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ABSTRACT

The main objective of mammography is to produce high quality images for
maximum visual capability for detecting diseases without unnecessary radiation
exposure to the patients. This study was carried out to the find optimal imaging
parameters in terms of tube voltage (kV), product of tube current and time (mAsS),
target/filter combination, and degree of Automatic Exposure Control (AEC)
compensation. A mammographic unit used was an Instrumentarium Alpha RT with
single Molybdenum (Mo) target and dual filters (Molybdenum/Rhodium). A Regional
Medical Imaging (RMI-156) mammograhic phantom (a 4.2-cm compressed breast
consisting of 50% glandular, 50% adipose) was used for image quality evaluation
purposes. A calibrated 6 cc ionization chamber with electrometer (Radcal 9095) was
used to calculate Average Glandular Dose (AGD). The experiment consisted of 3
modes, i.e., auto AEC (auto kV and mAs), semi-auto AEC (kV ranged 24-32 and auto
mAs), and manual modes. Accepted criteria for image quality and dose were when
doses did not exceed 3 milligrays (mGy) with grid and background optical density
measuring at least 1.40, density difference due to the 4.0-mm acrylic disc measuring at
least 0.40, and the image quality scoring a minimum of 4, 3, and 3 for fibers, specks
and masses, respectively, was employed.

Results showed that, at an acceptable dose range (1.01-2.42 mGy), the image
scoring was at least 4, 3, and 3, respectively. We concluded that for standard 4.2-cm
thick breast phantom, optimal image parameters were 32 kV, 25 mAs, with Mo/Rh
combination in manual mode (AGD = 1.01 mGy, average image scoring = 4.25,4.25,
and 3.3).

KEY WORDS: MAMMOGRAPHY/ AVERAGE GLANDULAR DOSE/ IMAGE
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CHAPTER I
INTRODUCTION

Mammaography is a specific type of imaging that uses a low-dose x-ray system to
examine breasts. A mammography exam called a mammogram. Mammography is a
highly effective imaging method for detecting, diagnosing, and managing a variety of
breast diseases, especially cancer. It is an application where an emphasis on patient
dose management and risk reduction is required. This is because of a combination of
two factors. First, breast tissue has a relatively high sensitivity to some adverse effects
of radiation, and second, mammography requires a higher exposure than other
radiographic procedures to produce the required image quality. The higher exposure,
compared to other radiographic procedures, is because the breast is composed of soft
tissue (no bones or air) and has very low contrast. Therefore, more radiation is
required to produce visible images of both normal breast anatomy and signs of disease.
In mammography, the objective is to produce images that provide maximum
visualization of breast anatomy and the signs of disease without subjecting the patient

to unnecessary radiation.
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A mammographic unit is a rectangular box that houses the tube in which x-rays are
produced. The unit is used exclusively for x-ray exams of the breast, with special
accessories that allow only the breast to be exposed to the x-rays. Attached to the unit
is a device that holds and compresses the breast and positions it so images can be

obtained at different angles.

Figure 1.1 A dedicated mammography system has many unique attributes.

Components of a typical system excluding the generator and user console are shown.

Figure 1.2 Mammaographic unit: INSTRUMENTARIUM alpha RT



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Radiological Technology) / 3

X-ray mammography is an important examination widely used for breast
screening and for the examination of symptomatic women breast. This study provides
an introduction to the physical factors that govern the design and use of
mammographic imaging systems. More attention is paid to screen-film

mammographic systems.

Properties of the female breast

There is a large variation in the size and composition of the female breast. In
infancy, it is largely composed of adipose tissues but at puberty fibroglandular tissue
starts to develop and this continues until maturity. Thereafter the fibroglandular tissue
is gradually replaced by adipose tissue. However, for women of a given age, there is
wide variation in the glandularity of the breast and hence of the radiographic density
and appearance of the mammogram. In general breast glandularity decreases with
increasing breast size, but again there can be large variations. The breast is
compressed when imaged and the compressed thickness may vary from less than 20
mm to more than 110 mm. This variation in both breast composition and thickness
prevents a significant challenge to the X-ray imaging system, which must achieve
adequate quality at a low dose for a wide range of conditions. Breast abnormalities
may appear on the mammogram as a soft tissue lesion which may be rounded or
spiculated, but sometimes the only sign of abnormality is one or more calcifications or
a distortion in the breast architecture. Calcifications are specks of calcium
hydroxyapatite or phosphate which range in size from extremely small to several mm.
It is considered desirable to be able to detect calcifications as small as 100 um, though

this again presents a significant challenge to the imaging system.



Karuna Chaleamsri Introduction / 4

Photon interactions

In the mammographic energy range, the important photon interactions are the
photoelectric effect and scattering processes. The photoelectric effect is the dominant
interaction below about 22 keV, and gives rise to most of the energy absorption from
the incident X-rays and hence to the breast dose. There are two scatter processes
which must be considered: coherent (or Rayleigh) scattering and incoherent scattering.
The former process is most significant in the forward hemisphere, giving rise to a
change in photon direction but no transfer of energy. Incoherent scattering gives rise to

a small transfer of energy, which increases with scattering angle.
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Figure 1.3 Variation of the linear attenuation coefficient for breast tissues with photon
energy and breast tissue type. Curve A infiltrating duct carcinoma; curve B fibrous
tissue; curve C fatty tissue.

Figure 1.3 shows the dependence of the linear attenuation coefficient for photon
interactions on breast tissue type and photon energy. It follows that the highest
contrast will be achieved at the lowest photon energy. There is an important difference
in the attenuation offered by fibrous tissue and that for fatty tissue, but only a small
difference between infiltrating duct carcinoma and fibrous tissue. The lines plotted are
averages from a series of tissue samples, and in fact the data for carcinoma and fibrous

tissue overlap. It follows that some cancers may be difficult to distinguish from fibrous
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tissue in terms of their attenuation properties; they are identified because of
differences in breast architecture.

Important physical parameters

In mammography it is important to visualize at a low dose both subtle differences
in soft tissue density and small calcifications. Figure 1.4 shows that the highest
contrast is achieved at the lowest photon energy, and that if the energy is not low
enough, subtle differences in breast density and small calcifications will not be
visualized. Figure 1.5 shows how the breast dose increases as the photon energy
decreases and hence that a compromise must be reached between these two
performance requirements. Dose is also strongly dependent on breast thickness.
Various dose specifications have been suggested for mammography (7): incident or
surface dose, mid-breast dose, mean breast dose and the mean dose to the glandular
tissues within the breast, which are the tissues at highest risk of radiation-induced
carcinogenesis. The latter quantity is the quantity of choice and has been

recommended by the ICRP and generally adopted in national dosimetry protocols.
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In order to visualize small calcifications, it is important to have good resolution
and low noise. Resolution is specified here in terms of unsharpness. Its magnitude
depends upon the size of the focal spot of the X-ray tube and the imaging geometry
used (penumbra or ‘geometrical’ unsharpness), the properties of the image receptor
(receptor unsharpness) and patient movement during the exposure. Generally, patient
movement will be very small because the breast is compressed during the exposure.
Image noise receives contributions from fluctuations in the number of photons
detected per unit area (quantum mottle), and from variations in the response of the
receptor itself. The related performance of the image receptor is expressed in terms of
the detective quantum efficiency (DQE). For a given imaging task, the signal-to-noise
ratio (SNR) may be employed. As shown below, the relationship between dose,
contrast or SNR may be used as the basis for the selection of the X-ray spectrum to be
used in mammography.

The amount of tissue traversed by X-ray photons during mammography ranges
from zero at the edge of the breast to the full thickness of the breast. As a consequence
the image receptor must be able to respond adequately to signals varying significantly
in magnitude, and the dynamic range of the image receptor can be an important

limitation of performance.
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Figure 1.4 Variation of contrast with photon energy. The contrast has been calculated
for a simplified model that neglects image unsharpness. Contrast is shown for a 100

um calcification and I mm of glandular tissue.
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Figure 1.5 Variation of mean glandular breast dose with photon energy. Upper curve

80 mm thick compressed breast, lower curve 20 mm thick compressed breast.
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The mammaographic X-ray imaging system

The mammographic unit is designed to allow easy examination of the breast from
a range of directions. The patient may be examined standing or sitting, with her breast
resting on a support plate. The X-ray tube and breast support plate are mounted on an
assembly that may be rotated to achieve the desired radiographic projection. An anti-
scatter grid is placed between the breast support and image receptor. The receptor
itself may be a screen-film cassette or a digital device. Firm compression is applied to
the breast using a plastic compression plate. An automatic exposure device terminates

the exposure so that the required signal level is achieved in the image.

1. The x-ray tube

1.1. X-ray spectrum

In mammography a low energy X-ray spectrum is used which is often achieved
by using a molybdenum or rhodium target and a K-edge filter of molybdenum (with a
Mo target) or rhodium (with a Mo or Rh) target, although a tungsten target is also used
in some situations. Because Rh has a higher atomic number than Mo, spectra using an

Rh target are the harder than those for a Mo target.
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Figure 1.6 (A) X-ray spectrum from a Mo target at 28 kV filtered by a 30 um Mo
filter. (E) X-ray spectrum from a Rh target at 28 kV filtered by a 25 pm Rh filter
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It is common for X-ray tubes to have more than one target and/or a filter wheel so that
the X-ray spectrum (target, filter and tube voltage) can be varied automatically
according to the size and density of the breast to be examined. Typical spectra are
shown in Figurel.6.

Figure 1.5 shows the relationship between contrast (of a calcification) and mean
glandular dose for different target/filter combinations and an 80 mm thick compressed
breast of 10% glandularity. Each curve shows the variation as the tube voltage is
changed from 25-32 kV (8). No choice of spectrum can match the contrast achieved
using the Mo/Mo combination at 25 kV. Only one spectrum can match the contrast for
Mo/Mo at 28 kV (Mo/Rh) and some dose saving is then possible. If the contrast
requirement is relaxed (say to match Mo/Mo at 30 kV), a larger dose saving is possible
and other target/filter combinations can then be used. In general, for larger breasts the

contrast requirement is relaxed so that harder spectra are used.
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Figure 1.7 Relationship between contrast and mean glandular dose for imaging a
particular image detail; 80 mm 10% glandularity breast and a typical screen-film

combination. Curves for four choices of target/filter are shown.

Figure 1.8 shows the relationship between the mean glandular dose and the choice of
X-ray spectrum in digital mammography for the task of imaging a particular detail at a

signal-to-noise ratio of 5 (8).
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Figure 1.8 Relationship between tube voltage and mean glandular dose for imaging a
particular detail at an SNR of 5; 80 mm breast 10% glandularity. Curves for four

different target/filter combinations are shown.

Results are again for an 80 mm thick breast of 10% glandularity. The W/Rh spectrum
is the best of those illustrated. It is important to note that the choice of optimum

spectrum is dependent on breast thickness.

2. Focal spot-size

For conventional (contact) mammography, unsharpness increases with image
magnification and a measured focal spot of 0.3mm or less and a focus-film distance
(FFD) of at least 60cm are recommended. Increasing the FFD or decreasing the object-
film distance decreases magnification and improves unsharpness. In magnification
mammography, an air gap is introduced between breast and image receptor. If a
sufficiently small focal spot size is used, magnification will decrease unsharpness but
will increase dose. Because of the air gap, there will be a decrease in scatter (no grid is
normally used for magnification), and a larger image on the same receptor means the

effect of noise is reduced.
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3. Breast compression
Breast compression is essential in mammography because:

3.1 It reduces dose

3.2 It reduces scatter and hence improves contrast

3.3 It enables a softer X-ray spectrum to be used, and hence contrast to be
improved

3.4 It reduces geometric unsharpness

3.5 It reduces movement unsharpness

3.6 It reduces the dynamic range requirement

3.7 It reduces the amount of tissue overlap and hence allows better

visualization of the breast tissues.

4. Anti scatter-grids

The contrast in the image is degraded by the scattered radiation recorded by the
image receptor. The amount of degradation varies with photon energy, breast size and
image receptor. It can be quantified using the contrast degradation factor CDF which
is the ratio of the image contrast with and without the effects of scatter. The CDF
decreases with increasing breast thickness, and for a 50 mm thick breast imaged
without a grid is 0.65, indicating the desirability of using a grid to improve contrast.
When a grid designed for mammography is used for imaging a large breast, a
significant improvement in contrast is achieved but at the cost of increased dose
(necessary for screen-film mammography to maintain the density on the film). For
example for an 80 mm compressed breast, the contrast is improved by around 54% but
the dose is increased by a factor of 2.1 For a 20 mm thick breast the corresponding
figures are 17% and 1.7 (9).

5 Screen-film receptors

Mammaographic screen-film receptors make use of a rare earth phosphor, usually
gadolinium oxysulphide, in a single layer which is placed in contact with, but behind
the photographic emulsion. This configuration brings the point of production of the

light photons emitted by the phosphor as close as possible to the emulsion, thereby
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reducing the lateral spread of these photons as they pass from phosphor to emulsion,
and improving resolution.

The design of the screen is a compromise between resolution, dose and noise. As
the phosphor thickness increases, it absorbs more X-ray photons, but the unsharpness
becomes worse because of the greater lateral spread of the light fluorescent photons.
Lateral spread can be reduced by the addition of dyes to the phosphor, but at the cost
of increased dose because the number of light photons detected per incident X-ray
then decreases.

The performance of the screen-film receptor is strongly limited by the
performance of the film emulsion. This has a non linear response to light photons,
showing a very flat variation with exposure at both high and low exposures. Figure 1.9
A shows the film characteristic curve for two mammographic screen-films.

The contrast achievable is proportional to the slope of this curve (film gamma), which
is shown in figure 1.9 B. The region of high gamma or good contrast is very limited
and correct exposure is very important.

In addition, the noise arising from variations in the number of developed silver
grains per unit area of the emulsion is particularly important at low and high doses,
and at high spatial frequencies, leading to an important reduction in the DQE of the
screen-film receptor. This is illustrated in figure 1.10, which shows the DQE for the
MinR2000 screen-film combination. For this combination, the highest DQE value is
about 0.4. The highest values of the DQE and noise equivalent quanta occur at optical
densities higher than 1.0. In addition to the loss of performance at high and low optical

densities there is a significant loss at high spatial frequencies.
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Figure 1.9 Film characteristic curve (A, top).; and film gamma (B, bottom) for two

typical mammographic screen-film combinations(29).
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Figure 1.10 DQE for Kodak MinR screen-film combination (5).
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The desirability of using an optical density greater than 1.0 is consistent with work by
Young et al. (40). These authors found that that the cancer detection rate in the UK
National Breast Screening Programme was dependent upon the optical density on the
film, with the higher detection rates found at higher optical densities.

This study was employed Kodak Min-R EV film-screen combination. Kodak
developed a new film-screen system for mammography known as Min-R EV (23).
Information on the design and performance features of this system has been described
by Kodak. The film has two different emulsion layers to provide ‘higher contrast and
wider exposure latitude’. The film is reported to be slower than Min-R 2000 but the
screens faster to reduce film noise by reducing granularity

The new film screen combination is substantially different from the Kodak Min-
R2000 film-screen systems in widespread use in the NHSBSP. Kodak claim many
technical improvements and clinical advantages for this new system. The Kodak
literature supplied with the film indicates that the new film has a contrast that is about
25% higher than Min-R2000. This is achieved by using two emulsion layers. The light
sensitometry results reported here indicate about a 27% increase in film gradient,
which is very similar to the 25% claimed in the Kodak literature. The characteristic
curve of the new film also has a high Dmax and high film contrast maintained down to
quite low densities (of about 0.65).

The results of X-ray sensitometry suggest that the increase in film gradient with
the new film is about 14%. The absolute values of the film gradients measured with
the aluminium step-wedge are dependent on a previous calibration (at 28 kV Mo/Mo)
and are subject to some calibration error (eg. the spectra used in these tests may be
slightly different from that used for the calibration). However any calibration error is
likely to have the same effect on both film types.

Although it would be interesting to know the reason for the difference in film
gradients between light and X-ray sensitometry, the important point to note is that this
is a very high contrast film-screen combination.

Kodak claims that this film has both “‘greater overall contrast, yet wider exposure
latitude’. This is a claim that depends on one’s definition of exposure latitude. Kodak
are implicitly assuming that film gamma is the main determinant of latitude at both

high and low densities. It is the authors’ view that this claim may be justified at low
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densities, ie in dense glandular tissues and pectoral muscle down to a density of 0.65.
However, we would expect that the shape of the new film’s characteristic curve will
make it more difficult to see tissues at high densities, ie tissues close to the skin edge,
unless a bright light is used. The results of the clinical evaluation bore out both these
findings. Some of the issues involved in using high contrast mammography film have
been discussed previously and also apply here. It will be particularly important to
achieve the correct exposure with this new film. For most types of breast the images
will appear better, but for a few the contrast may be excessive and this will be mainly
observed as a difficulty in visualising the skin edge.

The new combination was found to be about 6% faster than Min-R2000. This is
probably a useful outcome given the gradual rise in doses in the NHSBSP in recent
years. The fact that Kodak indicate the speed is unchanged may relate to a different
method of measuring speed (i.e. at a lower density than in this study). In any case such
a small difference is probably close to manufacturing tolerances and may depend on
the chemistry used when conducting the speed tests.

It should be noted that the results reported here were for specific processing
conditions, and slightly different results may be found when using different conditions
eg another type of developer.

Most of the image quality tests indicate little difference between the two film-
screen combinations and both were well within the requirement of the NHSBSP. The
contrast detail tests with the CDMAM test object suggest that the new film screen
combination is better.

This new film-screen combination performs largely as described by Kodak. It has
substantially greater contrast than the Min-R2000 system and image quality is at least
up to the standard of Min-R2000. Kodak’s claim that there is also greater latitude does
not seem to be justified, particularly at high film densities.

Most mammograms are made using Automatic Exposure Control (AEC). The
AEC system measures the exposure that reaches the receptor after penetrating the
breast and turns the exposure off when the necessary exposure has been delivered to

produce the expected film density.
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While AEC is a valuable function for producing optimum film density and visibility, it
does not always produce the "perfect” exposure. There are several potential sources of
error that must be considered as illustrated here. Two are associated with the set-up
and calibration of the system by the engineers, and two are under the control of the

technologist/radiographer.

AEC Calibration (Physicist and Engineer Function)

The AEC must be calibrated by the engineering staff to produce the desired film
density. The calibration is verified by a medical physicist who specifies a density
value that is optimum for the specific clinical facility. The calibration is specified in
terms of the film density produced when imaging a test device (phantom) of uniform

thickness.

AEC Tracking (Physicist and Engineer Function)

Tracking is the ability of the AEC to maintain correct calibration over the range
of receptor types, KV values, and exposure times used in a clinical facility. This is
generally not a problem with modern mammography equipment but is evaluated

periodically by a medical physicist in the context of the QA program.

AEC Sensor Position (Radiographer Function)

Typical mammography systems have multiple radiation sensors, or at least
multiple sensor positions, for measuring the exposure reaching the receptor. The film
will be exposed to the calibrated density in the anatomical area over the selected
sensor or sensor position. The appropriate sensor position should be selected by the
radiographer based on breast characteristics, especially the presence of dense areas.
An incorrect sensor location can result in an exposure error (too light or too dark) to
the film.

Density Control Setting (Radiographer Function)

The radiographer can adjust the "Density" control to change the film density from
that produced by the AEC normal setting. Typical settings of the Density control are:
(N)ormal, +1, +2, +3, -1, -2, -3,etc. Although there is no standard relationship,
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changing the Density control by one unit will generally increase or decrease the
exposure about 15%. The Density control is useful when it appears that the AEC (N)
normal setting does not produce the appropriate film density (until it can be
recalibrated by the engineer) and when certain breast conditions are better visualized
with lighter or darker films. Associated with the Density control is a function for
indicating which receptor (film/screen combination) is being used. The AEC must

have this information to make the correct exposure.

Entrance Skin Exposures (ESE) from lon Chamber Readings.

The radiation output of an x-ray source is useful for determining many equipment
performance factors. Although direct readings of a radiation electrometer can be used
to determine half- value- layer, output reproducibility, or output linearity, conversion
of the direct reading to an ESE may require some adjustments to the reading, as well
as care in positioning the chamber. Standard measurement conditions must be agreed
upon in order to compare radiation exposure measurements between institutions or

published values. This collectible will review these issues.

Measurement Geometry

The radiation exposure depends on the distance from the source as well as the
amount of scattered radiation in the x-ray field. Values of exposure are generally
quoted "free- in-air," meaning there is as little scattered radiation as possible. To
achieve this, center the ion chamber in a large field (about 35 x 43 cm) at least 20 cm
from any material that will produce scatter (collimator, phantom, table top). Scatter
contributions from the collimator edges will substantially reduce field uniformity for
small fields (<5-7 cm) and using a large field also eliminates light-x-ray alignment and
photocell coverage concerns. Exposure is commonly quoted at 100 cm (or sometimes
40 inches) from the source. For general-purpose x-ray units it is usually possible to
measure the exposure at a source-chamber distance (SCD) of 100 cm. A different
distance may be used to avoid scattering or because of equipment design. If possible,
using a SCD equivalent to the source-to-skin distance (SSD) eliminates the need to
include the inverse square law in the ESE calculation.



Karuna Chaleamsri Introduction / 18

Phototimed Measurements

Phantoms designed by the FDA for NEXT studies have experienced the broadest
use and are most easily compared with available data. Many other phantom designs
are available, but they will not necessarily give the same readings. If mAs values for
patients are used to estimate patient doses, data should be obtained for several patients
of the same thickness, as these can vary widely, especially for chest techniques.

Correction Factors

Even though the reading of an ion chamber is displayed in roentgens (R) or
milliroentgens (mR), it is not a true indication of exposure until it is corrected for the
following:

1. Chamber Correction Factor (CF): This factor is different for each
combination of ion chamber and electrometer. The correction factor is a number
supplied by the calibration facility that represents the deviation of the instrument
reading from a known standard reading. When multiplied by the instrument reading,
the correction factor corrects the reading for the intrinsic inaccuracy of the instrument
under specified measurement conditions. Correction factors are energy (kVp and half-
value layer) dependent and must be obtained at a minimum of at least three different
energies. lon chamber/electrometer combinations should be re-calibrated together
whenever you suspect the chamber may have been damaged and at least every two
years.

2. Temperature and Atmospheric Pressure: Most ion chambers are open to the
air and must be corrected for changes in the density of the air due to atmospheric
pressure. Some instruments automatically compensate for pressure or have a way to
manually set the ambient pressure via an external dial. The difference in pressure (and
error in exposure measurement) can be as much as 30% from fair weather at sea level
to a storm in Denver. Pressure correction factors are very important at high elevations.
The exposure per reading is inversely proportional to the absolute pressure.
Calibration labs usually provide chamber correction factors corrected to an absolute
atmospheric pressure of 760 mm of mercury. If automatic pressure compensation is
not provided, readings must be multiplied by the ratio of the calibration pressure to the

ambient pressure. Most inexpensive aneroid barometers (dial type) are unreliable for
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accurate pressure corrections. A suitable aneroid barometer will cost a hundred dollars
or more. Most aneroid barometers are designed for reading pressure corrected to sea
level. Electrometer readings must be corrected using absolute pressure rather than “sea
level corrected pressure.” Aneroid barometers must be calibrated and checked
frequently against a mercury barometer to be sure the reading has not drifted. Care
must be taken when using an aneroid barometer in high elevations—dial pointers have
been known to rotate completely around the dial face. There are some other sources of
accurate pressure readings if you don't have a barometer. A local weather bureau and
most airports can give you the pressure corrected to sea level. At the airport you have
to ask for the "altimeter" reading. They will quote the sea level pressure in inches of
mercury to two decimal places. (For example "two niner niner two" means 29.92
inches or 760 mm.) Then ask for the altitude and calculate the absolute pressure. The
absolute pressure drops approximately 1.1 inches for every thousand feet of altitude.
For example, if the sea level corrected pressure in mile high Denver is 30 inches, the
absolute pressure is 30 inches minus (1.1 in. x 5.280 ft.) or 24.2 inches. (5,280 ft. =
one mile.) Many hospital laboratory departments have a barometer capable of reading
absolute pressure. A radiation therapy department at the facility being evaluated or a
nearby facility may be able to provide the absolute atmospheric pressure. The density
of air in the ion chamber varies with the ambient temperature. Calibration laboratories
usually specify the ion chamber calibration factor at 20 or 22 degrees Celsius.

The correction for temperature is directly proportional to the absolute (Kelvin)
temperature. A room at 70 degrees Fahrenheit (21 C) is at 294 Kelvin compared to a
typical calibration temperature of 293 (20C) or 295 (22C). For most air-conditioned
medical facilities this correction is too small to worry about. It is important, however,
to pay attention to the temperature of your ion chamber. If it has been in the trunk of
your car at either very high or low temperatures during transport, it will give erroneous
readings until it comes to the ambient temperature of the x-ray facility. The air density
factor (ADF) is used to correct for atmospheric pressure and temperature. The air
density conditions under which the chamber was calibrated, usually 22°C and 760 mm
of mercury, will be supplied with the calibration documentation. Corrections to the
conditions of use are made by multiplying the chamber reading by the ADF, defined
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as:
ADF = [(273.2 + T2)/(273.2 + T1)]P1/P2

Where T1and P1 are the temperature and pressure conditions of the original calibration
and T2 and P2 are the temperature and pressure conditions under which the chamber is
being used, T1and T2 must be in degrees C, and P1and P2 must be in the same units.
Note: All MDH Radcal electrometers contain a built-in thermometer that is used to
automatically correct for the temperature, and many have pressure compensation, so
one must be certain they are not applying the ADF unnecessarily. The temperature
sensor is not located in the ion chamber, but in the box with the rest of the electronics.
Because of this the chamber will respond to changes in temperature more quickly than
the temperature correction circuit and additional time should be allowed for the system
to stabilize. Whether or not you need to make the various chamber and environmental
corrections depends on the accuracy you want to achieve. Five percent accuracy is
generally desirable. Ten percent is OK, unless you want to determine if an institution's
exposures are within twenty percent of some standard. Most chamber correction
factors are less than 5% and many chambers have factors less than 2%. If you are
lucky enough to live at sea level and always work in air-conditioned surroundings,
ambient pressure and temperature changes will rarely affect calibration by more than
3% unless a hurricane is coming, in which case you don’t want to be there anyway.

Calculate the ESE for the selected projection using the inverse square correction

for the ion chamber to skin entrance position.

ESE = Exposure at ion chamber location x (CF) x (ADF) x (SCD/SSD)?

The gold standard in ion chamber and kV sensor technology, Radcal’s Model
9095 radiation-monitoring system utilizes a wide range of Radcal ion chambers. The
9095 recognizes the connected sensor and retrieves calibration information from the
sensor; there are no user-controlled calibrations required.

10X9-6M The Dedicated Mammography Chamber was used in this study because
of It get increased productivity, accuracy and confidence from best available
technology, and cost effectiveness. Radcal designed what proved to be one of the

finest low energy chambers on the market. It’s extraordinary flat energy response over
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the 10 - 40 keV has been documented in technical papers and makes corrections
unnecessary. Unlike solid state detectors, the -6M’s response is not influenced by tube
target material or filtration. The construction of this chamber was 0.7 mg/cm?

metalized polyester window, polyacetal exterior, 6cm3 active volumes, and 0.08 kg.
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CHAPTER II
OBJECTIVE

The aims of this study comprise:

1. To find optimal imaging parameters that minimize average glandular dose,

while maintaining acceptable image quality.

2. To characterize relationship between image quality and average glandular

dose from different imaging techniques.

3. To determine factors affecting average glandular dose from specific

mammographic equipment.
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CHAPTER IlI
LITERATURE REVIEWS

This chapter summarizes a numbers of theoretical and experimental methods
available for the prediction and determination of the average glandular dose
calculation and image quality evaluation in screen-film mammography. Various
articles in the literature have focused on the testing of average glandular dose
calculation and image quality evaluation in different experiments.

In 1991, L Desponds et al studied influence of anode and filter material on image
quality and glandular dose for screen-film mammography (26). The influence of anode
and filter materials on the performance (image quality and dose) of a mammography
system was investigated. The image quality was evaluated with the image quality
index method. A computer simulation was developed to calculate the physical
parameters of the image quality index (contrast, resolution, and noise) as well as the
mean glandular dose. The calculations took into account the successive steps of the
process: x-ray production, filtration, interaction with the test object, anti-scatter grid,
and interaction with the image detector (screen-film system). An excellent correlation
was obtained between the results predicted by the model and those of experimental
measurements, suggesting that the model may be used for the prediction of the
performance of mammographic equipment. The experimental conclusions were
confirmed: the use of a tungsten anode with a rhodium filter allows a dose reduction
without a significant degradation of image quality. The computer program could also
be used to simulate the influence of factors which are difficult to combine in practice.

In 1993, J. Zoetelief, J.Th.M. Jansen and N.J.P. de Wit studied determination of
image quality in relation to absorbed dose in mammography (22). The influence of
changes in tube voltage, presence of a grid, phantom thickness and film processing
conditions on image quality and absorbed dose were studied for mammaography. Image
quality parameters were determined with the aid of a contrast-detail phantom.

Absorbed dose measurements were made with an ionization chamber system. Results
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from this study showed that for thick phantoms, the use of a grid had advantages for
improvement of image quality. For thin phantom, decreasing the tube voltage was
more effective in improving image quality. The paper concluded that image quality
and absorbed dose optimization should be performed for phantoms of thicknesses
relevant for mammography. Film processing at higher developer temperature and
shorter process time results in better image quality at increased dose, strongly
dependent on the film-screen combination used.

In 1996, Monticciolo and Debra L. et al studied optimization of radiation dose
and image quality in mammography, a clinical evaluation of rhodium versus
molybdenum target/filters (32). Mammography was done with a conventional
molybdenum anodef/filter combination and either a molybdenum/rhodium (Mo/Rh) or
rhodium/Rhodium (Rh/Rh) combination to compare the contrast characteristics and
penetrating ability of the different techniques. Each pair was rated as being equal, one
slightly better than the other, or one much better than the other. The preferred image
was also selected. The entrance surface exposure and the mean glandular dose were
determined for each exposure. Target/Filter of Mo/Mo was compared with Mo/Rh in
26 patients and to Rh/Rh in 23 patients. Mo/Mo was judged to produce better or equal
contrast and penetration in all cases except one using the Mo/Rh combination. Mo/Rh
was the preferred image only once and Rh/Rh not at all. In comparison to the
conventional Mo/Mo technique, the average dose was reduced by approximately 25%
with Mo/Rh and by 50% with Rh/Rh.

In 2001, Arthur G. et al studied relationship between phantom failure rates and
radiation dose among mammaography accreditation facilities (3). The phantom image
was taken using the facility’s exposure technique for a 4.2-cm thick breast of average
composition. The mean glandular dose (MGD) is determined from a set of
thermoluminescent dosimeters placed on top of the chest wall edge of the phantom.
Phantom scores and MGD data collected from 1993 to 1999 based on 31,535 unit
evaluations were presented. The data presented indicated that image quality as
assessed by phantom failure rates in the American College of Radiology
Mammography Accreditation Program depends on the x-ray dose used. While over all
doses the phantom failure rate was 11%, for doses ranged from 0.26 to 0.50 mGy the

failure rate was up to 43%. The phantom failure rate fell continuously to about 6% for
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MGDs in the range of 1.51-2.0 mGy. With further increases in dose, failure rates
began to rise. These results suggested that care should be taken to produce screen-film
mammography images in the appropriate dose range to maximize perceived image
quality. This optimum dose range is, of course, dependent on the thickness and
composition of the breast being images and may also vary as new analog or digital

detectors are introduced.

This study was done in screen-film mammography, average glandular dose
calculation and image quality evaluation were investigated to find optimal imaging
techniques which minimize average glandular dose while maintaining acceptable
image quality. Auto AEC mode, Semi Auto AEC mode, and manual mode, which
were imaging mode, were studied to find relationship between dose and image quality.
Molybdenum target and molybdenum/rhodium filter combination were also tested in
this study to find their impact on image quality and dose. Entrance skin exposure
measurements were made with an ionization chamber system and then converted to
average glandular dose. For image quality evaluation, objects scoring of
mammographic phantom in mammographic film and contrast measurement was done.
The phantom was used since it eliminates the variables of differences in breast tissue,
positioning, and levels of compression. Data analysis and interpretation of this study
followed recommendation of the 1999 ACR Mammaography Quality Control Manual.



Karuna Chaleamsri Materials and Methods / 26

CHAPTER IV
MATERIALS AND METHODS

4.1 MATERIALS

4.1.1 Mammographic unit
A single phase generation Mammographic unit (Figure 4.1.1) (Alpha 3,
Instrumentarium Corporation ) located that Mammographic and Fluoroscopy Room,
Faculty of Medical Technology, Mahidol University was used in this study.

Figure 4.1.1 Mammographic unit : Instrumentarium alpha RT
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4.1.2 lonization chamber and Electrometer (Radcal’s Model 9095 radiation-
monitoring system)

A 10x9-6M  dedicated Mammography Chamber was used for the
measurements of photon radiation from The mammaographic unit. The construction of
ionization chamber are composed of 0.7 mg/cm® metalized polyester window,
polyacetal exterior, 6 cm?® active volume and 0.08 kg. The chamber has flat energy
response over the 10-40 keV range. Figure 4.1.2 shows the ionization chamber and

electrometer.

.
ANy yzs a1

Figure 4.1.2 lonization chamber and Electrometer (Radcal’s Model 9095 radiation-

monitoring system)


http://www.radcal.com/021.html
http://www.radcal.com/021.html
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4.1.3 kV meter
A 40X9-Mo kV Sensor (Figure 4.1.3) was used for measuring the kV on

mammography (Mo/Mo) machines.

Figure 4.1.3 40X9-Mo kV Sensor. kV sensor

4.1.4 Mammographic phantom
Mammographic Accreditation Phantom Model RMI-156 firmy Gammex.

( approximately equivalent to a 4.2 cm thick compressed breast consisting of 50%
glandular, 50% adipose tissue ) was used for average glandular dose measurement and
image quality evaluation. Image quality evaluation employed ACR standard using
ACR Accreditation phantom. The phantom (Figure 4.1.4) consists of fibers with
diameter of 1.56, 1.12, 0.89, 0.75, 0.54, and 0.40 mm; specks with diameter of 0.54,
0.40, 0.32, 0.24, and 0.16 mm; and masses with decreasing diameter and thicknesses
of 2.00, 1.00, 0.75, 0.50, and 0.25 mm).
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Figure 4.1.4 Mammaographic Accreditation Phantom Model RMI-156 firmy Gammex

4.1.5 High purity aluminum
A Gammex 115H high purity aluminum (Figure 4.1.5) set was used to
measure half value layer in this experiment. It provides a set of six 10x10x0.1 mm
sheets of aluminum.

RMI 115H

Figure 4.1.5 High purity aluminum (greater than 99.9%) Gammex 115H high purity

aluminum
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4.1.6 Mammographic cassette
A Kodak MIN-R 2 with EV 190 Screen (Figure 4.1.6) is new mammography
screen-film system that provides enhanced visualization (EV) of subtle abnormalities

in breast tissue was used in this experiment.

B o 5iHmAUA
| 17 4.7,49

Figure 4.1.6 Kodak MIN-R 2 Cassette with EV 190 Screen

4.1.7 Mammographic film
A KODAK MIN-R EV Film (Figure 4.1.7) with a size of 18x24 cm was
used in this experiment.

Figure 4.1.7 KODAK MIN-R EV Film
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4.1.8 Mammographic viewbox
A viewbox (Figure 4.1.8) used for viewing mammographic film and clinical
quality review by the technologist has luminance of at least 3,000 candela per square

meter (cd/m?). Viewbox ,used for this study, has a size of 35x50 cm and was masked
to the exposed area of the film.

Figure 4.1.8 Mammographic viewbox with 3,000 candela per square meter (cd/m>).

4.1.9 Densitometer

A 331 Battery Operated B/W transmission Densitometer 4-6 Volts DC S/N
031820 (X-Rite, Incorporated Grandville,Michigan), was used for optical density
measurement in this study (Figure 4.1.9).
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Figure 4.1.9 331 Battery Operated B/W transmission Densitometer

4.1.10 Acrylic disc
An acrylic disc (Figure 4.1.10) with a 4-mm thickness and 1-cm diameter,
which placed on the top of the phantom in a consistent location in the image area, was
used for contrast measurement. A suitable location is between and slightly below the

first and second largest fibers.

Acrylic
disc

Figure 4.1.10 Acrylic disc with a 4-mm thickness and 1-cm diameter
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4.1.11 Magnifying lens of 2x
Magnifying lens (Figure 4.1.11) was used for assistance in visualization of

Speck groups in part of image quality evaluation.

Figure 4.1.11 Magnifying lens

4.1.12 Film Processor: KODAK RP X-OMAT Processor, Model M6B.
A Kodak RP X-OMAT film processor (Figure 4.1.12) was used in this
experiment. The property of this model are cycle time of process: 140 sec for 24cm,

temperature of developer: 33.3 + 0.3 °C, pH of developer: 8-13, and pH of fixer: 3-6.

Figure 4.1.12 KODAK RP X-OMAT Processor, Model M6B


http://www.tts-group.co.uk/Content/Files/images/TMG-G.jpg
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4.2 METHODS
The experiment was performed by the following procedures:

4.2.1 kVp accuracy and reproducibility measurement

This process was performed to assure that the actual k\Vp is accurate and that
the kVp is reproducible. To benefit in next steps, kVp accuracy and reproducibility
measurement should be measured in both Mo/Mo and Mo/Rh target/filter combination
materials.

Test procedure steps were as followings:

A) Mammographic unit was set in manual timing mode. In this mode,
kVp and mAs values were selected by manual exposure techniques.

B) The clinical kVp were selected at range of kVp, which is the most
commonly used clinical kVp. For mAs value, 25 mAs was selected for all kVp
measurements.

C) The test device, Radcal 9095 Multi-Purpose Analyzer, was set up
by following the manufacturer’s instructions. For kVp accuracy measurement, 10X9-
6M, the dedicated mammography chamber and 40X9-Mo kV Sensor ( designed for
measuring the kV on mammography machines) were used.

D) For kVp accuracy and reproducibility measurement, all selected
kVp values were exposed four times in the same manual mode setting.

E) To determine kVp accuracy, the four kVp reading for each kVp
selectting were averaged and compared with the value of the preset nominal kVp. The
averaged measured kVp should be within +5% of the selected kVp. To determine kVp
reproducibility, the standard deviation of the kVp valued for each kVp selecting was
computed and then calculated the coefficient of variation. For reproducible kVp,
should be have a coefficient of variation equal to or less than 0.02. Figure 4.2.1 shows

the set up of kVp accuracy and reproducibility measurement.
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Figure 4.2.1 The Radcal 9095 Multi-Purpose Analyzer, was set up by following the
manufacturer’s instructions. 10X9-6M The Dedicated Mammography Chamber and

40X9-Mo kV Sensor were designed for measuring the KV on mammographic unit.

4.2.2 Beam quality assessment (Half-Value Layer measurement)
This process was performed to assure that the half-value layer (HVL) of the
X-ray beam is adequate to minimize breast dose, while maintaining image contrast.
Estimation of radiation dose to the breast required accurate assessment of the half-
value layer, so that half-value layer measurement should be measured in both Mo/Mo
and Mo/Rh target/filter combination materials.
Test procedure steps were as followings:

A) In this process, the HVL was measured with the compression
paddle in place so that placed the compression paddle as close as to the X-ray tube.

B) The 10X9-6M dedicated mammography chamber was placed
approximately 4.5 cm above the image receptor holder assembly, centered left to right
and 4 cm in from chest-wall edge of image receptor due to this position is the central-
axis of the X-ray beam.

C) The X-ray field was collimated with diaphragm so that the
ionization chamber was fully exposed. The X-ray field was collimated to reduce the

effects of scattered radiation.
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D) The mammographic unit was set into manual mode which time
setting should be provide an exposure of approximately 500 mR due to the limitation
of ionization chamber that can not measure at low exposure value.

E) Five or six 0.1-mm-thick sheets of 99.9% pure aluminum were
prepared for filtered radiation.

F) In each exposure technique setting, the first exposure was exposed
without filtration of aluminum sheet. And then the second exposure was exposed with
filtration of 0.2-mm-thick aluminum sheet which was placed on top of compression
paddle, between the X-ray tube and the ionization chamber, and the ionization
chamber was fully blocked by aluminum sheet. The next exposure was exposed
continually with additional 0.1-mm-thick aluminum sheet until the ionization chamber
reading is less than one-half the first exposure reading (taken without added aluminum
sheets between the X-ray tube and the ionization chamber). Figure 4.2.2 and 4.2.3

show the measurement set up.

Figure 4.2.2 Aluminum sheet was placed on top of compression paddle, between the
X-ray tube and the ionization chamber, and the ionization chamber was fully blocked

by aluminum sheet.
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Figure 4.2.3 The next exposure was exposed continually with additional 0.1-mm-thick
aluminum sheet until the ionization chamber reading is less than one-half the first

exposure reading.

G) The half-value layer was computed using the formula:

tb In|.2 Ea/ EoJ‘taml2 Eb/ EoJ
nlE,/E,)

Which E, denoted the direct exposure reading that without any added aluminum sheet.

HVL =

This value was divided in half and found the two exposure readings and added
aluminum sheet that bracket the Eo/2 exposure. E, denoted the exposure reading that
was just greater than one-half of E; and t, was the corresponding aluminum sheet
thickness. And E;, denoted the exposure reading that was just less than one-half of Eg

and t, was the corresponding aluminum sheet thickness.

4.2.3 Breast entrance exposure measurement and average glandular
dose calculation

This process was performed to measure the typical entrance exposure for an
average patient (approximately 4.2-cm compressed breast thickness—50% adipose,

50% glandular composition), to calculate the associated average glandular dose.
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Test procedure steps were as followings:

A) Prepare imaging techniques chart (exposure chart) ranging from the

lowest to the highest used clinically. The set up is shown in Table 4.3.2.1

Table 4.2.3.1 Exposure chart, which show imaging techniques in this measurements.

™ Imaging o on o AS Target/filter
Mode combination
1 auto AEC a,b,andc | N/A N/A Mo/Mo
2 auto AEC a,b,andc | N/A N/A Mo/Rh
3 | semiauto AEC | a,b,and c | 24-32 N/A Mo/Mo
4 | semiauto AEC | a, b,andc | 25-32 N/A Mo/Rh
) Manual N/A 24 100, 125, 150, 175,
and 200 Mo/Mo
26 63, 80, 100, 125, and
150
28 32, 40, 50, 63, and 80
30 25, 32, 40, 50, and 63
32 16, 20, 25, 32, and 40
6 Manual N/A 26 | 40,50, 63, 80, and 100 Mo/Rh
28 25, 32, 40, 50, and 63
30 16, 20, 25, 32, and 40
32 12, 16, 20, and 25
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Figure 4.2.4 Exposure control consist of green light display ready or Xx-ray status,
timer monitor, KV setting button, mAs setting button, density setting button, green
light display station of AEC mode, auto release button, imaging mode setting button,
green light display grid using or magnification condition.

B) Prepare the mammographic unit for operation in its most common
imaging mode (e.g., grid and 18x24 cm image receptor). This step includes
appropriate field limitation for the imaging mode and image receptor size to be used.
Adjust the system to the SID most commonly used for mammaography.

C) Position a loaded cassette in the image receptor holder assembly.

D) Select the AEC density control setting that is normally used
clinically for an average patient in this study set density control = 0. Place the
mammographic phantom on the cassette holder, positioning the mammographic
phantom so that the chest-wall edge of the phantom is aligned with the chest-wall side
of the image receptor. Center the phantom, left to right. Position the AEC sensor under
the center of the phantom.

E) Position the ionization chamber in the X-ray field beside the
mammographic phantom, centered 4 cm in from the chest-wall edge of the image

receptor and with the center of the chamber level with the top surface of the phantom.
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Assure that the entire chamber is exposed and that its radiographic shadow does not
overlap the active area of the AEC sensor. Secure the chamber in position and do not
change the position of the chamber during the following measurement. Figure 4.2.5

shows the set up of phantom for dose measurement.

Figure 4.2.5 Position the ionization chamber in the X-ray field beside the
mammographic phantom, centered 4 cm in from the chest-wall edge of the image
receptor and with the center of the chamber level with the top surface of the phantom.

F) Position the compression paddle device in the x-ray beam, just in
contact with or slightly above the mammographic phantom and ionization chamber.

G) Select the kVp, mA, filter material and imaging mode at which the
system is most commonly used clinically according to prepared exposure chart.
Record the measured exposure values to calculate average glandular dose as follows:
average glandular dose(mGy) = a measured entrance skin exposure (R) x the entrance

skin exposure to average glandular dose conversion factor (mrad/R)/100
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Mammography Dose Evaluation Tables

These tables were used to determine the average glandular dose in milligrays
delivered by 25.9 mC/kg (or millirad) delivered by 1 R in air incident on a 4.2
centimeters thickness compressed breast of average density (50 percent adipose and 50
percent glandular tissue). Linear extrapolation or interpolation shall be made for any
HVL not listed. To convert from entrance exposure in air in roentgens to average
glandular breast dose in millirads, multiply the entrance exposure by the factor shown
in the table for the appropriate kVp and beam quality (HVL) combination. Table
4.2.3.2 and 4.2.3.3 show conversion factors for Mo/Mo and Mo/Rh target/filter,

respectively.

Table 4.2.3.2 Glandular Dose (in mrad) for 1 Roentgen entrance exposure to a 4.2-cm
breast thickness----50% adipose-50% glandular breast tissue---using a Mo/Mo target-
filter combination.

GLANDULAR DOSE (IN mrad) FOR 1 ROENTGEN ENTRANCE EXPOSURE TO A 4.2

CM BREAST THICKNESS—50% ADIPOSE-50%GLANDULAR BREAST TISSUE---
USING A Mo/Mo TARGET-FILTER COMBINATION*

X-ray Tube Voltage (kVp) WAL
Target-Filter
HVL 23 24 25 26 27 18 20 30 31 32 33 Combination

023 116

024 121 124

025 126 129 131

026 130 133 135 @ 138

027 135 138 140 142 143

028 140 142 144 146 147 149

029 144 146 148 150 151 153 154

030 149 151 153 155 156 157 158 159 170
031 154 136 157 139 160 161 182 163 164 175
032 158 160 162 163 164 166 167 168 168 170 171 180
033 163 165 166 168 169 170 171 173 173 174 175 185
034 168 170 171 172 173 174 175 176 177 178 179 190
0.35 174 175 176 177 178 179 180 181 182 183 194
0.36 179 181 182 183 184 185 185 186 187 199
0.37 185 186 187 188 189 1%0 191 191 204
0.38 190 191 192 193 194 195 183 208
0.39 196 197 198 198 199 200 213
0.40 200 202 203 204 204 217
0.41 206 207 208 208 221
0.42 211 212 212 225
0.43 215 216 230
0.44 220 234

0.45 238
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Table 4.2.3.3 Glandular Dose (in mrad) for 1 Roentgen entrance exposure to a 4.2-cm
breast thickness----50% adipose-50% glandular breast tissue---using a Mo/Rh target-
filter combination.

GCLANDULAR DOSE (IN mrad) FOR 1 ROENTGEN ENTRANCE EXPOSURE TO A 4.2-
CM BEEAST THICKNESS —20% ADIPOSE 20% GLANDULAR BEEAST TISSUE -
USING A MoBRh TARGET FILTER COMBINATION=

] X-ray Tube Vaoltage (kVp) |
HVL iz 26 27 15 19 an 3 12 33 M 35
0.28 149 151 154
0.29 154 156 158 159
0.30 158 160 162 162 153
031 163 164 166 166 166 167 167
0.32 167 169 171 1M1 1711 171 172 172
0.33 171 13 175 176 17 176 176 177
0.34 176 1ITR 17 179 130 180 130 181 181
033 180 181 183 1B3 184 185 185 186 187
036 183 186 187 187 188 1BE 189 190 191 191
0.37 189 190 191 191 192 193 193 194 195 195
0.33 193 194 1% 196 197 197 1% 198 199 199 200
0.39 193 199 200 200 201 201 202 202 03 03 M
0.40 2 2r 0 204 204 205 205 206 207 208 208 208
041 Me 207 208 ME 208 200 210 211 213 212 212
0.42 1 2y A0\ 212 ) 2130 213 214 215 216 216 217
0.43 215 26 21F . 217/ 21R0 21E 219 219 220 220 221
0.44 20 22 | 23] 32 22X 173 273 22 224 225
0.43 24 2 3By RS 236 236 227 227 228 228 229
048 22 29 @@ 3T 231 & 29 232 233 233 244
0.47 293233 734 235 235 236 237 237 138
0.43 238 238 235 MO 20 24] 241 24 242
0.45 42 243 243 44 244 245 245 M6
0.50 47 247 248 248 245 250 251
0.51 251 252 253 254 254 253
0.52 257 257 258 258 259
0.53 261 261 262 263 264
0.54 265 266 267 268
0.55 269 70 271 372
0.56 75 276 278
0.57 279 280 2Bl
0.58 284 285
0.55 283 289
0,60 293

H) Process the film in the processor normally used for mammography
films.
I) Repeat above step until two exposures have been recorded and repeat

above steps for other imaging techniques as follow exposure chart.
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4.2.4 Image quality evaluation.

This process were performed to assess mammographic image quality which
consisted of scoring the number of test objects of each group type visible in the
mammographic phantom image, the mammographic phantom image background
optical density, and the density difference due to the 4.0-mm arylic disc. Figure 4.2.5
shows the set up of phantom for image quality evaluation.

Figure 4.2.6 Acrylic disc placed on the top of the phantom.

Test procedure steps were as followings:

A) The film optical densities were measured at three locations of
processed film which obtained from average glandular dose evaluation. The
background optical density was measured at the geometric center of the phantom
image. To determine the density difference, measured the optical density inside the
disc and directly adjacent to the disc, to its left or right, perpendicular to the anode-
cathode axis. The density difference is the difference between the optical density
measured in side the disc and that measured outside the disc. For consistent results,
these measurements must be made in the same locations each time. Figure 4.2.7 shows

a suitable location of acrylic is between and slightly below the first and second largest



Karuna Chaleamsri

Materials and Methods / 44

fibers. Figure 4.2.8 shows location of objects in the phantom compare with phantom

diagrams.

Figure 4.2.7 A suitable location is between and slightly below the first and second

largest fibers.

Fibers

Calcifications

0.32 mm 0.24 mm 0.16 mm

- ‘ . . Masses
1.00 mm 0.75 mm 0.50mm  0.25 mm

Figure 4.2.8 Radiograph show location of objects in the phantom compare with

phantom diagrams
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B) When scoring the image of one of the ACR-approved accreditation
phantoms, each object type is scored separately. Always count the number of visible
objects from the largest object of a given type downward until a score of 0 or 0.5 is
reached, then stop counting for that object type.

Fiber scoring

- Count each fiber as 1 point if the full length of the fiber is visible and
the location and orientation of the fiber are correct and count a fiber as 0.5 point if not
all, but more than half, of the fiber is visible, and its location and orientation are
correct.

- After determining the last fiber to be counted, looked at the overall
background for artifacts. If a fiber-like artifact appeared anywhere in the wax insert
area of the image, but not in an appropriate location or orientation, deducted the
artifactual fiber form the last real half or whole fiber scored if the artifactual fiber was
equally or more apparent and deducted only from the last real fiber.

Speck groups scoring

- Use a large-field-of-view magnifying lens 2x to assist in the
visualization of specks. Starting with the largest speck group, count each speck group
as 1 point if four or more of the six specks in the group are visible in the proper
locations. Count a speck group as 0.5 if two or three of the six specks in the group are
visible in the proper locations.

- After the last speck group was counted, look at the overall
background for artifacts. If speck-like artifacts were visible in the wrong locations
within wax image and were as apparent as the real specks, deduct them one for one
from the individual specks counted in the last whole or half speck group scored and
adjust the score of the last group appropriately.

Mass scoring

- Counted each mass as 1 point if a minus density object was visible in
the correct location and the mass appeared to be generally circular against the
background. A mass was counted as 0.5 point if a minus density object was visible in
the correct location, but the mass did not have a generally circular appearance.

- After the last mass was counted, looked at the overall background for

artifacts. If a mass-like artifact was seen in the wrong location within the wax image,
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deducted the artifactual mass from only the last real whole or half mass scored if the
artifactual mass was equally or more apparent.

In viewing conditions, ACR assigned that phantom images should be read under
optimal viewing conditions. General lighting should be at a low level and diffuse.
Viewboxes should be positioned to avoid light from windows, other viewboxes, and
other sources of bright light, either direct or reflected. Images should be masked to

eliminate extraneous light.

4.2.5 Optimization between average glandular dose and image quality in
screen-film mammaography.

This process was performed to find imaging techniques that minimize
average glandular dose, while maintain acceptable image quality.

Test procedure steps were as followings:

A) Five observers scored objects in mammographic phantom based on
ACR criteria. Reliability of observers from Fleiss’ kappa was used as statistical
testing, the kappa value greater than 0.6 was considered significant.

B) For optimization between average glandular dose and image quality,
look at the overall imaging technique and chose imaging technique that results of both
image quality evaluations and average glandular dose calculations were acceptable.
For image quality, the results must pass both scoring of object in mammographic
phantom and OD measurement and the results of average glandular dose calculations
were within limitations of average glandular dose limit in ACR criteria.

C) Finally, the imaging technique that minimize average glandular dose
while maintain image quality within acceptable ACR criteria was chosen because of

this imaging technique optimize for this study.
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CHAPTER V
RESULT

5.1 kVp accuracy and reproducibility measurement

In clinical, the typically kVp in mammography operated at 24-32 kVp. Thus this
ranges (24-32 kVp) were determined in this study. The objectives of this procedure
were to assure that the actual kVp is accurate and that the kVp is reproducible. The
kVp accuracy determined from average the four kVp reading for each kVp setting
tested and compare this average value with the value of the preset nominal kVp. kVp
reproducibility determined from compute the standard deviation of the kVp values for
each kVp setting and then calculate the coefficient of variation (standard deviation
divided by the average value). The ACR criteria suggested that the average measured
kVp should not be differ by more than +5% from the nominal kVp setting and the
coefficient of variation should not be exceed 0.02 for any kVp setting.

The results of kVp accuracy and reproducibility of Mo/Mo and Mo/Rh
combinations were shown in Table 5.1.1 and Table 5.1.2, respectively.

In Mo/Mo combination, kVp accuracy and reproducibility were investigated at 24
to 32 kVp. The results of kVp accuracy, showed % the mean kVp differs from the
nominal, ranged 1.04 to 2.60%. The results of kVp reproducibility, the coefficient of
variation were less than 0.02 for range of kVp setting (COV : 0-0.002). The results of
kVp accuracy and reproducibility of Mo/Mo combination in 24-32 kVp ranges fall
inside the acceptable ACR criteria.

In Mo/Rh combination, kVp accuracy and reproducibility were investigated at 24
to 32 kVp. The results of kVp accuracy, showed % the mean kVp differs from the
nominal, ranged 0.77 to 6.56%. The results of kVp reproducibility, the coefficient of
variation were less than 0.02 for range of kVp setting (COV : 0-0.002). The results of
kVp accuracy and reproducibility of Mo/Rh combination in 25-32 kVp ranges fell
inside the acceptable ACR criteria.



Karuna Chaleamsri Result / 48

Only 24 kVp with Mo/Rh combination fell outside the acceptable ACR criteria in part
of kVp accuracy measurement which maybe occur from limitation of mammographic
unit. Thus at 24 kVp with Mo/Rh combination was not employed in the next test

procedures in this study.
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5.2 Beam quality assessment (Half-value layer measurement)

The objective of this procedure were to assure that the half-value layer (HVL) of
the x-ray beam is adequate to minimize patient breast dose, while not so excessive that
contrast is lost in the resultant image. The HVL calculated by logarithmic
interpolation, used the following notation and procedure. E; denoted the direct
exposure reading, without any added aluminum. Divided this value in half and found
the two exposure readings and added aluminum thicknesses that bracket the Ey/2
exposure. Let E, be the exposure reading that was just greater than one-half of Ey and
ta be the corresponding aluminum thickness. Let E; be the exposure reading that was
just less than one-half of Ey and t;, be the corresponding aluminum thickness. E, would
be greater than E,, while t, would be less than t,. With this notation, the HVL were

computed using the formula:

_t2E/E)-t.02E,/E.

3§ [E./ EJ

Where the HVL would be given in the same units as t, and ty, usually millimeters of
aluminum.

Results of HVL measurements with Mo/Mo and Mo/Rh combinations were
shown in Table 5.2.1 and 5.2.2. The half value layer (HVL) of the mammography x-
ray beam in this study were on the order of 0.34 to 0.43 mmAl for Mo/Mo
combination (24-32 kVp) and 0.36 to 0.46 mmAl for Mo/Rh combination (25-32
kVp). The measured HVL increased with higher kV and higher atomic number of

filter materials were shown in Figure 5.1.1.
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5.3 Entrance skin exposure measurement and average glandular dose calculation.

The risk of carcinogenesis from the radiation dose to the breast is of much
concern, particularly in screening examinations because of the large number of women
receiving the exams. Thus, the monitoring of dose is important. The glandular tissue is
most always the site of carcinogenesis, and thus the preferred dose index is the
average glandular dose. Because the glandular tissues receive varying dosed
depending on their depths from the skin entrance site of the x-ray beam.

The objectives of this procedure were to measure the typical entrance skin
exposure for an average patient (approximately 4.2-cm compressed breast -50%
adipose, 50% glandular composition), to calculate the associated average glandular
dose.

The doses were determined with technique factors and conditions that clinically
used for a standard breast. Thus this procedure consisted of 3 modes, i.e., auto AEC
(auto kVp and mAs), semi auto AEC (kVp ranged between 24-32 with auto mAs) and
manual modes (kVp ranged between 24-32 and mAs ranged between 5-200). The
mean values of entrance skin exposure were computed for two exposure acquired
under identical conditions to test entrance skin exposure measurement. Using each
average exposure value, calculate the average glandular dose as follows:

The exposure at the skin entrance were measured with ionization chamber ( 6 cc
10X9-6M The Dedicated Mammography Chamber Radcal 9095). An ion chamber
reading displayed exposure values in unit of mR. Then found the appropriate column
in Table 4.2.2 and Table 4.2.3 for the Mo/Mo and Mo/Rh combinations, respectively
and found the HVL of the systems in the left-hand column of Table 4.2.2 and Table
4.2.3. In the right-hand column of the tables appropriated for the target, filter, and kVp
setting, found the exposure to average glandular dose conversion factor for a 4.2-cm
compressed breast thickness. Multiplied this conversion factor by the average entrance
exposure values (mR) computed above. The product obtained represents the mean
dose received by the glandular tissue for that specific energy, breast composition, and
compressed thickness and is an approximation of the actual patient dose. The ACR
criteria suggested that the average glandular dose to an average (4.2-cm compressed)

breast must not exceed 3 mGy per view for screen-film image receptors.



Karuna Chaleamsri Result/ 56

In auto AEC mode, the results of average glandular dose calculations were shown
in Table 5.3.1.1 and Table 5.3.1.2 with Mo/Mo and Mo/Rh combinations,
respectively. In semi auto AEC mode, the results of average glandular dose
calculations were shown in Table 5.3.2.1 and Table5.3.2.2 with Mo/Mo and Mo/Rh
combinations, respectively. And in manual mode, the results of average glandular dose
calculations were shown in Table 5.3.3.1 and Table5.3.3.2 with Mo/Mo and Mo/Rh
combinations, respectively.

From Figure 5.3.1.1, considered imaging parameters in terms of target/filter
combination, entrance skin exposure were compared between Mo/Mo and Mo/Rh
combination of each station. In station a, entrance skin exposure values of Mo/Mo
combination were higher than Mo/Rh combination approximately 27.45%. Station b,
entrance skin exposure values of Mo/Mo combination were more than Mo/Rh
combination approximately 26.34%. Station c, entrance skin exposure values of
Mo/Mo combination were higher than Mo/Rh combination approximately 21.99%.
And found that the entrance skin exposure with Mo/Mo and Mo/Rh combinations of
each degree of AEC compensation (station a, b, and c¢) were not significantly different
(p<0.05).

And from Figure 5.3.1.2, found that the entrance skin exposure with Mo/Mo and
Mo/Rh combinations were not significantly different (p<0.05), although varied kV and

mAs because of auto AEC compensation.
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Table 5.3.1.1 Result of Entrance skin exposure measurement and average glandular

dose calculation in Auto AEC mode with Mo/Mo combination.

Breast Entrance Exposure and Average Glandular Dose
Imaging Mode : auto AEC mode
Dosimeter used : Radcal 9095
Phantom : RMI-156

equivalent 4.2-cm breast

Breast thickness : thickness
Target/filter combination : Mo/Mo
Nominal kVp setting 24 25 26
Station a
Exposure No.1 (mR) N/A N/A 1256
Exposure No.2 (mR) N/A N/A 1216
Mean values N/A N/A 1236
Station b
Exposure No.1 (mR) N/A 1016 N/A
Exposure No.2 (mR) N/A 1018 N/A
Mean values N/A 1017 N/A
Station ¢
Exposure No.l (mR) 1017 N/A N/A
Exposure No.2 (mR) 1005 N/A N/A
Mean values 1011 N/A N/A
Measured HVL (mmAl) 0.34 0.36 0.37
Dose conversion factor from Table (mrad/R) 170 179 185
Computed average glandular dose (mGy) 1.72 1.82 2.29
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Table 5.3.1.2 Result of Entrance skin exposure measurement and average glandular

dose calculation in Auto AEC mode with Mo/Rh combination.

Breast Entrance Exposure and Average Glandular Dose
Imaging Mode : auto AEC mode
Dosimeter used : Radcal 9095
Phantom : RMI-156
equivalent 4.2-cm breast
Breast thickness : thickness
Target/filter combination : Mo/Rh
Nominal kVp setting 23 24 25
Station a
Exposure No.1 (mR) N/A N/A 900.7
Exposure No.2 (mR) N/A N/A 892.7
Mean values N/A N/A 896.7
Station b
Exposure No.l (mR) N/A 754.1 N/A
Exposure No.2 (mR) N/A 744.1 N/A
Mean values N/A 749.1 N/A
Station ¢
Exposure No.l (mR) 789.8 N/A N/A
Exposure No.2 (mR) 787.4 N/A N/A
Mean values 788.6 N/A N/A
Measured HVL (mmAl) N/A 0.37 0.39
Dose conversion factor from Table (mrad/R) N/A N/A 198
Computed average glandular dose (mGy) N/A N/A 1.78




Msc. (Radiological Technology) / 59

Fac. of .Grad. Studies, Mahidol Univ.

6L0 780 60 L6°0 80°1 LT'1 8C'1 051 0L'1 d uone)s
60 860 LO] 140! 8C'1 LET 45! 6L'1 70°C q uonels
€1 vl 125! 99°1 81 €0'C €T’ YL'C LOE ke uonejs
(ADw) asop Jenpue[3 da3e1dAe pandwo)

SIT I1¢ 90¢ 10¢C 961 06l GR1 6L1 0L (Y/peaw) d[qe [, WoIj J0JOB] UOISIIAUOD IS0
ero o 0 or'0 6£0 8¢0 LEO 9¢0 7€0 (Ivuwr) TAH paInsedajy
SL'LI9E | 8°S6¢ 6' vy ¢808¥y ¢ess S'LI9 SETP69 | 9°6E8 | S1'866 son[eA UedN
€L9¢ | 7007 8 S 6LY 9°LYS L1179 8169 SE8 €566 (Jw) z'oN dansodxy
'89¢ | TI6¢€ 14%4% LT8Y LSS €el9 €169 9¢8 1001 (Juw) [-oN amsodxy
5 uone)s

CLTY | ST99Y | STLIS 699¢ S0°CS9 | SSECL LCC8 | #0001 | S86II SonfeA U3
oty | 1'99% VIS ¢ e9¢ 6159 €eCL ¢1¢8 1001 6611 (Jw) z'oN dansodxy
8Ty 799 0TS €0LS ¢'Cs9 8°¢CL 6°¢C8 8666 8611 (Jw) ["oN aimsodxy
q uonels

S 119 | S6'699 | 6'8¥L S0°6¢8 | SS'SY6 6901 90¢lI S'6CS1 8081 SonjeA UeajN
9CI9 | 1°S99 SorL 698 8'¢V6 €901 90¢1 C¢SS1 9081 (quw) z'oN 2ansodxyg
€019 | 8VL9 €8YL C1E8 €LY6 SLOIT 90¢I LOST 0I8I (Jw) ["oN dansodxy
B uonels

ce | 1€ | oe | 6T | 8 | Lt 9T ST T Suigas dAY [euroN
OJAI/OIN : UOIRUIQUIOD 19)[1J/3931e]

SSOUOIY) 1SBAIq passardwod wo-7'f, A[rewrxoidde o3 juspeamnba : SSOUXOIY) ISeAIg

wojueyJ UONBIPAINY 9S [T : wojueyd

S606 [BopPRY : pasn 191owWIso

oI (V) DAV 0Ny Wdg : 9POJN Sursew|

3S0(J Ie[npue[o) IeIdAY pue dansodxj] due.nuy jsedrg

"UOT)RUIqUIOD OJA[/OIA

)M opowr DY 0INy IS Ul UOIB[NI[BD 9SOP Je[Npue[3 93BIOAL PUR JUIWAINSLIW INSOdxd Urs douenuy Jo 3nsay ['7° €' d[qeL




Result/ 60

Karuna Chaleamsri

870 €c’o 90 90 L0 8L0 L80 660 Jd uonels
LSO 290 cL0 9L0 780 760 701 611 q uoneis
980 60 LO'1 SI'l LT Il 8S°1 81 B uone)s
(ADwr) asop Jenpue[3 a3e1dAe pandwo)

[4%4 LTT 9TC (444 LIT 80¢ £0¢ 861 (/pewr) d[qe ], Wolj J0JO.] UOISIOAUOD dS0(
90 S0 S0 770 e o 70 70 6£0 ([vww) TAH paInsedjy
gec0C | €ree Y¥9C | SL'16C | T0EE | S99LE | SE0EY | S 66F SonfeA UeaJN
§'L0T ¢'gec '€9¢ L'T6T [ Y43 €9LE 6’ vy 861 (Jur) Z'oN 2ansodxyq
Te0C | 1€ec | 99sT | 816T | TIEE | LLE | 8SEF | 8°00S (yu) ['oN ansodxy
o uonels

SR 4 CLT 6'LIE (4749 98¢ [0S 9vIS | SE109 SoneA UBdN
SorT | 81LT | 80zE | 8ebE | 998¢ | Toby | €vIS | 6865 (Yw) goN dmsodxyg
9°9%C CCLT Sl¢ 8 ve 798¢ ISy 6 VIS 8°¢€09 (Juw) [-oN amsodxy
q uones

S1'69¢ 'S0t EVLY | S98IS | $898S 6L9 L6LL L06 SonjeA UBIN
6'89¢ 6901 YyLy L'SIS 6'88¢S SL9 L08L 606 (Jw) z'oN amsodxy
¥7'69¢ £eor YLy 9°1¢CS 818¢S €89 L'8LL S06 (Jur) 1°0N 2ansodxyq
B uonels

[43 I¢ 0¢ 6¢C 8¢ LT 9¢ 4 Jumas dAY [eurwoN
NA/OIN : UOIBUIqUIOD 10}[1}/)93Ie ],

SSOUOIY) 1SBAIq passaidwiod wo-7' A[drewrxoidde o3 Judjeamba : SSQUOIY) ISeaIq
wojueyJ UOBIPAINY 9S[-TINY : wojueyq

S606 [eopey : Pasn 19)oWISO(]

o\ (V) DAYV 03Ny WS : OPOJN Sursew|

3SO(J JB[NPUB[L) IFBIIAY PUR 2.INSOdX T ddue.njuy Isedrqg

"UOT)RUIqUIOD Y /O]

)M opowr DY 0INy IS Ul UOIB[NI[BD 9SOP Je[Npue[3 d3BIOALR PUE JUSWAINSLIW AINSOdxd Urs douenuy Jo 3nsay 77 €' d[qeL




Msc. (Radiological Technology) / 61

Fac. of .Grad. Studies, Mahidol Univ.

V/N SO'SOL | €99S | SSTHY | ¥°0SE | SE8LT SonfeA UeaJN

V/N 990L | 8¢€9S | L'Ivy | STSE | L'8LT (Jw) z'oN aansodxy

V/N SEOL | 89S | v'Eby | €8VE | 8LT (quw) 10N 2msodxg

G17 : (¥/peiw) 91qe [, WO} J0JOB] UOISIOAUOD dSO(] €y0 : (Tywuw) TAH paInsed INESS

V/N G'LO6 | SOSIL | SEVLS | 69SY | 6°LSE V/N SonfeA UedJN

V/N 61706 | SOIL | ¥'ELS | T'LSY LSE V/N (yw) z'oN aansodxy

V/N 1016 | 9°61L | €SLS | L'9SY | 8'SS€ V/N (Yw) 'oN amsodxg

907 : (Y/peawr) 9[qe ], WO} 10}08J UOISIIAUOD ISO(] 10 : (ywwr) TAH painsedn AJ 0€

V/N 8616 | 6VCL | L'ELS | ST'C9Y | S8°LI¢E V/N Son[eA ued|\

V/N 8LI6 | YTL | 8ELS | ¥'T9¥ | 1°69¢ V/N (Yw) z'oN ansodxyg

V/N 8°1C6 | 8'STL | 9ELS | 619V | 9799€ V/N (Yw) 'oN amsodxg

961 : (Y/peawr) 9[qe ], WO} J0JOBJ UOISIOAUOD ISO(] 6€°0: ([Vww) TAH paInsed|n AJ 8T

V/N LOET | T601 | S8°EL8 | €869 | 9°81S V/N SonjeA UesjN
V/N SOEL | 2601 | SL8 |8'869 | 6'8¥S V/N (Yw) goN amsodxg
V/N 90¢T | 0601 | LTL8 | 8°L69 | €8YS V/N (yuw) 10N ansodxyg

G81 : (Y/peiw) 9[qe ], WOJ I0JOB) UOISIDAUOD 3SO(] L€0 : ([ywwr) TAH paInsedjn AN 9T

SOLTI | STIIL | ¥'1S6 | L'v6L | S'8E9 V/N son[eA UedN
TLTl | €111 | +'1S6 | 6'S6L | €8€9 V/IN (qw) z'oN 2mnsodxy
69C1 CIIT | ¥'IS6 | S'€6L | L'8E9 V/N (Juw) 1°0oN 21nsodxyq
0L1 : (Y/peawr) 9[qe ], Woj J0JOBJ UOISIOAUOD ISO(] $€°0 : ([vwwr) TAH paInsedn AT

Sumos dAY

oomim:i%:mﬁ_oi7ow*8i 0S

_ovimm_mmiomif

3umos syw

OJAI/OJA

: uoneUIqUIOD 19)[1/3931e ],

Jpouwl [EnUEW Ul UONBUIqUIOD OJA[/OJAl YA }SBIIQ PIBPUE)S JO ISOP JB[NPUE[3 IFLIIAY puk dansodxd upfs Quejuy

opow

[enuew Ul UOIBUIqUIOD OJA[/OJA] YIIM UONB[NI[ED ISOP Je[NPUe[3 9T IdAR PUE JUSWAINSEIW AINSOdXd UDS 0uBnUD JO SINSY [°€°€°S J[qeL




Result / 62

Karuna Chaleamsri

VIN esT | 1TT [ s60 | sLo | 90 AITE
V/N LS |8y L] 81'T | #60 | ¥L'0 VN AN 0€

VIN 81 |eri|cl'l| 160 | TLO VN INE/

VIN [arz|[20c|[ o1 [6T1 101 VIN AT 9T
91T [ 681|291 | €T | 601 V/IN AT
(ADur) asop JTenpue[3 d5eIdAL paynduio)

00 | s [ ost [ szr ool | o8 | €9 [0S | or | ¢€ | ST | ot | 91 Bumes syw

OJA/OIN

: uoneUIqUIOD 19)]1J/3931e ],

Jpouwl [ENUEBW Ul UONBUIqUIOD OJA[/OJAl YA JSBIIQ PIBPUE)S JO ISOP JB[NPUE[3 IZLIIAY pue dansodxd unfs Quejugy

(panunuod) -opow

[enuew Ul UOIBUIqUIOD OJA[/OJA] YIIM UONB[NI[ED ISOP Je[NPUe[3 9T IdAR PUE JUSWAINSEIW AINSOdXd UDS 0uBnUD JO SINSY [°€°€°S J[qeL




Msc. (Radiological Technology) / 63

Fac. of .Grad. Studies, Mahidol Univ.

V/N Loty | 6vve | v'SLTC | ¥90C Son[eA UBdJA

V/N 99¢y | I'vve | LLT | 890C (Yw) zoN dansodxy

V/IN 8°9¢y | L'SPE | 8°€LT | 90T (qu) 1o\ dansodxy

7€7 - (Y/peaw) 9[qe ], WOIJ 1038J UOISIDAUOD ISO(] 010 : ([ywwr) TAH paInsed| AN €
V/N S6V9S | SL'OSY | €S€ I8C | S6'1CC | V/N SIN[eA UBIJA

V/N Y98 | L'OSY | L€SE | 1°08C | <CC V/N (Yw) zoN dansodxy

V/N 1'S9S | 8°0Sy | €TSE | 6'18T | 6'1TC | VN (qu) 1-oN dansodxy

077 : (Y/peawr) 91qe ], WOoJ 1039B) UOISIDAUOD 3S0(] SH0 : (Ivww) TAH paInsedjn AX 0€
V/N v'60L | €795 | SOTSY | ST'19¢€ | ST'6LC V/N SIN[eA UBIA

V/IN v'60L | TTIS | 6°TSY | TI9€ | ¥'6LT V/IN (Yur) zoN dansodxy

V/N ¥'60L | ¥'C9S | TISY | 1'19€ | 68LT V/N (qur) 1o\ dunsodxy

L12 : (4/peawr) 9[qe ], WoJ J0J0B) UOISIOAUOD 9S0(] €40 : (ywuw) TAH paInsed|y A 8T
V/IN ['6¥8 | T6L9 | S9CS | S9°SCY | ST 6¢EC V/N sonjeA UedJAl
V/N S'8¥8 | TLLY | ¥'8IS | ST | L'6E€ V/N (Yyuw) z'oN dansodxy
V/N L6v8 | TI89 | 91ES | €9CF | 88¢EE V/N (Yw) 10N dansodxy
€07 : (Y/petwr) 3[qe ], WOIJ 10398J UOISIIAUOD ISO(] 00 : (Tvuw) TAH paInseajn AX 97
dunyos dAY

SLT |osy[sci| ool | o8 | € [ os | or | <€ sc | ot | 91 | @ Bumyas syw
A/ON : uonBUIqUIO) 1J)[1}/)331e ],

Jpouwl [ENUEW Ul UOHBUIqUIOD Y/OJA] YIIM JSBIIQ PIBPUE)S JO ISOP JB[NPUE[3 IFeIdAR pue dInsodxd unjs duenjuy

"opowt

[enuewW Ul UOIIBUIqUIOD [[Y/OJA [}IM UOIB[NO[BD 9SOP Je[NpUR[S 95BIOAL PUR JUSWAINSEIW INSOdXd UIS 90UBNUD JO SINSAY 7€ €°S d[qe




Result / 64

Karuna Chaleamsri

VN 101 [ 80 [ #90 | 8%°0 A TE
VIN 8C1 | 201 | 80 | ¥90 | S0 | VIN A 0€

VN bS'1 | TT1 | 860 | 8L10 | 190 VN AN 8T

VN | L1 | 8€'1 | LOT | 98°0 | 690 VN AN 9T

(A9w) asop Je[npue[s dgetdAae pajndwo)

SLrfost|ser|[ oot ] o8 | €9 | 0§ [ or | z€ | sT [ oc | 91 | @l

dunyos syu

/0N

: uoneuUIqUIO) J19)[1}/)931e ],

Jpouwl [EnUEW Ul UOHBUIqUIOD YY/OJA] YIIM JSBIIQ PIBPUE)S JO ISOP JB[NPUE][3 IZeIdAR pue dInsodxd unjs duenuy

(panunuod) -opow

[enuewW Ul UOIIBUIqUIOD [[Y/OJA [}IM UOIB[NO[BD 9SOP Je[NpUR[S 95BIOAL PUR JUSWAINSEIW INSOdXd UIS 90UBNUD JO SINSAY 7€ €°S d[qe




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Radiological Technology) / 65

1400
1200

1000

Exposure Valu
(mR)
o0
S
S

08 Mo/Mo
B Mo/Rh
Figure 5.3.1.1 pare entrance s : een Mo/Mo and Mo/Rh
combinations o
1400
1200
E 1000
§ 800
T;‘ —e— Mo/Mo
g 600 —=— Mo/Rh
g
S 400
&=
200
0
20 21 22 23 24 25 26 27
kV

Figure 5.3.1.2 Graph plot between entrance skin exposure and kV of Mo/Mo and

Mo/Rh combinations in auto AEC mode
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In semi auto AEC mode, in part of Mo/Mo combination operated at 24 to 32 kVp
with automatically mAs and the results of average glandular dose calculations were
shown in Table 5.3.2.1. From Figure 5.3.2.1 found that the average glandular dose
decreased approximately 9.49% and the automatically mAs decreased approximately
23.11% in each 1 kVp increments. And in same kVp, the average glandular dose and
automatically mAs in station a was higher than in station b approximately 31.84% and
31.79%, respectively. The average glandular dose and automatically mAs in station b
was higher than in station ¢ approximately 15.21% and 15%, respectively. And the
average glandular dose and automatically mAs in station a was higher than in station ¢
approximately 42.20% and 42%, respectively. In part of Mo/Rh combination operated
at 25 to 32 kVp with automatically mAs and the results of average glandular dose
calculations were shown in Table 5.3.2.2. From Figure 5.3.2.2, found that the average
glandular dose decreased approximately 9.94% and automatically mAs decreased
approximately 21.79% in each 1 kV increments. And in same kVp, the average
glandular dose and automatically mAs in station a was higher than in station b
approximately 33.54% and 33.29%, respectively. The average glandular dose and
automatically mAs in station b was higher than in station ¢ approximately 15.86% and
16.29%, respectively. And the average glandular dose and automatically mAs in
station a was higher than in station ¢ approximately 44.07% and 44.17%, respectively

From Figure 5.3.2.3, Figure 5.3.2.4, and Figure 5.3.2.5 found that when
compared between Mo/Mo and Mo/Rh combinations in term of average glandular
dose in station a, the average glandular dose with Mo/Mo combination was higher than
Mo/Rh combination approximately 36.36%. In station b, the average glandular dose
with Mo/Mo combination was higher than Mo/Rh combination approximately
37.78%. And in station c, the average glandular dose with Mo/Mo combination was

higher than Mo/Rh combination approximately 38.60%.
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Figure 5.3.2.1 Graph indicate relationship between average glandular dose and kV of

each station with Mo/Mo combination in semi auto AEC mode.
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Figure 5.3.2.2 Graph indicate relationship between average glandular dose and kV of

each station with Mo/Rh combination in semi auto AEC mode.
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Figure 5.3.2.4 Graph indicate relationship between kV and average glandular dose
comparing between Mo/Mo and Mo/Rh combinations of station b in semi auto AEC

mode.
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Figure 5.3.2.5 Graph indicate relationship between kV and average glandular dose
comparing between Mo/Mo and Mo/Rh combinations of station c in semi auto AEC

mode.

In manual mode, in part of Mo/Mo combination operated at 24 to 32 kVp and 16-
200 mAs and in part of Mo/Rh combination operated at 26 to 32 kVp and 12-100
mAs. The results of average glandular dose calculations with Mo/Mo and Mo/Rh
combinations were shown in Table 5.3.3.1 and Table 5.3.3.2, respectively.

In Mo/Mo combination, in part of 24 kVp, mAs were set at 100, 125, 150, 175,
and 200. The average glandular dose ranged between1.09-2.16 mGy. In part of 26
kVp, mAs were set at 63, 80, 100, 125, and 150. The average glandular dose ranged
between 1.01-2.42 mGy. In part of 28 kVp, mAs were set at 32, 40, 50, 63, and 80.
The average glandular dose ranged between 0.72-1.80 mGy. In part of 30 kVp, mAs
were set at 25, 32, 40, 50, and 63. The average glandular dose ranged between 0.74-
1.87 mGy. In part of 32 kVp, mAs were set at 16, 20, 25, 32, and 40. The average
glandular dose ranged between 0.60-1.52 mGy.

In Mo/Rh combination, in part of 26 kVp, mAs were set at 40, 50, 63, 80, and
100. The average glandular dose ranged between 0.69-1.72 mGy. In part of 28 kVp,
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mAs were set at 25, 32, 40, 50, and 63. The average glandular dose ranged between
0.60-1.54 mGy. In part of 30 kVp, mAs were set at 12, 16, 20, and 25. The average
glandular dose ranged between 0.74-1.87 mGy. In part of 32 kVp, mAs were set at 12,
16, 20, and 25. The average glandular dose ranged between 0.48-1.01 mGy.

From Figure 5.3.3.1 and Figure 5.3.2.2, found that tended of the average
glandular dose were increased when mAs and kVp increased (R* > 0.99). The average
glandular dose were increased when kVp increased for each target-filter material at
same mAs and average glandular dose were increased when mAs increased for each

target-filter material at same kVp.
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5.4 image quality evaluation

The goal in clinical imaging is to adjust the imaging factors and protocol to
extend the range of structures and objects in a breast that will be visible. Visibility of
anatomy and pathology are the primary objective of mammography. Most signs of
breast pathology are either in the form of soft-tissue masses that are not very different
from the surrounding tissue or in the form of very small calcifications. There are three
sets of objects within the phantom to simulate structures and objects that might be
within a breast. These are the masses, fibers, and speck groups.

Image quality evaluations of mammography in this study, phantom images were
read under optimal viewing conditions. General lighting was at a low level and
diffused. Viewbox was positioned to avoid light from other sources of bright light,
either direct or reflected. Phantom image were masked to eliminate extraneous light.
In part of phantom images scoring, counted the number of visible objects from the
largest object of a given type (i.e., fiber, speck group, or mass) of each imaging
techniques in Table 4.2.3.1 (See Chapter IV Materials and Methods) by five readers
whom were radiological technologist. And in part of contrast measurements measured
the phantom image background optical density (optical density at center of phantom
images), and the density difference due to the 4.0-mm acrylic disc (the density
difference between in disc and right side of side). The recommended performance
criteria of ACR specify that at a minimum, the four largest fibers, the three largest
speck groups, and the three largest masses must be visible, the phantom image
background optical density should be at least 1.40, and the density difference due to
the 4.0-mm-thick acrylic disc should be at least 0.40.

The results of phantom images scoring in auto AEC mode were shown in Table
5.4.1.1.1. The results of phantom images scoring in semi auto AEC mode were shown
in Table 5.4.1.2.1 and Table 5.4.1.2.2 with Mo/Mo and Mo/Rh combinations,
respectively. The results of phantom images scoring in manual mode were shown in
Table 5.4.1.3.1 and Table 5.4.1.3.2 with Mo/Mo and Mo/Rh combinations,
respectively.

In part of object scoring (fibers, speck groups, or masses), five readers scored in
optimal viewing condition. Fleiss' kappa was a statistical to measure inter-rater

reliability of five readers in this study. Statistically significant of five readers



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Radiological Technology) / 73

agreement was 0.76 kappa value (See Appendix B) which this value indicated that
reliability of five readers was substantial agreement.

The results of contrast measurements in auto AEC mode were shown in Table
5.4.2.1.1. The results of contrast measurements in semi auto AEC mode were shown in
Table 5.4.2.2.1 and Table 5.4.2.2.2 with Mo/Mo and Mo/Rh combinations,
respectively. The results of contrast measurements in manual mode were shown in
Table 5.4.2.3.1 and Table 5.4.2.3.2 with Mo/Mo and Mo/Rh, respectively.

In auto AEC mode, with Mo/Mo combination, the background optical density
and the density difference due to 4-mm acrylic disc were ranged 1.2-2.15 OD and
0.39-0.61 OD, respectively. And Mo/Rh combination, the background optical density
and the density difference due to 4-mm acrylic disc were ranged 1.05-2.05 OD and
0.34-0.57 OD, respectively.

In semi auto AEC mode, with Mo/Mo combination (24-32 kVp and auto mAs),
the background optical density and the density difference due to 4-mm acrylic disc
were ranged 1.04-2.32 OD and 0.28-0.63 OD, respectively. And Mo/Rh combination
(25-32 kVp and auto mAs), the background optical density and the density difference
due to 4-mm acrylic disc were ranged 0.57-2.18 OD and 0.14-0.56 OD, respectively.

In manual mode, with Mo/Mo combination (24-32 kVp and 16-200 mAs), the
background optical density and the density difference due to 4-mm acrylic disc were
ranged 0.52-2.31 OD and 0.14-0.66 OD, respectively. And Mo/Rh combination (26-32
kVp and 12-100 mAs), the background optical density and the density difference due
to 4-mm acrylic disc were ranged 0.53-2.2 OD and 0.13-0.57 OD, respectively.

From Figure 5.4.1.1, found that the background optical density between Mo/Mo
and Mo/Rh combinations in auto AEC mode were not significantly different (p<0.05).

From Figure 5.4.1.2, found that the density different due to 4-mm acrylic disc
between Mo/Mo and Mo/Rh combinations in auto AEC mode were not significantly
different (p<0.05).

From Figure 5.4.2.1, Figure 5.4.2.2, Figure 5.4.2.3, Figure 5.4.2.4, and Figure
5.4.2.5, found that both Mo/Mo and Mo/Rh combinations in semi auto AEC mode, the
background optical density slightly decreased when kVp increased.
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From Figure 5.4.2.6, Figure 5.4.2.7, Figure 5.4.2.8, Figure 5.4.2.9, and Figure
5.4.2.10, found that both Mo/Mo and Mo/Rh combinations in semi auto AEC mode,
the density different due to 4-mm acrylic disc slightly decreased when kV increased.

From Figure 5.4.3.1 and Figure 5.4.3.2, found that both Mo/Mo and Mo/Rh
combinations in manual mode, the background optical density increased when mAs
increased.

From Figure 5.4.3.3 and Figure 5.4.3.4, found that both Mo/Mo and Mo/Rh
combinations in manual mode, the density different due to 4-mm acrylic disc

increased when mAs increased



Msc. (Radiological Technology) / 75

Fac. of .Grad. Studies, Mahidol Univ.

13 4 v | STE| P 14 13 14 14 S'¢ S 14 SL'CT | S 14 SvSI | €C 9 9

13 Sv | Sv | SLE | SLY | SLY | ¥ 14 v ¢¢ S 4 ¢ | §| STS 1CI L4 q S

13 Sv |[SLv | v | STv | STV | ¥ v | STy | SLE| S Sv | §¢€ | S| STS | §CCl | SC e 14

/O WM ( DAV 0y ) [ou0) dinsodxy oyny

B3 S 14 14 S 4 4 S | STy | §¢ S 14 S€ | S| SYP 861 €4 9 3

St S | STy | v S Sy 4 v 2 4% S Sv | S§¢€ | S| STy | sel §¢ q 4

14 S S v |SLY| SV 14 S S ¢ S S | SLE | & | SLS 14! 9¢ © !

OJAI/OIAl PIM ( DAV 03nY ) [opuo) d.ansodxy ojny

W S K | |\ S K | A\ S K | A\ S K | W S A | syw | AY | uor | ‘oON
S JIpeRY p 1opeay € Jopedy 7 19pedy I 1apedy anbruydy | j€IS

»8ULI0dS Ayfen() agew| dansodxy

‘opowt urdewil DY omne

Ul S10peal ¢ Aq (sasseIN (N pue ‘sdnoi3 yoadg :§ ‘s1oqrq ) 3un0os 302(qo jo jaed ur uonenyead Ayjenb odewr Jo SyNSAY 1'1° 1S 9[qeL



Result/ 76

Karuna Chaleamsri

€ S |SLE| S¢€ | STy | STy | ¢ S |SLEC|SLT| SV | §¢€ |SLT| STV |SLE| SSP 8¢ 9 Sl
¢ S 14 e |SLY| SV | §¢ S | STy | ¢ % v |SLCc| S |STP 123 8¢ q 14!
¢ |SLY | SP 14 14 14 14 S |STY|STE| SY | STy |SLE|SLY | STY LL 8¢ e €l
AN 8T
€ |SCy| v |STe| v |[SLE| € ¢ 1% € |SLY| ¥ € |SLY| v ¢'8¢ LT 9 Cl
¢ Sy v |SLE| SV |STY|STE| S | STV |STE|SLY | STy |STE|SLY | STY 89 LT q I
€ |SLY| SV | STE|SLE | STy |STE| S SY |STE| SP v |SLE| SY S S'I01 | LT e 0l
AA LT
¢ S 1% e 1% 1% ¢ S 14 € |SLY| v |STE|SLY| ¥ 8L 9C 9 6
¢ S | STy | ¥ SV | STy |STE| S |SCTV| S€ |SLY| ¢ | S€ |SLY|SCY | C'16 9C q 8
¢ |SLY| SV v |SLY| S¥ | ¢ S Sy | §¢ S |STY | |SLE|SLY| SP 8¢l 9¢ e L
AA 9T
€ S ¢y € SyY | Sv | STE| ¢ S € S Sy | ¢ S ¢S [Tl Y4 S 9
STE| S |STY |SLE|SLY|SLY| S¢ S |SLVy| S€ | SV 1% 1 S 9% vel Y4 q S
¢'e S S |SLE|SCY| Sy | STE| S S ¢ |SCY | SV 1% Sy | STS| §90C | ST e 1%
AN ST
¢'e S |SLY| S¢ | STy | S e S |SLY | S€ |SLY | STy | S€ | SV |SLY| S8SI | ¥C S 3
¢'e S S S€ |SLY|SLY| S°¢ S S | SE | SV | Sy |[SLE| & |SLS I61 vC q [4
1% S S |SLE| v |SCTY| ¥ S S |SLE|SCY| ¥ v |SLY | STV [6¢ v e |
A PT
OJA/OIN WM ( DAV 03Ny IUdS ) [0.nu0)) dansodx ojny 1uidg
W|S | d[W|[S[A]|NW[S|[A][W|S]|[Ad]|NW][S ]| d]sva[Al]|uonng| oN
S Japeday p 19pedy € 1opedy 7 19peay I 1opedy anbiuys9)
£*8ULI0dS A)fen() dsew| dunsodxyy

"apows urdew! DY OJNe WS Ul UOIIBUIqUIOd O]A/OJN YIm Apnis
B :SIOpeAI G Aq (SasseIA (A pue ‘sdnoi3d x0adg :S ‘s19q1y : ) Suri0ds 303[qo jo 1red ur uonenyead Ayenb a3ewr Jo SINSSY 17 1H°S el



Msc. (Radiological Technology) / 77

Fac. of .Grad. Studies, Mahidol Univ.

3 1% Ge € |STE|STE| € € | SLE| ¢ Sy | STe|SLT| V ¢¢ | 0C | C¢ 2 LT
€ v o|SLE| € |SLE|SLE| € € 1% € | STy |SLE|SLT| ¥ |SLE| €C | C¢ q 9¢
3 1% Sy | §¢€ | §¢ 1% € e v ¢ | SV |STY|STE| SV | SV €e | C¢ e Y4
AATE
€ 1% € € e € € ¢'¢ € € v | SCTE| ST € € §eC | 1€ 9 144
€ 1% v |SLE| ¥ |SLE] S¢E 1% 1% € |SLY|SLE|STE| S¢€ | S§¢ 8C | 1€ q €C
A S . 4 v |SLE| ¥ 1% Ge 1% v | SCE| SY |[SLE|STE| v | SLE| S6E | € e C
AA 1€
€ v | SLE|SLE|STY| §¢€ |SLE| P v | SCE|STY|STE| € 1% ¢ge | 0¢ | O¢ 9 IC
€ |SCTY| v |SLEe|SCY| ¥ 3 1% 14 € |SLY| v |SCTE| T 1% ve | 0¢ q 0¢
STE| SV 1% 1% 1% Sy |SCE| T 1% € 9% v |STE|SLE| ¢ ov | 0¢ e 61
AN 0€
€ v | STE|SLE|SCY | ¥ i il N he =5k St ¥ | STE| §SE | 6C 9 81
3 Sy v |SLE| SP |SLE| € Sy 1% € | STV |SCE | STE| T e | TF | 6C q L1
STE|SLY | STy | ¥ v |SLE|STE| ST g S GN Y v | STE| ¥ |STV| 09 | 6C e 91
AN 67
OJA/OIAl IM ( DIV 0)NY WS ) [0.3U0)) dansodXj 0jny WIS
W|S | d[W|Ss[Ad]|NWN|]S |[d]W|[S][Ad]|NW][S | d]svu]aqfuones| oN
S Jopedy p 19pedY € 19pedy 7 1dpedy [ 19pedy anbruy’y
»0ULI0dS A)fen() dgew| duansodxy

(ponupuo)))-apow Jurdew HHY OINE TWIS Ul UOIIBUIqUIOD OJA /O] Ul Apnis

B :SIOpeAI G Aq (SasseIA (A pue ‘sdnoi3d x0adg :S ‘s19q1y : ) Suri0ds 303[qo jo 1red ur uonenyead Ayenb a3ewr Jo SINSSY 17 1H°S el



Result/ 78

Karuna Chaleamsri

SLC| v |STCT| ¢ € 4 € € |SLT|STE|STY | STC| T |SLE|SLT C 6C S 81
¢ 14 1% € |STE| S¢ |STe| ¥ 1% ge | STy | ¥ € |SCY| v 9C 6C q L1
€ 14 v o|SLE| S¢E | S¢€ | S¢E | P 14 ¢'¢ S Sv | ¢ |SLY| SP ¢'6¢ 6¢ e 91
AN 67
¢ 14 ¢'e € € e - v |SLE|SLT| S¥ | §¢€ |STE| ¥ |SLE 8¢ 8¢ S ¢l
SLC| STy |SLeE| € ¢ |SLE| ¢ 1% v |STE|SLY| ¥ ¢ Sy 1% (43 8¢ q 14!
€ 9% v | STE| §¢€ 1% ¢ |S¢| ¥ Ge S v 3 S v S8y 8¢ e el
A 8T
€ |STh| SE€ | Se |STE| SE | S€ | ¥ | S§€ | S€ |SLY| §¢€ |SLC|SLY|SLE 9¢ LT d 4!
STEC| SY |SLEC|STE|SLE|SLE|STE|SE| ¥ [SLE| S |[SLE| ST |SLY| ¥ 194 LT q I
¢'e S |SLY|SLE|SLE|SLE] ¥ 1% 1% 1% S |SLY|SLE| S |SLY| S¥9 LT e 01
A LT
€ | STV | S¢ |STE|SLE|STE| € | S 9 € S ¢ | ST | SV | SLE 87 9C 9 6
€ 9% 14 S'¢ v |SLE|STE| ¥ |SLE| S¢ 9 ¢'¢ € S¥ | SLE LS 9¢ q 8
e | SY |STh|SLE|SLE| ¥ NS -4 v |SLE| S Sv |SLE| S Sy 98 9C e L
AA 9T
€ | STy | S¢ € g | §°¢ € 1% 1% N Y27 (Y % 1 S9 Y4 S 9
3 Sy v Ge v STV | S¢C | ¥ 1% € S Sy | ¢ S Sy 8L Y4 q S
e | Sv | STV |SLE| ¥ |SLE| ¥ ¢ 1% Ge S |STY | S°¢ S | STy | oll Y4 e 1%
AN ST
/0N WM ( DAV 03y IUdS ) [0.pu0)) d.ansodxy ojny 1udg
W|S | d|W|S|[Ad]|NWN[S[A]W|S|[4d]|N][S | d]sva A uopesg|-oN
S Japeday p 19pedy € 1opedy 7 19pedy [ 1opeay anbruys9)
£*8ULI0dS A)ifen() dsew| dunsodxy

"apows urdew! DYV OJNe WS Ul UOIIBUIqUIOD /O Ul Apnis
B :SIOpBAI G Aq (SasseIA (A pue ‘sdnoi3d 30adg :S ‘s19q1y : ) Suri09s 303[qo jo 1red ur uonenyead Aypenb a3ewr Jo SINSOY 7T 1S JqeL



Msc. (Radiological Technology) / 79

Fac. of .Grad. Studies, Mahidol Univ.

ST | ¢ Sl ! (4 0 ¢ | ¢ [ | sTe|sLe] 1 I e 0 | STl e S LT
sce|sce|sLc|sLe| € |STTC| ST € | §C | STE| v |STE| S v | STE| vl | C¢E q 9¢
3 v | STE|STE|STE| € € | v | SE| SE| Sy |STE|SE | v | STE| IC | CC e 194
AN TE
T |sce|sce|sce|sce| s¢c | € | €| SC| ¢ v |SLC| € |SLe| ST vl | I€ 2 144
ST | Se | ST | ¢ € | ST |S¢| €| ST |STE| ¥ |STE|STE| §°¢ 3 LT | T¢€ q 154
€ | Se|see|sLe|sTE|STE|S¢E| € | SC | SE [ SLy| S | SE€ | v | SE| ST |I¢E € C
AN IE
T |ST¢e | ST |STE| € |STC| € [S¢E| C € v | §C| ¢ |ST¢| §C | 8l | O¢ 2 1T
3 14 € |STE| ¢ € v | ¥ |SLT|SCE| SV | §¢€ |STE| ¥ |STE| CT | 0¢ q 0¢
€ v | €| SE|SLelSEl VYV |[SP|SE|LSE| S | SE|SE|SY | VP e | 0¢€ e 61
AN 0¢
/O WM ( DAV 03Ny Idg ) [0.pu0) d.nsodxy 0)ny 1w
W|S | d]|W|Ss[d|N[S|[d][]W|[S][4d4]|NW][S | d][svu]aq]uones]| oN
[SEET N | p JopeY € Jopedy 7 19pedy I 19pedy anbruyd?d)
»8ULI0dS A)fen() dgew| dansodxy

(panunuo))-spow Jurdewl HFY 0INE TWIS UL UOLIBUIQUIOD /0N Ul Aprys

B :SIOpBAI G Aq (SasseIN (A pue ‘sdnoid 30adg :S ‘s19q1y : ) Suri09s 303[qo jo 1red ur uonenyead Aypenb a3ewr Jo SINSOY 7T 1S JqeL



Result / 80

Karuna Chaleamsri

Se|sLy| sy | se|scy|sey| ¥ S | sv|se| s |sTty|se| S S 08 8T | SI
se sty |scy| se|scelsey| + S sty | se|sty|sTy| ¥ S | sty | €9 8T | I
STe| ¢ volsrelscel v o|[sTel v [ STE|SLY| v |SLE| SY | ¥ 0S 8T | €I
st se|se| € [ selse| T |[sce|sT] € | sy |scelscz|srelsty| of 8T | €I
T |szel st ¢ € | sc|sLcrlsLel sT| € [sLe| € [SL1|sLel| ST e 8T | II
AN 87
e | ¢ S v | SY | sTS| ¥ S |stcs| + S [sts| + S | sts| ost | 9z | o1
sTe| S S | se| sy |sTs| + S S |sLe| ¢ S | s¢e| s S st |9t | 6
€ | sy sty Se| v | Sy | v [SLY| S | S€ | SLY|STS| S€ |[SLy| SS| ool | 92 | 8
€ | S| ¥ ¢ | selste] ¥ | Sy |sLe| Sse| sy [sTy| se| Sy | Sy 08 9z | L
LTl v |stel € | se|se| € T pe—.. NEZIR 3 vl SLE] €9 9z | 9
A 9T
% S |sLs| ¥ S 9 % e b Il Sicgl & S |sLs] ooz | vT | S
sLelsLy Sty v o |sev| sy | ¢+ 5o DS | Szl |7 S | Sy | st | vT | ¢
Selsey| sy | ¥ |sLe| ¥ A ™ /&L B v | s€| S |SLy| o0SIT | vT | €
€ | sty | ¥ € | se| ¥ ¢ v Y Nz K € |SLy| ¥ st | vT | T
sLe|sce| se|sce| se| € [ste| se | se |sLte|se| € |[svr|sce| se| oo | vT | 1
A ¥T
OJAI/OJAl Y}M JPOJA] [enUBIA
W | S | d|[W|Ss[d]|NW|S|[d]|W|S | d|N[S | d]svu|A]|ON
S J9pedYy ¥ 19pedY ¢ J9pedy] C 19peday I J9pedy] @-v_:——u@a
»0ULI0dS A)ren() agewu] dansodxyy

opow 3urgewI [enuew Ul UOJBUIqUIOD OJA/OJA Ul Apn3s

B :SIOpBAI G Aq (SasseIA (A pue ‘sdnoi3d 30adg :S ‘s19q1y : ) Suriods 309[qo jo 1red ur uonenyead Aypenb a3ewr Jo SINSOY 1€ 1S JqeL



Msc. (Radiological Technology) / 81

Fac. of .Grad. Studies, Mahidol Univ.

3 14 %4 14 %4 v 3 3 %4 ¢t S Sy 3 Sy | Sv | OF | CE | SC
3 14 v o[SLE| v |STY | S€ |[SLY | v |SLE|SLY | SLE|SLE|SLY | Vb e | e | YT
STe|SLE| ¥ | SLE] ¥ Sv |SLe| Sy |SCyv | v |SCv | v |SCTe| SV | Sv | ST | CE | ¢€C
SLC| ¢ 3 14 e |SLe| € |SLe|SLe| ¢ 14 e 3 v | SLE| 0C | TE | CC

SLT | ¢ §C | STT| € |SC¢e| S € |SCE| ST | S¢ | ST | ST | ¢ |STE| 91 |¢C¢ | IC
AN TE

e | STy | STy | SLeE| ¥ |SCV | ¥ S | STV |SLE| S S |SLE|STY | STy | €9 | 0€ | OC
93 v | STy | S¢ v |[SCY| v |SLY | ¢ € |SLY| ¥ S |SLYy | ¢S 0s | 0¢ | ol
€ 14 %4 S IERRISEND § LT 10 5 ), 1 P wow 7 14 —7Z<_ 414 ¢ | STy | ¢ ov | 0¢ | 8I
¢ v | SLE| §€ | SLE|SLE| € 14 G'¢ € Sy | §¢ € | SLYy | SLe | TE | 0E | LI
ST |SLE| € ¢ A G\ £ 14 i () /7 % ¢C [4 v | SLE| ST | 0| 91
AN 0¢
OJA/OJAl UM SPOJAT [BNUEBIA]
W | S |[d][NWN|S[A]NW|S|[d]|NWN|Ss | d4]N|]S | d][sVU[AI|ON
[SEET N | p 1peRY € Jopedy 7 dpedy I Jopedy anbruys9)
»SULI0dS A)fen() agew| dansodxy

(panunuo))) -opow urgewl [enuew Ul UOHJBUIQUIOD OJA/OJA Ul ApM3s

B :SIOpBAI G Aq (SasseIA (A pue ‘sdnoi3d 30adg :S ‘s19q1y : ) Suriods 309[qo jo 1red ur uonenyead Aypenb a3ewr Jo SINSOY 1€ 1S JqeL



Result / 82

Karuna Chaleamsri

STE| Sv | SV | SE€ | SLE| v |SLE|SLY|STY | ¥ S Sy 1% S | SLY €9 8C | SI
€ v | STy |SLE| S¢€ | STy | ¢ 1% v | STE|SLY| SY € 14 Sy 0¢ 8C | vl
€ 14 Sy | S¢€ | SLE| SV € v | STV |STE|SLY | SP 3 1% Sy 017 8C | ¢l
SLC|SLE|SLT| S¢€ | STeE| € C ¢ | §C € 14 € € | SLE| ¢ (43 8C | ¢l
¢ |STe | ST | ST . ¢ | SL'T|ST¢e | STl € e € (4 e € Y4 8C | 11
AN 8T
STe| Sv | S¥ V |SLY | SLY|STE| SV | §F | SLE| S Sy | SC¢E| ¢ 9% 001 9C | 01
e | Sv | §F v | STV | SV 1% S Sy 1% S |SLY| S€ S Sy 08 9C | 6
€ 14 € 1% 14 1% € 1% (S S'e 1% |4 ¢'¢ S S €9 9C | 8
STE|SLE| S€ | SE€ | S€ |SLE|STE|SLY| ¥ |STE|SLY|SLE|STE|SLY | ¥ 0S 9c | L
¢TC| S¢ € € € ¢e € | STE|SCE|STC|SLE| € |STC|SLE| S¢€ ov 9C | 9
AA 9T
URA/OJAl YA IPOJAT [enUBIAl
W |Ss |4 ]|W[S]|[d|W|S|[d]W[S]|d][]N]|S | d]svu][A|[oN
S Jopedy § Jopeay € 19pedy 7 19pedy [ 19pedy anbruy’y
»SULI0dS A)fen() dgew| duansodxy

"opow urgewll [enUBW UL UONBUIQUIOD (Y /OJA Ul Apnis

B :SIOpBAI G Aq (SasseIA (A pue ‘sdnoi3d 30adg :S ‘s19q1y : ) Suri09s 303[qo Jo 1red ur uonenyead Aypenb a3ewr Jo SINSOY TE 1S JqeL



Msc. (Radiological Technology) / 83

Fac. of .Grad. Studies, Mahidol Univ.

STE| v | STy | S§¢€ |SLE| STy |STE | STV | STV | STE | SLY | STV | STE| Sv | STy | ST | CE | ¥C
€ | SLE] S¢ ¢ | STe|SLE| € v G€ | STE | SLE|SLE | STE|SLE| S¢ 0C | ¢t | ¢C
LT | STE| S¢ ¢ | SCe|SLC| € 3 ¢ |SLC|SLe|STe | € |SLeE|SsTe| 91 | CE | TC
| € 1 | S§C | ST | SO I € Sl I (4 ¢l | (4 | [4 B A S 4
AATE
€ | STy | STV |SLE|SCY | STy | ¢ S 1% SE |SLY | STV | STE | SLY | STy | OV | 0E | OC
€ v |SLE| S¢€ |SLE|SLE| € v € | STE|SLY | SLE|STE | STV | SLY | C¢ | 0g | 6l
€ v RISTES SERNEESNL S E | | @ 1% € | SCE| SV |STE| ¢ v | SLE| ST | 0E | 8I
SLT|STE|SLT|SLT|STE | SLT|SLT € | SC1 3 §¢ |SLT|SCT| S¢ € 0C | 0¢ | LI
C € ¢ | SLT € | SCT I € [ ST | € | STL|SLT | SLE|STTL| 91 | 0€ | 91
AN 0€
URA/OJAL YA IPOJA] [enuBIAl
W | S |[d][NWN|S[A]NW|S|[d]|NWN|Ss | d4]N|]S | d][sVU[AI|ON
S Jopedy p 1peY € 13pedy 7 19pedy [ 19pedy anbruy’y
»SULI0dS A)fen() agew| dunsodxyy

(panunuod) opow urdew [eNULW Ul UO)BUIqUIOD [} /OJA Ul Apnis

B :SIOpBAI G Aq (SasseIA (A pue ‘sdnoi3d 30adg :S ‘s19q1y : ) Suri09s 303[qo Jo 1red ur uonenyead Aypenb a3ewr Jo SINSOY TE 1S JqeL



Karuna Chaleamsri Result/ 84

Table 5.4.2.1.1 Result of contrast measurement (BG: background optical density and A
: the density difference due to the 4.0-mm acrylic disc): a study in auto AEC mode.

Exposure Optical
technique Density
No. | Station | kV mAs BG A

Auto Exposure Control ( Auto AEC ) with Mo/Mo combination
1 a 26 141 2.15 0.61
2 b 25 135 1.45 0.46
3 c 24 158 1.2 0.39
Auto Exposure Control ( Auto AEC ) with Mo/Rh combination
4 a 25 £2 2.05 0.57
5 b 24 121 1.34 0.43
6 © 3 154.5 1.05 0.34
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Table 5.4.2.2.1 Result of contrast measurement (BG : background optical density and
A : the density difference due to the 4.0-mm acrylic disc): a study with Mo/Mo

combination in semi auto AEC mode.

Exposure Optical
technique Density
No. Station kV \ mAs BG \ A

Semi Auto Exposure Control ( Semi Auto AEC ) with Mo/Mo
24 kV

1 a 24 291 2.32 0.63

24 191 51 0.49

3 c 24 158.5 177 0.39
25 kV

4 a 25 206.5 2.29 0.63

5 b 25 134 1.45 0.46

6 c -y 111 1.11 0.36
26 kV

7 a 26 138 2.14 0.61

8 26 91.5 1.36 0.42

9 © 26 78 1.09 0.33
27 kV

10 a b, 101.5 2.14 0.58

11 b 26 68 1.41 0.44

12 ¢ 27 58.5 1.13 0.35
28 kV

13 a 28 77 2.16 0.57

14 b 28 54 1.41 0.43

15 c 28 45.5 1.12 0.34
29 kV

16 a 29 60 2.17 0.57

17 b 29 42 1.38 0.42

18 c 29 35.5 1.07 0.31
30 kV

19 a 30 49 2.10 0.55

20 b 30 34 1.34 0.40

21 c 30 30 1.09 0.32
31 kV

22 a 31 39.5 2.05 0.52

23 b 31 28 1.3 0.37

24 c 31 23.5 1.04 0.29
32 kV

25 a 32 33 2.06 0.51

26 b 32 23 1.31 0.37

27 c 32 20 1.04 0.28
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Table 5.4.2.2.2 Result of contrast measurement (BG : background optical density and

A : the density difference due to the 4.0-mm acrylic disc): a study with Mo/Rh

combination in semi auto AEC mode.

Exposure Optical
technique Density
No. Station kV l mAs BG ‘ A

Semi Auto Exposure Control ( Semi Auto AEC ) with Mo/Rh
25 kV

1 a 25 119 2.18 0.56

& b 25 78 1.37 0.41

S 25 65 1.06 0.33
26 kV

4 a 26 86 2.14 0.55

5 b 26 “w 1.34 0.39

6 ® 26 48 1.03 0.30
27 kV

7 a "y 64.5 2.03 0.55

8 b 27 43 1.25 0.36

9 © 27 36 0.96 0.27
28 kV

10 a 28 48.5 2 0.52

11 b 28 32 1.09 0.32

12 C 28 28 0.88 0.25
29 kV

13 a 29 585 1.82 0.49

14 b 29 26 1.03 0.28

15 29 22 0.80 0.2
30 kV

16 a 30 32 1.76 0.46

17 b 30 22 1.03 0.27

18 C 30 18 0.79 0.20
31 kV

19 a 31 25 1.57 0.41

20 b 31 17 0.90 0.22

21 C 31 14 0.71 0.17
32 kV

22 a 32 21 1.42 0.4

23 b 32 14 0.75 0.19

24 32 11.5 0.57 0.14
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Table 5.4.2.3.1 Result of contrast measurement (BG : background optical density and
A : the density difference due to the 4.0-mm acrylic disc): a study with Mo/Mo

combination in manual mode.

Exposure Optical
technique Density
No. kV mAs BG A
Manual Mode with Mo/Mo
24 kV
1 24 100 0.52 0.14
2 24 125 0.79 0.25
3 24 150 1.04 0.36
4 24 175 1.32 0.46
5 24 200 1.6 0.55
26 kV
6 26 63 0.69 0.22
| 26 80 1.01 0.33
8 26 100 1.43 0.47
9 26 125 1.91 0.62
10 26 150 2.31 0.66
28 kV
1d 28 32 .33 0.15
12 28 40 0.75 0.23
13 28 50 1.06 0.34
14 28 63 158 0.49
15 28 80 2.04 0.64
30 kV
16 30 25 0.68 0.19
17 30 32 0.99 0.31
18 30 40 1.42 0.46
19 30 50 1.96 0.58
20 30 63 247 0.60
32 kV
21 32 16 0.59 0.16
22 32 20 0.85 0.25
23 32 25 1.23 0.37
24 32 32 1.73 0.51
25 32 40 2.28 0.57
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Table 5.4.2.3.2 Result of contrast measurement (BG : background optical density and

A : the density difference due to the 4.0-mm acrylic disc): a study with Mo/Rh

combination in manual mode.

Exposure Optical
technique Density
No. kV mAs BG A
Manual Mode with Mo/Rh
26 kV
1 26 40 0.61 0.15
2 26 50 0.85 0.24
3 26 63 1.21 0.36
4 26 80 1.7 0.50
5 26 100 2.18 0.57
28 kV
6 28 2 0.58 0.15
7 28 52 0.87 0.23
8 28 40 1.23 0.36
9 28 50 1.68 0.5
10 28 63 2.2 0.57
30 kV
T 30 16 0.53 0.13
12 30 20 0.74 0.19
13 30 25 1.05 0.30
14 30 32 1.54 0.44
15 30 40 2.07 0.54
32kV
16 32 12 0.59 0.13
17 32 16 0.87 0.23
18 32 20 1.22 0.35
19 32 25 1.73 0.47




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Radiological Technology) / 89

0 Mo/Mo
B Mo/Rh

Background optical

a b C
Station

Figure 5.4.1.1 Graph show background optical density comparing between Mo/Mo

and Mo/Rh combinations of each station in auto AEC mode.
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Figure 5.4.1.2 Graph show the different optical density of acrylic disc comparing
between Mo/Mo and Mo/Rh combinations of each station in auto AEC mode.
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Figure 5.4.2.1 Graph show relationship between kV and background optical density of

each station with Mo/Mo combination in semi auto AEC mode.
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Figure 5.4.2.2 Graph show relationship between kV and background optical density of

each station with Mo/Rh combination in semi auto AEC mode.
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Figure 5.4.2.4 Graph show background optical density comparing between Mo/Mo

and Mo/Rh combinations of station b in semi auto AEC mode.
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Figure 5.4.2.5 Graph show background optical density comparing between Mo/Mo

and Mo/Rh combinations of station ¢ in semi auto AEC mode.
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Figure 5.4.2.6 Graph show comparing between difference optical density of acrylic

disc and kV of each station with Mo/Mo combination in semi auto AEC mode.
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Figure 5.4.2.7 Graph show comparing between difference optical density of acrylic

disc and kV of each station with Mo/Rh combination in semi auto AEC mode
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Figure 5.4.2.8 Graph show comparing between difference optical density of acrylic

disc with Mo/Mo and Mo/Rh combination of station a in semi auto AEC mode.
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Figure 5.4.2.9 paring between d cal density of acrylic
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Figure 5.4.2.10 Graph show comparing between difference optical density of acrylic

disc with Mo/Mo and Mo/Rh combination of station ¢ in semi auto AEC mode.
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Figure 5.4.3.2 Graph show comparing between mAs and background optical density of

each kV with Mo/Rh combination in manual mode.

Copyright by Mahidol University



Karuna Chaleamsri Result/ 96

2
2
207
z
9 0.6
505
z ——24kV
E 0.4 —=-26kV
=03 28 kV
)
b o1 ——32kV
: .
&
&
Iz 250
Figure 5.4.3.3 : S Ve ical density of acrylic
disc and mAs o 0 1l mode.
207
=
Z 0.6
§ 0s —=—26kV
s 28kV
= 0.4 —-30kV
; 0.3 —x—32kV
202
(=}
£ 0.1
Z 0
0 20 40 60 80 100 120 140
mAS

Figure 5.4.3.4 Graph show relationship between difference optical density of acrylic

disc and mAs of each kV with Mo/Rh combination in manual mode.
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5.5 Optimize average glandular dose and image quality

Mammography is a highly effective imaging method for detection and diagnosis
of breast diseases, especially cancer. The main objective of mammography is to
produce high quality images for maximum visual capability for detecting the diseases
without unnecessary radiation dose to the patients. Optimization of image quality and
radiation dose is required to minimize stochastic risk such as cancer as a result of
exposure to radiosensitive breast tissue.

Accepted ACR criteria for image quality and dose were in part of dose must not
exceed 3 mGy and in part of image quality consisted of background optical density
should be at least 1.40 and density difference due to the 4.0-mm acrylic disc should be
at least 0.40. ACR Criteria for image quality scoring minimum of 4, 3, and 3 for
fibers, specks and mass, respectively was employed.

From the result of average glandular dose calculation and image quality
evaluation, optimal imaging techniques that acceptable both dose and image quality
were shown in Table 5.5.1

From Figure 5.5.1.1.1, Figure 5.5.1.2.1, Figure 5.5.1.2.2, Figure 5.5.1.2.3, Figure
5.5.1.2.4, Figure 5.5.1.2.5, Figure 5.5.1.3.1, and Figure 5.5.1.3.2, found relationship
between dose and image quality that were the background optical density increased
when the average glandular dose increased.

From Figure 5.5.2.1.1, Figure 5.5.2.2.1, Figure 5.5.2.2.2, Figure 5.5.2.2.3, Figure
5.5.2.2.4, Figure 5.5.2.2.5, Figure 5.5.2.3.1, and Figure 5.5.2.3.2, found relationship
between dose and image quality that were the density difference due to 4-mm acrylic

disc increased when the average glandular dose increased.
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Table 5.5.1 Optimal imaging techniques in this study.

Exposure Average Object Scoring Contrast
Technique | Glandular Measurement
No. | Station | KV | mAs | Dose (mGy) | Pass Fail BG | AOD
Auto Exposure Control ( Auto AEC ) with Mo/Mo combination
1 a 26 141 2.29 5 0 2.15 0.61
2 b 25 135 1.82 5 0 1.45 0.46
Auto Exposure Control ( Auto AEC ) with Mo/Rh combination

3 a |25 |1225] 178 | s | o | 205 | 057

Semi Auto Exposure Control ( Semi Auto AEC ) with Mo/Mo combination
24 kV

4 a 24 | 291 3.07 5 0 232 | 0.63

5 b 24 | 191 2.04 5 0 1.51 0.49
25 kV

6 a 25 |206.5 2.74 5 0 229 | 0.63

7 b 25 134 1.79 5 0 1.45 0.46
26 kV

8 a |26 138] 223 | 5 | o | 214 ] o061
27kV

9 a 27 | 101.5 2.03 5 0 2.14 | 0.58

10 b 27 68 W\ 2 5 0 1.41 0.44
28 kV

] a | 28] 771 18 | 5 | o | 216|057
30 kV

2] a |30 49 ] 154 [ s | o | 21 |oss
32 kV

3] a 32033 ] 13t | s | o | 206 ] o051

Semi Auto Exposure Control ( Semi Auto AEC ) with Mo/Rh combination
26 kV

4] a |26 8 | 158 | s | o | 214 | 055
28 kV

5] a |28]48s5s] 127 | s | o | 2 |os
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Table 5.5.1 Optimal imaging techniques in this study. (Continued)

Exposure Average | Object Scoring Contrast
Technique | Glandular Measurement
No. | Station | kV | mAs | Dose (nGy) | Pass | Fail | BG | AOD
Manual Mode with Mo/Mo combination
24 KV
16 | |24 200 | 216 | 5 | o | 16 [ 055
26 kV
17 26 | 100 1.62 5 0 143 | 047
18 26 | 125 2.02 5 0 191 | 0.62
19 26 | 150 2.42 5 0 231 | 0.66
28 KV
20 28| 63 1.42 5 0 1.52 | 0.49
21 28 | 80 1.8 5 0 204 | 0.64
30 kV
22 30| 50 1.48 5 0 196 | 0.58
23 30 | 63 1.87 5 0 247 | 06
32 kV
24 132] 40 | 152 | 5 | o | 228 | 057
Manual Mode with Mo/Rh combination
26 kV
25 26| 80 1.38 5 0 1.7 0.5
26 26 | 100 1.72 5 0 2.18 | 0.57
28 kV
27 28| 50 1.22 5 0 168 | 05
28 28| 63 1.54 5 0 22 | 057
30 kV
29 | 130 40 | 128 | 5 | o | 207 | 054
32 kV
30 | 132 25 | 101 | 5 | o | 173 ] 047
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Figure 5.5.1.2.1 Graph indicate relationship between average glandular dose and

background optical density with Mo/Mo combination in semi auto AEC mode.
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Figure 5.5.1.2.3 Graph show relationship between average glandular dose and
background optical density between Mo/Mo and Mo/Rh combinations of station a in
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results of optimization between the average glandular dose and image quality in
this study, imaging technique operated at 32 kVp, 25 mAs, with Mo/Rh combination,
and in manual mode was the best choice for optimization because this technique gave
an image in acceptable ACR criteria while minimize average glandular dose (AGD :
1.01 mGy, 4.25, 4.25, and 3 [in fibers, speck groups, and masses, respectively], the
background optical density : 1.73, and the density difference due to 4-mm acrylic disc
:0.47).
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CHAPTER VI
DISCUSSIONS

It is common to think that early detection of breast cancer leads to more effective
treatment and fewer deaths. Thus x-ray mammography has been proved to be an
accurate and simple method of detecting breast cancer. This study concentrates mainly
in screen-film mammography, which is the majority of mammaographic equipment in
Thailand. For mammography, optimization of image quality and radiation dose is
required to minimize stochastic risk such as cancer as a result of exposure to
radiosensitive breast tissue.

This study investigates the relationship between average glandular dose and
imaging properties such as image density, contrast, and visual image quality (fibers,
Speck groups, and masses) from various the imaging techniques such as kV, mAs,
filter materials, and imaging mode. The quality control of mammographic system
necessary to perform before start the test procedures to assure that this mammographic

system is at its optimal quality throught the study.

6.1. kKVp accuracy and reproducibility

This study employed the clinically tube potential range between 24-32 kVp. kVp
accuracy and reproducibility across kVp stations were tested to ensure optimal quality
of the machine and resultant images. Radcal’s Model 9095 radiation monitoring
system, connected 40x9-Mo kV sensor which specifically designed for measuring the
kVp on mammography (Mo/Mo) machines, was used to measure kVp. The ACR
criteria on mammographic kVp accuracy stated that average the four kVp readings for
each kVp setting test and compare this average value with the value of the preset
nominal kVp, the averaged kVp shall be accurate within +5% of kVp setting.
Regarding the kVp reproducibility, the ACR stated that the standard deviation of the

kVp values for each kVp setting and then calculate the coefficient of variation. At the
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most commonly used clinical settings of kVp, the coefficient of variation of
reproducibility of the kVp shall be equal to or less than 0.02.

From the results of kVp accuracy and reproducibility, the total kVp setting values
(except 24 kVp with Mo/Rh combination) were accurate and reproducible since the
results showed that the measured kVps were within £5% of the total kVp setting and
the coefficient of variation of reproducibility of the total kVp setting were equal to or
less than 0.02.

The accuracy of the kVp is important in mammography since it affect to image
quality and dose. From results of kVp accuracy and reproducibility measurement in
this study, only 24 kVp with Mo/Rh combination fall outside criteria, we did not use
24 kVp with Mo/Rh combination was not employed in this study.

6.2 HVL measurement

Since HVL values affect the average glandular dose thus HVL values of all kVp
settings (typical range 24-32 kVp) were measured to assure that the HVL values of the
x-ray beam were adequate to minimize breast dose. According to the ACR criteria, at a
given kVp setting in the mammographic kilovoltage range, the measured HVL with
the compression paddle in place must be equal to or greater than the value: HVL >
(kVp/100)+0.03 (in units of mm of aluminum).

From our HVL measurement results, the total measured HVL with the
compression paddle in place were equal to or greater than the values stated in the ACR
standard. HVL with Mo/Rh combination were found higher than HVL with Mo/Mo
combination. This was because, if the molybdenum filter is selected, it attenuates and
blocks much of the Bremsstrahlung spectrum above the energy of 20 keV. This
results in the spectrum that is most often used in mammography, produced with the
Mo/Mo combination. And if rhodium filter is selected, the k edge boundary is shifted
to a higher energy (23.22 keV) so that the portion of the Bremsstrahlung between 20
keV and 23.22 keV is added to the x-ray beam.This makes the beam more penetrating
than when using the molybdenum filter and provides some advantage when imaging

larger or more dense breast.
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6.3 Entrance skin exposure measurement and average glandular dose calculation.

Mammography is normally performed on dedicated x-ray equipment and used
special low-dose x-rays. However, there is a small but significant risk of radiation
induced carcinogenesis associated with the x-ray examination of the breast. It is
necessary to concern the risk of carcinogenesis that may be associated with the
absorbed radiation dose to the breast. It is necessary to control the individual patient
exposure dose in screening mammography. The glandular tissue is most always the
site of carcinogenesis, and thus the preferred dose index is the average glandular dose.
Since the glandular tissues receive varying dosed depending on their depths from the
skin entrance site of the x-ray beam. The entrance skin exposure can be measured
directly with ionization chamber. Then, the average glandular dose is determined by
multiplying the entrance skin exposure value by published the exposure to average
glandular dose conversion factor tables with knowledge of the breast entrance skin
exposure , x-ray tube target material, beam quality ( half value layer [HVL] ), breast
thickness, and breast composition. The average glandular dose is expressed in mGy
unit.

In the glandular dose measurement process, to eliminate variable in breast
thickness and breast composition a mammographic phantom was employed.

6.3.1 Auto AEC Mode

In Auto AEC mode, entrance skin exposure values are compared between
Mo/Mo and Mo/Rh combination at each station. The entrance skin exposure of
Mo/Mo combination is higher than Mo/Rh combination approximately 25.26% which
is consistent with Monticciolo et al (See in Chapter 11l LITERATURE REVIEWS). In
this part, Entrance Skin Exposure (ESE) was employed to compare the dose instead of
the Mean Glandular Dose for Mo/Rh target/filter at 23 and 24 kVp since conversion
factors are not available.

6.3.2 Semi auto AEC Mode

In semi auto AEC mode, the typical kV operates from 24 kV to 32 kV. For both
Mo/Mo and Mo/Rh combinations, the average glandular dose decreased
approximately 9.49% and 9.94% in each 1 kV increments, respectively. Applying
higher peak kilovoltage selections would require less output in milliampere seconds

(mAs) for the same output, however, photoelectric absorption, which affect higher
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dose is less dominant at higher kVp. This is confirmed by our results that the average
glandular dose of Mo/Mo combination were found higher than Mo/Rh combination
approximately 33.72%. The mAs of Mo/Mo combination were higher than Mo/Rh
combination approximately 38.03%.

Regarding glandular dose difference when choosing different exposure station, in
Mo/Mo combination station a, the average glandular dose was higher than the average
glandular dose in station b approximately 31.84%. In station b, the average glandular
dose was higher than average glandular dose in station ¢ approximately 15.21%. When
comparing the dose from station a with c, the average glandular dose is higher than
approximately 42.20%.

For Mo/Rh combination and in station a, the average glandular dose was higher
than the average glandular dose in station b approximately 33.54%. In station b, the
average glandular dose was higher than the average glandular dose in station c
approximately 15.86%. And in station a, the average glandular dose was higher than
the average glandular dose in station ¢ approximately 44.07%. Each station used the
same kVp but differ in mAs. Stations provided less mAs would give out less dose.

6.3.3 Manual Mode

In manual mode, kVp and mAs were freely selected. From result of average
glandular dose calculation indicated trend of average glandular dose according to mAs
and kV as follows, the average glandular dose increased when kV increase for each
target-filter materials at same mAs and the average glandular dose increased when
mAs increase for each target-filter material at same kV. The average glandular dose
directly vary with mAs (R? > 0.99) for each kV and target-filter materials.

6.4 Image quality evaluation

The primary objective of mammography is visibility of anatomy and pathology.
The limitation of visibility with mammaography is routinely evaluated by imaging the
accreditation phantom. There are 3 sets of objects (fibers, speck groups, and masses)
within the phantom to simulate structures and objects that might be with in a breast.
The image quality evaluations of mammography in this study considered from the
number of test objects of each group type (fibers, specks, and masses) visible in the

phantom image, the phantom image background optical density, and the density
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difference due to the 4.0-mm acrylic disc. The recommended performance criteria of
ACR specify that at a minimum, the four largest fibers, the three largest speck groups,
and the three largest masses must be visible, the phantom image background optical
density should be at least 1.40, and the density difference due to the 4.0-mm-thick
acrylic disc should be at least 0.40.

The goal in clinical imaging is to adjust the imaging factors and protocol to
extend the range of structures and objects in a breast that will be visible. Most signs of
breast pathology are either in the form of soft-tissue masses that are not very different
from the surrounding tissue or in the form of very small calcifications. The RMI-156
mammographic phantom is employed to eliminate variable of breast thickness and
breast composition. The objects in phantom consist of 5 fibers, 5 speck groups, and 5
masses). The 4-mm acrylic disc is employed to measure contrast which determined
into 2 conditions (background OD and the density difference due to 4-mm acrylic
disc).

Higher peak kilovoltage selections still require less output in milliampere seconds
(mAs) and therefore result in lower contrast. And more penetrating x-ray beam
(Mo/Rh combination) can provide a substantial dose reduction therefore result in
lower contrast and lower density difference due to the 4.0-mm-thick acrylic disc.

To certainly statistic, five observers were invited to score the number of test
objects visible in the phantom images. If the result of object scoring fail just only one
part, the total image quality evaluation in part of object scoring results were regarded
as fail. To reliability significant, Fleiss’ kappa was applied, the kappa value should be
greater than 0.6, from the result of Fleiss’ kappa evaluation in this study was 0.76.
This value indicates that reliability significant of five readers was substantial
agreement.

A major requirement for effective mammography is high contrast sensitivity.
Contrast sensitivity is the characteristic of an imaging process that determines the
visibility of objects in the body that have low physical contrast. In mammography, the
anatomical structures and pathologic signs are all soft tissues with physical densities
very similar to the adipose background of the breast. The relative contrast sensitivity is
done by counting the number of simulated masses that are visible. The thickness of a

mass determines its physical contrast and the amount of x-ray attenuation it produces.
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Since phantom has a series of objects (masses) with varying physical contrasts, it is a
useful test device for evaluating contrast sensitivity.
Contrast measurements

The contrast performance of the system can be evaluated using a acrylic disc of
4-mm thickness attached to the top of a mammographic phantom yields a low contrast
image suitable for evaluating the effect of varying kV on contrast. Two steps in the
mammographic phantom (in disc and right side of disc) are identified from the
processed image. The OD of the lower density step (right side of disc) should be used
as an index of imaging speed. The difference OD (in disc and right side of disc) used
as an index of contrast.

Speed point is the optical density under a particular step on the sensitometric
image corresponding to a normal working density for film, typically around gross OD
of 1.3. This study, speed point is the background optical density of the processed
phantom images which ACR recommended the background optical density should be
at least 1.40.

Contrast index is generally taken as the difference in OD of in disc and right side
of disc in the processed phantom images whose densities lie in the straight-line portion
of the characteristic curve of the film. Convenient points are the step used for the
speed index and the step which yields a density 0.3-0.5 OD greater than the speed
point. This study, contrast index is the density difference due to the 4.0-mm-thick
acrylic disc (in disc and right side of disc) of the processed phantom images which
ACR recommended the density difference due to the 4.0-mm-thick acrylic disc should
be at least 0.40.

6.5 Optimization between average glandular dose and image quality

In mammography, there are two conflicting requirements. It need relatively low
penetration of x-rays to enhance contrast but high penetration is needed to reduce the
dose to the breast. The solution is to use an x-ray beam that has a spectrum that
produces an optimum balance between the requirements for high contrast sensitivity
and low radiation dose.
In part of the optimization between the average glandular dose and image quality, the

correct action is to optimize each imaging techniques so that the mammography
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equipment and imaging factors are selected and adjusted to provide the necessary
image information and visualization with the lowest average glandular dose or
entrance skin exposure. The optimized imaging techniques were obtained from
imaging techniques that image quality were acceptable (at a minimum, the four largest
fibers, the three largest speck groups, and the three largest masses must be visible, the
phantom image background optical density should be at least 1.40, and the density
difference due to the 4.0-mm-thick acrylic disc should be at least 0.40.) while
minimize average glandular dose and the average glandular dose to an average (4.2-
cm compressed) breast must not exceed 3 mGy per view for screen-film
mammography.

Within the useful range of mammographic technique operated between 24-32 kV,
higher peak kilovoltage selections still require less output in milliampere seconds
(mAs) and therefore result in lower dose, lower contrast, and lower density difference
due to the 4.0-mm-thick acrylic disc.

The optimization between average glandular dose and image quality can be
considered into 2 conditions:

1. The imaging techniques, which pass acceptable ACR criteria both the average
glandular dose limit and image quality which consist of scoring objects in
mammographic phantom images and optical density measurement. These imaging
techniques are showed in Table 5.5.1 (See in Chapter V Results)

2. And the optimal imaging technique which, minimize average glandular dose
while maintain acceptable image quality, that is at 32kV, 25 mAs, and with Mo/Rh in
manual mode (AGD : 1.01 mGy, fibers : speck groups : masses : 4.25,4.25,3.3).

6.6 Limitation of the present study and future direction

This study provides a data and tables of the optimization between dose and image
quality that can be applied or modified as available for mammographic unit at Faculty
of Medical Technology only. However, the other unit could then be performing the
dose measurement and image quality evaluation in similar manner.

This study provides a data of standard equivalent approximately 4.2-cm
compressed breast thickness and 50%glandular-50%adipose composition only, to

eliminate variable in breast thickness and breast composition. The other breast
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thickness and breast composition should be studied in the future because of there is a

large variation in the size and composition of the female breast.

Copyright by Mahidol University
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CHAPTER VII
CONCLUSIONS

This study concentrates mainly on screen-film mammography, which is the
majority of mammographic equipment in Thailand. The main objective in
mammography is to use imaging technical settings that produce necessary clinical
image quality without the use of unnecessary exposure to the patient. Optimization of
image quality and radiation dose is required to minimize stochastic risk such as cancer
as a result of exposure to radiosensitive breast tissue. This study in standard phantom
model specific to a mammographic equipment was carried out to find optimal imaging
parameters in terms of tube voltage (kV), product of tube current and time (mAS),
target/filter combination and degree of AEC compensation and investigated the
relationship between average glandular dose and imaging properties such as image
density, contrast, and visual image quality (fibers, speck groups, and masses).

A mammographic unit used in this study was an Instrumentarium ALPHA RT, a
single Mo target and dual filters (Mo/Rh). A RMI-156 mammograhic phantom (a 4.2-
cm compressed breast consisting of 50% glandular, 50% adipose) was used for image
quality evaluation purpose. A calibrated 6 cc ionization chamber with electrometer
(Radcal 9095) was used to measure radiation exposure for the calculation of Average
Glandular Dose (AGD). In this study, tube potential were chosen in range between 24-
32 kVp because this range were clinically used range of energy in mammography.
Before the process of average glandular dose calculation, beam quality assessment and
kVp accuracy and reproducibility measurement were investigated. For average
glandular dose calculation, HVL was a main factor for normalized conversion factor
converting radiation exposure to radiation dose deposited to the breast. For kVp
accuracy and reproducibility measurement, the purpose was to assure mammographic
unit optimize in this study because tube potential was factors which influence both

radiation dose and image quality.
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A radiation monitor with a 6¢cc 10X5-6M ionization chamber and a high purity
aluminum attenuators were used for measurement of HVL (half-value layer). HVLs
were obtained by interpolating between the two exposure measurement bounding the
HVL, according to mammographic quality control manual in ACR manual. The
combination of target/filter was Mo/Mo and Mo/Rh. The kV were between 24 and 32
kV, the mAs value were 50 or 300 mAs.

Entrance skin exposure was measured all imaging mode, i.e., Auto AEC mode,
Semi Auto AEC mode, and Manual mode. Entrance skin exposure (mR) were
multiplied with conversion factor convert to average glandular dose (mGy).

Auto AEC mode

In Auto AEC mode, entrance skin exposure values were compared between
Mo/Mo and Mo/Rh combination at each station. The entrance skin exposure of
Mo/Mo combination is higher than Mo/Rh combination.

Semi auto AEC Mode

In semi auto AEC mode, as typical kV operates from 24 kV to 32 kV. For both
Mo/Mo and Mo/Rh combinations, the average glandular dose decreased in each 1 kV
increments. Applying higher peak kilovoltage selections would require less output in
milliampere seconds (mAs) for the same output, however, photoelectric absorption,
which affect higher dose is less dominant at higher kVp. This is confirmed by our
results that the average glandular dose of Mo/Mo combination were found higher than
Mo/Rh combination when mAs of Mo/Mo combination were higher than Mo/Rh
combination.

Regarding glandular dose difference when choosing different exposure station, in
Mo/Mo combination station a, the average glandular dose was higher than the average
glandular dose in station b. In station b, the average glandular dose was higher than
average glandular dose in station c. When comparing the dose from station a with c,
the average glandular dose is higher.

For Mo/Rh combination and in station a, the average glandular dose was higher
than the average glandular dose in station b. In station b, the average glandular dose
was higher than the average glandular dose in station c. And in station a, the average
glandular dose was higher than the average glandular dose in station c. Each station



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Radiological Technology) / 119

used the same kVp but differ in mAs. Stations provided less mAs would give out less
dose.
Manual Mode

In manual mode, kVp and mAs were freely selected. From result of average
glandular dose calculation indicated trend of average glandular dose according to mAs
and kV as follows, the average glandular dose increased when kV increase for each
target-filter materials at same mAs and the average glandular dose increased when
mAs increase for each target-filter material at same kV. The average glandular dose
directly vary with mAs for each kV and target-filter materials.

And in part of image quality measurement, RMI-156 accreditaion mammographic
phantom can also be used to verify acceptable low contrast detectability and high
resolution required for mammography, object scoring and OD measurement were
investigated follow as ACR criteria. Images were scored independently by five
observers. The reliability of observers, which were measured with Fleiss’kappa, were
statistically significant at kappa value was 0.763 which indicate that was substantial
agreement. Higher peak kilovoltage selections still require less output in milliampere
seconds (mAs) and therefore result in lower contrast. And more penetrating x-ray
beam (Mo/Rh combination) can provide a substantial dose reduction therefore result in
lower contrast and lower density difference due to the 4.0-mm-thick acrylic disc.

Finally, the imaging technique for standard mammographic phantom that
provides lowest average glandular dose while maintaining acceptable image quality
from this study was 32 kV, 25 mAs with Mo/Rh combination in manual mode (AGD:
1.01 mGy, the background optical density: 1.73. the density different due to 4-mm
acrylic disc: 0.47, and phantom image scoring: 4.25, 4.25, and 3.3 [fibers, speck
groups, and masses, respectively]).

The limitations of this study were this study provides a data and tables of the
optimization between dose and image quality that can be applied or modified as
available for mammographic unit at Faculty of Medical Technology only. However,
the other unit could then be performing the dose measurement and image quality
evaluation in similar manner. This study provides a data of standard equivalent
approximately 4.2-cm compressed breast thickness and 50%glandular-50%adipose

composition only, to eliminate variable in breast thickness and breast composition.
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The other breast thickness and breast composition should be studied in the future

because of there is a large variation in the size and composition of the female breast.

Copyright by Mahidol University
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APPENDIX A
GLOSSARY

Automatic exposure control (AEC) systems: Often referred to as phototimers;
designed to automatically determine and provide the exposure needed to produce an
adequate-density image by sampling the x-ray intensity after passage through the

breast and image receptor.

Average glandular dose: Calculated from values of entrance exposure in air, the x-
ray beam quality (half-value layer), and compressed breast thickness; energy deposited
per unit mass of glandular tissue (by far the most radiosensitive tissue in the breast)
averaged over all the glandular tissue in the breast. Should be 6 mGy (0.6 rad) or less

for a two-view screen-film examination of an average breast (see Dose).

Beam quality assessment: The measurement of half-value layer; describes the

penetrating nature of an x-ray beam (see Half-value layer).

Compression device: A clear plastic paddle, or plate, used to hold the breast
stationary and eliminate blurring, to help separate structures within the breast, and to
decrease the thickness of the breast tissue, minimizing the amount of radiation used

and the amount of scattered radiation reaching the film.

Dedicated mammography equipment: X-ray systems designed specifically for

breast imaging.

Dose: The amount of energy deposited in tissue due to x-ray exposure. The S.I. unit of
absorbed dose is the gray (Gy). One gray is equal to 100 rads; 1 milligray (mGy) is
equal to 0.1 rad.
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Exposure: The amount of x-irradiation, quantitated by measuring the amount of
ionization in air caused by the radiation, measured in units of coulomb/kilogram or

roentgen (1 roentgen [R] =2.58 x 10™* C/kg).

Filtration: A metal absorber placed in the path of the x-ray beam just after the x-ray
tube to absorb very low energy x-rays and x-rays above a certain energy to produce an
x-ray beam with a narrow energy range. Molybdenum is the most common metal for

use as filtration in mammography.

Grid: A set of thin, closely spaced lead strips used in mammography to reduce
scattered radiation reaching the image receptor and improve image contrast; placed

between the breast and the screen-film image receptor.

Half-value layer (HVL): The thickness of a specified substance that reduces the
exposure rate of a beam of radiation by one-half; measures beam quality and is usually
expressed as millimeters of aluminum. The higher the HVL give the more penetrating

the x-ray beam.

Image contrast: The optical density difference between different areas on a

radiograph, such as between an abnormality and surrounding tissue.

Image quality : A combination of physical variables (e.g., contrast, limiting spatial
resolution, and image noise) that contributes to the ability of a radiograph to portray

diagnostic information.
Kilovoltage, peak (kVp): The maximum potential difference between the anode and
the cathode in an x-ray tube. This setting is also the maximum energy of x-rays

emitted by the x-ray tube in kiloelectronvolts.

Mammogram: An x-ray image of the breast recorded on film or paper.
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Milliampere (mA) setting: The electron current passing from cathode to anode in an
x-ray tube; also referred to as tube output. The number of x-rays per unit time emitted

from the tube is linearly proportional to the mA setting.

Milliampere seconds (mAs): The product of tube current (mA) and the exposure time
(in seconds). For a fixed peak kilovoltage, total x-ray output is linearly proportional to

the mAs setting.

Phantom: A test object that simulates some aspect of the anatomy of interest. A good
breast phantom permits objective rather than subjective analysis and should be

sensitive to small changes in mammographic image quality.

Processor: An automated device that transports film at a constant speed by a system

of rollers through developing, fixing, washing, and drying cycles.

Screen-film mammography: Mammography performed with the high-detail

intensifying screen (or screens) in close contact with the film.

Screening mammography: X-ray examination of the breasts of asymptomatic
women in an attempt to detect abnormal lesions of the breast when they are small, not

palpable, and confined to the breast.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Radiological Technology) / 129

APPENDIX B
QUALITY CONTROL TESTS FOR MAMMOGRAPHIC
MACHINE

The success of mammography, whether for screening or diagnosis, depends on
the production of high-quality, low-dose images. Achieving high-quality studies at low
dose requires alert attention to quality control. In this study, the selected quality
controls for test before the research are quality control on the part of the medical
physicist

The part of the medical physicist, mammography quality control tests in this
study consist of

1. Mammographic Unit Assembly Evaluation
Collimation Assessment
Automatic Exposure Control (AEC) System Performance Assessment
Uniformity of Screen Speed
Artifact Evaluation
Image quality Evaluation
kVp Accuracy and Reproducibility

Beam Quality Assessment (Half-Value Layer Measurement)

L0 N Bglo

Breast Entrance Exposure, AEC Reproducibility, Average Glandular Dose
and Radiation Output Rate

10. Viewbox Luminance
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Medical Physicist's QC Tests Pass | Fail
1. Mammographic Unit Assembly Evaluation
1.1 Free-standing unit is mechanically stable N
1.2 All moving parts move smoothly, without obstructions to
motion \
1.3 All locks and detents work properly N
1.4 Image receptor holder assembly is free from vibrations N
1.5 Image receptor slides smoothly into holder assembly N
1.6 Image receptor is held securely by assembly in any
orientation \
1.7 Compressed breast thickness scale accurate to +/- 0.5 cm, N
reproducible to +/-2mm
1.8 Patient or operator is not exposed to sharp or rough edges, \
or other hazards
1.9 Opertor technique control charts are posted N
1.10 Operator protected during exposure by adequate radiation
shielding \
1.11 All indicator lights working properly N
1.12 Autodecompression can be overridden to maintain
compression \
1.13 Manual emergency compression release can be activated
in the event of a power failure \
2. Collimation Assessment
2.1 Deviation between x-ray field and light field is less than 2%
of SID v
2.2 X-ray field does not extent beyond any side of the IR N
by more than 2% of SID
2.3 Chest wall edge of compression paddle doesn't extend
beyond IR by more than 1% of SID \
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Medical Physicist's QC Tests Pass | Fail

3. Automatic Exposure Control (AEC) System Performance

3.1 Exposure reproducibility is within acceptable limits N

3.2 AEC compensation for kVp, breast thickness and image

mode is adequate \

3.3 AEC density control fuction is adequate N

4. Uniformity of Screen Speed

4.1 Optical density range is less than or equal to 0.30 N

5. Artifact Evaluation

5.1 Artifacts were not apparent or not significant N

6. Phantom Image Quality Evaluation

6.1 4 largest fibers, 3 largest speck groups and 3 largest masses

are visible \
Phantom image quality scores : Fibers = 5
Specks =5
Masses = 4
7. kVp Accuracy and Reproducibility
7.1 Measured average kVp within +/- 5% of indicated kVp N
7.2 kVp coefficient of variation < 0.02 N

8. Beam Quality (Half-Value Layer) Assessment

8.1 Half-value layer is within acceptable lower and upper limits

at all kVp values tested \

9. Breast Entrance Exposure, Average Glandular Dose

and Radiation Output Rate

9.1 Average glandular dose for average breast is below 3 mGy N

9.2 Average glandular dose to a 4.2-cm-thick breast on this unit

is : 2.29 mGy

9.3 Radiation output rate is > 800 mR/sec N
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Medical Physicist's QC Tests Pass | Fail

10. Viewbox Luminance

10.1 Mammographic viewbox is capable of a luminance of at

least 3000 nit N
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APPENDIX C
KAPPA STATISTIC

A Kappa statistic is a measure of degree of nonrandom agreement between
observers and/or measurements of a specific categorical variable.

Inter-observer variability: Two or more observers will report different observed
experiences when exposed to the same event-inter-observer variability. The degree of
difference is an importance quantity in assessing whether an observation is reliably
reproducible by diverse group of observers-accuracy. An observation that has high
inter-observer variability is less reliable than one that exhibits a low value.

In clinical studies where the results of the study depend on observation and the
reporting of observed values, the value of the study can be better assessed if the two
measures of variability are evaluated and reported as a quantity (number). The kappa
statistic is the value calculated from the observed results of observations and reported
as a decimal (theoretically from 0-1). The smaller the kappa value (closer to 0) the less
reliable the observation; a value of 1 implies perfect correlation and never happens in
reality. To be considered significant, the kappa value should be greater than 0.6.

Fleiss' kappa

Fleiss' kappa is a statistical measure for assessing the reliability of agreement
between a fixed number of raters when assigning categorical ratings to a number of
items or classifying items. This contrasts with other kappas such as Cohen's kappa,
which only work when assessing the agreement between two raters. The measure
calculates the degree of agreement in classification over that which would be expected
by chance and is scored as a number between 0 and 1. There is no generally agreed on
measure of significance, although guidelines have been given.

Fleiss' kappa is a generalisation of Scott's pi statistic,!'! a statistical measure of
inter-rater reliability.!! It is also related to Cohen's kappa statistic. Whereas Scott's pi
and Cohen's kappa work for only two raters, Fleiss' kappa works for any number of

raters giving categorical ratings, to a fixed number of items. It can be interpreted as
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expressing the extent to which the observed amount of agreement among raters
exceeds what would be expected if all raters made their ratings completely randomly.

Agreement can be thought of as follows, if a fixed number of people assign numerical
ratings to a number of items then the kappa will give a measure for how consistent the

ratings are. The kappa, K, can be defined as,

(1)
— P-P,
1-P.

The factor 1 — P, gives the degree of agreement that is attainable above chance, and,

P- P, gives the degree of agreement actually achieved above chance. If the raters

are in complete agreement then & = 1. If there is no agreement among the raters

(other than what would be expected by chance) then & <0,

Let N be the total number of subjects, let n be the number of ratings per subject, and
let k be the number of categories into which assignments are made. The subjects are
indexed by i = 1, ... N and the categories are indexed by j = 1, ... k. Let njj represent the

number of raters who assigned the I-th subject to the j-th category.

First calculate p;, the proportion of all assignments which were to the j-th category:

2)

1 N L
. 1= — »
Pi = Nn & ngn"'

Now calculate PJE, the extent to which raters agree for the i-th subject:
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3)
Px—n(nl_ 1)2%(% 1)
_n(nl_n;(”ff ™)
=n(n1_1)[(§n§j) (n)

(4)

©)

Significance

K Interpretation

<0 Poor agreement

0.0-0.20 Slight agreement

0.21-0.40 Fair agreement

0.41-0.60 Moderate agreement

0.61 —0.80 Substantial agreement

0.81 —1.00 | Almost perfect agreement
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