit the evaluation of the speed, the average gradient (gamma),
and the base plus fog density. Monitoring these three parameters
will detect deterioration of film processing before there is a
noticeable change in the radiograph. Three steps that have optical
densities of about 0.5, 1.0, and 2.0 above the unexposed area of
the film and are chosen and get the reading with a densitometer.
Film speed is the most important measurement in processor
control and is a sensitive indicator of changes in processing. The
density of the middle step chosen is a measure of the film speed.
The difference in densities of the outer two steps chosen is an
indication of the average gradient (gamma). The average gradient
is related to the contrast in the processed film. The third parameter
that should be recorded is the base plus fog density. This should
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be measured in an area of the film that which has not received any
x-ray exposure. This is a relatively insensitive measure of
processor change, but if it increases it indicates an inappropriate
safelight in the darkroom or film pre exposure by stray radiation.
The densities should be plotted as a function of log exposure with
the thickness of the aluminum setpwedge ,which is represented in
a curve the density vs. thickness of aluminum curve is similar in
form to the characteristic curve of a screen-film combination. The
slope of the density vs. thickness curve is dependent on the
exposure factor used to radiograph the aluminum stepwedge.

We observe from the graph that the exposure is inversely
proportional with the thickness of the aluminum stepwedge, the
higher thickness the smaller x-ray penetrate the aluminum and it
should be adjusted to get a good radiograph with a small exposure
to individual.

5.1 Three dotes indicated:
Using the sensitometer RMI Model 201B, there are three dotes
indicated:

Dark dot Gradient
Medium dot Film speed
Lightest dot Gradient

The changes from dark to light Average gradient
Region without dot Base+fog

Table 5:type to three dotes indicated.
The average gradient(gamma) which represented by the difference
between the high and low spots, the density values should be 0.25
and 2.0 above the base +fog, and it is used to determined the
average gradient(gamma).
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High film peed low

®-1,0-, -3
All base + fog values are within the tolerance limit (<0.25 OD),
that means no significant light leakage in the darkroom but not
include for the safe light because for this experiment the safe light
Is switched off due to high fogging effect on the film.

In this part we will show a good quality control of processing film
by using 3 steps densities:

Automatically(A) Manually(B)
Processing oD oD oD oD
Method upper lower Average | upper Lower | Average
side side oD side side oD
Dark dot 2.29 2.3 2.295 1.62 1.62 1.62
Medium dot 1.42 1.45 1.435 1.02 1.02 1.02
Lightest dot 0.63 0.65 0.64 0.5 0.5 0.5
Base + Fog 0.21 0.21

Table 6: Optical density(OD) for manual processing and automatic
processor using RMI Processor Control Sensitometer.

2.5
2 /
o
(7]
$ 15 A
3 == Automatically
.g . Average OD
e
8‘ == Manually Average
0.5 oD
0 - - ' ' '
o 1 2 3 4 5  1=Base+fog
. 2= Lightest dot
Location of dot 3= Medium dot
A= DNDarl dnt

Figure 11: Graph Oprical Density versus steps sensitometer (RMI Model
201B)
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From Table 6 above it show that:-

Processing Method Automaticall | Manually
y

Base + Fog 0.21 0.22

Speed 1.435 1.02

Average Gradient 0.828 0.575

[(Dark dot-light dot)/2]

Table6 : processing method for manual processing and automatic
processing .

From Figure 7, Figure 8,Figure 9,10 and Figure 11 they are found
to have the weak processing chemical for manual processor, that
Is why the speed is slow and they have the lower maximum density
compare to auto processor. Ideally, sensitometer monitoring
should be done as daily routine work and it is used to monitor the
performance of film processing, darkroom and related item and
equipment.

6.0Conclusion:

The quality control program reported in this study provides a
necessary part of the quality assurance programs in medical X-ray
imaging department to get the large benefit from the machine with
low exposure and costs.

Sensitometer monitoring is a test performance of film processing,
darkroom and related items and equipment. This test can reveal
the condition of processing chemical, darkroom and safelight by
referring to the value of base + fog, speed index, contrast index
and the pattern of the curve formed. The type of film sensitivity
such as green or blue sensitive film can be determined by using
dual color sensitometer which can emit the green and blue light.
All tests have special dedicated test tool that have to be maintained
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and calibrated to make sure the measurement done is accurate and
reliable.

In this study we focus at the quality control of processing film
which it's very important steps to check the film processing at a
good condition, because many factors may affect on the quality of
the film such as bad storage or expired film date so the
radiographer should make the operation with a good film
conditions, to get a clear image with low exposure to the patients.
and since processor operation can changed in a short period of time
so it should be checked daily. after we doing the procedure of this
experiment and get the results we note that the results are close
and satisfying to the acceptable values so we have ensured that
the film is in a good conditions.
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