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##5174825130: MAJOR MEDICAL IMAGING

KEYWORDS: FULL FIELD DIGITAL MAMMOGRAPHY / AVERAGE
GLANDULAR DOSE / AMORPHOUS SELENIUM / TUNGSTEN.

WALAIPORN KHUENKAEW: COMPARISON OF AVERAGE
GLANDULAR DOSE AND IMAGE QUALITY BETWEEN TWO
DIFFERENT TARGET-FILTER COMBINATIONS OF FULL-FIELD
DIGITAL MAMMOGRAPHY  SYSTEM. THESIS  ADVISOR:
ASSOC.PROF. ANCHALI KRISANACHINDA, Ph.D., 117pp.

Breast cancer is the leading cancer in Thai women while the cancer of the cervix is
the second rank. The mammographic system had been developed for the optimization of the
radiation dose and image quality te patient.

The purpose of the study is to compare-the average glandular dose (AGD), entrance
surface air kerma (ESAK) and image quality in terms of contrast to noise ratio (CNR) with
breast pathology between two_ different target-filter .combinations of full-field digital
mammographic systems (FEDM): The system performance was studied for quality control
program. The study involves44l“wemen undergoing screening mammographic examinations
in cranio-caudal (CC) view on'both breasts. The AGD and ESAK displayed on the monitor
were verified and recordeds The CNR ‘was calculated for both groups with pathology of
calcifications (macro-micre) or mass who met the eligible criteria. Results: The AGD was
1.75 mGy for Mo-Mo and 1.43 mGy for W-Rh, the ESAK was 11.24 mGy for Mo-Mo and
5.25 mGy for W-Rh at the compress breast thickness (CBT) of 28-59 mm. When the CBT
was 70-91 mm, the AGD was 2.01 mGy for Me-Rh and 1.86 mGy for W-Ag. The ESAK was
14.77 mGy for Mo-Rh and 8.77 mGy for W-Ag. The AGD was reduced to 18.29% when
changed from Mo-Mo to W-Rh and. 7.46% when changed from Mo-Rh to W-Ag target filter
combinations. The ESAK was reduced to 53.29% when Mo-Mo was changed to W-Rh and
40.62% when Mo-Rh was changed to W-Ag wget- filter combinations. The mean CNR for
calcification detection from Me/Me  target/filiers was 0.86 +0.66, the minimal contrast
detectable was 0.04, ‘the percent contrast was 9.52+7.35. The mean CNR of W/Rh was
1.05+0.75 minimal centrast-detectable-was-0.04;-the-peicent contrast was 12.44 +£7.74, the
percent contrast minimal detectable was 0.58, higher than Me/Mo of 0.37. For CBT 70-91
mm, Mo/Rh target, the mean CNR was 1.04:£0.69, minimal contrast detectable was 0.21, the
percent contrast was 10.49+5.79, the mean CNR of W/Ag is 1.59+1.14 minimal contrast
detectable was 0.12 the percent contrast was 16.82 +10.86. The mean CNR for mass detection
from Mo/Mo target/filters) was 1.36+1:135 /minimal contrast detectable was 0.21, the percent
contrast was 10.5+7.75, the mean CNR of W/Rh was 1.06+0.79 minimal contrast detectable
was 0.22, the percent contrast was 13.84+8.15. The mean CNR for mass from Mo/Rh
target/filters combination was 1.4+1.05, the minimal.centrast detectable.was 0.15, the percent
contrast 'was 11.6847.19." There ‘was mno patient data’ for' 'W/Ag ‘iarget. Discussions and
Conclusions: The' AGD per view for CC view with grid was less than the.dose reference level
(DRL) of 3.0 mGy as recommended by the ACR. The CBT for data range 60-69 mm was
excluded. Different target-filter combinations affect on AGD significantly for the p- value of
less than 0.05. The image quality in terms of CNR for calcification and mass detection
between two systems was correlated but not significantly different. The errors in calculating
CNR may occur from the oversize of ROI drawing over the lesion especially in mass.

Welaiporn Choenkaew
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CHAPTER |
INTRODUCTION

1.1 Background and rationale

Breast cancer is the most common cancer which found in 1 out of 8 American
women. Now the breast cancer is also the leading cancer for Thai women while the
cancer of the cervix is the second rank [1]. The estimated incidence rate of 1 per 5000
women of breast cancer is found in Thai women at the age of 40 years and above
especially for those who live in Bangkok and at the vicinity area. As they are well
educated and follow the guidelines af the healthcare screening for pap smear test
annually, the incidence of the cancer of the cervix is decreasing. In contrast, the life
style of the women in Bangkok is most likely similar to the western women leading to
the higher incidence of breast cancer. Therefore, the factors influence the incidence of
breast cancer should be“determined. Mammogram is one of the screening tests
accepted in the developed couniries as it is very sensitive for the early detection of the
breast cancer. Furthermgie; the'Specificity and sensitivity of the mammogram are also
high and well accepted all.overthe world. For the early detection of breast cancer, the
survival rate could be.inCreasing up to 98 percent.

From the past to present, the mammaography system had been developed for
better image quality and the eptimization of the radiation dose to patient. The Full
Field Digital Mammogeaphy (FFDM) System could be operated as automatic
exposure control and manual systems [2]. " The advanced digital detector converts the
analog to digital directly, and the images could be forwarded to image archiving
system as the DICOM standards.and the DICOM Work lists could connect to the
Hospital Information System (HiS) to PACS. The breast compression paddle can be
operated automatically and manuatty which also control the automatic collimation.
The x-ray tube using Mo-Mao; Mo-Rh, target —filter systems were selected according
to the breast thicknessito reduce the patient radiation doset

New technology has been introduced for the flat panel detector and X-ray tube
with tungsten target-sibver filter for FFDM. The main idea for using tungsten anode is
the dose reduction to the breast tissue while maintaining the same image quality [3].
The radiation doses to patient and image quality are still the challenging in studying
for new technalagy. of full field digital . mammography.

1.2 Hypothesis

1.2.1 Hp: No aifferences mn average glandular dose and image quality when using
two"FFDM target-filter combinations.

1.2.2H,: There are differences in average glandular dose and image quality
when using two FFDM target-filter combinations.

1.3 Objectives

1.3.1 To study and compare the average glandular dose between two FFDM
systems of different target-filter combinations.

1.3.2 To evaluate and compare the image quality in the terms of contrast-to
noise ratio (CNR).



1.4 Definition

Average Glandular Dose:

Anode Target Material:

Compression Thickness:

Half VValue Layer:

Accumulated Average Glandular Dose:

Hospital Information Systems (HIS):

Digital Imaging and Communications in_Medicifie

The average absorbed dose in the
glandular tissue excluding skin in
a uniformly compressed breast of
50% adipose 50% glandular
tissue composition (ICRP 1987)

The primary material in the
anode of an x-ray source.

The average thickness of the
breast when compressed, if
compression has been applied
during x-ray exposure.

Thickness of aluminum required
to reduce the X-Ray output by a
factor of two.

Average Glandular Dose to a
single breast accumulated over
multiple images.

A’ hospital information system
variously also called clinical
information system (CIS) is a
comprehensive, integrated
information system designed to
marage the administrative,
financial and clinical aspects of a
hospital.  This  encompasses
paper-based information
proecessing as well as data
processing machines.

(DICOM): The field of medical
informatics ™ for  exchanging
digital ‘information  between
medical imaging equipment
(such as radiological imaging)
and other systems.


http://en.wikipedia.org/wiki/Information_system
http://en.wikipedia.org/wiki/Hospital

Picture Archiving and Communication System (PACS): Picture  archiving and
communication  systems  are
computers, commonly servers or
NAS boxes, dedicated to the
storage, retrieval, distribution
and presentation of images. The
medical images are stored in an
independent format. The most
common format for image
storage is DICOM (Digital

Imaging and Communications in

Medicine).
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CHAPTER I
REVIEW OF RELATED LITERATURES

2.1 Theory

2.1.1 The normal structure of the breast [4].

Women’s breast consists of 15-20 sectors (share), around the nipple area like
spokes in a wheel. Inside of the shares are areas of the smaller sizes, called slices. At
the end of each segment are tiny “bubbles” in which milk is produced. These elements

are connected by miniature “tubes\x\ f/)icts where the milk comes to the nipple

as shown in Figure 2.1.

That is at the center nt d areola In the areola, tiny glands
called Montgomery gla Iulirlc nipple during breastfeeding.
Intervals between the slices-and. du ] tty tissue. No muscles inside

the breast, but under each g scles covering the rib.

In each of the mamma . ‘the Dlood vessels, as well as vessels in
which the liquid flows;"knewn as lym ) 'rq irculating in the body by a
network of vessels, or ( em, I ebLLS that help the body to fight
infections. A lymph vessel flo \ N

f/)
0

f-— blood vessels

p Y
breast fat /

..,':: Coopersllgament

inframamma Iy crease

2 KWEANS
Qﬁ’laA'ﬁﬂifﬁimﬁﬂEl’lﬁgEl

“ Figure 2.1 The normal structure of the breast. (Breast cancer centre, 2009)
A. Cross-section view of breast structure. B. Lateral view of breast structure

e Cooper's ligament: the connective tissue that attaches the mammary
gland to the overlying skin.

e  Pectoralis major: the larger chest muscle that arises from the collar bone,
the sternum, most or all of the ribs, and the external oblique muscle and is
inserted into the humerus bone of the upper arm. This is the largest
muscle of the chest and it pulls the arm forward.


http://breastcancerstaging.net/

e  Pectoralis minor: A smaller chest muscle that lies beneath the pectoralis

major that arises from the third, fourth and fifth ribs, and is inserted into

the process of the shoulder blade. This muscle stabilizes the shoulder

blade.

Connective tissue

Blood vessels

Ribs

Subcutaneous fat: fat that is just underneath the skin

Inframammary crease: the fold or crease under the breast where the

breast meets the upper abdomen.

Breast fat: fatty tissue found above the glandular tissue of the breast.

e Ducts: a duct is anyytube that earries the secretion of a gland. In the
breast, the ducts are lactiferous. ducts or milk ducts

e Glandular tissue

e Nipple: the.protuberanceof themammary gland that contains the
openings of thesmilk.aucts open and fremwhich milk is drawn

e Lobules: the part of the breast where milk is produced. The lobules are

gathered in E(:/lob

e  Breast eny Ope tie skm that surrounds the structure of the breast.

The breast is att/{ hed 1O the che all by the breast envelope and connective
tissue, and the Cooper's Migaments. Durifig ‘any surgery on the breast, care must be
taken so as not to sever thesa IlgamentSJ If the connective tissue or ligaments are
disrupted, the breasts can droop f

2.1.2 Breast cancer st:reenmg methods f,5]

There are three main methods of screem,mgfor breast cancer: mammography,
clinical breast examlnatlon and breast self-examination.

Mammography — A mammogram Is a breast x-ray examlnatlon which is the best
screening test reducing the risk of breast cancer. Early concerns about the radiation
exposure from mammegrams have lessened with the tse of modern mammography
equipment that exposes the.breast to extremely low levels of radiation. The current
level of radiation exposureis unlikely:to significantly increase the risk of developing
breast cancer.

Technique - Each breast is ®-rayed individually. The breast is flattened by
compression device, between‘two panels, ‘to.mare easily 'seen abiormalities. This can
be uncomfartable for only a few-seconds. Mammaograms-are most unecomfortable just
before or at the beginning of the menstrual period; women should try to avoid
scheduling their mammogram at these times, if possible.

Findings - Breast cancer cannot be diagnosed by mammography alone. Further
testing e.g., ultrasound or biopsy is recommended if a mass, new calcium deposits, or
other abnormal findings is shown. These findings do not always mean that a cancer
has been found. 11 percent of mammograms performed in the United States require
additional evaluation; more than 90 percent of these cases were not cancer.

The abnormalities on mammograms are calcifications and masses. Types of
calcification are macro and micro calcifications.



- Macro-calcifications are large calcium deposits that most often represent
degenerative changes in the breast occur with aging or with previous trauma or
inflammation. Macro-calcifications are common, particularly in women over
the age of 50, and generally do not require a biopsy.

- Micro-calcifications are small specks of calcium that sometimes suggest the
presence of breast cancer. Depending upon the shape and pattern of micro-
calcifications, a biopsy of the affected area is recommended or a repeat
mammogram in three to six months.

Clinical breast examination — Clinical breast examination is performed by a health
care provider and is typically performed at the yearly physical examination.
Healthcare providers usually inspect the breasts for any changes in size or shape and
then palpate (feel) the breasts and the area under both arms for any change in texture
or lumps.

Both clinical breast.examination-and mammegraphy are important. The studies
show that about 50 percenirof breast cancer found-en.screening was detected by both
examination and mammagraphy. 5 10 10 percent are detected with examination and
missed by mammography,.and-about 40 percent are detected by mammography and
missed by examination.

Breast self-examination™— Breast self-examination is.a means of detecting changes
in individual breasts. It typically/is performed at the same time each month. The best
time to perform breast self-examination is about one week after the menstrual period
ends, when the breasts are least lumpy. In postmenopausal women, the same day for
each month is recommended. .

Most studies have ‘not,found breast self-examination to be beneficial in
reducing the risk of breast cancer.-However, one large randomized trial found breast
self-examination did result in women undergoing more breast biopsies for benign
lumps. Nevertheless, some women feel that practicing breast self-examination on a
regular basis improves their abtity to detect subtle changes that would otherwise not
have been noticed. Breast self-examination Is not a substitute for mammography or
breast examination by a health care professional.

The studies suggest that performing breast self-examination correctly is
important. Waomen who! want'to perform-selfiexaminations-should ask their health
care provider to demonstrate how.-to 'do it and how to'tell the difference between
normal tissue "and suspicious lumps. Instructions for performing self breast
examination-are-provided.in Table 2;1;



Table2.1. Breast self-examination.

Breast self-examination is best done about a week after the menstrual
period. Women who are postmenopausal may perform the exam any time. Some
women perform once per month while others do it less frequently or not at all;
these are all acceptable choices.

- Start by standing in front of a mirror. Place both hands on the hips.
Examine the breasts for changes in skin color, texture, dimpling, and
note how the nipples look. \Some women have inverted nipples
(nipples point inwards instead of out); this is not abnormal as long as
this appearance does not change overtime.

- Lift the hands above.ithe-head and turn to the side to examine the
entire breast in ront.of.the mirror. If necessary, lift each breast to
examine the skin underthe breast.

- Lie down and-put the left hand aBbv,e the head. Use the right hand to
examine the left breast. ¥ou will use the tips of the fingers to press the
breast tissue againstthe chest; moving in a circular motion.

-

- Start by feeling the bréast tissue closest to the middle of the chest.
Move the hand down the chest in @ line, moving the fingers in a
circular motien as you go. At the base of the breast; begin moving the
hand back up-towards the head, continuing to mowve the tips of the
fingers in a ciceular motion.

- Continue this uprand, down patternwntil you have covered the entire
breast and under armjarea.

- It ismormal-to feelthe-bony ribsdnithe ehest sAbnormalslumps may
feel firm, haveuirregular ‘edges;~and may feel "stuck™ tasthe chest. If
you are unsure if a lump is normal or abnormal, make an appointment
to see a healthcare provider for an examination.

- Switch hands and repeat the examination on the right breast.




2.1.3 Breast cancer detection technologies [6].

The apparent strengths and weaknesses of the new breast cancer detection
technologies is evaluated. However, the experimental evidence available for most new
breast cancer detection technologies was not strong enough to support definitive
conclusions about their ultimate clinical value and use. None of the newer
technologies have been studied to the same extent as conventional mammography.

Advances in breast cancer detection technology include improvements to
current techniques, new ways to image the breast, and new detection strategies aimed
at finding distinctive “molecular signatures” of a pre-malignant or malignant breast
tumor. The Food and Drug Administration (FDA) has approved some of these new
techniques for clinical use, but many are inearlier stages of development and have not
been used outside a research setting.

2.1.3.1 Digital Mammography

Unlike film mamimography devices that produce an x-ray image of the breast
directly on photographicfilm; digital \/mammography devices, which still require
breast compression, capturedthe x-ray image digitally. An array of detectors creates a
digitized image that can le viewed and manipulated on a computer screen. In theory,
this could enable better detection 0f tumors obscured by the dense breast tissue
frequently seen in youngéer women. The ability to enlarge or adjust the contrast of
questionable areas without fequiring new x-ray exposure may facilitate the detection
of lesions that have been missed by film mammography. The technology could also
improve screening mammagraphy: by allowing electronic storage, retrieval, and
transmission of mammogramis.. However, one important limitation of digital
mammograms is that the images are not as finely detailed as film mammograms.

2.1.3.111 Direct conversion det-ecfors

These systems use a layer of amorphous seleniim as the x-ray converter
coupled to an amorphous silicon readout array. However, in this case, the panel pixels
do not incorporate a photodiode. The x-ray photons are converted directly to
electronic charge in a selefiium layer that is‘then read out by the thin film transistor
(TFT) array, as shown-in Figure 2.2.'A high electric field 1S: maintained across the
selenium layer,,which ensures that"the charge is collected without a high degree of
lateral spread. This improves the sharpness of the images compared with phosphor
based systemis«in which lightspreads fatetally. 'Nominal pixelysize i§ typically 70 pm
or 85 um. As the'shape and structure af amorphous selenium devices are similar to
those of amorphous silicon devices, they are also termed flat panel detectors.



X-rays IN
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Figure 2.2 Digital image receptqrqls\%:l}”}sion technology. (Prasadg, 2006)
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Figure 2.3 Characteristic radiations of molybdenum spectrum at 17.9 and 19.5 keV.
(Sprawls, 1998)
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The optimum spectrum to produce the best balance between contrast
sensitivity and radiation dose for an average size breast is one with most of the
radiation with photon energies below about 20 keV. However, there is considerable
Bremsstrahlung above this energy. In the typical mammography equipment a
molybdenum filter is used to remove that undesirable part of the spectrum. This is an
application of a filter that works on the "K edge" principle. It absorbs radiation that is
above the K-edge energy that corresponds to the binding energy of the electrons in the
K shell of the molybdenum atom. (Figure 2.3)

Tungsten (W) target tubes are advantageous for short exposure times. Without
useful characteristic radiation, the energy spectrum is optimized for mammography
with Mo and Rh filters, typically of 0.05 mm thickness or greater. Greater filter
thickness is necessary to attenuate useless L X-rays emanating from the W target.
Careful choice of kVp and filter material-Can yield excellent results in terms of
contrast and breast dose.

The spectrum of'the significant characteristic radiation from tungsten is shown
in figure 2.4. Characteristic radiation produces a line spectrum with several discrete
energies, whereas Bremssirahlung produces a continuous spectrum of photon energies
over a specific range.-The atumber of photons created at each characteristic energy is
different because the probability for fitling a K-shell vacancy is different from shell to
shell. \
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Figure 2.4 Electron energy levels in tungsten and the associated characteristic x-ray
spectrum. (Sprawls, 1998)
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Tungsten x-ray tube imaging is also particularly well suited to some of the
advanced imaging applications in development. The high radiation output of tungsten
anodes allows for superior tomosynthesis imaging, where it is desired to create a
number of short x-ray pulses during the acquisition, so as to minimize focal spot blur.
Another application is the use of dual energy imaging so as to improve the visibility of
micro-calcifications, which requires high kVp exposures.

2.1.4 Average Glandular Dose [7].

It is difficult to make a precise determination of the radiation dose to a breast
during mammography because of the variations in breast anatomy that are
encountered and not being able to insert measuring devices, dosemeters, into the
breast. The usual procedure is to. make measurements of the exposure to the surface of
the breast and then use published tables of dose factors to calculate a quantity that is
defined as the Average Glandular Dose (AGD):

The determination'of AGDwvalues for a standard reference breast is part of the
general quality assurancesand.procedure evaluation program. The objective is not to
adjust the equipment and«imaging techniques to produce the lowest possible dose
(AGD). 1t is to use.imaging «conditions that produce the necessary image quality
(primarily contrast sensitivity and V|S|b|I|ty of detail) without the use of unnecessary
exposure to the patients

The glandular dose (Dg) was eé_tima_ted through a semi-empirical method
considering the skin entry/exposure (Xgsg) and the normalized glandular dose (DgN),
related by equation 1 proposed by.Dance:

Dg DQN_—XESE 1)

Xese represents the primary beam entry reglon air exposure in the phantom, the
measurements being “performed directly on the primary beam, with the field size
slightly greater than-the chamber volume (not considering the backscattering).
Measurements were performed with the compression device under the primary beam.

The average radiation absorbed dose to, glandular-breast tissue is accepted as
an estimation of the patient dose in' mammography:

2.1.5 Image Quality in Mammogram [8].

In mammography, it is most important ‘to“consistently’ produee high-contrast,
high resolution images at the lowest radiation dose consistent with high image quality.

Image quality requirements for mammaography are:

- High contrast sensitivity

- High detail (low blurring)

- Low visual noise

- Minimal artifacts

- Spatial characteristics (appropriate projections and field of view)
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2.1.5.1 Contrast sensitivity

Contrast sensitivity is the characteristics of an imaging process that determines
the visibility of objects in the body that have low physical contrast. The anatomical
structures and pathologic signs are all soft tissues with physical densities very similar
to the adipose background of the breast. The visibility of small calcifications is
limited by blurring, but they also require high contrast sensitivity.

MAGING
FROCESS i

o000

UAL CONTRAST
&/&W/J

Figure 2.5 The contra G Hc \nagmg process the visibility
of objects in the bg physical contrast. (Sprawls, 1998)
Pty
mammography is designed to have
Iadiographic procedures.

For the radiographi
much higher contrast sensﬂmtyﬂ'mthe
/“; i

’ e ‘, il

The relatlve}_d)ntrast sensitivity is o
using the accredita

acteristics that are tested
1 hat is done by counting the
number of simulated riasses that are visi tem contains a series of five (5)
simulated masses decrlﬁssing in size (diameter) from t@largest (#12) to the smallest
(#16) in the lower right (&orner However it is not the diameter that is important; it is
the thickness own figure 2.6. The
thickness of ﬁ ﬁgﬁte ﬁ %ﬁﬁﬁgﬁ the amount of x-ray
attenuation it produces. Since we have a series of objects (masses) with varying
physical contrasts, it is a useful test device for evalua ﬁ contrast%e'hsmwty

QRITANT I AN TIVE T E
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12.  2.00 mm thick tumor-like mass
13. 1.00 mm thick tumor-like mass
14.  0.75 mm thick tumor-like mass
15.  0.50 mm thick tumor-like mass
16, 0.25 mm thick/tumoriike mass

Spmw[s

-
Figure 2.6 The relative_contrast sensitivity test by using the accreditation phantom.
(Sprawls, 1998)

It is expected tosbe able'to see 1*our (4) masses when the phantom is imaged
with conventional mammegraphy, equipment operating in a standard protocol. The
fifth mass is generally nog visible.—This does not indicate that the equipment or
imaging procedure is defective. /It does demOnstrate to us that even with high-quality
mammography, everything within a-breast might not be visualized. The one disk not
in the numbered series (agrow) is actually a small disk attached to the outside of the
phantom and used to measure overall contrast in the image using a densitometer. A
numerical value for the contrast is the difference between the film density values
measured in the disk area and the backgroundarea near the disk. There are a number
of technical factors within mammography: that affect contrast sensitivity. These need
to be considered When settlng up the procedure processmg and viewing the image.

2154 1 Physical contrast ’

The level of contrast sensitivity that is needed in a specific imaging procedure
depends on the amount of‘physical contrast-that is present in the body section being
imaged. Thatwvaries considerably- amongithe' different ‘anatomical locations. It is
interesting to ‘consider~the “two "extremes Tllustrated figure2.7 (A). The chest is a
region with very high physical contrast because.of the large difference in density
betweerthedungs partially filled-withtair and the’bones. Thelungs form a low density
background an which mast ofithe ‘ether anatomical structuresiand signs of pathology
can be imaged. Chest radiography requires low contrast sensitivity because of the high
physical contrast that is present. The first step to achieve low contrast sensitivity is by
using high KV values (like 120kV) that produce a very penetrating x-ray beam. The
breast is the complete opposite to the chest with respect to contrast. It consists of soft
tissues with relatively small differences in density (or atomic number). (figure2.7 (B))
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PHYSICAL CONTRAST PHYSICAL CONTRAST
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Figure 2:7 The physigal coritfast: (Sprawls, 1998)
A. Chest B..Mammogram

The adipose tnssdE jes form-HI “low density” background on which the
glandular tissue and signs of.pathology can be imaged. However, the differences in
density and the physical contrast are very small and a procedure with high contrast

sensitivity is required fg alization.
.": 4 ;!'
Contrast-to- nong/ra“ 0/(CNR) ié‘ a measure of the detectors ability to
distinguish between objects in an, |mage andithe image noise.

CNR = Mean plxelvalue (Sld’ﬁﬂl) mean pixel value (background)
““Standard deviation (background)

T 7y . .
Signal-to-noise ratio (SNR) compares the level of the desired signal to the
level of background_nblse A higher SNR provides a bette!i’ lmage
,,j LJ
“SNR'= Mean pixel value-offset in pixel value
- Standard deviation in‘pixel value

2.1.5:.2 Factors that. Affect Film/Screen Contrast Characteristics
- Film Design

For" mammography, two " film" characteristics “are ‘conflicting with each
other. First, we need a steep characteristic curve because that represents high contrast
transfer and contrast sensitivity. However, for the usual range of film densities that
can be viewed on a conventional view box, a steep characteristic curve results in
reduced latitude. A wide latitude is required to image the rather wide range of
exposure coming through the breast. While compression is useful in providing a
more uniform breast thickness, and a smaller range of exposure, there is still a
considerable range because of other variations in thickness (near the nipple) and in
density.
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The contrast characteristics for mammography film are different from other
radiographic films in order to have both high contrast (that is a steep slope) and wide
latitude. This is achieved by designing the film to record contrast over an exposure
range that extends to the higher film densities (darkness) compared to general
radiographic film.(figure 2.8)

Mammography Film
Design H igh
Dens:ty
Mammography Film »}k g
T4 z
/ 5
J / 8
General Radiographic Film = »"
" ’_é §
—_— <3 y " .t =
;“"-— e’ »
o 4 ;-:;" h
O}E‘ TR, TRSL AR
R°¢ept xposure . L g

Figure 2.8 The conirast /char 'cteFisties for mammography film compare with
general radiographic films 31 order to have both high contrast (that is a

steep slo d |de latltude (Sprawls, 1998)

L& T L]

To utilize this extended coqirast qﬁgracterlstlc to the full advantage requires
two things. The film must be exposed to af?[qglvely high average density (darkness)
so that it is centered within the—_mes extended sensitive range (latitude). This is
achieved by calibrating and setting the AE,meiproduce a relatively high density (a
density of 1.7 is |llu,§trated figure 2.9) when imaging _jra test device (phantom) of
uniform thickness. (7 “)

-

7T bEnsITY |
SET POINT

DOSE DIFFERENCE

RELATIVE EXPOSURE ‘v;}’//,',,(,,,,/‘

Figure 2.9 Mammography film densities test device (phantom) of uniform thickness.
(Sprawls, 1998)
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A point about optimization - The average density is set to a lower value of
1.2 as illustrated in figure 2.9 that is more like what is used in general radiography, the
dose would be reduced. However, the contrast would be reduced. This is an example
where attention must be given to optimizing the contrast to dose relationship. It also
illustrates the point that there are times when a certain dose level is needed to achieve
the necessary image quality. The second requirement is that the properly exposed
mammography film is relatively dark (high density) and must be viewed on a
specially designed bright view box.

- Film Exposure Level

Most mammograms are made using Automatic Exposure Control (AEC). The
AEC system measures the exposure that teaehes.the receptor after penetrating the
breast and turns the exposure 0ff when the necessary exposure has been delivered to
produce the expected film density. While AEC 4 valuable function for producing
optimum film density~and \asibtlity,| it does not always produce the "perfect”
exposure. There are several potential sources of error that must be considered. Two
are associated with the Ps{?(pp;)nd calibr'htion of the system by the engineers, and two

are under the control o A/eA-e'chno|ogist/i_agi:iographer
E

AEC Calibration: the must be c"alib'étg_d by the engineering staff to produce the
desired film density. Tty%a!ibratibn..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 f}fm density (a value of 1.6 is illustrated figure 2.9) produced
when imaging a test device gphantso’m) of Gﬂﬁﬁgrm thickness.
F s

FACTCRE ‘PRODUCING ERRORS

A IN £)

{7 RECEPTOR EXPOSURE.

CONTROL
CALIERATION SETTING TRACKING =+

D=1.6
. i I

A F

RESERFJIR ¥APOSURE
Sprawls

Figure 2.10 The calibration is specified in terms of the film density produced when
imaging a test device (phantom) of uniform thickness. (Sprawls, 1998)

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.
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AEC Sensor Position: 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 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: 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) normal, +1, +2, +3, -1, -2, -3, etc. Although there is no
standard relationship, 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.eertain breast conditions are better
visualized with lighter or darker films. Associated with the Density control is a
function for indicating which. receptor (film/sereen combination) is being used. The
AEC must have this information to make the correct exposure.

- Film Processing Level

The formation.ef a visible image on film is a two-step process. First, the film
is exposed to form the invisible latent-image and then the film is chemically processed
to develop the visible image. Processing is a critical step requiring special attention in
mammography because /©f ‘the ‘many sources of variability and sub-standard
processing. The purpose s to .take a brief look at the factors associated with
variations in mammography film. processing. Film processing is a four step process:
development, fixing, washing, and-drying. It is the development step that converts the
exposed film to one with density and contrast.” Development is not an instantaneous
process but occurs over a period of time (usually about 25 seconds) as the chemicals
interact with the exposéd Silver halide crystals in the film emulsion. The objective is
for the development process to continue until the fiim is fully developed, but not
overdeveloped which produces one form of film fog. The final level of development is
determined by a combination of physical and chemical factors. These are the factors
and conditions.that, must, be-addressed.when-setting up-the-proecessing and monitoring
(either directly or lindirectly through sensitometer) of it/in the context of a Quality
Assurance Program.

There are two very-specific processing goals:

1. An appropriate level of processing so that all (ideally) of the exposed silver
halide crystals are converted to black silver and film density.
This is necessary to get both maximum contrast and the optimum exposure
sensitivity or "speed" (to reduce patient exposure) from the film.

2. Consistent processing so that the film exposure sensitivity does not drift or
change with time resulting in exposure errors.
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- Viewing Conditions

The display and viewing of the film is the last step in the total process of
visualizing the anatomy and pathology within the breast. It can be a "weak link™ and
reduce much of the contrast sensitivity developed in the other stages of the imaging
process. There are three (3) specific factors associated with the viewing that must be
addressed.

View box Luminance (Brightness): A characteristic of the human visual system is that
maximum contrast sensitivity requires a relatively bright or well illuminated image for
viewing. Film mammography presents @ ;special challenge because the films are
exposed to a relatively high density, compared.io other radiographs, in order to obtain
the maximum contrast from the film, as descrbed. previously. These darker or more
dense films require illumination with an especially-bright illuminator or view box in
order to enhance the visual contrast sensitivity and visualization of low-contrast
objects in the breast. View boxes desighed for mammography have brightness values
of at least 3500 units_cempared to around 1500 units for conventional radiography
illuminators.

Masking: The advantage” of a' bright view hox brings a problem. If there are
uncovered areas around a filmethis creates a bright light shining right into the eyes of
the viewer. This is the pright headlights ot oncoming traffic situation. Bright light
shining into the eye reduges contrast sensitivity and visibility of relatively low-
contrast objects. The solution is to cover of mask the areas around a film.

Room Ilumination: Low-level illumination in the film reading room or viewing area
increases visual contrast sensitivity as the eyes adapt to the darker environment.

2.1.5.1.3 Factors that Affect Digitall. Mammography Contrast
Characteristics

- Digital Image Processing

Digital -mammography.provides-several advantages over film for optimizing
the contrast transfer' from the breast to the image display and the maximizing the
overall contrastisensitivity.

Three (3) ofithe majon featuresiare shown figure 2.11.

Digital receptor dynamic range. A valuable characteristic of most digital
receptors is a constant sensitivity over a wide range of exposures. This is very
different from the relatively narrow latitude or dynamic range of film as we have seen
earlier. The advantage is that the full exposure histogram will be easily covered by the
wide dynamic range and that a considerable variation in exposure to the receptor
(exposure error) can be tolerated without loss of contrast. The transfer of exposure
contrast into digital image contrast is represented by a linear (straight-line) rather than
the steep characteristic curve of film with its limited latitude. The digital image
recorded by the typical digital receptor will have relatively low contrast (it would look
like a rather gray image) but it will be uniform over the full exposure range. The next
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step is to select the exposure range representing the actual image, that is the
histogram, and to enhance the contrast by digital processing and windowing.

Digital Mammography
Contrast Transfer

. Windowing
‘__.
Digital Image
Processing
‘_
Receptor >
Characteristic

Disployed Contrast —

);_;Ray Conftrast

Receptor Expos uie 5 /.
Figure 2.11 The major features of digital mammography contrast transfer. (Sprawls,
1998) s &

Digital image processing. Qne, of the,great advantages of digital imaging is the
ability to apply a variety,0f processing procedures to change the image characteristics,
hopefully to improve ‘Quality /and visibility .in most cases. Here we are focusing
attention on the contrasty” Contrast.processing is common in most forms of digital
radiography and is used to make-the digitally. acquired radiographs "look like" more
conventional film radiographs‘with respect to contrast. This processing can be
thought of as applying a film characteristic (H & D) curve as illustrated here. The
advantage is that the user can sefect from many different "film characteristics" to meet
the needs of specific_clinical procedures. For example,“in general radiography, one
"characteristic curve”/type would be appropriate for chest imaging while another
would be used for imaging the extremities. In digital mammography the various
contrast processing precedures are generally built into'the system and might vary to
some extent from one manufacturer to another.

- Digital image windowing

Windowing, as _used in the display and*viewing of mast digital images
(including CT, MR, ‘etc) is the last step in optimizing the contrast-and visibility of
specific abjects and structures within an image.

2.1.5.2 Spatial Resolution

Spatial resolution refers to the ability to display 2 separate objects and visually
distinguish 1 from the other. The ultimate resolution limit of any digital system is
determined by its pixel size. For the same field of view (FOV), spatial resolution is
better with a larger image matrix. Noise is limited by the size of the pixel, and the best
possible Noise often is defined as the uncertainty in a spatial resolution for an image is
the size of the pixel due to random fluctuations in that signal. The smaller the pixels
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are, the more that will fit in the image matrix and the greater the spatial resolution.
Because one-third of all factors affecting x-ray quality and quantity.

2.1.5.3 Assessment of Image Quality [9].

There are both benefits and risks associated with most medical procedures.
Medical imaging, especially imaging that exposes patients to ionizing radiation, is no
exception. The goal of medical imaging is to provide the most useful medical
information, at the lowest risk commensurate with providing that information.
Mammography exposes the breast, one of the tissues most sensitive to ionizing
radiation. Therefore, it is important to determine what level of image quality is
required to permit appropriate medical decision making and consequently how much
radiation is required.

2.2 Literature review

Oduko J.M. et al {20] studiea the effect of tungsten-anode x-ray tube on patient
dose and image quality_in“fuli=field digital mammoegraphy, the most dose-efficient,
and maintain achievable image quality for all PMMA phantom thickness. Dose and
image quality have heen evaluaied for two types of digital mammography system
which the X-ray tubes using tungsten-anedes, the Siemens Novation and the Hologic
Selenia. For each system, contrast-to-noise ratio and threshold contrast measurements
were studied. The optimum exposure setiings had been determined for each system to
meet the achievable image quality' standard of the European Guidelines. For the
Selenia system, the dose Savings between 9% and 52% were achieved by using a
tungsten-target tube, for PMMA. thicknesses ranging from 20 to 70mm. For the
Novation system, the same range .of PMMA thickness simulating breasts, the dose
saving was 10% to 50% when using @ W/Rh rather than Mo/Mo target-filter
combination. When comparing-W/Rh with-Mo/Rh for the Novation, a modest dose
reduction ranging from 4% to 18% was achieved.

Varjonen M. etal [11] studied the optimized target — Tilter combinations to meet
the high image quality and the lowest possible average glandular dose in digital
mammography based on amorphous selenium (a-Se) detector technology. The study
also provided_.the , recommendations, for’ target-filter. combinations in digital
mammography“for, different’ breast-thicknesses. The full field' digital mammography
(FFDM) system;based on a-Se technology, which is also a platform of tomosynthesis
prototype, was used in the study. Xsray target — filter combinations; were W—Rh, W-
Ag, W-Ma@ [andi W.:Sn: The‘average glandular doses (AGD) were calculated using a
specific pragram, ‘described by Daricéet al’ [3], the ‘image quality was evaluated by
contrast and noise analysis. By using the W-Rh, W-Ag, W-Sn, W—-Mo target-filter
combinations, it is possible to achieve significantly lower average glandular dose
compared to Mo—Mo and Mo—Rh. The average glandular dose reduction was achieved
from 40 % to 60 % depending on the selected target-filter combination and the breast
thickness. In the future, the evaluation will concentrate to study the effect of higher
kVp (> 35 kVp) values, which might be useful in optimizing the dose in digital
mammography.

Bernhardt P. et al [12] studied the x-ray spectrum optimization of full-field
digital mammography: simulation and phantom study. In contrast to conventional
analog screen-film mammography, new flat panel detectors show a high dynamic
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range and a linear characteristic curve. Hence, the radiographic technique can be
optimized independently of the receptor exposure. It can be exclusively focused on the
improvement of the image quality and the reduction of the patient dose. The image
quality had been measured by a physical quantity, the signal difference-to-noise ratio
(SDNR), and the patient risk by the average glandular dose (AGD). Using these
quantities compared the following different setups through simulations and phantom
studies regarding the detection of micro calcifications and tumors for different breast
thicknesses and breast compositions: monochromatic radiation, three different
anode/filter combinations: Mo/Mo, Mo/Rh, and W/Rh, different filter thicknesses,
anti-scatter grids, and different tube voltages. For a digital mammography system
based on an amorphous selenium detector it turned out that, first, the W/Rh
combination is the best choice for all detection tasks studied, second, monochromatic
radiation can further reduce the AGD by a factor of up to 2.3, maintaining the image
quality in comparison with a real polychromatie spectrum of an x-ray tube, and, third,
the use of an anti-scatter grid is only advantageous for breast thicknesses larger than
approximately 5 cm.

Gennaro G. et al [13] studied the performance of automatic exposure control in
several digital mammography systems. The test procedure proposed by the European
Guidelines, requires the measurement of contrast-to-neise ratio (CNR) produced by
0.2 mm Al superimposed‘onvariable-palymethyl-methacrylate (PMMA) phantom of
different thickness. PMMA" layers were exposed by full automatic techniques and
average glandular dose (AGD) had been determined. The results demonstrated that
AGD values keep below the acceptable limits for all systems at almost all equivalent
breast thickness. CNR absolute values per each thickness can significantly vary,
depending on characteristics of each type of equipment. The application of limits
suggested by the European Guidelines for CNR variation with reference to 50 mm
PMMA causes systematic failure for equivalent breast thickness above 50 mm:; this
may be due to the contradiction-between the prineiples followed by the manufacturers
to design the AEC (signal constancy) and those proposed by the European protocol
(CNR constancy).

The digital mammography system is set up in the most dose-efficient way, to
maintain achievable image.quality and have many studies about average glandular
dose, image quality; @ptimizing garget-filter; combinations=etc. Thus the average
glandular doses anddmage quality. from digital mammagraphy in Thai people should
be studied for the new technology.



CHAPTER Il
RESEARCH METHODOLOGY
3.1 Research design
This study is the observational comparative study.
3.2 Research questions

3.2.1 Primary question

Is there any difference in average glandular dose for two different target- filter
combinations of FFDM systems?

3.2.2 Secondary question

What are the ranges 0i*CNR in images of different thickness between two
FFDM systems?

3.3 Research design model

Perform QC 0f 2 Selenia FFDM systems
Verify theaverage glandular doses at the displayed monitor
Determine the -image quality (SNR) and CNR) using
standard phantoms
e

Coliect and record patient data from EBM-workstation
Patient ID
Patient age
Compress breast thickness
Compression force
KV p=mAS
AGD
target-filter used
etc,

g

Analyze data using statistical methods
Descriptive statistics
Inferential statistics using Unpaired t-test

J

Evaluate and compare the statistical results of
AGD and CNR between 2 FFDM systems




3.4 Conceptual framework

FFDM 2Target/Filter
systems

—

Mo/Mo , Mo/Rh

mAS

Compression Force

Breast composition

3.5 Keyword

WI/Rh, W/Ag
| i |
kVp
Average
| Glangular Dese
N and — CBT
Image Quality:
HVL
A A
CNR SNR

- Full Field Digital Mammography
- Average Glandular Dose

- Amorphous Selenium
- Tungsten.

3.6 The Sample

3.6.1 Target population
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Thai female patients who underwent FFDM at King Chulalongkorn Memorial
Hospital during 2 periods, April - Aug 2006 for molybdenum target system and April
- Aug 2009 for.tungsten target.system.

3.6.2 Sample Population

Thai female,patients who-underwent FFDM at' King ‘Chuialongkorn Memorial
Hospital! during ‘the” period April ™= Aug 2006 for molybdenum target system and
during the period April - Aug 2009 for tungsten target system. All sample population
must meet the following eligible criteria.

Eligible criteria:

Inclusion Criteria:
- Mammographic procedures for screening and diagnosis.
- Cranio - caudal (CC) view for both breasts.
- For image quality evaluation, collect only patients with pathology

disorders.
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Exclusion Criteria:

- Implant breast

- Breast conservation surgery

- Non AEC cases.

- Medio - lateral oblique (MLO) view and other positions

3.7 Materials
3.7.1 Two full field digital mammography (FFDM) systems [14]

3.7.1.1 Manufacturer: (LORAD) Model: Selenia Molybdenum
(Mo) and RthTq w ets (Installed February 14, 2006).

The Selenia is a m Lorad

an image acquisition syéwmﬂmg‘ﬁ dlgWeceptor. This receptor covers
an area of 24 x 29 sq. t- > det using an amorphous selenium
photoconductor. The t b si 0.1

are 0. mall nominal and 0.3mm for
large nominal. The x-ray Rh ano Mo and Rh filtration materials.
xposure technique factor, can be selected as

mmography system, which uses

At the acquisition w:
well as the automatic ex
to acquire processes
automatically. The FFD

’QW

Flgure 3.1 The FFDM Hologic, LORAD model Selenia system with
Molybdenum and Rhodium targets.
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3.7.1.2 Manufacturer: Hologic (LORAD) Model: Selenia Tungsten (W)
and Rhodium (Rh) targets (Installed March 8, 2009).

The design of the Hologic Selenia full field digital mammography system is
the use of amorphous selenium detector; the size of the image field is 24 cm x 29 cm.
A moving grid system, using the Lorad HTC (high transmission cellular grid), is
integrated into the detector assembly. The grid can be driven out of the image field if
required. The Selenia is supplied with a range of compression plates. The Paddle
system allows the field size to be automatically determined from the size of the
compression plate in use. The two focal spot sizes are 0.1mm for small nominal and
0.3mm for large nominal. The x-ray tubes are W and Rh targets, with Ag and Rh
filtration materials. Three user- selectapl C operating modes are provided as auto-
time (control of exposure duration), a (/K (control of exposure duration and
automatic selection of optimum kVp) an iiter (control of exposure duration,

automatic selection of optlmw:n kVp ang filter).. FFDM system is shown in Figure

e ———

3.2.

Flgure 312.The FFDM Holegic, LORAD model Selenia system with
191 @ Tlungsten and Rhodlum targets ) =

3 7, 2 Breast phantom
3.7.2.1 Gammex RMI model Gammex 156 [15]

The mammographic accreditation phantom RMI 156 is designed for the test of
the performance of a mammographic system by a quantitative evaluation of the
system’s ability to image small structures similar to those found clinically. The
mammographic phantom is made up of a wax block containing 16 various set of test
objects, thick acrylic base, a tray for placement of the wax block. All of this together
approximates a 4.5cm compressed breast. Five groups of simulated micro-
calcification, six different size nylon fibers simulate fibrous structures, and five
different size tumor-like masses are included in the wax insert. The Gammex RMI
models Gammex 156 with the detail of inserts are shown in Figure 3.3.
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3.7.2.2 BR-

The phantom body_iS ava 0/50 as shown in figure 3.4. It
enables consistent, repre -.,\,* ' pattern at 4.5 cm above the
breast support plate atL cra Trg Il e aterally as recommended by
the American College G I t rn can also be positioned at a

variety of heights for mor \ ,\

e phantom includes a 30x hand-

held microscope.

Figure 3.4 BR-12 or BR50/50 single exposure high contrast resolution breast
phantom. (CIRS, 2005)
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3.7.3 Radiation dosemeter [17]

The radiation dosemeter is a solid state detector manufactured by Unfors
Model XI MAM as shown in figure 3.5. The detector could measure kVp, dose, dose
rate, HVL, time and waveforms.

rsiXi solid-state radiation dosemeter. (Unfors, 2005)

I
.,-' 4 5 #
i p "
W Y

f i
] & id

Solid state doseme rsfre' useful for four main reasons. First, their high density
(800 to 4,000 times more afoms per c.c. than air) can lead to small sizes, e.g. in
semiconducting devices. Further; electrical eonductivity can be internally amplified,
especially in CdS, by a factor of 10° or 10_%0’ that currents 10° or 10’ times greater
than in gas ionization chambers canbe obtained, Second, changes induced in solids by
radiation may persist, for long periods, enabling total /dose to be estimated at a

convenient time after-the-irradiation-Third;-setid-sysiems showing an obvious visible

change are useful foT%he.asuring spatial distributions of dose. Fourth, higher dose-rates

can be measured than py ionization chambers.

Figure 3.5 The U

3.7.4 Picture archiving ‘and cammunication system (PACS) and Diagnostic
warkstation 5 Megapixel (MP) monitor (Figure 3.6) [18]

The FFDM: systentiscconnected| to (PACS 'manufactured-hy /AGFA and work
station manufacturer EBM technolagies. It consists of features and functions provide
to read and perform diagnosis, navigate through images, and receive relevant patient
information.
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Figure 3.6 The picture archiving and communieation system and diagnostic
workstation P monitor

3.75 Mammogr;pﬁé ( Ir_.t da_fa @m Hospital Information System (HIS) [19]

A hospital informati sterml (Hi%) or elinical information system (CIS) is a
comprehensive, integrated information system designed to manage the administrative,
financial and clinical aspects of a hospltalfl' his encompasses paper-based information
processing as well as data oc_esé'lﬁg mac ; It can be composed of one or a few
software components with speCithspeCIflc extensions as well as of a large variety of
sub-systems in medical speCIaItles 1e.9. La.bgratory Information System, Radiology
Information System) CISs are sometimes separated.from HISs in that the former
concentrate on patwnt—mlaleriand;hmca]ﬂale&laled.dga* (electronic patient record)
whereas the latter keeps track of administrative issues. The distinction is not always
clear and there is contradictory evidence against a consistent use of both terms.

J

3.7.6 Patients

Patient'data-was.collected during thé period.-April —Aug 2006 for molybdenum
target FFDM system and April - Aug. 2009 for tungsten target FFDM system.

3.8 Methods

3.8.1 Perform the quality control of both full-field digital mammography

(FFDM) systems using the quality control protocol recommended by
Lorad. (MQSA)

3.8.2 Verify average glandular dose (AGD) displayed on the monitor for both
FFDM systems by measuring the breast entrance surface exposure (Xgsg)
and converting to AGD (AGD1 obtained from molybdenum target and
AGD2 obtained from tungsten target).


http://en.wikipedia.org/wiki/Information_system
http://en.wikipedia.org/wiki/Hospital
http://en.wikipedia.org/wiki/Software_component
http://en.wikipedia.org/wiki/Laboratory_Information_System
http://en.wikipedia.org/wiki/Radiology_Information_System
http://en.wikipedia.org/wiki/Radiology_Information_System
http://en.wikipedia.org/wiki/Radiology_Information_System
http://en.wikipedia.org/wiki/Electronic_patient_record
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3.8.3 Record patient data from workstation (EBM- PACS), such as patient ID,
age, CBT, CF, kVp, mAs, AGD and target-filter combination used, etc.

3.8.4 Compare AGD1 and AGD2 with similar breast thickness for two
different target-filter combinations.

3.8.5 Determine the CNR data and percent contrast of both groups which had
already met the eligible criteria from patient with pathology.

The contrast to noise ratio was determined by placing region of interest (ROI)
of the same size on breast for signal, mass or calcification and background. The
measured CNR and percent contrast: was, obtained by using equation (2) and (3)
derived by IAEA [20]:

CNR =L (2)
(GALZ +02)
\/ 2

mean(signal ) —mean(background) y

%Contrasi= ' 2
mean(signal’)+-mean(background)

(3)

where

SaL is the mean covered by aluminum (pixel value of signal)
S isthe mean pixel value 0f background '

oaL Isthe standard deviation for-aluminum (signal)

o  isthe standard deviation ot background

3.8.6 Compare/CNR and percent contrast between-both groups.

3.9 Data collection

Patient 1D, age, type- ofi study, mAs, kVp, CBT, compression force,
target-filter ‘combination, ‘and the AGD values were recorded (extracted from
the image DICOM headers) in case record.form.

3.10 Data analysis

3.10.1 The quality control data was analyzed using AAPM excel program with
criteria for acceptable limits.

3.10.2 Verification of average glandular dose between the calculated values and
the display on monitor.

3.10.3 Analyzed patient data between two systems (age, exposure factor,
compressed breast thickness, compression force, breast composition and
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patient dose) in terms of mean, median, ranges and standard deviation by
the SPSS program.

- Compare AGD1 and AGD 2.
- Calculate CNR for breast with pathological disorders.
- Compare CNR 1 and CNR 2.

3.10.4 Data presentation, table and bar chart will be presented.

3.11 Outcome

3.10.1 Dependent variables: The AGD and CNR for 2 FFDM.

3.10.2 Independent variables: Procedurestype, patient age, kVp, mAs, CBT,
compression force and target-filter'combination used.

3.12 Expected benefits and applicatioh

3.12.1 Guidance level (GL) for AGD in Thai female patients of 2 FFDM systems.
3.12.2 Range of teehnigue parameters for two FEDM systems.

3.12.3 The awarenéss of radiologists and technologists concerns about AGD and
the image quality on the patients from two FFDM systems at King
Chulalongkorn/Memorial Hospital.

3.12.4 The threshold level of centrast t_o noise ratio for each FFDM systems.

3.125 The advantage in- the making . decision on purchasing the new
mammographic unit. =

3.13 Ethical considerations

This research -€overs the comparison of average glandular dose and image
quality in terms of CNR between two different target-filter combinations of FFDM
systems. Review of data_collection during the period April — July 2006 for Mo-target
FFDM system.and-April — duly, 2009, far\W-target FFDM. system was performed, after
the approval of the Ethics committee Faculty of Medicine Chulalongkorn University
and the Directar of King Chulalongkorn Memorial Hospital. Ethical principle in
research involving human subjectS was considered for confidentiality of patient,
beneficence ar non=maleficence, and non-bias in selection of subjects. The ethics was
approved by the ‘Ethics Committee of Faculty of Medicine; Chulalongkorn University
in May 2009.



CHAPTER IV
RESULTS

4.1. Quality control

The results on quality control of LORAD Selenia FFDM two systems based on
MQSA (Mammography Quality Standards Acts) for quality control performance are
shown in Appendix B.

4.1.1 HVL determination

The percent difference of the 'H\/AL for Mo/Mo and W/Rh target/filter
combination by measurement and calculasion imethods were compared as shown in
Table 4.1 and, 4.2.

Table 4.1 The perceniwdifference of HVL for Me/Mo target/filter combination
between the measured andsealculated methods.

Meastired/ © €aleulated . Different

kVp VL HVL HyL ~ Difference
@Al L (mm Al (mm Al) (%)
26 0/220 0,309, 0.011 3.44
28 0.335 0.329° 0.006 1.79
30 0.352 0.347 0.005 1.42
32 0:370 03654  0.005 1.35

34 0.372 B 0.000 0.00

Table 4.2 The percent difference of HVL for W/Rh target/filter combination between
the measured and calculated methods.

Measured Calculated Different

kVp HVL HVL Hv o Difference
(mMmAD . (mmAl) _ (mmAl) (%)

26 0,530 0520 0.020 377

28 0/535 0523 0.012 2.24

30 0.549 0539 0.010 1.82

32 0557 0.549 0.008 1.44

34 0.568 0563 0.005 0.88

4.1.2 AGD verification

Verify the average glandular doses by calculate the average glandular dose,
DG, to the standard breast from equation 4.

DG = Cpeso, ki, pmma SKi (4)
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when;

DG is the average dose to the glandular tissues within the breast, known as the
average glandular dose.

Cbaso, kipmma IS the conversion coefficient for the measured HVL and the
standard breast of 50 mm thickness and 50% glandularity that is simulated by the 45
mm PMMA phantom. This coefficient converts the incident air kerma at the entrance
surface of the PMMA phantom to the average glandular dose for the standard breast.

s is the values of factors for different mammographic target-filter
combinations.

Ki is the incident air kerma.
Table 4.3 Conversion coeificienis Cpeso, ki pmma Used to calculate the mean glandular

dose to a 50 standard breast 0f.50% glandularity from the incident air kerma for a 45
mm PMMA phantom. [20]

HVL H Cbe50ki,PMMA

(mn Al) ' (MGy/mGy)
0:25 L0449
0.30 ah) 1Y
0.35 I 0.202
0:40 0223
0.45 - 0.248
0.50 Y===0276
0.55 0.304
0.60 0.326
0.65 0.349

Table 4.4 Values of;s-factors for different-mammographie, target-filter combinations
[20]

Target/filter

‘L1, sifactor
combination
Mo/Mo 1.000
Mo/Rh 1.017
Rh/Rh 1.061
Rh/Al 1.044

W/Rh 1.042
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Table 4.5 The percent difference of the AGD by using ACR phantom between the
calculated and displayed on monitor for Mo/Mo target/filter combination [21].

Calculated  Displayed Difference

kVp MAS AGD monitor dose value Difzﬁ/tsnce
(mGy) (mGy) (mGy)

26 120 1.85 1.99 0.14 7.57

28 120 2.49 2.71 0.22 8.84

30 120 3.20 3.52 0.32 10.00

32 120 3.96 4.43 0.47 11.87

Table 4.6 The percent difference of the AGD by using ACR phantom between the
calculated and displayed on momitor for Mo/Rh target/filter combination [21].

Calculated | Displayed Difference

kVp mAs AGD monitor dose value Diﬂéﬁ/ze):nce
(MGy): - - 4(mGy) (MGy)
26 120 1.83 2.16 0.33 18.03
28 120 2.39 ., 2:81 0.42 17.57
30 120 3.05 351 0.46 15.08
32 120 37k 4.26 0.55 14.82

Table 4.7 The percent difference of the AGD‘ by using /ACR phantom between the
measured and calculated-glandiiai-dose-forWiRh-target/filter combination.

Calculated Displayed Difference

kVp mAs AGD monitor dose value lef(e(z)/:)(;nce
(mGy) {mGy) (MGy)

26 120 1.53 1.35 0.18 13.33

28 120 1.61 143 018 12.59

30 120 1.97 1.79 0.18 10.06

32 120 2.32 2.16 0.16 7.41
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4.2 Patient information and factor affecting to average glandular dose

The average age of the patient was 50.44 years (range 40-60 years), S.D+ 5.52,
median of 50 years mode of 47 years.

The data selected from Mo-Mo target-filter (N=231) was compared to the
W-Rh (N=320) and Mo-Rh (N= 226) with W-Ag (N=105) as shown in Table 4.8.

Table 4.8 The groups of data selected with different target-filter combination.

. Number of Percent
Target-filter atient (%)
P selected
r!
Mo-Mo ' ’2!31;, 26.19
Mo=Rh 2 AT 25.62
W-RHh : T — 36.28
WEAG~" ' 105 11.90

-
Total er of patients 882 data 100%
/r S

u

The mean of Compre
9.1cm), S.D £1.4, and val
distribution of CBT with n
shown in Figure 4.1. yelr )

I
Ll
- =

d breast. thickness (CBT) was 6.04cm (range 2.8-
f high fréquency CBT to selected was 5-5.9 cm, the
r.of patient from different target-filter combinations as

uMo-Mo

HW-Rh
Mo-Rh

EW-Ag

NUMBER OF PATIENT STUDY

ZI00 | 00y Lyt .06 5.00 7000 | 8.00 | 900

CBT (cm)

Figure 4.1 The distribution of CBT with number of patient study from
different target-filter combinations.

The CBT for the Mo-Mo target filter system is up to 5.9 cm. For the CBT
greater than 5.9 cm the Mo-Rh will be used. In the case of the second system, the
maximum CBT for W-Rh is 6.9 cm, and then W-Ag will be selected at CBT over 6.9
cm. In order to compare two systems effectively, the patient data of CBT between 6.0-
6.9 cm was excluded.
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The studies involve mammographic procedures for screening and diagnosis at
cranio - caudal (CC) view for both breast sides and only auto filter mode was used.
The automatic exposure system selects all techniques based on CBT. The x-ray tube
voltage and tube current ranged from 25 to 34 kVp, 31.6 to 229.4 mAs for
Molybdenum target and 25 to 32 kVp, 59.7 to 339.2 mAs for Tungsten target. The
ranges of kVp and mAs of data selected with different target-filter combination were
shown in Table 4.9 and 4.10 respectively.

Table 4.9 The range of kVp from data selected with different target-filter combination

Target/Filter Range of kVp kVp Median S.D
Mo-Mo 25-30 29 1.15
Mo-Rh 32-34 32 0.55
W-Rh 25-30 28 0.99
W-Ag 28532 28 0.93

Table 4.10 The range of mAs' from .data selected with different target-filter
combination '

Target/Filter Range of:mAS: “mAs Median S.D

Mo-Mo 3161219 & 69.50 16.45
Mo-Rh 32:93229 4 (s, 89.75 27.39
W-Rh 59.7-2627 * °° ~ 116.90 34.70
W-Ag 99.0-330.2 145,40 39.39

The compression force has relationships to compress breast thickness. The
data show average compression force in mammography both cc view compared with
CBT each systemn and percent ‘of image study with'.compression force shown in Figure
4.2, 4.3, 4.4 respectively:
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4.3 The average glandular

The result of average g dular doke (AGD) and the entrance surface air kerma
(ESAK) between two systems fdlfférenftarget filter combinations were summarized
in Table 4.11 and 4.12. e’CBT of 28 59 mm, the AGD was 1.75 mGy for Mo-
Mo and 1.43 mGy for W-Rh, the:ESAK was, 11.24 mGy for Mo-Mo and 5.25 mGy
for W-Rh. When the CBT Was 70-91 mm, the !AGD was 2.01 mGy for Mo-Rh and
1.86 mGy for W-Ag. The ESAK was 14. 7H1Gy for Mo-Rh and 8.77 mGy for W-Ag
are shown in Figure 4.5 and 4.6: For both size of the breast (big and small) the AGD
and ESAK of Molybdénum target was higher than Tungsén target.

Summary of f the technique factors, average glaﬁqular dose (AGD) and the
entrance surface air kerma (ESAK) of both RCC and CC views of different target-
filter combination from the patient study are shown in Table 4.13 to 4.16

Table 4.11 The.AGD and ESAK when, used different tube-target combinations.

Third Third % Reduetion % Reduction
CBT ‘. Target- | “AGD  Quartile, ESAK * Quartile “of AGB for | of ESAK for
(mm) _Filter * {mGYy) of (MGY) of target-filter~ target-filter

AGD ESAK combinations combinations

28-59 Mo-Mo 1.75 2.0 11.24  13.15

W-Rh 143 165 525 620  1029% 53.29%

70-91 Mo-Rh  2.01 2.37 1477  17.48
W-Ag 1.86 2.04 8.77 9.69

7.46% 40.62%
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Table 4.12 The AGD and ESAK between two systems.

Third Third % Reduction % Reduction
System AGD Quartile ESAK Quartile of AGD for of ESAK for
(target) (mGy) of (mGy) of different different
AGD ESAK target target
1
(Molybdenum)  1.88 2.17 12.99 15.3
2 18.08% 52.88%

(Tungsten) 1.54 1.76 6.12 7.44

Average glandular dose (nGy)

70-91 mum

Figure 4.5 7 e average glandular dose (AGD) at different compressed breast
thickness of 28-59 and 7( of di .-‘~ binations

28-39 mm 70-91 mm

Figure 4.6 The entrance surface air kerma (ESAK) when used different tube-
target combinations
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The AGD was reduced to 18.29% when changed from Mo-Mo to W-Rh and
7.46% when changed from Mo-Rh to W-Ag target filters. The ESAK was reduced to
53.29% when Mo-Mo was changed to W-Rh and 40.62% when Mo-Rh was changed
to W-Ag target- filter combinations are shown in Figure 4.7 and 4.8.

Mo-Mo Vs W-Rh

EMo-Rh Vs W-Ag

Percent reduction of AGD (%)

dilide=a

Figure 4.7 Percent reduction.of / he 0 was changed to W-Rh and
Mo-Rh to W-Ag target- filter comhinati

m Mo-Mo Vs W-Rh

! 0-Rh Vs W-Ag

Mo-Mo > W-Rh Mo-Rh —=> W-Ag

Figure 4.8 Percent reduction of ESAK when Mo-Mo was changed to W-Rh
and Mo-Rh to W-Ag target- filter combinations



40

The AGD is increasing when the CBT increased shown in Figure 4.9 and 4.10

mMo-Mo
m\W-Rh

Average glandular dose (mGy)

inations

Figure 4.9 The average glandular dose essed breast thickness from

E Mo-Rh
mW-Ag

Eﬂerage glandular dose (InGy)

¢ CBT (cm)

QRN NYIAY

Flgure 4.10 The average glandular dose with compressed breast thickness
from 7.0-9.9 cm between Mo- Rh and W- Ag target- filter combinations

The average glandular dose (AGD) per view with grid should be less than 3.0
mGy as recommended by the American College of Radiologist (ACR). The results of
percent of image study from data are selected. 1.36 % of the AGD per image higher
than 3.0 mGy is shown in Figure 4.11 and 4.12
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Table 4.13 The summary of the technique factors of both CC views RCC and LCC view of Mo/Mo and Mo/Rh target-filter combination

from the patient study

Compress Breast

Compression

JFhickness Force kVp mAS
(em) (N)
View Target/Filter
(image) Combination
(% Frequency)
Mean(Range) Mean(Range) Mean(Range) Mean(Range)
+SD +SD +SD +SD
BOTH CC Mo/Mo (50.55) 62 (F3=9.1) 161.36 (43.5-106.8) 30.59 (25-34) 81.4 (31.6-229.4)
(RCC+LCCQC) Mo/Rh (49.45) A1 1914 +1.99 +25.13
(457)
RCC Mo/Mo (48.48) 6.5(34-91) 62.23(43.5-106.8) 30.69 (25-34) 83.12(32.9-199.7)
(231) Mo/Rh (51.52) +1.42 +10.08 +1.98 +24.4
LCC Mo/Mo (52.65) 6.34 (3.3-9.1) 60.46(44.5-84.55) 30.5 (25-34) 79.65 (31.6-229.4)
(226) Mo/Rh (47.35) 1.4 +7.99 2.0 +25.79

4%
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Table 4.14 The summary of the technique factors of both CC views RCC and LCC views of W/Rh and W/Ag target-filter combination

from the patient study

Compress Breast

Compression

JFhiekness Force kVp mAS
(cm (N)
View Target/Filter
(image) Combination
(% Frequency) -
Mean(Range) Mean(Range) Mean(Range) Mean(Range)
+SD +SD +SD +SD
BOTH CC WI/Rh (75.29) 362, (2:8=9.1) 74.57 (44.5-142.3) 28.19 (25-32) 130.11 (59.7-330.2)
(RCC+LCCQC) WI/Ag (24.71) £1.02 & 3120.13 +1.02 +39.22
(425)
RCC WI/Rh (74.63) 5.62 (2.8-8.9) 74.B(44.5-147 . 3) 28.14 (25-31) 131.06(59.7-270)
(201) WI/Ag (25.37) +1.3 +19.53 +1.03 +38.84
LCC WI/Rh (75.89) 5.63 (3.1-9.1) 74.36(44.5-137.9) 28.23 (26-32) 129.27 (63.6-330.2)
(224) WI/Ag (24.11) +1.26 +20.7 +1.02 +39.64

ey
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Table 4.15 The AGD and ESAK of RCC and LCC views of Molybdenum target from the patient study

AGD per image ESAK per image
View (MGy) Third (MGy) Third
(image) Quartile Quartile
Mean(Range)+SD Mean(Range) £SD
RCC
(231) 1.91(0.73-4.55) £0:51 22 | 13.3(5.27-38.1) £4.29 15.35
LCC ;
(226) 1.85(0.72-4.89) +0:55 2,23 12.67(4.55-39.7) +4.43 15.15

Table 4.16 The AGD and ESAK of RCC and LCC views.of Tungsten target from the patient study

AGD pen image ESAK per image
View (MGy) Third (mGy) Third
(image) Quartile Quartile
Mean(Range)=SD Mean(Range) £SD
RCC
(201) 1.54(0.67-3.74) £0.46 1.75 6.15(1.98-19.1) +2.54 7.27
LCC
(224) 1.53(0:73+4'06) +0.47 1.76 6.09(2.1-18:8) £2.46 7.46

4%
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4.4 Contrast to noise ratio (CNR)

The image quality results as the contrast to noise ratio (CNR) were studied
from the patients with pathological disorders (calcification and mass). The data is
shown as the percentage of patient underwent breast screening of 40.7% negative and
59.3% breast pathology as shown in figure 4.13. The groups of breast pathology were
divided into two groups of calcification and mass. Percent of image study with breast
pathology from different target for the calcification of molybdenum target was
36.18% and 14.47% for mass, 36.84% for calcification of tungsten and 12.5% for
mass as shown in Table 4.16 .

m Negative
B Pogitive

Percent of breast study (%)

L) if_z_' /
Negiitive ‘JJ‘ " Positive—

R F - A
";’—"1': B1ea§b5;‘ ening

Md,,,7 —— o

Figure 4. 13-Pércent negative and posmve of paﬂe'lnt study underwent breast
screening was avallable |form report of Radiologist cla53|fy by ACR BIRAD.

Table 4.17 Percent of image.study with breast pathology from different target

Percent of patient.with breast pathology (%) from
different target

Breast pathology
Molybdenum Tungsten

Calcification 36.18 36.84

Mass 14.47 12,5
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The CNR and percent contrast (%) of calcification and mass with of
Molybdenum and Tungsten target from the patient with pathology were shown in
terms of mean, range, SD of the data between two systems of different target-filter
combination are shown in Table 4.17 and 4.18

Table 4.18 The CNR and percent contrast of calcification and mass of Molybdenum
and Tungsten targets from the patient with pathology.

Breast Target N CNR % Contrast
atholo ’ Mean(Range) Mean(Range)
p ay +SD D

Molybdentm— 110 0:94(0.04-3.62)  9.85(0.37-40.83)

+0.68 +6.7
Calcification

Tungsten 112 1.20(0.04-4.34) 14.17(0.58-44.63)

; +0.9 +8.88
Molybdenum 44 1.38(0.15-5.92) 11.41(1.47-30.76)

s +1.19 +7.4

Mass

Tungsten 38 +1.06(0.22-3.62) 13.48(3.08-31.74)

~ +0.79 +8.15

The mean "€NR for calcification detection from Mo/Mo target/filters
combination is 0.86 £0.66 minimal contrast detectable is 0.04, the percent contrast is
9.52+7.35 compare with mean CNR of W/Rh is 1.05£0.75 minimal contrast
detectable is 0.04 which issequal to Mo/Me target/filters combination, the percent
contrast is 12/44 +7.74, but percent minimal contrast detectable is 0.58 higher than
Mo/Mo is 0.37.

For the range of CBT 70-92 mm Mo/Rh.mean CNR is;1,04+0.69 minimal
contrastdetectable=is, 0.21; the spercent; contrast-is 10.49+5.79-compare with mean
CNR of W/Ag is 1:59+1.14 minimal contrast detectable is.0.12 the percent contrast is
16.82 +10.86.
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Table 4.19 The CNR and percent contrast of calcification and mass with different
Target-filter combination from the patient with pathology (from data selected).

Breast Target-filter CNR % Contrast
o N Mean(Range) Mean(Range)
pathology combination +SD +SD
Mo-Mo 62 0.86(0.04-3.62) 9.52(0.37-40.83)
+0.66 +7.35
W-Rh 81" + 1205(0.04-2.99) 12.44(0.58-40.99)
Calcification +0.75 +7.74
Mo-Rh 48 1.04(0.21-2.99) 10.49(2.25-26.45)
+0.69 +5.79
W-Ag 31 1.59(0.12-4.34) 16.82(1.91-44.63)
+1.14 +10.86
Mo-Mo 21 1.36(0.21-5.92) 10.5(2.31-29.47)
' +1.35 +7.75
Mass W-Rh 38 11.06(0.22-3.62) 13.84(3.08-31.74)
- 20.79 +8.15
Mo-Rh 23 1.4(0.15-4.87) 11.68(1.47-30.76)

105

+7.19

The mean CNR for=mass detection‘from Mo/Mo target/filters combination is

1.36+£1.35 minimal contrast detectable i5+0:21, ‘the” percent;contrast is 10.5+7.75
compare with ‘mean"CNR of W/Rh+is 1.06£0.79 minimal contrast detectable is 0.22,
the percent contrast is 13.84 + 8.15. The mean CNR for mass from Mo/Rh
target/filtersceombinationss 1:4+1.05 minimal-contrast;detectableis:0:15, the percent
contrastiis 11.68+7:19.:The CNRfor mass detection from the W/Ag is_hot available as
there was no patient data.



CHAPTER V

DISCUSSION AND CONCLUSION

5.1 Discussion

5.1.1 Quality control of the digital mammography system.

The maximal percent difference of HVL for Mo/Mo target/filter combination
for the measured and the calculated methods is 3.44% at 26 kVp. For the W/Rh
target/filter combination the maximum difference is 3.77% at 26 kVp. The
percentages of difference decreases with ingreasing tube voltage.

The AGD was verified by using ACR standard breast phantom at each kVp
120 mAs between the calculated and display casmonitor methods, for molybdenum
target the calculated method is lower than display on monitor. For Mo/Mo target/filter
combination the maximum.ef-different value 1s-0.47 mGy at 32 kVp, the percent
difference is 11.87%. For Me/Ri target/filter combination the maximum of different
value is 0.55 mGy at 32°'kVpyand the maximum of percent difference is 18.03% at 26
kVp. For W/Rh targei/filier” combination the calculated method is higher than
displayed on monitor the maximum of different value is 0.18 mGy at 28 and 30 kVp
and the maximum of percent'difference at 28 k\Vp 15 12.59%.

The difference between calculated method and display on monitor of average
glandular dose occurred fram the uncertainties of dose measurement by radiation
dosemeter and other scenario, such-as conversion coefficient, s factors and HVL
measurement. The uncertainties of Unfors dosemeter are approximately 10% for
mammogram. Those were published by IAEA [20].

5.1.2 Patient information and factornaff_ec_ting to average glandular dose

5.1.2.1-Patient age.

The ranges of patient age was 40 to 60 years, with the mean of 50.44 + 5.52
years and mode of 47-years. The ranges of data recommended by IAEA [20] were
suitable and benefit for patient underwent to, breast screening.

The patientiageris affectingthetaverage glandular dose;:for the age of less than
49 years; almast of+the_breast composition:is dense breast'and high CBT more than
the age of over'49 years, thus the, patients whose age are less than 49 got high
radiation dose than.the age.of greater 49 years old.

5.1.2.2 Compressed breast thickness (CBT)

The mean of compressed breast thickness (CBT) for CC views was 6.04+1.4
cm (range 2.8-9.1), which is higher than mean CBT of other institute such as
Michigan medical center mean CBT was 4.4 cm reported by MA Helvie et.al [22]. At
Buddhachinaraj Hospital, Phitsanulok study in the lower region of northern Thailand, the
mean CBT was 3.74cm [23], M.A. Whall and P.J. Roberts [24] reported the mean
CBT of 5.5cm.

The average glandular dose in breast screening mammography increases with
compressed breast thickness as detail in Table 4.11.


http://rpd.oxfordjournals.org/search?author1=M.A.+Whall&sortspec=date&submit=Submit
http://rpd.oxfordjournals.org/search?author1=P.J.+Roberts&sortspec=date&submit=Submit

49

5.1.2.3 Compression force (CF)

The average (range) compression force from two systems was 67.72 Newton
(43.5-142.3), for CC view which was close to P Pewluang et.al, Khon Kaen University,
Thailand, [25] about mammographic technique, the mean compression force was 78.58
Newton (range 44.4 - 186.48 Newton) and lower than the United States, guidelines.
The compression force in clinical use ranges from 102 - 150 Newton with a mean of
126 Newton [26].The CF in Michigan medical center for the CC view was 30-170
Newton (mean, 86 Newton).The CF for both maximum and minimum are regulated
by the MQSA [27]. All dedicated mammography units have compression devices with
an automatic and Newton (25-40 Ib).

The compression force in._mammography is an accepted technique for
improving image quality and reducing dose, but excessive compression can cause
pain and other undesirable effeets.

In our study, many.patients have breast pain with a high compression force,
the technologist reduced compression force in women whose breasts are particularly
sensitive, resulting in the“increased CBT and AGD to patients. As the compressed
breast thickness (CBT) resulted by the CF, the AGD is influenced by the CF directly.

Thus, the CF depends,on many factors such as, breast composition,
cooperation and tolerance of patients; the technician must try to explain to patient for
the increasing CF to reduee GBT and AGD.

5.1.2.4 Teehniguieffactors (kVp and mAs)

The kVp accuracy was within +5%.for the measured and the indicated or
selected kVp. The range of kVp from data selected was 25 to 30 for Mo/Mo
target/filter combination, and 32 te-34 for Mo/Rh target/filter combination. For W/Rh
target/filter combination, the kVp was 25 10 30 and 28 to 32 for W/Ag target/filter
combination. AEC moede was selected for all cases with/Auto-Filter. The x-ray tube
voltage increases with increasing breast thickness and the filter was changed. The
increasing CBT resulted in increasing AGD, therefore_the kVp is directly affecting
AGD.

The range of mAs for Mo/Mo target/filter combination was 31.6-121.9
(S.D.£16.45), Mo/Rh target/filter .combination ,from..32.9-229.4 (S.D.£27.39). For
W/Rh target/filter  combination the mAs_was| 59.7-262.7 (S.D.+34.7) and W/Ag
target/filter combination from 99.0-330.2 (S.D.£39.39). The mAs was selected as
breast composition and compressed¢breast thickness with AEC technique. Therefore,
mAs is.affecting AGD.

Mode' setting technigue “factors' for' mammography of ‘two-FFDM systems
consist of AEC such as, Auto-time, Auto-kV, Auto-filter, TEC and manual technique.
In routine study, the Auto-filter technique produces the good image quality and low
radiation dose to patient as suggested by manufacturer. In fact, all modes should be
used for screening mammogram to optimize the image quality and the dose to
patients.
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5.1.3 The average glandular dose (AGD)

The mean AGD for CC views with molybdenum target system is 1.88 mGy
and mean ESAK is 12.99 mGy which is close to Chevalier et.al [28], of 1.80 mGy.
For mean AGD of tungsten target system of 1.54 mGy and mean ESAK is 6.12 mGy
which is close to J.F. Florian et.al [29], of 1.51 mGy. The percent reduction of AGD
and ESAK when changing target from molybdenum to tungsten is 18.08% and
52.88% respectively as detail in Table 4.12.

The AGD for Mo-Mo comparing with W-Rh decreased from 1.75 mGy to
1.43 mGy or 18.29% and the ESAK decreased 53.29% when changing target from
molybdenum to tungsten target system. The AGD was 2.01 mGy for Mo/Rh and 1.86
mGy for W/Ag target/filter combination respectively. The AGD decreased 7.46% and
ESAK decreased 40.62% as detail in Table 4:11. Varjonen et.al reported the AGD
reduction from 40 % to 60 % when changing-from molybdenum to tungsten target
filter in phantom study of different thickness but Similar composition.

To calculate a p value, the unpaired, or “independent samples” t-test is used
when two separate independeni-and identically distributed samples are obtained, one
from each of the two populatiens being compared. The unpaired t-test is significantly
different of AGD when change from molybdenum to tungsten target system showing
statistically significantedifferences (p, < 0.05) for different target/filter combination
between two systems as shown in Table 5.3 t0 5.5.

Table 5.1 The independent sample test 0 compare AGD between molybdenum and
tungsten target systems for.CC view.

Independent Saimiple Test (Unpaired t test)

Anode ol i
target N Mean ~__SiE t Sig.
Molybdenum 457 1.88 0.53
10.108 <0.0001
Tungsten 425 1.54 0.47

Table 5.2 The independent sample test to compare, AGD between. Mo/Mo and W/Rh
target/filter combinations.

Independent Sample Test (Unpaired t test)

Target/filter N Mean S.D. t Sig.

Mo/Mo 231 1.75 0.42
8.808 <0.0001
W/Rh 320 1.43 0.41



http://www.radiologysource.org/periodicals/medima/article/S1076-6332(09)00311-0/abstract
http://en.wikipedia.org/wiki/Independent_and_identically-distributed_random_variables
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Table 5.3 The independent sample test to compare AGD between Mo/Rh and W/Ag
target/filter combinations.

Independent Sample Test (Unpaired t test)

Target/filter N Mean S.D. t Sig.
Mo/Rh 226 2.01 0.59
2.291 0.023
W/Ag 105 1.86 0.48

In this study the mean AGD per image for-€C view from molybdenum target
is 1.88 mGy (Third quartile 2.17) and tungsten target is 1.54 mGy (Third quartile
1.76) which is lower than“dosereierence level (DRL)'of ACR recommended that the
average glandular dose.is™3 mGy (with grid) per view. Only 1.36 % of this study
showed the AGD of higher than the limit of 3. mGy. Different target-filter
combinations for mammogram affected. the patient dose for both ESD and ESAK.
More mammographic study in Thai for the country should be continued to optimize
the average glandular dose and image qua1ity,

5.1.4 Contrast to noise ratio (CNR) .

The image quality in/mammogram was determined in terms of the contrast to
noise ratio with breast pathology of two categeries of calcifications (macro, micro)
and masses closely reported by Fischmann et.al [30]. They compared the image
quality with the detection--of calcifications and masses between film-screen
mammography and full-field digital mammography to detect the breast pathology in
mammography. The auto — filter Was used on both systems for standard acquisition
parameters.

ROI drawn must be equal size of lesion. The errors in calculating CNR may be
occurred from.the,exceed ROl .from the lesion especially in.mass resulting in the
decreasing value of 'CNR. The method of drawing ROI In the lesion is shown in
Figure 5.1

For the caleification detection; the range of ‘CBT.28-59-mm. Mo/Mo is high
efficiency no_significantly’ different “(p > "0.05)“in" calcify ‘lesion-detection when
compared to W/Rh as shown in Table 5.4. The range of CBT 70-91 mm W/Ag is
significantly different in calcifies lesion detection when compared to Mo/Rh as shown
in Table 5.5.

For mass detection, the range of CBT 28-59 mm Mo/Mo is high efficiency no
significantly different (p > 0.05) in mass lesion detection when compared to W/Rh as
shown in Table 5.6. For the W/Ag is not available to compared with Mo-Rh because
of there was no patient data.
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(A) (B)

Figure 5.1 The method ef CNR measurement with breast pathology
(A)-Macro-caleification
(B} Micro-caleification (specks group)
“{Cyiviass T

The technicalZquality of the study is of fundamental importance in this
process. Many factors-affect image quality and breast dose in patient. For this study
the CNR and the percent contrast are the parameters for.the image quality to improve
the detection of mass and-calcification.

The use of tungsten target can show_higher.CNR and percent contrast in breast
with calcification as in Table 4.17. For mass detection, molybdenum target shows
higher contrast than tungsten target“but percent eantrast was little.less than tungsten
target.

However, the image quality cannot be compared between two systems
quantitatively as different demographic data, of two groups of patient.
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Table 5.4 The independent sample test to compare CNR with breast calcification
detection between Mo/Mo and W/Rh target/filter combinations.

Independent Sample Test (Unpaired t test)

Target/filter N Mean S.D. t Sig.
Mo/Mo 62 0.86 0.66
1.565 0.119
W/Rh 81 1.05 0.75

Table 5.5 The independent sample test to compare CNR with breast calcification
detection between Mo/Rh and \W/Ag target/filier. combinations.

Independent Sample Test (Unpaired t test)

Target/filter N Mean s & '\ S.D. t Sig.
Mo/Rh 48 1044 069
2.663 0.009
WIAg 31 150 -, 114

Table 5.6 The independent sample test to"éo'“mpare CNR-with breast mass detection
between Mo/Mo and W/RHh target/filter combinations.

independent Sample Test (Unpaired t test)

Target/filter N Mean S.D. t Sig.

Mo/Mo 21 1.36 1.35
1.071 0.288
W/Rh 38 1.06 0.79
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5.2 Conclusion

The comparison of AGD and image quality between two different target-filter
combinations of FFDM systems were performed at King Chulalongkorn Memorial
Hospital. The average glandular dose (AGD) per CC view with grid was 1.88 mGy
from molybdenum target and 1.54 mGy for tungsten target. For the CBT of 28-59
mm, the AGD and ESAK for Mo-Mo was 1.75 and 11.24 mGy and 1.43 and 5.25
mGy for W-Rh. The AGD and ESAK was reduced to 18.29% and 53.29%
respectively, when changed from Mo-Mo to W-Rh. For CBT of 70-91 mm, the AGD
and ESAK for Mo-Rh was 2.01 and 14.77 mGy and 1.86 and 8.77 mGy for W-Ag.
The AGD and ESAK were reduced t07.46% and 40.62% respectively, when changed
from Mo-Rh to W-Ag.

The different target-filter combinations affected on average glandular dose and
the entrance surface air kerma significantly for the p-value of less than 0.05. In
clinical mammography, higher energy beam specira obtained using W/Rh anode/filter
combinations may significantly contribute to lower AGD compared to Mo/Mo,
Mo/Rh.

The image quality in_terms of CNR for calcification detection at CBT 28-59
mm, Mo-Mo compared to"W/RA was 0.86 (range 0.04-3.62) and 1.05 (range 0.04-
2.99), minimal contrast deiectable is 0.04 for both target-filters, the percent contrast
was 9.52(0.37-40.83) and 12.44 (0.58-40.99) respectively, but the percent contrast
minimal detectable was 0.37, lower than W/Rh of 0.58, thus the range of CBT 28-59
mm Mo/Mo is no significantly different (p > 0.05) In calcify lesion detection when
compared to W/Rh. For CBT 70-91 mm, Mo/Rh compared to W/Ag, the mean CNR
was 1.04 (0.21-2.99) and 1.59 (0.12-4.34), '[nihimal contrast detectable was 0.21 and
0.12 respectively, the percent conirast was 10.49 (2.25-26.45) and 16.82 (1.91-44.63),
thus the range of CBT 70-91/mm W/Ag is significantly different in calcify lesion
detection when compared to Mo/Rh. The mean CNR for mass detection from CBT
28-59 mm, Mo-Mo compared to W/Rh was 1.36(0.21-5.92) and 1.06 (0.22-3.62),
minimal contrast detectable was 0.21 and 0.22 respectively, the percent contrast was
10.5 (2.31-29.47) and.13.84 (3.08-31.74), thus the range of CBT 28-59 mm Mo/Mo
was no significantly different (p > 0.05) in mass lesion detection when compared to
W/Rh. The mean CNR'for mass from CBT 70-91 mm,Mo/Rh was 1.4 (0.15-4.87),
the minimal contrast detectable was 0.15, the percent contrast was 11.68 (1.47-30.76).
There was no patient/data for \WW/Ag target.

With careful’ analysis and_consideration (of physic principles, high-quality
mammograms can be obtained at a reasonable low dose. However, to achieve the
lowest .dose.may degrade. the. performance, of mammography .in“the detection and
characterization of breast lesions.
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5.3 Benefits and Recommendations

It is recommended that the quality control of mammography system must be
performed before the use of AEC.

The average glandular dose should be recorded for normal routine study of
four views per examination. Total AGD should not exceed 3 mGy per view with grid
and 1 mGy without grid as recommended by ACR. AGD should be studied when
additional views per exam and repeat study for follow up in one year were requested.

The radiologists, technologists and medical staff should increase the
awareness and concerns about AGD and the image quality on the patients.
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APPENDIX A

CASE RECORD FORM

Case No. Examination Date

/

Age MMG procedures Positioning

(Yrs.) R-CC L-CC

screening | diagnosis Yes No Yes No

Accepted
Inclusion criteria R-CC L-CC data

Yes | No

CBT

CF

kVp

mAS

AGD

Rl w e

Target-filter combination used
- Mo/Mo

- W/Rh

- W/Ag

2. Imaging report data
- Normal

. Calcification

- Fatty breast

. Focal dense breast

- Other pathology disorders

Accepted
Exclusion criteria data

Yes | No

Implant breast

Breast conservation surgery

Non AEC cases.

El N

Medio - lateral oblique (MLO) view and others positions

COMPLETE DATA Yes | No
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APPENDIX B
QUALITY CONTROL OF MAMMOGRAPHIC SYSTEM

(Room No.1: Mo-Target)

Quality Control Activities for the Medical Physicist

Location: Mammography Unit Vongvanitch 2 (King Chulalongkorn
Memorial Hospital)

Equipment: Hologic Lorad Model Selenia (Mo-Target)

Model Number: ASY- 00689

Date: 17 Mar 2009

1. Mammography Unit Assembly Evaluation

Objective

To ensure gooa‘andsafe working conditions of all interlocks, mechanical
detents and safety switches and to ensure mechanical integrity of the x- ray tube
and digital image receptor assembly.

Regulatory action levels i
The Lorad Selenia FFDM System shall p;rovide:
- an override of automatic decompression to allow maintenance of

compression.
- a continuows display of the override status.

- a manual emergency compression release that.can be activated in the
event of power or automatic release failure.

Corrective action

If the test results fall outside the cantrol liits, the source of'the problem shall
be identified and carrective action shall be taken within thirty days of the test date.



Results

Table 1. The mammographic unit assembly evaluated for the period 2009-2010
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power failure

1. Free-standing unit is mechanically stable Pass
2. All moving parts move smoothly, without obstruction to motion Pass
3. All'locks and detents work properly Pass
4. 1mage receptor holder assembly is free from vibrations Pass
5. Image receptor slides smoothly into holder assembly Pass
6. Image receptor is held securely by assembly in any orientation Pass
7. Compressed breast thickness scale accurate to +/-0.5cm, reproducible Pass
+/-2 mm
8. Patient or operator is not exposed to sharp or rough edges, or other Pass
hazards
9. Operator technique.control charts are posted Pass
10. Operator protected during exposure by adequate radiation shielding Pass
11. All indicator lights'working properly Pass
12. Auto decompression can be ovefridden to mammtain compression Pass
(status displayed) '
13. Manual emergency.Compression release can be activated in the event of | Pass

2. Collimation Assessment

Objective
To assure that the collimator assembiy bérform in the following way:
- The x-ray field coincides with the light field.
- The x-ray field is aligned with the image receptor.
- The compressionpaddie-isaligned withrthesimage receptor.

X-ray field to light field coincidence

Regulatory action levels

The total misalignment (sum of the misalighment on opposite sides) must be

within 2% of SID.

Corrective action

If the test results fall outside the control limits, the source of the problem shall

be identified and corrective action shall be taken within thirty days of the test date.

Source-to-image receptor distance (SID): 66 cm




Results

Table I1. Deviation between X-ray field and light field
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Target material Mo Mo Mo Mo
Collimator (cm) 24x29 | 18x24(L) | 18x24(C) | 18x24(R)
Left edge deviation 0.1 0.7 0.2 0.6
Right edge deviation 0.2 0.1 0.1 0.3
Sum of right and left edge deviations 0.3 0.8 0.3 0.9
Sum as % of SID 045 1.21 0.45 1.36
Anterior edge deviation 0:8 0.6 0.7 0.6
Chest edge deviation 0.2 0.2 0.2 0.2
Sum of anterior & chest edge deviations 1.0 0.8 0.9 0.8
Sum as % of SID 1.94, 1.21 1.36 1.21

X-ray field to image receptor alignment

Regulatory action levels

The x-ray field at the plane ‘of the irhage receptor may extend beyond any
edge of the image receptor, but it must not extend by more than 2% of the SID

at the chest wall side.

Corrective action

If the test results-fali-outside-the-controbhimits;-the-scurce of the problem shall
be identified and corrective action shall be taken within thirty days of the test date.

Results

Table I'Ll, Deviation‘between X-ray field'&edges of the image receptor

Collimator (¢m) 24X29 '] 18x24(15)| 18x24(C) | 18x24(R)
Left edge 'deviation 0.2 0.7 0.2 0.6
% of SID (retain sign) 0.3 1.06 0.3 0.91
Right edge deviation 0.2 0.1 0.1 0.2
% of SID (retain sign) 0.3 0.15 0.15 0.3
Anterior edge deviation 0.7 0.6 0.7 0.6
% of SID (retain sign) 1.06 0.91 1.06 0.91
Chest edge deviation 0.2 0.2 0.2 0.2
% of SID (retain sign) 0.3 0.3 0.3 0.3




Compression paddle to image receptor alignment

Regulatory action levels

The anterior edge of the compression paddle should be aligned just beyond
the chest wall edge of the image receptor so that it does not appear in the
mammogram. In addition, the anterior edge of the compression paddle should
not extend beyond the chest wall edge of the image receptor by more than 1%

of the SID.

Corrective action

If the test results fall outside the controllimits, the source of the problem shall

be identified and corrective action shall be taken.within thirty days of the test date.

Results

Table 1V. Alignment of chest wall edges of compression paddle and image

receptois
Paddle (cm) ' 24%29 18x24(Fast)
Difference between paddle
0.3% 0.3%

edge and image receptor,

3. Artifact Evaluation

Objective
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To assess the degree and source of artifacts visualized in mammograms or
phantom images. This procedure allows the source of artifacts to be isolated to x-ray

equipment, DICOM printer,or film processor.

Regulatory action levels

Artifacts|that may interfere 'with ‘image ‘interpretation most-'be eliminated

before performing‘¢linical imaging:

Corrective action

Consult with a radiologist for assistance in evaluating whether artifacts may
interfere with image interpretation. A qualified service engineer must eliminate any
digital detector artifacts that may be clinically objectionable.

The acrylic attenuation block provided by the manufacturer and used for
detector calibration must be replaced if it has permanent artifacts that may impact

detector calibration.
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The recommendations and corrective actions listed in the 1999 ACR
Mammography Quality Control Manual must be followed for DICOM printer and

film processor artifacts.

Type of attenuator: Acrylic
Thickness of attenuator: 40cm
KVp setting: 28 kVp (Auto-time)
Results

Table V. Artifact evaluation from acrylic phantom

Image receptor size 24x29 24x29 18x24 18x24
Target/Filter Mo/Mo Mo/Rh Mo/Mo Mo/Rh
Focal spot large farge small small
Acceptable? == O.K. O.K. O.K.

Table VI. Artifact'evaluation from'DICOM printer.

Image Size 18%24 % 24x29
Acceptable? O.K 3 _ O.K.

4. kVp Accuracy and Reproducibility -~ &

Objective

To assure that the selected k\p is accurate within limits and reproducible
between exposures.

Regulatory action levels

The kVp shall be accurate within £5% of the indicated or selected kVp at:
- The lowest €lirical kVp that can.be measured by a kVp test device.

- The 28 kVp.
- The highest-available clinical kVp.

At 28 k¥ p;the:caefficientcof variation ofithe-k\Vpishall be equal to
or less than'0.02.

Corrective action

If the test results fall outside the control limits, the source of the problem shall
be identified and corrective action shall be taken within thirty days of the test date.

kVp meter used: Unfors model; XI




Results

Table VII. kVp Accuracy and Reproducibility
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Nominal kVp setting 21 22 23 24 Ve, 26 27 28 29 30 31

Focal spot 03 | 03 | 03 | 03.4 03 | 03 403 0.3 0.3 0.3 0.3

mAs setting 30 | 30 | 30 30we=80= | 930 30 30 30 30 30

Measured kVp

values: .

kVpl 19.74 | 21.45 | 22.71 | 23.85¢4 2494 | 26.0 | 27.07 | 2816 | 29.26 30.41 31.43
kVp2 19.76 | 21.42 | 22.68 | 23185 /(24,95 | 25.95 | 27.06 | 28.18 | 29.25 30.37 3151
kVp3 190.81 | 21.44 | 22.66 | 23.85 | /2498 | 26.02 | 27.15 | 2827 | 29.25 30.36 31.49
kVp4 19.76 | 21.38 | 22.77 | 28.874 2491 | 2508.| 27.12 | 2822 | 29.25 30.38 31.44
Mean kVp 19.77 | 21.42 | 22.71 | 23.86 /2493 2508 | 271 | 2821 | 29.25 30.38 31.47
Standard Deviation 0.03 | 0.03 | 0.04 | 0009 0.02 ] 0.03.] 0.04 | 0.04 | 0.004 0.02 0.03
l'l/'\fsn KVp-Nominal -\ 55 | 458 | 03 | 014 | f0.07" 0044 017 o2 0.25 0.38 0.47
0.05x NominalkVp | 105 | 1.10 | 1.15 | 1.2 | 125 13 | 135 | 14 1.45 15 1.55
Coefficient of } R

Variation 0.001 |0.001 | 0.002 |-, 0| 0.001 | 0001 | 0.00&.| 0.001 0 0.001 0.001
(SD/ Mean kVp) T -

%Error 586 |-2.64 | -1.26 | <058 | -0.28 | -0.08 | 0.37 | 0.75 0.86 1.27 1.52

99



Results

Table VIII. kVp Accuracy and Reproducibility (cont.)
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Nominal kVp setting 33 34 35
Focal spot 0.3 0.3 0.3
mAS setting »30 30 30
Measured kVp values: ‘\%

VoL |, 3863 34.70 35.68
KVp2 57 9 34.65 35.65
kVp3 AN 88 62 34.67 35.52
kVp4 2570 41\ N\3% 34.56 35.56
Mean kVp 2.52 59 34.65 35.60
Standard Deviation - 0,06 .06 0.05 0.07
Mean kVp- Nominal kVp *052 59 0.64 0.6
0.05 x Nominal kVp = 1.65 1.7 1.75
Coefficient of Variation ot o

(SD/ Mean kVp) ':-‘-%HQ _ 0.002 0.002 0.002
%Error 1.91 1.71
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5. Beam Quality Assessment- HVL Measurement

Objective

68

To assure that the half-value layer (HVL) of the x-ray beam is adequate to
minimize patient dose without being too excessive to compromise image contrast.

Regulatory action levels

For operating kVp range of less than 50, the measured HVL shall be greater

than (kVp/100)+0.03(in mm Al).

Corrective action

If the test results fall-outside the cantrottimiiis; the source of the problem shall

be identified and corrective action shall be taken Within thirty days of the test date.

Dosimetry System'Used: -Unfors Madel XI.
!

Results

Table IX. Beam Quality Assessment- 'H\(L Measurement

Nominal kVp Setting: 26-% 28 30 32 34
Target/Filter Mo/Mo | Mo/Mo | Mo/Mo Mo/Mo Mo/Mo
Paddle in place Yes 4+ Yes Yes Yes Yes
mAs Setting 30-{+/30 30 30 30
Exposure Measurements:(mGy)~ i

No Aluminum Filtration, Eoa 2.556 | 3.246 3.987 4.8 5.908
0.2 mm of added Aluminum, Eg»> | 1.610 | 2.091 2.625 3.206 3.996
0.3 mm of added Alurminum, Eq3 | 1.305 | 1.712 2.173 2.669 3.332
0.4 mm of added Aluminumy.Eos | 1.075%.71.429 1.814 2.269 2.819
0.5 mm of added Aluminum, Egs | 0.8897 1.193 1.532 1.897 2.424
0.6 mm of added Aluminum, Eqe | 0.753"| 1.009 1.312 1.629 2.065
No Aluminum Filtration, Eqp 2.566 | 3.250 3.996 4.805 5911

Calculation

Eo =( Eoat+ Eop)/2 2.561 | 3.248 3.992 4.803 5.909
Eip =Eo/2 1.281 | 1.624 1.996 2.401 2.955
Exposure greater than Eq,: Eq 1.305 | 1.712 2.173 2.669 3.332
Al thickness at E;:t, 0.3 0.3 0.3 0.3 0.3
Exposure less than Eq,: Ep 1.075 | 1.429 1.814 2.269 2.819
Al thickness at Ep:ty, 0.4 0.4 0.4 0.4 0.4
Calculated HVL(mmAI) 0.31 0.32 0.34 0.37 0.37
Minimum allowed 0.29 0.31 0.33 0.35 0.37
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HVL=

In[E4/ Ep]

6. System Limiting Spatial Resolution
Objective

To evaluate imaging performance, using the system limiting spatial resolution
as a performance indicator that. may be gasily measured in the field

Regulatory action levels

The system limiting.spatial resolution must.be greater than 7c/mm (Ip/mm)
when the bars are at 45° io'the anode-cathode axis.

Corrective action

If the test results fall otitsice the control limits, the source of the problem shall be
identified and corrective action shall be taken before any further examinations are
performed. :

X-ray Tube Manufacturer: Hologib_ Ldrad
Model Number: ASY- 00689,

Results

o

Table X. Spatialresalution for nominal focal snot size

Nominal focal spot size (mm) 0.3
Target material Mo
Nominal kVp setting 28
MAS 100
Limiting, resolution in cyclesper mm 10

7. Automatic’Exposure Controll(AEC) Function Performance

Objective

To assess the performance of the automatic exposure control (AEC) function
and to maintain consistency in detector signal level for a range of breast thickness
and all applicable imaging modes.

To evaluate the Exposure Compensation Function of the AEC.
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Regulatory action levels

The pixel value of each individual image corresponding to a breast
thickness between 2 and 8 cm at any operating mode shall not very more than
10% of the mean pixel value recorded from all tested breast thickness and
operating mode.

Corrective action

If the reproducibility criteria are not met, the source of the problem shall be
identified and corrective action shall be taken within thirty days of the test date.

If the average glandular dose criteria are not met, a qualified service engineer
must correct the problem before using the system for clinical imaging.

AEC sensor position: 2

Exposure Compensation Step: 0

Results

Table XI. Performange capability for /}EC

Caontact Imég"i,:ng,. LES with Grid
dia - CNR Corrected
Phantom . ~ 2= s 2 f o Pixel | Correction Pixel
thickness AEC Mode | Filterseicep mA—‘S; . (?S(?[g;)p Value Factor Value*
2cm Auto-Filter—{—Mo 25 44.2 0 650.4 1 600.4
4.1cm " - Mo 27 98.4 0 612.3 1 562.3
6.1cm " Mo 30 169 0 620.4 1 570.4
8.1cm " Mo 30 270.2 0 720.6 15 447.07
Magnification Imaging, SFS without Grid
4.1cm | Auto-Filter | © Mo | | 127 | 68 0 ]'625.9 | 1 | 575.9
Mean Pixel Value Pixel 'Walue Range Allowed Pixel Value
551.21 447.07 to 600.4 494.1 t0 603.9

*Pixel Value = (ROl mean -~ DC Offset«(50))/ CNR Correction Factor
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Table XI1. Exposure compensation

Contact Imaging, LFS with Grid

Phantom AEC Mode Exp Pixel Ratio** Allowed Ratio*

thickness Comp | Value*
4cm Auto-Filter -3 307.9 0.546 0.50 to 0.61
4cm " -2 390.4 0.693 0.63 to 0.77
4cm " -1 A476.6 0.846 0.77 to 0.94
4cm " 0 560.9 0.996
4cm " 0 567.7 1.008
4cm " 0 560.3 0.995
4cm " it 647.3 1149 1.04 to 1.27
4cm " +2 725.8 1.289 1.17 to 1.43
4cm " 3 808.8 1.436 1.31 to 1.60
4cm " +4 881.1 1.565 1.44 to 1.76

*Pixel Value = ROI mean - /DE Offset (50)
**Pixel Value at givenstep/divided by mean pixel value at step 0

8. Breast Entrance Exposure, Average Glandular Dose, and AEC

Reproducibility di
Objective T ’

To measure the typical entrance exposure and Calculate the corresponding
glandular dose for an average patient with approximately 4.5 cm compressed
breast thickness 0£-50% adipose, 50% glandular tissue composition; to assess the
reproducibility of the automatic exposure control (AEC).

Regulatory-action.levels

The coefficient of variation for air kerma shall not exceed 0.05.

The average glandular dose ‘delivered during the single cranio-caudal view
of an FDA accepted phantom simulating a standard breast| shall ‘'nat exceed 3.0
mGy.(0.3'rad) per exposure. The dose shall be ‘determined with technique factor
and conditions used clinically for a standard breast.
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Corrective action

If the test results fall outside the control limits, the source of the problem shall be
identified and corrective action shall be taken before any further examinations are
performed.

Results
Imaging mode: Digital
Field Restriction: 24x29 cm
SID (cm): 66

Source-detector distance (cm): 62
Source-bucky distance (cm): 66
Dosimeter used: Unfors

Table XI11. Breast entrance exposure.

Breast thickness(cm) 4.5
Phantom ACR
Nominal kVp setting g 30

Target material L 4 Mo

Filter —~ Mo

AEC Mode \ 4 Auto-Filter
AEC Position 2

Exp. Compensation step 0
Measured HVL (mm Al)  Ji 0.362
Exposure ~{n mGy MAS
Exposure#1 | 1501 49.5
Exposure#2 gaE==] 509 49.7
Exposure#3 1.493 49.5
Exposure#4 1.507 48.7
Mean values 1.502 49.25
Standard deviation (SD) 0.007 0.443
Coefficient of variation(CV) 0.000 0.147

9. Radiation Output Rate
Objective

To measure the radiation output rate of the system.
Regulatory action levels

The system shall be capable of producing a minimum output of:

- 2.0 mGy air kerma per second (230mR per second) when operating at 28
kVp in the standard mammography (Mo/Mo) mode at any SID where the system
is designed to operate and when measured by a ionization chamber with its center
located 4.5cm above the breast support surface with the compression paddle in
place between the source and the ionization chamber.
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The system shall be capable of maintaining the required minimum output rate
averaged over a 3.0 second period.

Corrective action

If the test results fall outside the control limits, the source of the problem shall be
identified and corrective action shall be taken within thirty days of the test date.

Results
SID (cm): 66
Source-detector distance (em): . 59.5
Dosimeter used: Unfors Model XI

Table X1V. Radiation eutput rate

SID Air

3 sec kVp_j«"Anade Eilter mMAS Kerma

’ (cm) G

(MGy)

4.5cm
above 28 Mo Mo 66 320 3.812
breast

ort
SHPP 28 4 Mg Mo | .66 320 | 3.804

Dose rate (mGy/sec) = Exp Réf@é"(rnR/s) x 0.00873 mGy/mR

10. Phantom Image Quality Evaluat"iéﬁ
Objective

To assess the quality and consistency of the mammaographic image
Regulatory action: levels

The phantom image, evaluated:on digital hardcopy film, shall achieve at least
a‘minimum score: af5:0 fibers; 4.0 (speck groups, ' and <230 masses, using a
phantom accepted by the ‘accreditation body for 'screen=film..mammography.
There may be shall fluctuations in scoring of the fibers and masses due to
phantom variations. If the fiber score is 4.5 and or the mass score is 3.5, then
examine the SNR and high contrast resolution of the system.

If both those exceed recommended criteria, then a total score of 4.5 fibers, 4.0
speck and 3.5 masses is acceptable
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Corrective action

If the test results fall outside the control limits, the source of the problem
shall be identified.

If the source is identified as the digital detector, corrective action shall be
taken before any further examinations are performed.

If the source is a diagnostic device, imaging on the digital detector can be
continued; the diagnostic device shall be corrected before used for mammographic
image interpretation.

Phantom used: ACR Phantom GAMMEX (RMI) Model: 156

Results

Table XV. Phantom image quality evaluation

Current Image Comments
Date ’ 18 Mar 2009
KVp setting 14 28
mAs setting ” 96.1
Number of fibers seen \ & 5
Number of speck groups seen 4
Number of masses seen » 4

11. Signal-To-Noise and contrast-'i’o-Noise Measurements

Objective

To assure consistency of the digital image receptor by evaluating the
signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) of the digital
image receptor

Regulatory action levels

The SNR shall be equal to or greater than 40.

The CNR shall-remainwithin £15% aof/the CNR determined as part of
the 'LORAD" Selenia FFDM System Evaluation whichwas.completed after
installation.

Corrective action
If the test results fall outside the control limits, the source of the problem

shall be identified and corrective action shall be taken before any further
examinations are performed.



Results
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Table XVI. Signal-To-Noise and contrast-To-Noise Measurements

Current Last Comment
Date 18 Mar 2009
Selected kVp 28 28
Selected mAs 95 95
Selected Filter Mo Mo
Background Mean Value 625 614.6
Background standard deviation 9.5 9.4
Signal-To-Noise Ratio 62.5 62.04
Mean Value on top of disk 915.3 515.6
S_tandard deviation ontep of 92 0.1
disk
Contrast-To-Noise satio 11.55 10.53
% CNR difference | 883%

12. Viewbox LEuminance and Rdem [Hluminance

Objective

. I}
To assure that the viewboxes used for mammographic image

interpretation or quality’éontrol meet or exceed minimum levels.
To assure that the room illuminance levels are below prescribed

levels.

To assure that viewing conditions have been-optimized.

Regulatory action levels

Appropriateaviewbox luminance levels and room illuminance is necessary
so that Subtle ffeatures can be pérceived by the radiologist.

Corrective action
None.




Results

Table XVII. Viewbox Luminance and Room Illuminance

Radiologist’s Viewboxes

Reading Reading
Area 1 Area 2
Viewbox luminance(cd/m?) 1675 1645
Illuminance on monitor 65.46 69.20
surface(lux)
[lluminance seen by 56.67 55 56
observer(lux)
Dirt and marks N N
Color difference N N
Luminance difference N N
Uniformity ~ Y
Functioning Masks N N

13.  Diagnostic Review \Workstation QC

Objective
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To assure consistency.of the brightnesé, contrast and image presentation of the

radiologist’s diagnostic review workstation™ .

Regulatory action levels

The computer_software analyzes the results and provides an indication if the
monitors met the pre-programmed control limits.

Corrective action

If the software indicates that the /contral/limitsare€xceeded, the problem shall

be corrected befare-any.clinical or phantamimages.are read/onithe workstation.

Results

Table XVI1II. Diagnostic Review Workstation QC

Photometer Serial Number; 143473

Left Monitor Right Monitor | Comment
Monitor Serial Number 1890033200 1890024831
White Level Performance 313.9 cd/m? 311.9 cd/m?
Black Level Performance* 0.66 cd/m’ 0.65 cd/m*

* Black Level Performance and Uniformity Performance only apply to CRT
displays. If LCD displays are used, these checks are not performed and

“N/A” shall be entered.
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14. Detector Ghosting (Optional)
Objective

To assure that the level of detector ghosting does not interfere with
image quality.

Regulatory action levels

The measured Ghost Image Factor must be within £0.3 for consecutive
images acquired within approximately 1 minute of each other.

Corrective action | ',///

I the test results fall outside h&limits, the source of the problem
shall be identified and corre

ective taken before any further
examinations are M ed OO

Results
Table XIX.

Exposure Step mMAS
Exposure 1 98.6
Exposure 2 0 102.2
Region 1 Ghost Image
Factor
623.5

AULINENTNYINS
RINNTUUNIININY
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QUALITY CONTROL OF MAMMOGRAPHIC SYSTEM

(Room No.2: W-Target)

Quality Control Activities for the Medical Physicist

Location: Mammography Unit Vongvanitch 2 (King Chulalongkorn Memorial
Hospital)

Equipment: Hologic Lorad Model Selenia (W-Target)

Model Number: 4-000-0014

Date: 18 Mar 2009

1. Mammography Unit-Assembly Evaluation
Objective

To ensure good and safe working conditions of all interlocks, mechanical
detents and safety switchesand to ensure mechanical integrity of the x- ray tube
and digital image recgptor assembly.

Regulatory action levels ‘,
The Lorad Selenia FFDM: System shall provide:
- an override of autcmatic deCDmpressmn to allow maintenance of
compression. : -
- acontinuous display of the override status.
- a manual emergency compression release that can be activated in the
event of power or automatic release failure.

Corrective action

If the test results fall-outside the control limits, the source of the problem shall
be identified'and corrective action shall be taken within thirty days of the test date.



Results

Table XX. The mammographic unit assembly evaluated for the period 2009-2010
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1. Free-standing unit is mechanically stable Pass
2. All moving parts move smoothly, without obstruction to motion Pass
3. All locks and detents work properly Pass
4. Image receptor holder assembly is free from vibrations Pass
5. Image receptor slides smoothly into holder assembly Pass
6. Image receptor is held securely by assembly in any orientation Pass
7. Compressed breast thickness scale accurate to +/-0.5cm, reproducible Pass
+/-2 mm
8. Patient or operator is not exposed to sharp or.rough edges, or other Pass
hazards
9. Operator technique-eontroleharts are posted Pass
10. Operator protected.during exposure by adequate radiation shielding Pass
11.All indicator lights working properly Pass
12. Auto decompression gan.be overrldden to maintain compression
| Pass
(status displayed)
13. Manual emergency €ompression release can be activated in the event Pass

power failure

2. Collimation Assessment /N
Objective =

To assure that the collimator assembly perform in the following way:
- The x-ray-field coincides with the light field.
- The x-ray field is aligned with the image receptor.
- The compression paddle is aligned with the image receptor.

X-rav field to light field coincidence

Regulatorygaction levels

The tatalimisalignment: (stim'of the: misalighmient ©n oppasite sides) must be
within 2% of SID.

Corrective action

If the test results fall outside the control limits, the source of the problem shall
be identified and corrective action shall be taken within thirty days of the test date.

Source-to-image receptor distance (SID): 66 cm




Results

Table XXI. Deviation between X-ray field and light field
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Target material W W w w
Collimator (cm) 24x29 | 18x24(L) | 18x24(C) | 18x24(R)
Left edge deviation 0.1 0.7 0.2 0.6
Right edge deviation 0.2 0.1 0.1 0.6
Sum of right and left edge deviations 0.3 0.8 0.3 1.2
Sum as % of SID 0.45 1.21 0.45 1.8
Anterior edge deviation 1.0 0.8 0.7 0.7
Chest edge deviation 0.2 0.2 0.2 0.2
Sum of anterior & chest-edge deviations px 1.0 0.9 0.9
Sum as % of SID 1.81 1.51 1.36 1.36
X-rayfield to image receptor alignment
Regulatory actiongevels
The x-ray field at the plane of the Image receptor may extend beyond any
edge of the image receptor, but'it must not extend by more than 2% of the SID
at the chest wall side. T/
Corrective action
If the test results fall outside the control-limits, the source of the problem shall
be identified and cerrective action shatl-be takenwithin thirty days of the test date.
Results
Table XXI11. Deviation between X-ray field & edges of the image receptor
Collimator (cm) 24x29 18x24(L) | 18x24(C) | 18x24(R)
Left edge deviation 0.1 0.7 0.2 0.6
% of SID (retain sign) 0.15 1.06 0.3 0.91
Right edge deviation 0.2 0.1 0.1 0.6
% of SID (retain sign) 0.3 0.15 0.15 0.91
Anterior edge deviation 1.0 0.8 0.7 0.7
% of SID (retain sign) 1.52 1.21 1.26 1.26
Chest edge deviation 0.2 0.2 0.2 0.2
% of SID (retain sign) 0.3 0.3 0.3 0.3
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Compression paddle to image receptor alignment

Regulatory action levels

The anterior edge of the compression paddle should be aligned just beyond
the chest wall edge of the image receptor so that it does not appear in the
mammogram.

In addition, the anterior edge of the compression paddle should not extend
beyond the chest wall edge of the image receptor by more than 1% of the SID.

Corrective action

If the test results fall outside the controllimits, the source of the problem shall
be identified and corrective action shall be.taken within thirty days of the test date.

Results

Table XXI1I. Alignment of chest wall edges of compression paddle and
image receptor.

Paddle (€m) 24%29 18x24(Fast)
Difference between /paddle ;
edge and image receptor 0.83% 0.3%

3. Artifact Evaluation
Objective

To assess the“degree and source of artifacts visualized in mammograms or
phantom images. This procedure allows the source of artifacts to be isolated to x-
ray equipment, DICOM printer, or film processor.

Regulatory’action levels

Artifacts that may interfere with image interpretation must be eliminated
before performing, clinical:imaging:

Corrective action

Consult with a radiologist for assistance in evaluating whether artifacts may
interfere with image interpretation. A qualified service engineer must eliminate
any digital detector artifacts that may be clinically objectionable.

The acrylic attenuation block provided by the manufacturer and used for
detector calibration must be replaced if it has permanent artifacts that may
impact detector calibration.

The recommendations and corrective actions listed in the 1999 ACR
Mammography Quality Control Manual must be followed for DICOM printer
and film processor artifacts.



Type of attenuator:

Thickness of attenuator:

kVp setting:

Results

Table XXI1V. Artifact evaluation from acrylic phantom

Acrylic
4.0 cm

28 kVp (Auto-time)
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Image receptor size 24x29 24x29 18x24 18x24
Target/Filter W/Rh W/Ag W/Rh W/Ag
Focal spot large large small small
Acceptable? O.K. QK. O.K. O.K.

Table XXV. Artifact evaluation from DICOM printer

Image Size

18x24

24x29

Acceptable?

O.K

O.K.

kVp Accuracy and Reproducibility:

Objective

To assure that the selected k\Vp i_s;.q accurate within limits and reproducible

between €XPOosures.

Regulatory action levels

The kVp shall-be accurate within £5% of the indicated or selected kVp at:
- The lowest clinical k\V/p that can be measured.by a kVp test device.

- The 28 kVp.

- The highest available clinical kVp.

At 28 kVp) the coefficient'of variation of the kKVp shall be equal to or less

than 0.02.

Corrective-action

If the test results fall outside the control limits, the source of the problem shall
be identified and corrective action shall be taken within thirty days of the test date.
kVp meter used: Unfors model; XI



Results
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Table XXVI. kVp Accuracy and Reproducibility
Nominal kVp setting 22 23 24 25 26 27 28 29 30 31 32 33
Focal spot 0.3 03 | 03 | 03 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
mAs setting 30 30 30 30 30- | 30 30 30 30 30 30 30
Mean kVp 21.98 | 23.23 | 23.96 | 25421 26:01 | 26.94 | 2759 | 29.21 | 30.29 31.63 32.85 34.33
I'l"\fsn kVp-Nominal =\ 505 | 023 | -0.04 | 029 0.00 906 | 041 1%021 | 029 0.63 0.85 1.33
0.05x NominalkVp | 1.10 | 1.15 | 1.20 | 425 4 30, | 135 | 14 1.45 1.5 1.55 1.6 1.65
%Error 0.09 1 | -017 | 188 # 004 | -022 | “1.46 |40.72 0.97 2.03 2.66 4.03
| 5
J
Nominal kVp setting 34 35 36 37 38 39
Focal spot 0.3 0.3 0.3 0.3 03" 3"
mAs setting 30 30 30 30 30027 g0,
Mean kVp 35.67 | 37.06 | 37.98 | 39.2 /| 40.09 | High range
l':/'\fgn KVp-Nominal |y 67 | 506 | 198 | 22 | 209 e
0.05 x Nominal kVp 1.7 1.75 1.8 §+31.85 1.9 1.95
%Error 491 | 589 | 55 [“695 | 55 -

€8




5. Beam Quality Assessment- HVL Measurement

Objective
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To assure that the half-value layer (HVL) of the x-ray beam is adequate to
minimize patient dose without being too excessive to compromise image contrast.

Regulatory action levels

For operating kVp range of less than 50, the measured HVL shall be greater

than (kVp/100)+0.03(in mm Al).

Corrective action

If the test results fall outside the contreldimits, the source of the problem shall

be identified and corrective action shall be takemwithin thirty days of the test date.
Dosimetry System Used: Unfors Model XI.

Results

Table XXVI1. Beam.@ualityAssessment- H\/L. Measurement

Nominal kVp Setting: 26, |\ 28 30 32 34
Target/Filter W/Rh 4 W/Rh W/Rh W/Rh W/Rh
Paddle in place Yes, | Yes Yes Yes Yes
mAs Setting 3044 30 30 30 30
Exposure Measurements:(mGy) “-,_J-,,

No Aluminum Filtration, Ega -~ = 1.092 | 1.329 1.56 1.787 2.093
0.2 mm of added Aluminum, Eg>, | 0.813 | 0.999 1.178 1.359 1.602
0.3 mm of added Aluminum; Egz | 0.709 | 0.871 1.036 1.202 1.423
0.4 mm of added Aluminum, Eqs | 0.621 | 0.772 0.916 1.064 1.260
0.5 mm of added Aluminum, Eqs | 0.554 | 0.687 0.819 0.954 1.129
0.6 mm of added Aluminum, Eqg | 0.489 | 0.605 0.728 0.843 1.007
No Aluminum, Filtration, Eop 1.096~} 1:338 1.568 1.803 2.112

Calculation

Eo =( Bsat+ Ecp)/2 1.094/] 1.333 1.564 1.795 2.102
Eip = Ed2 0.547 | 0.666 0.782 0.897 1.051
Exposure greater than Eq,: Eq 0.554 | 0.687 0.819 0.954 1.129
Al thickness at E;:t, 0.5 0.5 0.5 0.5 0.5
Exposure less than Eq,: Ep 0489 | 0.605 0.728 0.843 1.007
Al thickness at Ep:tp 0.6 0.6 0.6 0.6 0.6
Calculated HVL(mmAl) 0.51 0.52 0.54 0.55 0.56
Minimum allowed 0.29 0.31 0.33 0.35 0.37
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t, IN[2E,/ Eo]- tIN[2Ey/ Eo]

HVL=
In[Ey/ Ey]

6. System Limiting Spatial Resolution

Objective
To evaluate imaging performance, using the system limiting spatial resolution
as a performance indicator that may be easily measured in the field

Regulatory action levels
The system limiting spatial resolution.must be greater than 7c/mm (Ip/mm)
when the bars are at 45° to the anode-cathode axis.

Corrective action

If the test results fall ouiside the control limits, the source of the problem shall be
identified and correciive aceion shall be taken before any further examinations are
performed. '

X-ray Tube Manufacturer: Hologic’"Lorad
Model Number 4-000-0014

Results

Table XXVI11. Spatial resolution for neminal focal spot size

@ ]

Nominal focal spot size (mim) = 0.3
Target material - - W
Nominal k\p-setting 28
mAS ' 100
Limiting resolution in cycles per mm 9

7. AutomaticiExposure Control(AEC)dunetion, Rerfarmance

Objective

To assess the performance of the automatic exposure canirol (AEC) function
and to maintain consistency in detector signal level for a range of breast thickness
and all applicable imaging modes.

To evaluate the Exposure Compensation Function of the AEC.

Regulatory action levels

The pixel value of each individual image corresponding to a breast
thickness between 2 and 8 cm at any operating mode shall not very more than
10% of the mean pixel value recorded from all tested breast thickness and
operating mode.



Corrective action
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If the reproducibility criteria are not met, the source of the problem shall be
identified and corrective action shall be taken within thirty days of the test date.
If the average glandular dose criteria are not met, a qualified service engineer
must correct the problem before using the system for clinical imaging.

AEC sensor position:
Exposure Compensation Step: 0

Results

2

Table XXIX. Performance capability for AEC

Contact Imaging, LFS with.Grid

Exp CNR Corrected
Phantom : Pixel | Correction Pixel
thickness AEC Moat™ LagSrV /i NS Csci?pp Value Factor Value*
2cm Auto-Filter Rh 251 44.4 0 636.8 1 586.8
4.1cm " Rh 2749 98.1 0 612.6 1 562.6
6.1cm " Rh 30—, 176 0 621.9 1 571.9
8.1cm " Rh 30. . 270.6 0 721.1 1.5 447.4
Magnification Imaging, SFS witheut Grid .
4.1cm | Auto-Filter ["Rh={ 27 | 69 0 | 626.2 | 1 576.2
Mean Pixel Value Pixel Value Range . | Allowed Pixel Value
548.98 - 447.4t0586.8 494.1 to 603.9
*Pixel Value = (ROl mean — DC Offset (50))/ CNR Correction Factor
Table XXX. Exposure-compensation
Contact, lmaging, LFS with.Grid
Phantom Exp Pixel . .. | Allowed Ratio*
thickness AEC Mode Comp |Value* Ratlo
4cm Auto=Filter =3 307.9 0.546 0.50 to 0.61
4cm " -2 390.4 0.693 0.63 to 0.77
4cm " -1 476.6 0.846 0.77 to 0.94
4cm " 0 560.9 0.996
4cm " 0 567.7 1.008
4cm " 0 560.3 0.995
4cm " +1 647.3 1.149 1.04 to 1.27
4cm " +2 725.8 1.289 1.17 to 1.43
4cm " +3 808.8 1.436 1.31 to 1.60
4cm " +4 881.1 1.565 1.44 to 1.76
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*Pixel Value = ROl mean — DC Offset (50)
**Pixel Value at given step divided by mean pixel value at step 0

8. Breast Entrance Exposure, Average Glandular Dose, and AEC
Reproducibility

Objective

To measure the typical entrance exposure and calculate the corresponding
glandular dose for an average patient with approximately 4.5 cm compressed
breast thickness of 50% adipose; 50% glandular tissue composition; to assess the
reproducibility of the automatic exposure centrol (AEC).

Regulatory action levels

The coefficient ofvariaiionfor air kerma shall'not exceed 0.05. The average
glandular dose delivered.during the single cranio-caudal view of an FDA
accepted phantom simulating a standard breast shall not exceed 3.0 mGy (0.3
rad) per exposures Therdose shall be determined with technique factor and
conditions used clinigallyfor a standard breast.

Corrective action

I the test results falllougSide e control limits, the source of the problem shall be
identified and corrective action shall be taken before any further examinations are
performed. i da

Results - 7R,
Imaging mode: Digital
Field Resiriction: 24x29 cm
SID (cm): 66

Source-detector distance (cm): 62
Source-bucky distance (cm): 66
Dasimeter ‘used: Unfors



Table XXXI. Breast entrance exposure

88

Breast thickness(cm) 4.5

Phantom ACR

Nominal kVp setting 30

Target material W

Filter Rh

AEC Mode Auto-Filter

AEC Position 2

Exp. Compensation step 0

Measured HVL (mm Al) 0.531

Exposure mGy mAS
Exposure#1 0,512 76
Exposure#2 0:506 76.1
Exposure#3 0.504 75.9
Exposure#4 0:509 76.1
Mean values 0.508 76.02
Standard deviation (SD) 0.004 0.096
Coefficient of variation(CV) 0.007 0.001

9. Radiation Output'Rate

Objective

To measure the radiation-eutput rate of the system.

Regulatory action-ieveis

The system shall be capable of producing a minimum output of 2.0 mGy air
kerma per second (230mR per second) when operating at 28 kVp in the standard
mammography (W/Rh)=mode at any SID/where the system is designed to operate
and when measured by a ionization chamber with its center located 4.5cm above
the breast "support-surface’ with' the' compression paddle” in place between the

source and the ionization chamber.

The system-shall be, capable jofi maintaining, the reguired minimum output rate

averaged'over & 3.0.second periad.

Corrective action

If the test results fall outside the control limits, the source of the problem shall be
identified and corrective action shall be taken within thirty days of the test date.

SID (cm):

Source-detector distance (cm):

Dosimeter used:

Unfors Model XI
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Results

Table XXXII. Radiation output rate

) SID Air Kerma
3 sec, kVp | Anode Filter (cm) mAS (MGy)
28 W Rh 66 320 3.927
4.5cm above
breast
support 28 W Rh 66 320 3.911

Dose rate (mGy/sec) = Exp Rate (mR/s) x 0.00873 mGy/mR

10. Phantom Image-Quality Evaltiation
Objective

To assess the.quality and consistency ofthe mammographic image

Regulatory actioa'levels ~

The phantomimage, evaluated on digital hardcopy film, shall achieve
at least a minimum score 0f-5:0 fibers, 4.0 speck groups, and 4.0 masses, using a
phantom accepted by the accreditation body for screen-film mammography.
There may be shall fluctuations in sf:ormg of the fibers and masses due to
phantom variations. If the*fiber score is 45 and or the mass score is 3. 5, then
examine the SNR and high contrast resolution of the system. If both those exceed
recommended criteria, then a total score of 4.5 fibers;4.0 speck and 3.5 masses is
acceptable.

Corrective action

If the test'results fall outside the control limits, the source of the problem
shall be identitied.

If the'source s identified as the digital-detector, corrective action shall be
taken before any further examinations are performed.

. the\source-isa-diagnostic deviee, imagingon the gigital detector can be
continued; the, diagnostic.tevice shall be carrected befare used for mammographic
image interpretation.

Phantom used: ACR Phantom GAMMEX (RMI) Model: 156




Results

Table XXXII11. Phantom image quality evaluation

Current Image Comments
Date 18 Mar 2009
KVp setting 28
mAs setting 96.1
Number of fibers seen 5
Number of speck groups seen 4
Number of masses seen 4

11. Signal-To-Noise.and contrast-To-Noise Measurements

Objective

90

To assufe consistency of the digital image receptor by evaluating the
signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) of the digital

image receptor

Regulatory action levels

The SNR shall be equal to orgrééter than 40.

#

The CNR shalk-remain within #15% of the CNR determined as part of
the LORAD Selenia FFDM System Evaluation Avhich was completed after

installation.

Corrective action

If the test results fall outside the'control limits, the source of the problem

shall besidentified and corrective action shall be taken before any further
examinations are performed.



Results
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Table XXXIV. Signal-To-Noise and contrast-To-Noise Measurements

Current Last Comment

Date 18 Mar 2009

Selected kVp 28 28
Selected mAs 96.1 97
Selected Filter Rh Rh
Background Mean Value 629.5 630.1
Background standard deviation 9.9 9.7
Signal-To-Noise Ratio 58.54 59.80
Mean Value on top of disk 512.9 515.4
Standard deviation on top of disk 9:2 9.3
Contrast-To-Noise ratio et 11.82
%CNR difference _— 0.34%

12.  Viewbox Luminaficeand Room {1luminance

Objective

To assure that the siewboxes used for mammographic image interpretation or
quality control meet or excegd minirmum levels. To assure that the room illuminance
levels are below prescribed levels. To assure: that viewing conditions have been

optimized.

Regulatory action levels

gl T

Appropriate viewbox luminance levels and room tlluminance is necessary so
that subtle features can be perceived by the radiologist.

Corrective action

None.
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Results

Table XXXV. Viewbox Luminance and Room Illuminance

Radiologist’s Viewboxes
Reading Reading
Area 1 Area 2
Viewbox luminance(cd/m?) 1652 1557
Illuminance on monitor 62.08 67.80
surface(lux)
[lluminance seen by 56.99 55 79
observer(lux)
Dirt and marks N N
Color difference N N
Luminance difference N N
Uniformity Y Y
Functioning Masks N N

13.  Diagnostic Review Workstation QC

Objective

To assure consistency of the brightné_'ss";' contrast and image presentation of the
radiologist’s diagnostic review workstation .

Regulatory action levels —

The computér software analyzes the results and provides an indication if the
monitors met the pre-programmed-controf-hmits:

Corrective action

If the software “indicates that the ‘control limits are exceeded, the problem
shall be corrected hefore any clinical or phantom images are read on the workstation.

Results
Table XXXV|I. Diagnostic Review.MWarkstation QC

Photometer Serial Number; 143473

Left Monitor Right Monitor Comment
Monitor Serial Number 1890033200 1890024831
White Level Performance 313.9 cd/m? 311.9 cd/m?
Black Level Performance* 0.66 cd/m’ 0.65 cd/m*
Quality Level Performance 100% 100%
Uniformity Performance* 0% 0%
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* Black Level Performance and Uniformity Performance only apply to CRT

displays. If LCD displays are used, these checks are not performed and
“N/A” shall be entered.

14, Detector Ghosting (Optional)
Objective

To assure that the level of detector ghosting does not interfere with
image quality.

Regulatory action levels

The measured Ghost Image Factor musibe within £0.3 for consecutive
images acquired within-approximately 1 minute-of-each other.

Corrective action

If the test resulis” fall” olii€ide “the control limits, the source of the problem

shall be identified and corrective action shall be taken before any further
examinations are perfermed. —

v
Results ki

Table XXXVII. Test Exposure o

i ]

Y =" Exposure
Piltaf s kvi Step mAS
Exposure 1 Rh % LT 0 97.4
Exposure 2 Rh 28 0 104.3
Region 1 y ; Region 2 Regionf& Ghost Image

Factor

| 668.1 | ¢ ~617.8 | 617.8 | 0 |
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APPENDIX C
THE PATIENT DATA OF BREAST SCREENING

Table I. The patient data underwent breast screening from molybdenum target (457 data).

Nl;gl?:r:tm '?‘3; Position | kVp | mAs i?n-l)- %E;: ('ﬁ‘](é[;) Fn?é; Target/Filter
1 54 | LCC | 25 | 478 | 33 | 534 | 095 | 455 Mo/Mo
2 54 | RCC | 25 | 626 | 3.4 [66.75| 1.22 | 597 Mo/Mo
3 51 | LCC | 25 | 68.6 ;3.4 |57.84| 1.34 | 655 Mo/Mo
4 54 | LCC | 26 | 447 | 36 | 534 | 099 | 4.88 Mo/Mo
5 43 | LCC |.26 | 59.7 | 8645284 | 132 | 652 Mo/Mo
6 51 | RCC ["26-| 6464 374534 | 14 | 7.08 Mo/Mo
7 46 | RCC .26 479 38 445 | 1.01 | 5.27 Mo/Mo
8 43 | LCC w26+ 557 38 |5784{ 118 | 6.12 Mo/Mo
9 43 | RCC 26/ /748 | 38 | 6229 158 | 8.22 Mo/Mo
10 43 | LG€ |#26/ /889 | 38 |57.84 | 188 | 9.77 Mo/Mo
11 43 | Rccs’| 26/1/586 | 3.9 |57.84 | 1.21 | 6.46 Mo/Mo
12 41 | LCC J o | 895 |L4 | 445 ] 165 | 867 Mo/Mo
13 47 | RCCH | f27/| 838 |4 |66.75|.1.99 | 105 Mo/Mo
14 46 | LCC f 2f {516 | 417 4895 12 | 6.46 Mo/Mo
15 42 | LCC'| 27 |.555 | 4. |5784| 1.29 | 6.95 Mo/Mo
16 57 | RCC |27 566 | 44 |'534 | 131 | 7.08 Mo/Mo
17 57 | LCC | 274 57.9 | 41 [57.84| 134 | 7.25 Mo/Mo
18 42 | REC.| 27 | 626 4.1 |57.84y 145 | 7.83 Mo/Mo
19 55 | LCGC—t 274 76:614:i—166:75+ 178 | 9.59 Mo/Mo
20 41 | RCC | 27 | 716 | 42 | 445 | -163 | 8.99 Mo/Mo
21 53 | RCC | 27 | 90.8 | 4.2 |66.75|. 207 | 11.4 Mo/Mo
22 46 | LCC«|[.27 |100.3| 4.2 |66.75| 2.28 | 12.6 Mo/Mo
23 53.1 GRCC | {e7n/| 7171/ 439)\800071) 46 9.03 Mo/Mo
24 54 | 'RCC |27 | 496 | 44 |45 |"1.08 Y 6.27 Mo/Mo
25 47 1 LCC | 27 | 585 | 44 |6229| 1.28 | .39 Mo/Mo
26 54" | “LGE 711 27 | 65.6 | Ua) 5341/ 143 1]58.29 Mo/Mo
27 42 | “LcC "|"27 19071 44 6229 198 '| 115 Mo/Mo
28 44 | RCC | 28 | 509 | 45 |71.19| 1.26 | 7.22 Mo/Mo
29 52 | LCC | 28 | 557 | 45 |[57.84| 138 | 7.9 Mo/Mo
30 54 | RCC | 28 | 615 | 45 [6229| 152 | 8.72 Mo/Mo
31 53 | LCC | 28 | 62.8 | 45 |8455| 156 | 891 Mo/Mo
32 50 | LCC | 28 | 675 | 45 | 534 | 167 | 957 Mo/Mo
33 48 | RCC | 28 | 75.7 | 45 |71.19| 1.88 | 107 Mo/Mo
34 53 | LCC | 28 | 84.4 | 45 [62.29| 2.09 12 Mo/Mo
35 43 | RCC | 28 | 926 | 45 |57.84| 23 | 13.1 Mo/Mo
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Nl;gl?:;tof '?‘3; Position | kVp | mAs &?n-l)- C(:E;: (Irb\ngg) Fn?é)lf) Target/Filter
36 41 | RCC | 28 | 383 | 46 | 534 | 093 | 545 Mo/Mo
37 50 | LCC | 28 | 545 | 46 |57.84| 1.33 | 7.76 Mo/Mo
38 54 | RCC | 28 | 60.6 | 46 |62.29| 1.47 | 862 Mo/Mo
39 58 | RCC | 28 | 657 | 46 |8455| 1.6 | 9.35 Mo/Mo
40 60 | LCC | 28 | 71.7 | 46 |71.19| 1.74 | 102 Mo/Mo
41 56 | LCC | 28 | 424 | 47 |66.75| 1.01 | 6.05 Mo/Mo
42 44 | LCC | 28 | 49.7 | 47 |6229| 1.19 | 71 Mo/Mo
43 53 | LCC | 28 | 51.8:,47 | 534 | 124 | 74 Mo/Mo
44 50 | LCC | 28 | 546 | 47 {6229 1.3 7.8 Mo/Mo
45 43 | LCC |28 | 557 | 474" 534 | 133 | 7.95 Mo/Mo
46 54 | LCC_|"281 5774 4716229 138 | 8.24 Mo/Mo
47 49 | RCC_..=28 | 735! 4.7 1'80.094 1.75 | 105 Mo/Mo
48 47 | RCC .4#23+1736 1| 47 | 89..{ 176 | 105 Mo/Mo
49 48 | LCC 4728 (806 | 47 |5784{ 192 | 115 Mo/Mo
50 58 | LEC [#28 | 585 | 48 |6229 137 | 8.38 Mo/Mo
51 43 | LCGH | 28/ /616 | 4.8 |.534 |.1.44 | 883 Mo/Mo
52 43 | RCC 4 28 /| 645 [148 |6229 151 | 9.24 Mo/Mo
53 45 | RCG" | /28 | 656 |48 |4895| 154 | 94 Mo/Mo
54 60 | RCC JI 28 7 66.8-| 487 66.75 157 | 9.57 Mo/Mo
55 49 | Lcc | 28 1699 | 48 [8009| 164 | 10 Mo/Mo
56 47 | Lcc |"28/1 796 | 48 |4895| 187 | 114 Mo/Mo
57 45 | RCC | 28 1 859 | 48 |57.84| 201 | 123 Mo/Mo
58 46 | RGC< | 28 |102.9| 4.8 |57.84y, 241 | 14.7 Mo/Mo
59 54 LEC | 28 537 | 49 7565 1.24 7.72 Mo/Mo
60 53 LGE | 28 | 576 | 49 | 534 |-1.33 | 8.28 Mo/Mo
61 43 | RCC | 28 | 61.7 | 4.9 |57.84|-1.42 | 887 Mo/Mo
62 47 | RCCH [=28 | 63.8 | 49 |6229| 1.47 | 9.17 Mo/Mo
63 500 {RCC| | 128/ | 645/ 29" [ 62.29 || 1.497 9.27 Mo/Mo
64 494 'LCC | 28 | 675 | 49 |6229| 155 | 97 Mo/Mo
65 47 | RCC | 28 | 747 | 49 |4895| 1.72 | 40.7 Mo/Mo
66 54 | "LGC /| 28 [ 765 | 40 |57.84'| 1.76 11 Mo/Mo
67 49 | RCC | 28 | 77.8 | 49 [4895| 1.79 | 11.2 Mo/Mo
68 49 | RCC | 28 | 826 | 49 [6675| 1.9 | 11.9 Mo/Mo
69 48 | LCC | 28 | 834 | 49 [57.84| 1.92 12 Mo/Mo
70 50 | LCC | 28 | 845 | 49 |7565| 1.95 | 121 Mo/Mo
71 46 | RCC | 28 | 944 | 49 |57.84| 217 | 136 Mo/Mo
72 49 | LCC | 28 |1058| 4.9 |57.84| 244 | 152 Mo/Mo
73 46 | LCC | 28 |106.6| 4.9 |7565| 2.45 | 15.3 Mo/Mo
74 49 | RCC | 28 |109.4| 4.9 |57.84| 252 | 157 Mo/Mo
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Nl;gl?:;tof '?3)6 Position | kVp | mAs g:?n-; %E;: (IrA\n((BBS) Fn?é)lf) Target/Filter
75 53 | RCC | 29 |496| 5 |57.84| 129 | 7.95 Mo/Mo
76 50 | RCC | 29 |51.7| 5 | 534 | 134 | 829 Mo/Mo
77 45 | LCC | 29 |60.7| 5 |4895| 157 | 9.73 Mo/Mo
78 53 | RCC | 29 |636| 5 |6229| 165 | 10.2 Mo/Mo
79 41 | LCC | 29 |666| 5 |6229| 173 | 10.7 Mo/Mo
80 52 | RCC | 29 |749| 5 |[7565| 1.94 12 Mo/Mo
81 51 | LCC | 29 |756| 5 |66.75| 196 | 121 Mo/Mo
82 5 | LCC | 29 | 755| 5 |57.84| 1.9 | 121 Mo/Mo
83 45 | LCcC | 29 | 767 | /5 A6675| 199 | 123 Mo/Mo
84 45 | rRcc | 29 | 806 | 5 47119 209 | 129 Mo/Mo
85 42 | RCCw=29- 8574 516229 222 | 137 Mo/Mo
86 59 | LCe™ ™ 29«ta62 | 51 |71.19%" 118 | 7.43 Mo/Mo
87 54 | RC@™| 29 /857 | 5.1 | 7565 w142 | 8.96 Mo/Mo
88 50 | Rccaf 20 /578 51 |42895[ 147 | 9.29 Mo/Mo
89 43 | LCC 4 29 /1607 |51 | 534 155 | 9.76 Mo/Mo
90 52 | LGE W29 [678 5.1 | 534 [ 173 | 109 Mo/Mo
91 50 | RcC4| 294718 (951 [7149 ) 1.83 | 116 Mo/Mo
92 45 | LCC |29 | 748 54 4 80.09 | 1.91 12 Mo/Mo
93 50 | RCC /| 29 | 766 54 | 534 | 195 | 123 Mo/Mo
94 55 | RCC |/29.1797 51 46229 203 | 128 Mo/Mo
95 49 LCC | 29 846 51 [71.19| 216 | 136 Mo/Mo
96 55 | RCC | 20-1846 | 54 534 | 216 | 136 Mo/Mo
97 49 | RéC | 29 |856| 51 | 89 | 218 | 138 Mo/Mo
98 58 | LCC | 29 | 455 | 52 |48.95| 114 | 7.34 Mo/Mo
99 56 | RCC | 29 [49.7 | 52 | 7119 | 1.25 | 8.02 Mo/Mo
100 50 | RCC | 29 |58.7| 52 | 53.4 | 147 | 9.47 Mo/Mo
101 52.4 ~RCC, 1-29 .| 63.6,}. 5.2 .. 53.4 J. 1.59..| 10.3 Mo/Mo
102 58 | |IRCC| |29 | 665 | 52 |5784| 167+ 107 Mo/Mo
103 44" RCC | 29 [67.9| 52 | 534 | 17 11 Mo/Mo
104 48~ ~RCE 4 29 +4+68.8 |1 52 ~ 4895 |y &.72|~114 Mo/Mo
105 44 | DLCC ||l 29 [} 69.54 5.2 [4805 | 174 ||b112 Mo/Mo
106 45 | RCC | 29 |696| 52 | 534 | 174 | 11.2 Mo/Mo
107 44 | RCC | 29 [705| 52 |57.84| 177 | 114 Mo/Mo
108 47 | RCC | 29 |724| 52 |57.84| 181 | 117 Mo/Mo
109 49 | Lcc | 29 |725| 52 | 534 | 1.82 | 117 Mo/Mo
110 46 | LCC | 29 |76.4 | 52 |57.84| 192 | 123 Mo/Mo
111 49 | LCC | 29 |766 | 52 |4895| 1.92 | 124 Mo/Mo
112 46 | RCC | 29 |806 | 52 |71.19| 2.02 13 Mo/Mo
113 46 | LCC | 29 [876| 52 |7119| 2.2 14.1 Mo/Mo
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Nl;gl?:;tof '?3)6 Position | kVp | mAs g:?n-l)- %E;: (Irb\ngg) Fn?é)lf) Target/Filter
114 46 | LCC | 29 | 925 | 5.2 |57.84| 232 | 149 Mo/Mo
115 46 | RCC | 29 | 927 | 5.2 |66.75| 2.32 15 Mo/Mo
116 46 | RCC | 29 | 956 | 52 |6229| 24 | 154 Mo/Mo
117 43 | RCC | 29 | 587 | 53 | 445 | 145 | 95 Mo/Mo
118 50 | LCC | 29 | 62.7 | 53 [48.95| 155 | 10.2 Mo/Mo
119 50 | RCC | 29 | 68.7 | 53 [66.75| 1.69 | 11.1 Mo/Mo
120 57 | RCC | 29 | 695 | 53 |57.84| 171 | 11.3 Mo/Mo
121 47 | RCC | 29 [ 707 /53 | 534 | 174 | 114 Mo/Mo
122 52 | LCC | 29 | 70.7 | 53415784 | 174 | 114 Mo/Mo
123 56 | LCC | 29 | 70.7 | 53 456784 | 174 | 114 Mo/Mo
124 57 | RCC =29 71.74| 5314895 177 | 116 Mo/Mo
125 52 | RCC™™29+1.73.6|| 53 {48959 181 | 11.9 Mo/Mo
126 47 | Lcee™ 28 4737\ 5.3 ['57.8M182 | 11.9 Mo/Mo
127 45 | LCC#f 20 A1 /8144 53 |6229.201 | 13.2 Mo/Mo
128 47 | LCC 4f 29 /829 | 53 |57.84| 204 | 134 Mo/Mo
129 47 | LCE [f29 [ 994 53| 534 | 245 | 16.1 Mo/Mo
130 55 | RCC/| 29,7395 (54 |57.84) 096 | 6.42 Mo/Mo
131 60 | LCC |29 | 40.2 | 544 534 | 098 | 6.53 Mo/Mo
132 41 | LCC/#| 20 | 515 | 54 |57.84| 125 | 837 Mo/Mo
133 42 | RCC |/29.1 563 54 /6675| 137 | 9.5 Mo/Mo
134 41 | LCC | 29 585 54 |57.84| 142 | 95 Mo/Mo
135 50 | LCC | 29586 | 5.4 |7565| 142 | 952 Mo/Mo
136 52 | REC | 29 | 62.7 | 54 |57.841 452 | 10.2 Mo/Mo
137 57 | LGC | 29 | 636 | 54 |4895| 154 | 103 Mo/Mo
138 5 | RCC | 29 | 657 | 54 |57.84| 159 | 107 Mo/Mo
139 54 | RCC | 29 | 695 | 54 |57.84| 169 | 11.3 Mo/Mo
140 55.4 . LCC, 1229 .| 72.4 | 54.]4895, 176.| 11.8 Mo/Mo
141 51| IRCC! |29 | 784 | 54 |6675| 19 o 127 Mo/Mo
142 539 LcCc | 29 | 785 | 54 | 534 | 19 | 1258 Mo/Mo
143 59~ ~LCE b 29 4~79.7 | e5:de| 62.29 1 4.93~ | ~129 Mo/Mo
144 45 | bLCE | |l 29 [ler.g+| Bl | 70119 | .07 ||b1312 Mo/Mo
145 46 | LCC | 29 | 846 | 54 |6229| 205 | 13.7 Mo/Mo
146 47 | LCC | 29 | 854 | 54 |6229| 207 | 13.9 Mo/Mo
147 45 | RCC | 29 | 895 | 54 |57.84| 217 | 145 Mo/Mo
148 45 | RCC | 29 | 893 | 54 |8455| 217 | 145 Mo/Mo
149 46 | RCC | 29 | 914 | 54 |6229| 222 | 14.8 Mo/Mo
150 49 | LCC | 29 | 926 | 54 | 534 | 2.25 15 Mo/Mo
151 45 | LCC | 29 | 938 | 54 |4895| 228 | 15.2 Mo/Mo
152 45 | RCC | 29 |1219| 54 |7565| 296 | 19.8 Mo/Mo
153 60 | RCC | 30 | 373 | 55 | 53.4 | 101 | 6.72 Mo/Mo




98

Nl;;ﬂ?:r:tm '(A‘\?)e Position | kVp | mAs &?n-l)- C(:E;: (QCG;?/) (Erﬁé:/() Target/Filter
154 50 | LCC | 30 | 505 | 55 |75.65| 137 | 9.09 Mo/Mo
155 45 | LCC | 30 | 554 | 55 | 445 | 15 | 997 Mo/Mo
156 41 | RCC | 30 | 568 | 55 |6229| 154 | 10.2 Mo/Mo
157 58 | LCC | 30 | 595 | 55 |6229| 161 | 10.7 Mo/Mo
158 54 | RCC | 30 | 60.6 | 55 |71.19| 164 | 10.9 Mo/Mo
159 54 | RCC | 30 | 61.8 | 55 |57.84| 168 | 11.1 Mo/Mo
160 58 | RCC | 30 | 64.7 | 55 |6229| 175 | 116 Mo/Mo
161 60 | RCC | 30 | 646 |55 |71.19| 175 | 116 Mo/Mo
162 43 | LCC | 30 | 648 | /5545784 | 1.76 | 11.7 Mo/Mo
163 52 | LCC | 30 | 69.6 | 55 6229 | 189 | 125 Mo/Mo
164 57 | RCC =801 76.7%| 55{106:8| 2.08 | 13.8 Mo/Mo
165 58 | LCE™™30#1.78.4 || 55 {80.00%" 2.13 | 14.1 Mo/Mo
166 55 | LC@*| 30 4 875\ 55 |57.844.237 | 158 Mo/Mo
167 44 | LCcC#f 30 /140034 55 |66.75 w272 | 18.1 Mo/Mo
168 42 | LCC 4f 30 /347 [ 56 | 534 093 | 6.27 Mo/Mo
169 42 | LCE [#30 [ awe 566229 | w11 | 752 Mo/Mo
170 56 | LCC4| 80/ 584 (156 6229] 156 | 106 Mo/Mo
171 60 | LCC |30 | 62.7 | 5:64 6229 167 | 113 Mo/Mo
172 41 | RCC /| 30 | 656 | 56 |5484| 175 | 119 Mo/Mo
173 45 | LCC |80 756 | 564 534 | 202 | 137 Mo/Mo
174 43 | LCC | 30 {806 | 56 | 534 | 215 | 146 Mo/Mo
175 43 | LCC | 30 {1064 | 56 166.75| 2.84 | 19.2 Mo/Mo
176 55 | LEC | 30 | 316 | 57 | 534! 083 | 573 Mo/Mo
177 46 | RCGC | 30 | 357 | 57 |6229| 094 | 6.47 Mo/Mo
178 50 | LCC | 30 | 415 | 57 |71.19| 1.09 | 7.52 Mo/Mo
179 44 | LCC | 30 | 473 | 57 |7565| 1.24 | 857 Mo/Mo
180 54.4 .RCC, 1230 .| 49.7 | 5.7.16229. 131.] 9.01 Mo/Mo
181 49| 'RCC| (030 | 578 | 57 |B784| 152, 105 Mo/Mo
182 529 Lcc | 30 | 596 | 57 |66.75| 157 | 10.8 Mo/Mo
183 56/ ~LCE «h 30 4+61.7 | p5:7 5484 4 4.62+ | ~112 Mo/Mo
184 54 | bLce ||l 30 §le2.6~| 57 | 6675 | .65 0113 Mo/Mo
185 60 | LCC | 30 | 629 | 57 |66.75| 1.65 | 11.4 Mo/Mo
186 50 | RCC | 30 | 665 | 57 |6229| 175 | 12.1 Mo/Mo
187 58 | RCC | 30 | 586 | 57 | 534 | 177 | 106 Mo/Mo
188 50 | RCC | 30 | 695 | 57 [62.29| 183 | 126 Mo/Mo
189 60 | RCC | 30 | 69.6 | 57 [6229| 183 | 126 Mo/Mo
190 41| LcCc | 30 | 707 | 57 | 534 | 1.86 | 12.8 Mo/Mo
191 45 | Lcc | 30 | 723 | 57 |8009| 1.9 | 13.1 Mo/Mo
192 49 | LCC | 30 | 746 | 57 |71.19| 1.96 | 135 Mo/Mo
193 57 | LCC | 30 | 75 | 57 | 534 | 197 | 136 Mo/Mo
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Nl;;ﬂ?:r:tm '(A‘\?)e Position | kVp | mAs &?n-l)- C(:E;: (QCG;?/) (Erﬁé:/() Target/Filter
194 46 | RCC | 30 | 79.4 | 57 |57.84| 209 | 144 Mo/Mo
195 49 | RCC | 30 | 813 | 57 |71.19| 214 | 147 Mo/Mo
196 40 | LCC | 30 | 89.4 | 57 |57.84| 235 | 16.2 Mo/Mo
197 48 | LCC | 30 | 89.4 | 57 |66.75| 235 | 16.2 Mo/Mo
198 43 | RCC | 30 | 938 | 5.7 |6229| 247 17 Mo/Mo
199 45 | LCC | 30 | 939 | 57 |66.75| 247 17 Mo/Mo
200 50 | LCC | 30 | 455 | 58 |62.29| 1.18 | 8.28 Mo/Mo
201 5 | RCC | 30 | 528 /58 |6675| 137 | 96 Mo/Mo
202 50 | RCC | 30 | 57.6 | /58415784 | 149 | 105 Mo/Mo
203 53 | LCC | 30| 586 | 584534 | 152 | 107 Mo/Mo
204 48 | LCCwf=80-1 62.7%| 58534 | 162 | 114 Mo/Mo
205 48 | RCE™I™ 3016271 58 | 7119 162 | 114 Mo/Mo
206 43 | RCe#| 30 636\ 58 |66.75}.1.65 | 11.6 Mo/Mo
207 55 | RCC## 30 //75.6-1 58 | 53.4|.1.96 | 13.8 Mo/Mo
208 54 | RCC 4 30 /4 /765 | 5.8 {6229 198 | 139 Mo/Mo
209 40 | RCE [#30° | 797 {58 | 6675 | 2.07 | 145 Mo/Mo
210 53 | RCC/| 80/|7806 (58 5784 2.09 | 147 Mo/Mo
211 49 | LCC 30 | 83.9 | 5:84 4895 | 217 | 153 Mo/Mo
212 45 | LCC /| 30 | 982 | 58 |57.84| 254 | 17.9 Mo/Mo
213 49 | RCC |[/80.11058 587119| 274 | 192 Mo/Mo
214 45 | RCC | 30 1864 58 |57.84| 2.76 | 19.4 Mo/Mo
215 43 | LCC | 30-{1114 | 58 |74.19| 2.89 | 20.3 Mo/Mo
216 50 | REC | 30 | 462 | 59 162291 4.18 | 8.43 Mo/Mo
217 52 | RCC | 30 | 528 | 59 [66.75| 135 | 9.64 Mo/Mo
218 55 | LCC | 30 | 528 | 59 |534 | 135 | 9.64 Mo/Mo
219 50 | LCC | 30 | 636 | 59 [6229| 162 | 11.6 Mo/Mo
220 58.4 . LCC, 1230 .| 65.6,,1 5.9.|.53.4 /. 1.68 12 Mo/Mo
221 56 | |RCC! |~30 | 70.6 | 59 |57.84| 18 129 Mo/Mo
222 549 LcCc | 30 | 726 | 59 |[71.19| 1.85 | 13.3 Mo/Mo
223 58~ ~LCE <} 30 4+63.4 | 159 5%.84 1 4.86~ | ~116 Mo/Mo
224 56 | bRCE | || 30 | 735+ 50 | 6229 .88 ||n1314 Mo/Mo
225 50 | RCC | 30 | 77.4 | 59 [48.95| 1.98 | 14.1 Mo/Mo
226 58 | RCC | 30 | 783 | 59 |7565| 2 14.3 Mo/Mo
227 42 | LCC | 30 | 814 | 59 |57.84| 208 | 14.9 Mo/Mo
228 53 | RCC | 30 | 838 | 59 | 534 | 214 | 153 Mo/Mo
229 40 | LCcC | 30 | 928 | 59 |71.19| 237 | 16.9 Mo/Mo
230 50 | RCC | 30 | 976 | 59 |71.19| 249 | 17.8 Mo/Mo
231 45 | RCC | 30 |121.8| 59 |57.84| 3.11 | 22.2 Mo/Mo
232 50 | RCC | 32 | 528 | 7 [6229| 118 | 7.89 Mo/Rh
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Nl;;ﬂ?:r:tm '(A‘\?)e Position | kVp | mAs E:?n-; C(:E;: (QCG;?/) (EWSIGA; Target/Filter
233 52 | LCC | 32 | 528 | 7 |57.84| 118 | 7.89 Mo/Rh
234 57 | LCC | 32 | 547 | 7 | 534 | 123 | 817 Mo/Rh
235 42 | LCC | 32 [557 | 7 |7119| 1.25 | 832 Mo/Rh
236 49 | RCC | 32 | 627 | 7 |57.84| 141 | 937 Mo/Rh
237 52 | LCC | 32 | 627 | 7 | 534 | 141 | 937 Mo/Rh
238 58 | LCC | 32 | 635 | 7 |57.84| 142 | 9.49 Mo/Rh
239 44 | RCC | 32 [ 666 | 7 |7119| 149 | 9.95 Mo/Rh
240 50 | LCC | 32 | 679 | 7. |5784| 152 | 101 Mo/Rh
241 52 | RCC | 32 | 728 | /7 416229 | 162 | 108 Mo/Rh
242 50 | RCC | 32| 737 | 744895 | 1.65 11 Mo/Rh
243 54 | RCCw=82- 7654 716229 | 171 | 114 Mo/Rh
244 50 | RCE™™22+576.6 || . 7 62299 1.72 | 114 Mo/Rh
245 56 | LC@™ 32 47883\ \7 [6229%n176 | 117 Mo/Rh
246 56 | LCC#* 32 4/70.7-¢ 7 |66.75].,179 | 11.9 Mo/Rh
247 49 | LCC 4 32 /805 | 7 | 534 18 12 Mo/Rh
248 59 | RCE #3232 837 {7 | 7119] 188 | 125 Mo/Rh
249 47 | rReccd| 8241856 |07 |6675] 192 | 128 Mo/Rh
250 49 | LCC |32 | 864 | 7.4|5784| 194 | 129 Mo/Rh
251 53 | RCC/| 32 | 864 | ¢ |6229| 194 | 129 Mo/Rh
252 52 | LCC |/82.7908 | 7 4 445 | 2.04 | 136 Mo/Rh
253 40 | LCC | 3271945 7 |5784| 212 | 141 Mo/Rh
254 52 | RCC | 32-1 946 | 7 16229 | 212 | 14.1 Mo/Rh
255 40 | R€C | 32 | 975 | 7 |6675 1219 | 146 Mo/Rh
256 47 | Lec | 32 | o8 7 16229 22 14.6 Mo/Rh
257 48 | RCC | 321 981 | 7 6229 | 22 14.7 Mo/Rh
258 48 | RCC | 32 [1003| 7 |71.19| 2.25 15 Mo/Rh
259 60..| ~RCC, 132 . 101.2 | .7°.| 75.65.] 2.27..| 151 Mo/Rh
260 46 | \RCC, [¢32 [1026| 7 |1435 | (23 15.3 Mo/Rh
261 43" RCC | 32 [1162| 7 |4895| 26 17.4 Mo/Rh
262 48~ #RCE 4, 32 4117 | o & ~| 8455/ 2624 |15 Mo/Rh
263 43 | BLCC | 32 huesly /7 |s784 | (265 plILT Mo/Rh
264 50 | LCC | 32 |123.7| 7 | 534 | 277 | 185 Mo/Rh
265 50 | LCC | 32 |126.8| 7 |80.09| 2.84 19 Mo/Rh
266 50 | RCC | 32 |1449| 7 |6675| 325 | 217 Mo/Rh
267 47 | RCC | 32 | 484 | 7.1 |6229| 1.07 | 7.26 Mo/Rh
268 47 | LCC | 32 | 606 | 7.1 |6229| 1.34 | 9.09 Mo/Rh
269 49 | LCC | 32 | 634 | 7.1 |57.84| 141 | 951 Mo/Rh
270 58 | RCC | 32 | 636 | 7.1 |6229| 141 | 954 Mo/Rh
271 50 | LCC | 32 | 766 | 7.1 |66.75| 1.7 11.5 Mo/Rh
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272 56 | LCC | 32 | 79.7 | 7.1 | 6229 | 1.77 12 Mo/Rh
273 47 | Lcc | 32 | 838 | 7.1 |6229| 1.86 | 12.6 Mo/Rh
274 45 | RCC | 32 | 915 | 7.1 | 534 | 2.03 | 13.7 Mo/Rh
275 45 | LCC | 32 |1079| 7.1 |66.75| 239 | 16.2 Mo/Rh
276 48 | Lcc | 32 |1133] 71 | 7119 | 251 17 Mo/Rh
277 41 | LCC | 32 |1182| 7.1 |4895| 262 | 17.7 Mo/Rh
278 41 | LCC | 32 |1295| 7.1 |57.84| 2.87 | 19.4 Mo/Rh
279 52 | RCC | 32 |1328] 71 |66.75| 293 | 19.8 Mo/Rh
280 50 | RCC | 32 |139.1 | 71+ 845 | 3.08 | 209 Mo/Rh
281 51 | RCC | 32 | 528 | 7.2.45784 | 1.16 | 7.95 Mo/Rh
282 55 | LCCw=821 62.74 7216229 | 138 | 9.44 Mo/Rh
283 41 | Lce™™32-64.7 | 72 1 6220° 142 | 9.74 Mo/Rh
284 43 | Lce™ 32 /656 | 7.2 | 4459144 | 987 Mo/Rh
285 56 | LCCef| 32 47564 7.2 | 66.75|.1.66 | 11.4 Mo/Rh
286 45 | LCC A 32 4794 | 72 | 4895 1.74 12 Mo/Rh
287 49 | RCE 432 |86 {+7.2 | 48,95 | 11.89 13 Mo/Rh
288 52 | Rcc/| 82417945 (072 | 5784 207 | 14.2 Mo/Rh
289 50 | LCC [#32 (1031 | 724|719 [ 226 | 155 Mo/Rh
290 51 | RCC#| 32 | 1032 72 |66.75| 226 | 155 Mo/Rh
291 49 | LCC |/82.11058 7.2 {6229 | 232 | 159 Mo/Rh
292 49 | RCC | 3211088 7.2 | 66.75| 239 | 16.4 Mo/Rh
293 52 | LCC | 32-11238| 7.2 16629 | 2.72 | 186 Mo/Rh
294 49 | REC | 32 |136.2| 7.2 | 6229 | 299 | 205 Mo/Rh
295 45 | LEC | 32 | 646 | 7.3 | 6229 | 14 9.76 Mo/Rh
296 46 | LCC | 32 | 687 | 7.3 [5784 | 149 | 104 Mo/Rh
297 45 | RCC | 32 | 706 | 7.3 |66.75| 1.53 | 107 Mo/Rh
298 52+ ~RCC, 132 .| 756, | 7.3.|57.84.] 164.| 11.4 Mo/Rh
299 59 | LILCC |32 | 767 | 73 |66.75 | 1.664| 116 Mo/Rh
300 56| RCC | 32 | 837 | 7.3 | 534 | 182 | 126 Mo/Rh
301 55| #LCE o 32 4+83.8 | p7:8 57844 rliB2 |~ 12:7 Mo/Rh
302 44 | BDRCC || 32 h85. 7 73 | 445 | (186! 129 Mo/Rh
303 52 | RCC | 32 | 856 | 7.3 | 6229 | 186 | 12.9 Mo/Rh
304 51 | LCC | 32 | 875 | 73 | 445 | 1.9 13.2 Mo/Rh
305 47 | RCC | 32 |83 | 7.3 |6229| 1.92 | 133 Mo/Rh
306 44 | LCC | 32 | 915 | 7.3 |57.84| 1.99 | 1358 Mo/Rh
307 51 | LCC | 32 |106.2| 7.3 | 66.75| 2.3 16 Mo/Rh
308 41 | RCC | 32 [1142| 7.3 | 4895 | 248 | 17.2 Mo/Rh
309 49 | LCC | 32 | 464 | 74 |6229] 1 7.03 Mo/Rh
310 42 | RCC | 32 | 556 | 7.4 |6229| 1.19 | 8.43 Mo/Rh
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311 55 | LCC | 32 | 695 | 7.4 |66.75| 1.49 | 105 Mo/Rh
312 47 | Lcc | 32 | 838 | 7.4 |6229| 1.8 12.7 Mo/Rh
313 52 | RCC | 32 |101.1| 7.4 | 445 | 217 | 153 Mo/Rh
314 53 | LCC | 32 |1269| 7.4 |6229| 273 | 19.2 Mo/Rh
315 50 | RCC | 32 | 376 | 75 |57.84| 0.8 5.72 Mo/Rh
316 57 | RCC | 32 | 387 | 75 |6229| 082 | 5.89 Mo/Rh
317 57 | LCC | 32 | 687 | 75 |57.84| 146 | 104 Mo/Rh
318 58 | RCC | 32 | 756 | 75 | 7565 | 1.61 | 11.5 Mo/Rh
319 47 | LCC | 32 | 846 75+ 8455 | 1.8 12.9 Mo/Rh
320 51 | LCC | 32| 846 | 754534 | 1.8 12.9 Mo/Rh
321 53 | LCCw{=82 | 8564 7.5 {4895 | 1.82 13 Mo/Rh
322 57 | RCe™|" 321855 | 75 4895 1.82 13 Mo/Rh
323 51 | Lce*| 32 4883\ 75 |6229(.188 | 134 Mo/Rh
324 48 | Rccef| 32 4 0084 75 |66.75).1.93 | 138 Mo/Rh
325 48 | LCC A 32 41064 75 |66.75.| 226 | 16.2 Mo/Rh
326 51 | RCE |32 /1097 {75 | 6675 | 233 | 16.7 Mo/Rh
327 53 | RcCc| 82411133 1975 | 7019 241 | 17.2 Mo/Rh
328 42 | RCC |32 | 1144 | T:54| 534 | 243 | 174 Mo/Rh
329 40 | RCC /| 32 | 1208 75 |6229 | 259 | 185 Mo/Rh
330 44 | LCC |/82.1128.7 7.5.5784 | 274 | 196 Mo/Rh
331 48 | RCC | 32°11306f 7.5 | 7119 | 2.78 | 19.9 Mo/Rh
332 49 | LCC | 32-11906| 7.5 16229 | 4.05 29 Mo/Rh
333 53 | REC | 32 | 69.5 | 7.6 | 534 | 1146 | 10.6 Mo/Rh
334 51 | LeC | 32 | 70.7 | 7.6 |57.84 | 149 | 108 Mo/Rh
335 41 | RCC | 32 | 758 | 76 6229 | 1.6 11.6 Mo/Rh
336 41 | LCC | 32 | 828 | 76 |7119| 1.74 | 126 Mo/Rh
337 5L . LCC, 132 . 92.8 | 7.6.| 5784 195.| 14.2 Mo/Rh
338 57 | \lRCC. |32 | 938 | 76 |57.84 | 1.97,| 143 Mo/Rh
339 589 RCC | 32 | 938 | 7.6 |57.84| 197 | 143 Mo/Rh
340 55| #RCE « 32 4+95.6 | p7:6: 53.4 4 2108 |=14:6 Mo/Rh
341 46 | DRCC || 32 hla6.4~ 76 | 5784 | [203] pl14.7 Mo/Rh
342 44 | RCC | 32 [101.3| 76 | 534 | 213 | 155 Mo/Rh
343 55 | RCC | 32 |1058| 7.6 |57.84| 223 | 16.2 Mo/Rh
344 41 | RCC | 32 [116.2| 7.6 |6229| 245 | 17.7 Mo/Rh
345 49 | RCC | 32 [1204| 76 |71.19| 253 | 184 Mo/Rh
346 53 | LCC | 32 | 346 | 7.7 | 6229 | 0.72 5.3 Mo/Rh
347 48 | RCC | 32 | 796 | 7.7 |66.75| 1.66 | 12.2 Mo/Rh
348 56 | RCC | 32 | 79.7 | 7.7 |57.84| 166 | 122 Mo/Rh
349 49 | RCC | 32 [ 828 | 77 | 979 | 173 | 127 Mo/Rh
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350 51 | RCC | 32 | 875 | 7.7 | 6229 | 1.82 | 134 Mo/Rh
351 53 | RCC | 32 | 893 | 7.7 | 534 | 186 | 137 Mo/Rh
352 49 | RCC | 32 | 915 | 7.7 | 6229 | 1.91 14 Mo/Rh
353 56 | LCC | 32 | 946 | 7.7 | 6229 | 197 | 145 Mo/Rh
354 51 | LCC | 32 | 976 | 7.7 | 6229 | 2.03 15 Mo/Rh
355 51 | RCC | 32 |1058| 7.7 |57.84| 22 16.2 Mo/Rh
356 50 | LCC | 32 |1003| 7.7 | 6229 | 229 | 154 Mo/Rh
357 54 | LCC | 32 |1107| 77 |57.84| 231 17 Mo/Rh
358 42 | LCC | 32 (1151 w7+l 534 | 24 17.6 Mo/Rh
359 48 | LCC | 82 [1198| 7.7.466.75 | 2.5 18.4 Mo/Rh
360 53 | RCCw=8211256' 7716229 | 262 | 19.2 Mo/Rh
361 52 | RCE™™32+588.7 | 7.8 | 7119% 0.8 5.95 Mo/Rh
362 50 | LC@*| 32" 4295 7.8 |62294.082 | 6.07 Mo/Rh
363 55 | RCCa#f| 32 A /722-4 78 | 7419 0,149 | 111 Mo/Rh
364 52 | RCC A 32 /25 [ 78 | 534.] 1.6 11.9 Mo/Rh
365 47 | LGE 432 | 785 78 | 6229 | 186 | 121 Mo/Rh
366 47 | Lccd| 82/ 1004 (978 16229 207 | 154 Mo/Rh
367 52 | RCC |32 [ 1002 | 7:84|57.84 | 207 | 154 Mo/Rh
368 47 | RCC /| 32 | 1058 | 7.8 | 89 | 218 | 163 Mo/Rh
369 57 | RCC /8271059 7.8 6645 | 219 | 163 Mo/Rh
370 45 | LCC | 32711169 | 7.8 | 66.75 | 241 18 Mo/Rh
371 41 | LCC | 32-11189 | 7.8 | 534 | 245 | 183 Mo/Rh
372 47 | REC | 32 | 1588 | 7.8 | 6229 1328 | 24.4 Mo/Rh
373 57 | LEC | 32 | 425 | 79 | 57.84 | 087 | 6.56 Mo/Rh
374 50 | LCC | 32 [ 775 | 7.9 16229 | 158 12 Mo/Rh
375 41 | RCC | 32 | 894 | 79 |57.84| 1.83 | 138 Mo/Rh
376 454 . LCC. 1232 . 98.2. | 79.|57.84., 201.| 152 Mo/Rh
377 45| \RCC. (¢32 | 995 | 79 |1534 | 203,| 154 Mo/Rh
378 509 RCC | 32 |1115| 7.9 | 6229 | 228 | 17.2 Mo/Rh
379 55| #LCE o 32 41239 | p7:0 48.954 253 | 191 Mo/Rh
380 53 |[BLCC ||l 33 hisa.e~ '8 | 4895 | (123 |plol2z Mo/Rh
381 58 | RCC | 33 | 718 | 8 [6229| 161 | 121 Mo/Rh
382 5 | RCC | 33 | 743 | 8 | 534 | 167 | 126 Mo/Rh
383 56 | LCC | 33 | 744 | 8 |7119| 167 | 126 Mo/Rh
384 56 | RCC | 33 | 771 | 8 |66.75| 173 13 Mo/Rh
385 57 | LCC | 33 | 788 | 8 |7119| 177 | 133 Mo/Rh
386 47 | LCC | 33 [ 828 | 8 |6675| 1.86 14 Mo/Rh
387 47 | RCC | 33 | 844 | 8 |7565| 1.9 14.3 Mo/Rh
388 50 | RCC | 33 | 876 | 8 |4895| 197 | 148 Mo/Rh
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389 47 | RCC | 33 [ 886 | 8 |6229| 1.99 15 Mo/Rh
390 49 | RCC | 33 [1065| 8 |6229| 2.39 18 Mo/Rh
391 54 | RCC | 33 | 111 | 8 |57.84| 25 18.8 Mo/Rh
392 50 | LCC | 33 |111.7| 8 |7119| 251 | 189 Mo/Rh
393 52 | RCC | 33 |1139| 8 |57.84| 256 | 19.3 Mo/Rh
394 53 | RCC | 33 | 329 | 81 |6229| 073 | 559 Mo/Rh
395 57 | LCC | 33 | 625 | 81 |4895| 139 | 106 Mo/Rh
396 48 | LCC | 33 [ 726 |/ 81 |57.84| 1.62 | 12.3 Mo/Rh
397 57 | LCC | 33 | 80.2 | 8L+ 534 | 179 | 136 Mo/Rh
398 51 | RCC | 33.| 898 | 8445784 | 2 15.2 Mo/Rh
399 53 | LCCw=83-89.9% 8416675 2 15.3 Mo/Rh
400 50 | LCE™™33+5915 1 84 | .5324% 204 | 155 Mo/Rh
401 50 | RC@™| 38 41006 81 | 75.654w224 | 171 Mo/Rh
402 51 | LCC#| 33 4406.6¢ 81 |57.84[,.237 | 181 Mo/Rh
403 44 | RCC 4 38 /1166 | 81 | 4895 2.6 19.8 Mo/Rh
404 47 | LGE 433 | 6193 82 | 534 | 135 | 104 Mo/Rh
405 52 | Lccd| 834 716 (982 | 584 | 171 | 132 Mo/Rh
406 53 | RCC £33 | 818 | 824 4895 | 181 | 139 Mo/Rh
407 49 | LCC/| 38 | 89.7 | 82 | 584 | 198 | 153 Mo/Rh
408 48 | RCC |/83.1 931 @ 82 6229 | 206 | 159 Mo/Rh
409 47 | RCC | 331844 { 82 |66.75| 214 | 14.4 Mo/Rh
410 48 | LCC | 331971 | 82 |57.84| 2.14 | 165 Mo/Rh
411 58 | L€C | 33 [1109| 82 4895|245 | 189 Mo/Rh
412 49 | LEC | 33 |1247| 82 | 6229 | 275 | 21.2 Mo/Rh
413 58 | RCC | 33 [1311| 82 4895 | 289 | 223 Mo/Rh
414 46 | LCC | 33 | 651 | 83 |7119| 142 | 111 Mo/Rh
415 59.. .RCC, 133 . 69.1, | 83.|5784.[ 151.| 11.8 Mo/Rh
416 58 | LLGCH |33 | 733 | 83 |71.19 | (16 12.5 Mo/Rh
417 529 LCC | 33 | 843 | 83 | 534 | 184 | 144 Mo/Rh
418 56+ #RCE 4 33 4+84.2 | 18:3~| 84.55/ #184 |~ 144 Mo/Rh
419 43 | DLCC | 338 his5.9+ B3 |57.84 | (188! pl14.7 Mo/Rh
420 60 | RCC | 33 [1109| 83 | 445 | 243 19 Mo/Rh
421 47 | LCC | 33 | 173 | 83 | 7119 | 3.79 | 296 Mo/Rh
422 49 | RCC | 33 | 549 | 84 [66.75| 1.19 | 9.42 Mo/Rh
423 50 | LCC | 33 | 67.7 | 84 | 534 | 147 | 11.6 Mo/Rh
424 50 | LCC | 33 | 97.1 | 84 |6229| 211 | 167 Mo/Rh
425 58 | LCC | 33 | 99.1 | 84 |66.75| 215 17 Mo/Rh
426 53 | LCC | 33 |[1115| 84 |6229 | 242 | 19.1 Mo/Rh
427 50 | RCC | 33 |[1182| 84 |66.75| 256 | 20.3 Mo/Rh
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428 52 | LCC | 33 | 369 | 85 | 534 | 079 | 6.36 Mo/Rh
429 57 | RCC | 33 | 711 | 85 | 445 | 153 | 122 Mo/Rh
430 50 | RCC | 33 | 776 | 85 |57.84 | 167 | 134 Mo/Rh
431 50 | RCC | 33 | 858 | 85 |57.84| 1.85 | 14.8 Mo/Rh
432 47 | LcCc | 33 |1116| 85 | 534 | 24 19.2 Mo/Rh
433 45 | RCC | 33 | 122 | 85 | 6229 | 262 21 Mo/Rh
434 58 | LCC | 33 |126.3| 85 | 53.4 | 272 | 21.8 Mo/Rh
435 45 | RCC | 33 |1365| 85 |66.75| 2.94 | 235 Mo/Rh
436 58 | RCC | 33 | 1056 | 86+ 66.75| 2.25 | 183 Mo/Rh
437 53 | RCC | 33 |107.7| 86 47565 | 2.3 18.6 Mo/Rh
438 44 RCC =83 1119.81 86 5784 | 256 20.7 Mo/Rh
439 44 | LCE™™3312294| 86 | 6229°F 489 | 39.7 Mo/Rh
440 47 | Rc@™ 38" ¥.6911 | 87 |'53.2%1.46 12 Mo/Rh
441 57 | RCC#"| 33 44068{ 87 | 534 | .226 | 185 Mo/Rh
442 53 | LCC 4 38 4 1173| 87 | 66.75.| 248 | 204 Mo/Rh
443 47 | RC€ £33 [ 128 t8.7 [ 7119 [h26 21.3 Mo/Rh
444 55 | RCC/| 83 /11388 (987 | 445 | 294 | 241 Mo/Rh
445 46 | RCC |33 | 829 | B8:8,4|8009 | 174 | 144 Mo/Rh
446 50 | LCC/| 38 | 905-| 88 |66.75 | 19 15.8 Mo/Rh
447 43 | RCC |/83.11084 88 6220 | 227 | 189 Mo/Rh
448 49 | LCC | 33" {769 89 |6229| 1.6 13.4 Mo/Rh
449 57 | LCC [ .33-(1011| 89 f4895| 211 | 17.7 Mo/Rh
450 49 | L€C | 34 | 652 | 9 |7119) /348 | 124 Mo/Rh
451 50 | RGC | 34 |1052| 9 89 | 239 | 201 Mo/Rh
452 44 | RCC | 34 |199.7| 9 |66.75| 455 | 381 Mo/Rh
453 5 | RCC | 34 | 818 | 91 |7119| 185 | 157 Mo/Rh
454 574 ~RCC, =34 .| 88.9 | 9.1.| 7119 201 17 Mo/Rh
455 41"|| IRCC! |34 | 101.3| 91 |'8455 | 229, | 19.4 Mo/Rh
456 53" RCC | 34 (1044 | 9.1 |66.75| 2.36 20 Mo/Rh
457 45| ~LCE o, 34 41264 | 09l 52.29/ 2:85 |24 Mo/Rh
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Table 1. The patient data underwent breast screening from tungsten target (425 data).

Nl;;ﬂ?:r:t()f '(6‘3;3 Position | kVp | mAs E:?n-; C(:E;: (QCG;?/) (EWS]GA; Target/Filter
1 44 | RCC | 25 | 769 | 28 | 7119 | 089 | 2.8 W/Rh
2 46 | RCC | 25 | 779 | 29 | 1068 | 088 | 2.21 W/Rh
3 41 | LCC | 26 | 66.7 | 3.1 |6229| 084 | 2.16 WI/Rh
4 46 | LCC | 26 | 679 | 3.2 |8455| 084 | 221 WI/Rh
5 44 | RCC | 26 | 77.8 | 3.2 |80.09 | 097 | 253 W/Rh
6 42 | RCC | 26 | 66.7 |33 |4895| 081 | 2.8 W/Rh
7 42 | LCC | 26 77 | 83 /80.09| 094 | 251 W/Rh
8 57 | LCC |26 | 79 | 8246675 096 | 258 WI/Rh
9 49 | RCC ["26\ 76 | 348455 | 091 | 2.49 WI/Rh
10 45 | LCC.-26 | 798| 3.4 |'7565{ 096 | 2.61 WI/Rh
11 46 | RCC 96419021l 34 |4895| 108 | 2.95 WI/Rh
12 47 | LCC 426/ /90 | 34 |8485| 1.08 | 2.95 W/Rh
13 60 | LEC 26 /657 |. 35 | 8455 1077 | 2.16 W/Rh
14 41 | RccH | 261,778 | 35 |.534 |, 091 | 256 W/Rh
15 50 | LCC 4 26 J:82.0 |\35 | 66.75,| 0.96 2.7 W/Rh
16 48 | Rce |/26/| 97 |85 | 7565 | 1.14 | 3.19 WI/Rh
17 50 | RCC 4 26 {120.8| 35" 8455 | 142 | 397 W/Rh
18 55 | LCC | 26 |«686 | 36 | 7119 | 073 2.1 W/Rh
19 56 | RCC |'26./4°67.2 |36 |'7565| 1 2.88 W/Rh
20 46 | LCC | 261,902 | 36 |4895| 104 | 297 W/Rh
21 42 | Reco| 26 | 93 | 36 | 7119y A07 | 3.07 W/Rh
22 44 | LeC—{26——100——36— 7519 115 3.3 W/Rh
23 55 | RGE | 26 | 59.7 | 87 | 534 |-067 | 1.98 W/Rh
24 60 | RGC | 26 | 67.8 | 3.7 | 97.9 (076 | 2.24 W/Rh
25 60 | LCCf /=26 | 84 | 37 |80.09 | 095 | 278 W/Rh
26 600 ' LGC! | 126/] 189/ 37" [\75.65 || T1 2.94 W/Rh
27 49, "LCC |"26 [1033| 3.7 |6229 | 116 | 3.42 W/Rh
28 47 | RCC | 26 [107.4| 3.7 |80.09 | 1.21 | 355 W/Rh
29 53 | ALEC |26 (1807 | 38 | 1023| Toiss| [ 266 W/Rh
30 57 | RCC | 26 | 91.1 | 3.8 | 534 | 1.01 | 3.02 W/Rh
31 42 | LCC | 26 | 929 | 3.8 | 534 | 1.03 | 3.08 W/Rh
32 44 | LCC | 26 | 929 | 3.8 | 534 | 1.03 | 3.08 W/Rh
33 42 | LCC | 26 | 993 | 3.8 | 6229 | 1.1 3.3 W/Rh
34 42 | RCC | 26 [100.1| 3.8 |7119| 11 | 332 W/Rh
35 60 | RCC | 26 |100.1| 3.8 | 1068 | 1.1 | 332 W/Rh
36 60 | RCC | 26 |1268| 3.8 | 1023 | 14 | 421 W/Rh
37 40 | LCC | 26 |[1365| 3.8 | 7119 | 151 | 453 W/Rh
38 50 | RCC | 26 | 941 | 39 | 7119 | 1.02 | 3.13 W/Rh
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39 56 | LCC | 26 | 96.1 | 3.9 |71.19| 1.04 3.2 W/Rh
40 52 | RCC | 26 |1065| 39 |66.75| 1.15 | 3.55 WI/Rh
41 49 | LCC | 27 | 748 | 4 |5784| 091 | 279 W/Rh
42 43 | LCC | 27 | 76 4 | 979 | 093 | 2.84 WI/Rh
43 43 | RCC | 27 [ 769 | 4 |8455| 094 | 287 W/Rh
44 52 | LCC | 27 | 871 | 4 |6675| 1.06 | 3.25 WI/Rh
45 60 | LCC | 27 | 879 | 4 | 445 | 107 | 3.28 W/Rh
46 49 | RCcC | 27 |11251 4. |7119 | 1.37 4.2 W/Rh
47 53 | RCC | 27 | 779 | 41+ 9344 | 093 | 292 WI/Rh
48 57 | RCC | 27| 842 | 4441335 | 101 | 3.15 W/Rh
49 48 | LCCf=27 86 % 41 -p445 | 103 | 3.22 W/Rh
50 45 | RCE™ 271899 41 |57.84 1.08 | 3.37 W/Rh
51 59 | LC@"™| 27 4908 | 41 |84554u1.09 3.4 WI/Rh
52 49 | LcC#f 27 4 /092.14 41 | 7119 ), 1.1 3.45 W/Rh
53 59 | LCC 4 27 4 061 [ 41 | 7565 1.15 3.6 W/Rh
54 52 | LGE 427 Fo92t41 1023 119 | 3.71 W/Rh
55 58 | LCC4| 27/ 686 (242 |8455| 081 | 258 W/Rh
56 58 | RCC |27 | 708 | 424|9344 | 083 | 266 WI/Rh
57 50 | RCC#| 27 | 854\ 42 | 445 1 3.2 WI/Rh
58 55 | RCC |J27.0 91 | 424 534 | 107 | 3.42 WI/Rh
59 55 | LCC | 27 {100.9+ 42 | 534 | 119 | 3.79 WI/Rh
60 49 | RCC | 27-11011| 43 | 7119 | 1.17 | 3.81 W/Rh
61 55 | L€C | 27 [109.6| 4.3 | 4895} 127 | 413 WI/Rh
62 55 | RGC | 27 |121.2| 43 |57.84 | 14 4.57 WI/Rh
63 49 | LCC | 27 |1236| 43 [57.84 | 143 | 4.66 W/Rh
64 57 | LCC | 27 | 839 | 44 |111.2| 095 | 3.17 WI/Rh
65 40.+| ~RCC. 1227 .| 1289, 44.|4895. 1.47..| 488 WI/Rh
66 45| |RCC. |s27 [128.9| 44 |'80.00 | 1.47.| 488 WI/Rh
67 45" LcC | 27 [1423| 44 | 979 | 1.62 | 5.38 WI/Rh
68 54| #RCE 4 28 4+68.% | pdb~ 57847 081 |~267 WI/Rh
69 52 |BLCC ||l 28 higo.t~| 45 | 8455 | (1021 |57336 WI/Rh
70 57 | RCC | 28 | 84 | 45 | 89 | 107 | 352 WI/Rh
71 56 | RCC | 28 | 859 | 45 |137.9| 1.09 3.6 WI/Rh
72 47 | LCC | 28 [ 871 | 45 | 89 | 1.11 | 3.5 WI/Rh
73 60 | LCC | 28 | 999 | 45 | 1156 | 127 | 4.18 WI/Rh
74 43 | LCC | 28 [1239| 45 |80.09| 157 | 5.19 WI/Rh
75 57 | LCC | 28 | 821 | 46 | 1156 | 1.03 | 3.45 WI/Rh
76 52 | RCC | 28 | 858 | 46 | 7565 | 1.07 | 3.61 WI/Rh
77 51 | RCC | 28 | 859 | 46 |80.09| 1.08 | 3.61 WI/Rh
78 48 | LCC | 28 | 923 | 46 |8455| 1.16 | 3.88 WI/Rh
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79 51 | LCC | 28 | 92.8 | 4.6 |80.09| 1.16 | 39 W/Rh
80 44 | LCC | 28 |[106.4| 46 |80.09 | 1.33 | 4.47 W/Rh
81 50 | RCC | 28 [1193| 46 | 89 | 149 | 501 W/Rh
82 53 | RCC | 28 |1412| 46 |66.75| 177 | 594 W/Rh
83 40 | Lcc | 28 | 847 | 47 | 534 | 1.04 | 357 W/Rh
84 44 | RCC | 28 | 923 | 47 |80.09 | 1.14 | 3.89 W/Rh
85 47 | RCC | 28 (1024 47 |1023| 126 | 432 W/Rh
86 49 | RCC | 28 | 1083 | 4716229 | 134 | 457 W/Rh
87 44 | Rcc | 28 | 1142 | 47 7565 | 141 | 482 W/Rh
88 48 | LCCwp28{ 117+ 47 | 8455 | 1.44 | 493 W/Rh
89 55 | LC@™™28.4416.9| 47 | 1112 144 | 493 W/Rh
90 52 | Lces| 28" /1269 47 | 9344).156 | 535 W/Rh
91 53 | Rcco| 28 443151 47 | 8009 1.62 | 555 W/Rh
92 46 | LCC 4 28 J1412) 47 | 7219 1.74 | 5.9 W/Rh
93 48 | RCE |28 ‘852 |48 | 765 | 0.96 | 331 W/Rh
94 60 | Lcc| 28 /1824 |48 | 1335 1 3.47 W/Rh
95 53 | LoC [f28°| 97 | 48,5784 118 | 41 W/Rh
96 44 | LCC/| 28 | 110 48 |66.75| 1.34 | 465 WI/Rh
97 43 | Lcc |jes. fiiri| 48] 4895 | 142 | 496 WI/Rh
98 45 | LCC | 28711194 48 | 979 | 145 | 505 W/Rh
99 52 | RCC | 28-(1248| 48 8455 | 152 | 5.28 WI/Rh
100 43 | L€C | 28 |1279| 48 |8009 | 4155 | 541 W/Rh
101 43 | RGC | 28 | 130.8| 4.8 | 7565 | 1159 | 554 W/Rh
102 60 | RCC | 28 | 1328 | 48 | 445 [T 161 | 562 W/Rh
103 46 | RCC | 28 [160.2| 4.8 | 7565 | 1.95 | 6.78 W/Rh
104 60..| .RCC, 128 .| 76.9 | 49 |1068.| 092 | 327 W/Rh
105 51" RCC |.28 | 827/ | 40 [B455 | 099, | 351 W/Rh
106 569 LCC | 28 | 89.2 | 49 | 1156 | 1.07 | 3.79 W/Rh
107 58| ~LCC | 28 /~89.2 | ;49 -89, A 107, |-3.79 W/Rh
108 47 | HLCC | |l 28 h1054] 4o | 58.4 | (126 |y 444 W/Rh
109 49 | RCC | 28 | 112 | 49 |66.75| 134 | 476 W/Rh
110 51 | RCC | 28 |1248| 4.9 |80.09 | 1.38 | 486 W/Rh
111 43 | LCC | 28 | 117 | 49 |1201| 14 | 497 W/Rh
112 44 | RCC | 28 [128.7| 49 |7119| 154 | 546 W/Rh
113 46 | LCC | 28 | 1328 4.9 |6229 | 159 | 5.64 W/Rh
114 40 | LCC | 28 |1365| 4.9 |66.75 | 1.63 | 58 W/Rh
115 54 | LCC | 28| 8 | 5 |7119| 096 | 3.49 W/Rh
116 57 | RCC | 28 | 841 | 5 |8009| 099 | 358 W/Rh
117 51 | LCC | 28 | 842 | 5 |7119| 099 | 359 W/Rh
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118 55 | LCC |28 | 931 | 5 |7L19| 1.09 | 397 W/Rh
119 53 | LCC | 28 | 991 | 5 |6229| 117 | 422 W/Rh
120 55 | RCC | 28 |101.1| 5 |102.3| 1.19 | 431 W/Rh
121 53 | LCC | 28 | 103 | 5 |80.09| 1.21 | 439 W/Rh
122 47 | LCC | 28 |1041| 5 |57.84| 122 | 4.44 W/Rh
123 47 | RCC | 28 |1043| 5 |57.84| 123 | 4.44 W/Rh
124 53 | RCC | 28 |1064| 5 |7119| 125 | 453 W/Rh
125 55 | RCC | 28 |107.2 | /5 # 7565 | 1.26 | 457 W/Rh
126 53 | LCC | 28 1124 | 54112 | 132 | 479 W/Rh
127 48 | LCCompw28-4-119.14] 55784 14 | 507 W/Rh
128 46 | RCEW™28.4719.2/| 5 | 75654 14 | 508 W/Rh
129 47 | RCGe" 28" 41279\ \5 [71.194y 15 | 545 W/Rh
130 45 | LCCef 28 443194 5 |6229 ), 155 | 562 W/Rh
131 47 | RCC 428 J 1329 [ 45" | 71.19,| 156 | 566 W/Rh
132 43 | RCE 428 |f136:7 4+ 5 | 1201 | 4161 | 582 W/Rh
133 53 | Rcc/| 28/ 13866 (05" | 9344 163 | 59 W/Rh
134 43 | RCC [#28 (1442 | 5 4/ 7119 |" 1.7 | 6.14 W/Rh
135 60 | LCC/| 28 |147.3{ 5 | 984 | 173 | 6.28 WI/Rh
136 44 | LCC |28 {1493 5 8009 | 176 | 6.36 W/Rh
137 44 | RCC | 2811637 5 | 89 | 18l | 655 W/Rh
138 51 | RCC | 28-(156.2| 57489 | 1.84 | 665 W/Rh
139 50 | REC | 28 [190.1| 5 89 224 | 81 W/Rh
140 60 | RCC | 28 | 889 | 51 |6229 | 103 | 38 W/Rh
141 47 | LCC |28 | 898 | 51 "534 |111.04 | 3.84 W/Rh
142 56 | LCC | 28 [1021| 51 |111.2 | 119 | 4.36 W/Rh
143 53..| . LCC, 1528 | 1042 | 51 |75.65] 121._| 4.45 W/Rh
144 49" LIGC! |28 | 107.3|| 54 |48:95 || 125, | 4.59 W/Rh
145 48] RCC | 28 | 1084 | 51 |80.09 | 1.26 | 4.63 W/Rh
146 56| ~LCC o, 28 1183 | pBel~| 80.09/ (137 |~5.06 W/Rh
147 44 |HLCC ||l 28 h1278y B | 445 | (148 |o'546 W/Rh
148 44 | LCC | 28 |129.9| 51 |7565| 151 | 555 W/Rh
149 43 | RCC | 28 |130.9| 51 |4895| 152 | 56 W/Rh
150 60 | RCC | 28 |1385| 51 | 89 | 161 | 592 W/Rh
151 45 | RCC | 28 |138.6| 51 |9344| 161 | 593 W/Rh
152 40 | LCC | 28 |1423| 51 | 89 | 1.65 | 6.08 W/Rh
153 44 | LCC | 28 |160.4| 51 |9344| 186 | 6.86 W/Rh
154 57 | LCC | 28 |168.2| 51 |106.8| 1.95 | 7.19 W/Rh
155 57 | RCC | 28 |181.9| 51 |1156| 211 | 7.78 W/Rh
156 59 | LCC | 28 | 93 | 52 | 534 | 1.07 | 3.99 W/Rh
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157 56 | RCC | 28 | 951 | 52 |9344| 1.09 | 4.08 W/Rh
158 58 | RCC | 28 | 1084 | 52 |80.09| 1.24 | 465 W/Rh
159 53 | RCC | 28 [109.6| 52 |7565| 1.26 | 47 W/Rh
160 48 | RCC | 28 [1193| 52 | 534 | 137 | 5.12 W/Rh
161 46 | LCC | 28 |1265| 52 |8455| 145 | 543 W/Rh
162 57 | LcC | 28 [ 1289 52 | 89 | 1.48 | 553 W/Rh
163 50 | LcC | 28 [1329| 52 |7565| 152 | 57 W/Rh
164 46 | RCC | 28 | 1336 | 52| 445 | 153 | 573 W/Rh
165 51 | LcC | 29 | 131.3| 52,8009 | 156 | 564 W/Rh
166 44 | LCC-28 | 1358] 52 16229 | 156 | 583 W/Rh
167 53 | LCe™ " 2814404/ 52 | 6675 1.61 | 6.02 W/Rh
168 47 | Lces 28" 11424\ 52 |66.754.163 | 6.11 W/Rh
169 47 | Lcce 28 4 4434) 52 |57.84 ) 164 | 6.15 W/Rh
170 47 | RCC 4 28 /1443 | 52 | 534.| 165 | 6.19 W/Rh
171 46 | RCE |28 1494|952 | 8455 | 171 | 6.41 W/Rh
172 51 | Rcc/| 28 /11513052 | 89 | 174 | 6.49 W/Rh
173 44 | RC€ 28 | 1605 | 5.2/ 8455 | 1.84 | 6.88 W/Rh
174 54 | RCC /| 28 |160.5( 62 | 97.9 | 1.84 | 6.88 WI/Rh
175 50 | RCC |28 14615 52| 7565 | 1.85 | 6.93 W/Rh
176 55 | RCC | 28" i625| 52 | 1068 | 1.86 | 6.97 W/Rh
177 42 | RCC | 2812627 | 52 f71.19| 301 | 113 W/Rh
178 59 | L€C | 28 | 769 | 53 | 8009 L4087 | 331 W/Rh
179 53 | LGC | 29 | 833 | 53 | 7561 | 098 | 359 W/Rh
180 50 | RCC | 28 | 87.8 | 53 |57.84 [ 099 | 378 W/Rh
181 60 | LCC | 28 | 943 | 53 |80.09 | 1.07 | 4.06 W/Rh
182 59../ .RCC, 128 .| 97.9 | 53.].89 .| 111 | 421 W/Rh
183 44" | | LGC |28 | 1043| 53 |57:84 | 118, | 4.49 W/Rh
184 539 RCC | 28 |1043| 53 | 7565 | 1.18 | 4.49 W/Rh
185 55+ ~LCC | 28 /<1063 | 153+ 1023 512+ |~458 W/Rh
186 60 | BRCC | || 28 hid14] 53 | 89 | (126] |h a9 W/Rh
187 53 | RCC | 28 |1145| 53 | 1023 | 1.3 | 4.93 W/Rh
188 51 | RCC | 28 |[119.1| 53 | 1023 | 1.35 | 5.13 W/Rh
189 44 | RCC | 28 [1215| 53 | 445 | 1.38 | 523 W/Rh
190 55 | LCC | 28 [1221| 53 |7119 | 138 | 526 W/Rh
191 60 | LCC | 28 [129.9| 53 | 9344 | 147 | 559 W/Rh
192 43 | LCC | 28 [1328| 53 |4895| 15 | 572 W/Rh
193 5 | RCC | 28 [1329| 53 | 89 15 | 572 W/Rh
194 48 | RCC | 28 [1346| 53 | 534 | 152 | 579 W/Rh
195 56 | RCC | 28 |1359| 53 | 1023 | 154 | 585 W/Rh
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196 48 | LCC | 28 |136.8| 53 |66.75| 155 | 589 W/Rh
197 52 | LCC | 28 | 1487 53 |111.2| 1.68 | 6.4 W/Rh
198 59 | Lcc | 28 | 151 | 53 | 93 | 171 | 65 W/Rh
199 40 | RCC | 28 | 155 | 53 | 7565 | 1.75 | 6.67 W/Rh
200 48 | RCC | 28 [1606| 53 |80.09| 1.82 | 6.1 W/Rh
201 42 | LCC | 28 [206.2| 53 | 445 | 233 | 888 W/Rh
202 54 | RCC | 28 | 82 | 54 |6229| 092 | 354 W/Rh
203 40 | RCC | 28 | 1021 | B4 534 | 114 | 441 W/Rh
204 57 | Lcc | 28 | 106.3| 54,4379 | 1.19 | 459 W/Rh
205 56 | LCCwf28- 1223 54-{-89+| 136 | 527 W/Rh
206 56 | RCE@™ 2814258/ 54 | 6229 141 | 543 W/Rh
207 54 | Lces| 28 (1377 54 |80.09}.154 | 595 W/Rh
208 55 | RCC«| 28 114396( 54 | 7565 | 156 | 6.03 W/Rh
209 47 | RCC 4 28 /1493 | 54 |5784| 167 | 645 W/Rh
210 40 | RCE |28 162454 | 7119|181 | 7.01 W/Rh
211 42 | Lcc| 28/l 1674|054 | 8as5| 187 | 7.23 W/Rh
212 50 | LGC |28 [ 1724 | 54.(80.09 | 1.93 | 7.45 W/Rh
213 50 | RCC /| 28 | 1813 ( 64 | 89 || 203 | 7.83 WI/Rh
214 56 | LCC |29, 1621 | 654 534 | 114 | 436 W/Rh
215 60 | RCC | 29" 1104| 55 |57.84 | 1.37 | 523 W/Rh
216 59 | LCC | 29 (1114 55 |6229 | 1.38 | 528 W/Rh
217 58 | L€C | 29 |1133| 55 | 129 h 4141 | 537 W/Rh
218 49 | LGC | 29 | 1163 | 55 |57.84 [ 144 | 551 W/Rh
219 53 | LCC | 29 | 1163 | 55 | 9344 [[1.44 | 551 W/Rh
220 55 | RCC | 29 |1169| 55 |80.09 | 1.45 | 554 W/Rh
221 50.. . LCC, 129 .| 119 | 55.|84.55.| 1.48_| 564 W/Rh
222 48" | | LGC |29 | 123.7| 55 |\7119 | 154, | 586 W/Rh
223 48%] RCC | 29 [1265| 55 |80.09 | 157 | 5.99 W/Rh
224 55+ ~LCC |, 29 11329 | ;55 75.65, 165, |~ 6:3 W/Rh
225 52 | BRCC | || 29 1864 55 | 9344 | (169 |3 646 W/Rh
226 46 | LCC | 29 [137.7| 55 | 7119 | 171 | 652 W/Rh
227 40 | LCC | 29 |1405| 55 |66.75 | 1.74 | 6.66 W/Rh
228 51 | LCC | 29 |1423| 55 | 6229 | 177 | 6.74 W/Rh
229 52 | LCC | 29 |1442| 55 |7565| 179 | 6.83 W/Rh
230 58 | RCC | 29 |1487| 55 |8455| 1.85 | 7.05 W/Rh
231 48 | LCC | 29 |1493| 55 |66.75 | 1.85 | 7.07 W/Rh
232 40 | RCC | 29 [151.1| 55 |6229 | 1.88 | 7.16 W/Rh
233 45 | LCC | 29 [1635| 55 | 534 | 203 | 7.75 W/Rh
234 48 | LCC | 29 [1755| 55 |66.75 | 2.18 | 831 W/Rh
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235 53 | RCC | 29 [188.1| 55 | 1023 | 2.34 | 891 W/Rh
236 56 | RCC | 29 | 90 | 56 | 445 | 11 | 428 W/Rh
237 47 | RCC | 29 | 921 | 56 | 445 | 113 | 438 W/Rh
238 54 | RCC | 29 | 992 | 56 | 66.75 | 1.21 | 472 W/Rh
239 60 | LCC | 29 [1029| 56 | 89 | 126 | 4.89 W/Rh
240 56 | LCC | 29 [108.3| 56 | 7565 | 1.33 | 5.15 W/Rh
241 55 | RCC | 29 |1105]|/56 | 1423 | 135 | 525 W/Rh
242 50 | RCC | 29 |1126| 564 8455 | 1.38 | 535 W/Rh
243 47 | LCC | 29| 117 | 567,+62.29 | 143 | 556 W/Rh
244 44 | LCCwnp29--120.14 5.6-4-48:95 | 147 | 571 W/Rh
245 47 | RCE@WI™29.+703.7| 56 | 7I19% 151 | 588 W/Rh
246 57 | RCGe*| 20 1237 56 | 4454}, 151 | 588 W/Rh
247 43 | RCCg 20 f125.94 56 | 8455 | 154 | 5099 W/Rh
248 49 | LCC 29 1289 56 | 66.75 | 158 | 6.13 W/Rh
249 44 | RCE@" |#29F /1397 1+5.6 || 75.65 [41.71 | 6.64 W/Rh
250 43 | R 20 1424 | 066 | 445 174 | 677 W/Rh
251 53 | LCC 29 [146.1| B6 4 8455 | 1.79 | 6.95 W/Rh
252 58 | LCC /| 29 |146:2| 56 | 1023 | 179 | 6.95 WI/Rh
253 48 | LCcC |29 11975 56 4, 6229 | 242 | 9.39 W/Rh
254 54 | LCC | 29} 202 « 56 | 57.84 | 247 | 96 W/Rh
255 46 | LCC | 29-1213.7 | 56 | 1068 | 2.62 | 10.2 W/Rh
256 54 | RGC | 29 | 849 | 57 | 489514103 | 4.05 W/Rh
257 41 | LGC | 29 | 98 | 57 | 6229 (1118 | 467 W/Rh
258 53 | RCC | 29 (1043 | 57 |'80.09 [ 1.26 | 4.98 W/Rh
259 51 | LCC | 29 |1053| 57 | 7565 | 127 | 5.02 W/Rh
260 57.4 .RCC, {=30 | 107 | 57./104.08] 132 | 507 W/Rh
261 47°| |LGC| |29 |115.1| 57 |[\84:55 | (1139, | 5.49 W/Rh
262 529 LCC | 29 [1348| 57 | 111.2 | 163 | 6.43 W/Rh
263 45+ ARCE o, 29 1378 | b A 52.29 p1:66, |~ 657 W/Rh
264 59 | bRCE ||/ 29 higvey 5.7 | 80.09 | (166 657 W/Rh
265 57 | RCC | 29 |1414| 57 | 8455 | 171 | 6.75 W/Rh
266 46 | LCC | 29 |1473| 57 | 7565 | 178 | 7.03 W/Rh
267 47 | RCC | 29 |1514| 57 | 979 | 183 | 7.22 W/Rh
268 50 | LCC | 29 [1626| 57 | 57.84 | 1.96 | 7.76 W/Rh
269 47 | LCC | 29 |168.2| 57 | 534 | 203 | 802 W/Rh
270 42 | RCC | 29 |176.1| 57 | 9344 | 213 | 84 W/Rh
271 48 | LCC | 29 |219.1| 57 | 80.09 | 265 | 105 W/Rh
272 57 | LCC | 30 | 812 | 58 | 814 | 099 | 386 W/Rh
273 57 | RCC | 29 | 959 | 58 | 1068 | 1.14 | 459 W/Rh
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274 56 | LCC | 29 [ 992 | 58 |9344| 118 | 475 W/Rh
275 48 | LCC | 29 | 999 | 58 [66.75| 1.19 | 478 W/Rh
276 55 | LCC | 29 [1045| 58 |93.44 | 124 5 W/Rh
277 57 | LCC | 29 [1075| 58 |8455| 128 | 5.15 W/Rh
278 58 | RCC | 29 [1133| 58 |7565| 135 | 542 W/Rh
279 60 | RCC | 29 [1183| 58 |71.19| 141 | 5.66 W/Rh
280 57 | LCC | 29 (131958 | 445 | 157 | 6.31 W/Rh
281 43 | RCC | 29 | 1358 | 58416229 | 162 | 65 W/Rh
282 60 | RCC | 29 [140.4 | 58 9344 | 167 | 6.72 W/Rh
283 43 | LCCosfw29-147.4 584120+ 1.75 | 7.06 W/Rh
284 42 | LCOM™29.1053.1|| 58 | 97°9% 1.82 | 7.33 W/Rh
285 53 | LC@# 20" (1531} 58 |62.29( 182 | 7.33 W/Rh
286 47 | Lcce| 29 446734 58 | 75.65|.1.99 | 801 W/Rh
287 52 | LCC 429 f12 | 58 | 7119, 207 | 834 W/Rh
288 45 | RCE |#29" [[188:4 458 | 57.84 | 42.24 9 W/Rh
289 50 | Lcc| 20 f[1937 |58 1023 | 231 | 927 W/Rh
290 45 | ROC 29 |1938| 5:8,(80.09 | 231 | 9.28 W/Rh
291 46 | LCC/| 29 | 2247 58 |8455| 267 | 10.8 WI/Rh
292 53 | LCC [/29, 12384 581335 284 | 114 W/Rh
293 50 | LCC | 29°} 253 | 58 | 9344 | 301 | 121 W/Rh
294 53 | LCC | 3011096 581 |57.84 | 135 | 581 W/Rh
295 54 | L€C | 29 | 878 | 59 |4895 /103 | 4.22 W/Rh
296 54 | L@C | 29 [100.1| 59 |57.84 | 117 | 481 W/Rh
297 56 | LCC | 29 [101.1| 59 |66.75 [ 1.19 | 4.86 W/Rh
298 52 | RCC | 29 | 103 | 59 |57.84 | 121 | 4.95 W/Rh
299 53.. . LCC, 1529 .| 103, | 59.|7119.] 121_| 4.95 W/Rh
300 53" || LLQC |.29 |1052| 59 7565 | [1.23.]| 5.05 W/Rh
301 56%] RCC | 29 [1075| 59 |111.2| 126 | 5.16 W/Rh
302 51| ~LCC ., 29 1083 | 15:9,~| 48954 (127, |- 52 W/Rh
303 56 | DRCC | || 29 1095 B9 | 102.3 | (128] |'5.26 W/Rh
304 56 | RCC | 29 [1115| 59 |7565| 131 | 5.36 W/Rh
305 56 | RCC | 29 [1125| 59 | 89 | 132 | 54 W/Rh
306 47 | LCC | 29 |1169| 59 | 534 | 1.37 | 561 W/Rh
307 47 | RCC | 29 |1221| 59 |8455| 1.43 | 586 W/Rh
308 60 | LCC | 29 [1259| 59 | 534 | 148 | 6.05 W/Rh
309 45 | LCC | 29 1328 59 [120.1| 156 | 6.38 W/Rh
310 50 | RCC | 29 [1329| 59 |5784| 156 | 6.38 W/Rh
311 53 | RCC | 29 [1473| 59 |93.44 | 173 | 7.08 W/Rh
312 48 | RCC | 29 |151.3| 59 [7119| 178 | 7.27 W/Rh
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313 53 | RCC | 29 |1515| 59 |66.75| 1.78 | 7.28 W/Rh
314 43 | LCC | 29 |163.4| 59 |93.44| 192 | 7.85 W/Rh
315 50 | LCC | 29 |170.1| 59 |7565| 2 8.17 W/Rh
316 52 | RCC | 29 [179.1| 59 |7119| 21 8.6 W/Rh
317 45 | LCC | 29 | 183 | 59 | 7119 | 215 | 879 W/Rh
318 44 | LCC | 29 |2005| 59 |80.09| 235 | 9.63 W/Rh
319 45 | RCC | 29 |2156| 59 |80.09 | 253 | 104 W/Rh
320 47 | LCC | 29 |2336 /59 |6229| 274 | 11.2 W/Rh
321 58 | RCC | 28 | 1152 | /7 #1445 | 1.3 5.86 W/Ag
322 54 | LCC | 28 1259 | 749344 | 1.42 6.4 W/Ag
323 56 | RCC=28 112991 7 16229 | 146 | 661 W/AQ
324 58 | RCE™"28#1136 || . 7 |.66.75"" 1.53 | 6.92 W/Ag
325 56 | LC@"| 28 41473 7 |57.844.1.66 | 7.49 W/Ag
326 42 | RCC#| 28 /44871 7 | 7565 |.167 | 7.56 W/AQ
327 49 | RCC 4 28 #1592 | %7 | 4895, 1.79 8.1 W/Ag
328 54 | LGE 428 17931+ 7. | 6229 | :2.02 | 9.12 W/Ag
329 41 | rccd| 28 /12083 (07 17565 | 234 | 106 W/Ag
330 42 | RCC |28 | 2285 | 74| 1565 | 257 | 116 W/Ag
331 47 | RCC /| 28 | 2501 | ¢ | 584 | 282 | 128 W/AQ
332 58 | LCC |28 11022 7.1.4895| 114 | 522 W/Ag
333 56 | LCC | 28 {1152+ 7.1 |4895| 128 | 588 W/AQ
334 56 | RCC | 2811182 | 7.1 14895 | 1.32 | 6.03 W/Ag
335 48 | LCC | 28 [134.9| 7.1 |62.29 | 115 6.88 W/Ag
336 60 | LEC | 28 |1359| 7.1 | 6229 | 151 | 6.94 W/Ag
337 5 | LCC | 28 [137.8| 7.1 7565 | 154 | 7.03 W/Ag
338 48 | RCC | 28 |1384| 7.1 |8455| 154 | 7.06 W/Ag
339 524 . LCC, 1-28 .| 1435, 7.1.|66.75. .1.6 7.32 W/AQ
340 42" || LLGC |¢30 | 1229 71 |'89.85 | .77 7.8 W/AQ
341 44| LcC | 28 |1682| 7.1 | 445 | 1.87 | 858 W/Ag
342 59| #RCE 4, 28 41737 | plole| 7419/ (1194 |~ 886 W/Ag
343 50 |DLCC || 28 hi1e3ady 7h | 5784 | (2041 |pToR4 W/Ag
344 44 | RCC | 28 | 193 | 7.1 | 445 | 215 | 9.85 W/Ag
345 51 | LCC | 28 |2045| 7.1 |6229| 228 | 104 W/Ag
346 58 | LCC | 28 |1183| 7.2 |66.75| 1.31 | 6.06 W/Ag
347 48 | LCC | 28 |1212| 7.2 |66.75| 1.34 | 6.21 W/Ag
348 50 | LCC | 28 |151.3| 7.2 | 1112 | 1.67 | 7.75 W/Ag
349 54 | LCC | 28 |1532| 7.2 |57.84| 1.69 | 7.85 W/Ag
350 46 | RCC | 28 |156.2| 7.2 | 534 | 1.72 8 W/Ag
351 43 | RCC | 28 |1573| 7.2 | 979 | 1.74 | 8.06 W/Ag
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352 55 | LCC | 28 |171.3| 7.2 | 1201 | 189 | 8.77 WI/Ag
353 52 | RCC | 28 |188.6| 7.2 | 53.4 | 2.08 | 9.66 WI/Ag
354 49 | LCC | 28 |1921| 7.2 |6229| 212 | 9.84 WI/Ag
355 54 | RCC | 28 |247.2| 7.2 | 445 | 273 | 127 WI/Ag
356 50 | LCC | 28 |121.1| 7.3 | 445 | 132 | 6.22 WI/Ag
357 55 | LCC | 28 |1385| 7.3 | 1068 | 152 | 7.12 WI/Ag
358 47 | LCC | 28 |1405| 7.3 |8455| 154 | 7.22 WI/Ag
359 52 | LCC | 28 [1487| 73 |66.75| 1.63 | 7.64 WI/Ag
360 52 | RCC | 28 | 1511 /734 7565 | 165 | 7.77 WI/Ag
361 51 | LCC | 28 |155.1 | 7.3.4#6229 | 1.7 7.97 WI/Ag
362 52 | RCC=28-{167.4] 73 {8455 183 8.6 WI/Ag
363 54 | RCE™™28#1470.1|| 7.3 | 89" 186 | 8.74 WI/Ag
364 48 | Rce*| 28 41755 7.3 | 71194192 | 9.02 WI/Ag
365 48 | Lcce| 28 4 /193-F 73 |57.84].211 | 9.92 WI/Ag
366 48 | LCC A 28 #2163 73 | 129 237 | 111 WI/Ag
367 45 | RCE 28 (242 7.3 | 8455 | 264 | 124 WI/Ag
368 54 | RCC/| 28/ 1244 074 | 445 | 135 | 6.42 W/Ag
369 58 | RCC |28 |12/8 | T4l 6229 | 138 | 659 WI/Ag
370 48 | RCC /| 28 | 1289 | .74 | 7565 | 14 6.65 WI/Ag
371 56 | LCC |/28.11386| 744 5/84| 15 | 7.5 WI/Ag
372 56 | LCC | 28 11442 74 | 534 | 156 | 7.44 WI/Ag
373 42 | RCC | 28-11454 | 7.4 17119 | 1.58 7.5 W/Ag
374 55 | REC | 28 [1454| 7.4 | 7565 | 1158 75 WI/Ag
375 58 | RCC | 29 |1043| 75 | 6229 | 128 | 5095 WI/Ag
376 50 | LCC | 29 [1152| 75 |'534 | 142 | 657 W/Ag
377 52 | LCC | 29 |121.1| 75 |57.84| 149 | 6.91 WI/Ag
378 504 ~RCC, 129 .| 1265 | 7.5.| 57,844 1.56..| 7.22 WI/Ag
379 54 | IRCC| (29 | 135.8| 75 |66.75 | 1.67.| 7.75 WI/Ag
380 43" LcCc | 29 |139.7| 75 |80.09 | 172 | 7.97 WI/Ag
381 55+ #RCE ot 29 414283 | (b 445 | lil5y |=842 WI/Ag
382 54 | bLCC!| 29 hise 75 | 105.6 | (92| |pishll WI/Ag
383 40 | LCC | 29 |1852| 75 |4895| 228 | 10.6 WI/Ag
384 46 | RCC | 29 |211.8| 75 |48.95| 26 12.1 WI/Ag
385 45 | LCC | 29 |3302| 75 |57.84| 4.06 | 18.8 WI/Ag
386 59 | RCC | 29 |123.7| 76 | 534 | 151 | 7.08 WI/Ag
387 42 | LCC | 29 |131.7| 7.6 |6229| 16 7.54 WI/Ag
388 50 | LCC | 29 |1443| 76 |57.84| 176 | 8.26 WI/Ag
389 55 | RCC | 29 |167.3| 7.6 | 1068 | 2.04 | 9.58 WI/Ag
390 52 | LCC | 29 |186.7| 7.6 |66.75| 227 | 10.7 WI/Ag
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Nl;g][?:r:tc’f '(A‘\?)e Position | kVp | mAs &?n-; C(:E;: (QCG;?/) FrrS\GA:/() Target/Filter
391 42 | RCC | 31 |1623| 7.6 | 685 | 249 | 11.36 W/Ag
392 48 | RCC | 29 [2157] 7.6 | 6229 | 263 | 124 W/Ag
393 49 | RCC | 29 [2228| 7.6 | 7119 | 271 | 128 W/Ag
394 49 | LCC | 29 |231.3| 7.6 |66.75| 2.82 | 13.2 W/Ag
395 60 | LCC | 29 1201 7.7 | 4895 | 1.45 6.9 W/Ag
396 60 | LCC | 29 |121.1| 7.7 | 4895| 146 | 6.96 W/Ag
397 53 | LCC | 29 |1317| 7.7 | 445 | 159 | 757 W/Ag
398 51 | LCC | 29 [1375| 77 | 979 | 1.66 7.9 W/Ag
399 53 | RCC | 29 |139.6 /77 445 | 168 | 8.02 W/Ag
400 46 | LCC | 29 | 1404 | 7.7.4534 | 169 | 8.07 W/Ag
401 47 | RCC29 114531 7718009 | 175 | 8.35 WI/Ag
402 52 | LCE™ 29#1451.1!| 7.7 | 4895 182 | 8.68 WI/Ag
403 42 | Lce™ 29 42327\ 7.7 |66.754w281 | 134 W/Ag
404 58 | LCC#| 20 44359% 78 | 6229 |.162 | 7.84 W/Ag
405 55 | LCC 4 29 /1584 78 | 445.| 189 | 9.14 W/Ag
406 48 | RCE 429 19751 7.8 | 1023 | 236 | 114 W/Ag
407 53 | RCcc/| 29/ 1454 (979 | 445 | 172 | 8.42 W/Ag
408 41 | RCC |29 | 1638 | 7194|7565 | 1.82 | 89 W/Ag
409 60 | RCC/| 20 | 155 | 79 | 534 | 183 | 8.7 W/Ag
410 50 | LCC |/29. 11674 7.9 445 | 1.98 | 9.69 WI/Ag
411 59 | RCC | 29"+ 177 + 7.9 | 445 | 209 | 102 W/Ag
412 60 | RCC | .30-(127.7| 8 445 | 1.69 | 81 W/Ag
413 56 | R6C | 30 |1643| 8 [6229) 217 | 104 W/Ag
414 45 | Lec | 30 |2007| 8 |7119| 265 | 12.7 WI/Ag
415 48 | RCC | 30 [1125| 81 | 445 | 147 | 7.16 W/Ag
416 51 | RCC | 30 [131.9] 81 [111.2| 173 | 84 W/Ag
417 53.4 » LCC, 1230, 1424 | 8.2.|.53.4.| 185 9.1 W/Ag
418 55 | [RGC |30 | 1290.8| 883 |71.19 | 167, | 832 W/Ag
419 500 RCC | 30 |145.4| 83 |6229 | 1.88 | 9.32 W/Ag
420 41| ~LCE f, 30 41474 | 184~ 57.847 (1189 |=049 W/Ag
421 55 | bLCC ||l 32 h1d4m| 88 | 66.75 | (187! [p7954 W/Ag
422 49 | RcCc | 31| 270 | 88 | 89 | 374 | 191 W/Ag
423 55 | RCC | 31 |137.8| 89 |57.84 | 1.89 | 9.79 W/Ag
424 55 | LCC |32 | 99 | 9 |7119| 1.49 7.6 W/Ag
425 50 | LCC | 32 [1289] 91 | 445 | 195 | 9.93 W/Ag
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