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Abstract

The objectives of this study were to estimate the patient dose in term of mean 

glandular dose and to assist in optimization of radiation protection in mammographic 

procedures in Sudan. A total number of 107 patients were included. Four 

mammographic units were participated. Only one center was using Automatic 

Exposure Control (AEC). The mean doses in (mGy) for the CC projection were 3.13. 

1.24, 2.45 and 0.98 and for the MLO projection was 2.13, 1.26, 1.99and 1.02 for 

centers A, B, C, and D, respectively. The total mean dose per breast from both 

projections was 5.26, 2.50, 4.44 and 1.99 mGy for centers A. B. C and D. 

respectively.

The minimum mean glandular dose was found between the digital system which 

was operated under AEC and one of the manual selected exposure factors systems, 

this highlight possible optimization of radiation protection in the other manual 

selected systems. The kilo volt and the tube current time products should be selected 

correctly according to the breast thickness in both centers A and C.



V  j  oJIpL JJ j  ( M G D )  ^Aili AOJbtll 4̂ 4-1  ̂“ -■ aG® J JA) nJt1d_J bjjl oJLA -_ / A  > ^ 4

. jb 4*^V lb 4jcJv i j-; " - ̂ ^U.>-1 t ?-UJG4

1^*3 y c ]\  OJ*l>b‘>bc® jb d i> -t j i y ^ J i  oy^>~\ ^jA  4j*>b C-obT^ a j j ^ A2-i Au  -v 107

3.13,1.24,2.45,0.98 (CC) ^ u i  o-u^i J' _L>- ft . CSTj Lc a' _x̂*“''’ J  ** '* V
IA A U A Ju
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Chapter One

Introduction

1.1 Introduction

Breast cancer is a growing probiem and the incidence of breast cancer increases with 

age. Mammography is the first choice for diagnosis breast cancer problem. In fact at 

present it is still the most important breast imaging technique. X-ray mammography 

has also proved to be effective in reducing breast cancer mortality in a number of 

screening programmes (Zhou and Gordon, 1989; Hurley and Kaldor, 1992).However, 

during the procedures and due to use of low energy in imaging, breast sensitive tissue 

will exposed to a significant radiation dose. One of the risks of mammography is the 

carcinogenic potential of the ionizing radiation (UNSCEAR, 2000; BEIR, 1990; ICRP 

103,2007).

The general radiation protection principle of the International Commission on 

Radiological Protection (ICRP) is that exposures ‘should all be kept as low as 

reasonably achievable’, implies in the case of medical exposures that each 

radiological procedure is justified and optimized (ICRP 103, 2007). For diagnostic 

radiology the principle of optimization means that the radiation dose should be kept as 

low as is compatible with the image quality that is necessary for diagnosis.

It is necessary to evaluate the dose delivered to the breast during mammography 

exposure and to apply all efforts to optimize both patient dose and image quality.

A small change in technique or processing factors can have a significant effect on 

image quality and radiation dose delivered to the breast. In order to produce 

mammograms at the lowest doses consistent with high diagnostic sensitivity and 

specificity, it is necessary that careful consideration be given to the selection of 

equipment, patient positioning and imaging techniques and the establishment of an 

effective quality control program (AAPM 29, 1990).

In Sudan there are about 12 Mammography units performing a round 7500 

mammographic procedures annually. Typical radiation dose and image quality arc not 

exactly known during these procedures.
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The present study is intended to assess patient radiation dose and image quality and to 

assist in optimization of radiation protection in mammographic procedures in Sudan.

1.2 Literatures Review

1.2.1 Investigation of breast dose in live screening mammography centers in 

Greece

V Tsapaki and et al, 2013

The objectives of this study were to investigate the techniques used for screening 

mammography in Greece, to estimate the mean glandular dose (MGD) for 

establishing a baseline radiation dose database, to analysis the effects of various 

factors on MGD, and to compare the results with others in the literature. Five 

mammographic facilities and 250 women having as a routine screening mammogram 

one craniocaudal (CC) and one mediolateral oblique (MLO) projection in each breast 

were included in the study. The parameters recorded were age, weight, compressed 

breast thickness (CBT), tube potential (kV), tube loading (mAs) and MLO projection 

angle. Large differences were observed among the different mammography facilities, 

mainly in terms of the tube potential setting and the MLO angle used. The average 

MGD per exposure was 1.4 ± 0.6 mGy while the respective averages separately for 

the CC and MLO projections were 1.2 ± 0.5 and 1.5 ± 0.7 mGy, respectively. The 

average MGD values recorded in this study were below the limit of 2 mGy 

established for the reference medium-sized breast of 4.5 cm CBT. However, the 

variety of techniques observed revealed the need for a nationwide survey concerning

1.2.2 Mean Glandular Dose from Routine Mammography

SupawitooSookpeeng and PotjanaKetted, 2006

The objective of this research was to measure the mean glandular dose (MGD) from 

craniocaudal (CC) and mediolateral oblique (MLO) views in each breast and the total 

dose per women (for both breasts and two views ) from the exposure factor in patients 

undergoing mammography on six mammography X-ray generator in the lower region 

of northern Thailand. The data were collected from women undergoing 

mammography examinations over the period from December 2005 to April 2006. T he 

values of compressed breast thickness (CBT), as well as the MGD calculated from the
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exposure and tube voltage mAs and target /filter combination, were collected from 

2060 films in 515 women ranging in age between 28-91 years. Significant differences 

were found between MGD from CC and MLO projections the MGD per film was 

1.42± 0.80 mGy for CC projection and 1.56 ± 0.86 mGy for the MLO projection (p<

0.001). The MGD per CC and MLO film was significantly related to CBT (r=0.610, 

p< O.Oland r = 0.596, p<0.01 respectively). The result indicated that 96.1% of CC 

films and 94.2% of MLO films had doses less than 3.0mGy as recommended by the 

American College of Radiology recommendations. This may ensure that the 

mammography examination in the lower region of northern Thailand is capable of 

achieving acceptable dose levels for patient safety.

1.3 Objectives

1.3.1 General Objective

Estimate the patient dose in term of mean glandular dose

1.3.2 Specific Objectives

1. To assist in optimization of radiation protection in mammographic procedures 

in Sudan

2. To evaluate the related factors affecting MGD such as Kv, mAs, image 

quality, etc.

3. To evaluate the performance of the mammographic equipment by quality 

control tests
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Chapter 2

Theoretical Background

2.1 X-Ray

X-ray is type of ionizing radiation, it is an electromagnetic radiation. This means that 

it does not consist of particles like alpha and beta radiation but, rather, waves of 

energy that have no mass and no electrical charge. Because they have no mass and no 

electrical charge, they are able to travel great distances and require dense material as 

shielding.

2.2 X-Ray Production

X-rays are produced when highly energetic electrons interact with matter and convert 

their kinetic energy into electromagnetic radiation.

X-rays are produced when electrons of high energy strike a heavy metal target, like 

tungsten or copper. When electrons hit this material, some of the electrons will 

approach the nucleus of the metal atoms where they are deflected because of their 

opposite charges. This deflection causes the energy of the electron to decrease, and 

this decrease in energy then results in forming an x-ray.

2-3 X-Rays Tube

The x-ray tube provides an environment for x-ray production via bremsstrahlung and 

characteristic radiation mechanisms.

Major components of the x-ray tube are the cathode, anode, rotor/stator. glass (or 

metal) envelope, and tube housing.

Specifically, the x-ray tube insert contains the electron source and target within an 

evacuated glass or metal envelope; the tube housing provides shielding and a coolant 

oil bath for the tube insert; collimators define the x -ray field; and the generator is the 

energy source that supplies the voltage to accelerate the electrons. The generator also 

permits control of the x-ray output through the selection of voltage, current, and 

exposure time. These components work in concert to create a beam of x-ray Photons 

of well-defined intensity, penetrability, and spatial distribution x rays are just like any 

other kind of electromagnetic radiation. (Gerrold T.Bushberg and et al, 2002).
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2.4 X-Ray Mammography

A mammogram is an x-ray exam of the breast that is used to detect and evaluate 

breast changes.

X-rays were first used to examine breast tissue a century ago, by the German surgeon 

Albert Salomon. Modem mammography has only existed since the late 1960s, when 

special x-ray machines were designed and used just for breast imaging. Since then, 

the technology has advanced, and today’s mammogram is very different even from 

those of the 1980s and 1990s.

The x-ray machines used for mammograms today expose the breast to much less 

radiation than those used in the past. The x-rays do not go through tissue as easily as 

those used for routine chest x-rays or x-rays of the arms or legs, which also improves 

the image quality. (American Cancer Society, Mammograms and other breast imaging 

tests, 2014).

A mammogram can be used either for screening or for diagnostic purposes. There are 

two types of mammography exams, screening and diagnostic:

Screening mammograms are x-ray exams of the breasts that are used for women 

who have no breast symptoms or signs of breast cancer (such as a previous abnormal 

mammogram). The goal of a screening mammogram is to find breast cancer when it’s 

too small to be felt by a woman or her doctor. Finding breast cancers early (before 

they have grown and spread) greatly improves a woman’s chance for successful 

treatment. A screening mammogram usually takes 2 x-ray pictures (views) of each 

breast. Some women, such as those with large breasts, may need to have more 

pictures to see as much breast tissue as possible. (American Cancer Society, 

Mammograms and other breast imaging tests, 2014).

Diagnostic mammograms a woman with a breast problem (for instance, a lump or 

nipple discharge) or an abnormal area found in a screening mammogram typically 

gets a diagnostic mammogram.

Sometimes diagnostic mammograms are done for screening in women without breast 

problems who were previously treated for breast cancer.

During a diagnostic mammogram, the images are reviewed by me radiologist while 

you are there so that more pictures can be taken if needed to look more closely at an 

area of concern. In some cases, special images known as spot views or magnification
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views are used to make a small area of concern easier to evaluate. (American Cancer 

Society, Mammograms and other breast imaging tests, 2014)

2.5 Mammography Machine

A mammography machine has two major components that make it more effective and 

sufficient for breast screening than any other radiographic machines. These two 

components are:-

• X-ray tubes i.e. target/filter combination.

• The compression paddle.

2.5.1 X-Ray Tube

The most common material used for the anode in the mammography x-ray tube is 

molybdenum (Mo) with (Z=42), although one can find rhodium (Rh) with (Z=45) and 

tungsten (W) with (Z=74) in some machines. The characteristic x-ray production of 

molybdenum and rhodium is the reason for choosing these two materials as the anode 

material. These materials are more commonly used world-wide in Mammography 

machines rather than tungsten. Using molybdenum and rhodium within the x-ray tube 

has the great advantage of achieving the required radiographic contrast with the soft 

breast tissues because of their lower atomic number compared with that of tungsten. 

They produce major characteristic x-ray peaks at 17.5 and 19.6 keV for Mo and 20.2 

and 22.7 keV for Rh Fig 2.1. (Gerrold T.Bushberg and et al, 2002).
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Figure2.1: The output of the (Mo) x-ray system is composed of bremsstrahlung and 

characteristic radiation. (Gerrold T.Bushberg and et al, 2002).

One of the common filter materials used in mammography is the molybdenum filter 

with a (30pm) thickness, which can be used in combination with a molybdenum target 

(Mo/Mo). The rhodium filter is another one with a (25pm) thickness and can be used 

in combination with the molybdenum target (Mo/Rh). Also, the rhodium filter can be 

used with the rhodium target (Rh/Rh). The reason for having the filter with the x-ray 

tube is to reduce the low energy x-rays and the high energy X-rays so they are not 

incident upon the patient (Gerrold T.Bushberg and et al, 2002).
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2.5.1.1 X-Ray Generator

The principal function of the x-ray generator is to provide current at a high voltage to 

the x-ray tube. Electrical power available to a hospital or clinic provides up to about 

480 V, much lower than the 20,000 to 150,000 V needed for x-ray production.

Transformers are principal components of x-ray generators; they convert low voltage 

into high voltage through a process called electromagnetic induction. Electromagnetic 

induction is an effect that occurs with changing magnetic fields and alternating (AC) 

electrical current. (Gerrold T.Bushberg and et al, 2002).

2.5.2 The Compression

Compression device is a plastic paddle used to flatten and immobilize the breast. 

Compression helps reduce motion blurring in the breast, separates structures within 

the breast, and decreases the thickness of breast tissue. This minimizes the amount of 

radiation required and the amount of scattered radiation reaching the image receptor. 

Ideally, the compression device is made of rigid, thin plastic and has a fiat bottom 

surface that is parallel to the plane of the image receptor, with edges perpendicular to 

the plane of the image receptor to assist in moving breast tissue away from the chest 

wall and into the field of view.

Adequate compression is essential for high quality mammography. Compression 

reduces the thickness of tissue that must be penetrated by radiation, thereby reducing 

scattered radiation and increasing contrast, while reducing radiation exposure to the 

breast. Compression improves image sharpness by reducing the breast thickness, 

thereby minimizing focal spot blurring of structures in the image, and by minimizing 

patient motion. In addition, compression makes the thickness of the breast more 

uniform, resulting in more uniform image densities and in an image that may be easier 

to interpret. The displayed compressed breast thickness is often used to choose the 

technique factors, so it is important that this level of accuracy be achieved. (IAEA

TRS 457, 2011)
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2.6 Image Receptor

2.6.1 Screen Film Mammography

In screen film mammography, a high resolution fluorescent intensifying screen is used 

to absorb the x- rays and convert the pattern of x- rays transmitted by the breast into 

an optical image. These screens are used in conjunction with single emulsion 

radiographic film, enclosed within a light proof cassette.

The screen and film are arranged, such that the x- rays must pass through the cover of 

the cassette and the film to impinge upon the screen. Absoiption is exponential, so 

that a larger fraction of the x- rays is absorbed and converted to light near the entrance 

surface of the screen. The photographic film emulsion for mammography is matched 

to be sensitive to the spectrum of light emitted from the particular phosphor screen, 

and to the range of x- ray fluence exiting the breast. As such, it is important to 

examine the overall characteristics of the screen and film combination rather than 

those of the individual components. (IAEA.a handbook for teachers and students.

2014).

2.6.2 Computed Radiography (CR)

The term computed radiography (CR) refers to the process of creating a diagnostic 

digital image from data acquired with an imaging plate (IP) and reader. The CR 

process includes image acquisition, processing, and display. Commercial CR has been 

widely used in human medicine during the past decade. Recent introduction of 

reasonably priced CR have systems resulted in more veterinary interest.

Essential CR equipment includes an imaging plate (IP), reader, and computer. The IP 

is used instead of film to acquire a latent image. The reader processes the latent image 

and turns the resultant analog data into a digital signal. Image software provided by 

the manufacturer is used to manipulate data and view the image. Software programs 

called picture archiving and communication systems (PACS) are provided with some 

veterinary systems. PACS not only manage image processing and display, but also 

control data storage, retrieval and transfer. PACS are most useful when they interface 

with existing practice management software, allowing attachment of the image to the 

patient record. (The NAVTA Journal summer, 2004).
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2.7 Image Quality

Image quality is a characteristic of an image that measures the perceived image 

degradation (typically, compared to an ideal or perfect image).

Image quality is used to indicate the accuracy with which details can be perceived in a 

mammogram.

The quality of a medical image is determined by the imaging method, the 

characteristics of the equipment, and the imaging variables selected by the operator. 

Image quality is not a single factor but is a composite of at least five factors: contrast, 

blur, noise, artifacts, and distortion. Image quality depends on other features also, 

including whether the proper areas of the patient are examined, whether the correct 

images are obtained, and even whether a disease or injury is detectable by imaging. 

(Perry Sprawls, 2011).

2.7.1 Image Quality Factors

Image quality is influenced by five fundamental characteristics of the image:

Un sharpness, Contrast, Noise, and Distortion and Artifacts.

2.7.1.1 Contrast

Image contrast refers to the difference in optical density between two regions of an 

image. Some factors influencing contrast like screen/film characteristics and film 

processing conditions as well as the x-ray tube target material kvp and beam filtration, 

also upon the presence of scattered radiation and the effectiveness of the anti-scatter 

grid. (Perry Sprawls, 2011).

Image contrast can be enhanced by choosing a lower kVp so that photoelectric 

interactions are increased.

The mAs controls the quantity of X Rays (intensity or number of X Rays)

X- Ray intensity is directly proportional to the mAs. Over- or under-exposure can be 

controlled by adjusting the mAs .If the film is too “white”, increasing the mAs will 

increase the exposure and optical density.
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2.7.1.2 Un Sharpness

The boundaries of an organ or lesion may be very sharp but the image shows a lack of 

sharpness.

Different factors may be responsible for such a degree of unsharpness or blurring: 

subject unsharpness, geometric unsharpness, motion un sharpness, receptor un 

sharpness.

Un sharpness of the final image will depend upon the x-ray tube focal spot size and 

energy distribution, and the geometric unsharpness introduced by the relative distance 

between the source, the image details and the detector .There is also the inherent 

unsharpness of the screen /film combination itself. (Perry Sprawls, 2011).

2.7.13 Noise

Defined as uncertainty or imprecision of the recording of a signal. In the X- Ray 

imaging: when recorded with small number of X-ray photons has high degree of 

uncertainty, more photons give less noise.

Noise in the mammographic image will depend upon exposure factors and 

radiological speed of the detector as well as a number of systematic factors giving rise 

to structure noise or artifact in the image. (Perry Sprawls, 2011).

2.7.1.4 Distortion

A medical image should not only make internal body objects visible, but should give 

an accurate impression of their size, shape, and relative positions. An imaging 

procedure can, however, introduce distortion of these three factors. (Perry Sprawls, 

2011).

2.7.1.5 Artifact

Several characteristics of an imaging method cause certain body objects to be 

invisible. Another problem is that most imaging methods can create image features 

that do not represent a body structure or object.

Artifact does not significantly affect object visibility and diagnostic accuracy. But 

artifacts can obscure a part of an image or may be interpreted as an anatomical
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feature. A variety of factors associated with each imaging method can cause image 

artifacts. (Perry Sprawls, 2011).

2.8 Digital Mami ography

Digital mammography can improve breast-image quality and storage through the 

digital capture of x-ray images. Large comparative studies indicate that the overall 

accuracy of full-field digital mammography (FFDM) is similar to that of conventional 

film screen mammography (FSM).

Recent evidence suggests that FFDM is more accurate than FSM for diagnosing 

cancer in women younger than 50 years, those with dense breasts, and pre- or peri- 

menopausal women.

The quality control of FFDM systems offers advantages compared to that of FSM, but 

it is more complex, and it is associated with a long learning curve.

In digital mammography, the x-ray image of the breast is captured digitally, and can 

be viewed on a workstation screen (soft copy), or sent to a laser printer to generate a 

hard copy image. In full-field digital mammography (FFDM), solid-state detectors 

convert x-rays into electrical signals, to produce an image of the breast. In computed 

radiography (CR) systems, the image is recorded on a reusable plate that is scanned 

using a laser reader, to produce the digital image. Digital mammography improves 

image storage and transmission, because images can be stored and sent electronically. 

Computer aided detection (CAD) systems have been used with both types of 

mammography to help interpret the images.

Like conventional mammography, digital mammography is intended for use in the 

screening and diagnostic examination of women who are considered to be at risk for 

breast cancer. (CADTH, 2006).

2.9 Mami ography and Radiation Risk

Radiation risks associated with mammography may be estimated from the results of 

numerous epidemiological studies providing risk coefficients for breast cancer in 

relation to age at exposure. Various calculations can be performed using the risk 

coefficients. For instance, a single mammography examination (bilateral, two views 

of each breast) of a women aged 45 may enhance the risk of developing breast cancer 

during her lifetime numerically from about 12% of 12.0036%. This increase in risk is
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lower by a factor of 3,300 as compared to the risk of developing breast cancer in the 

absence of radiation exposure. At the age of 40 or more, the benefit of mammography 

exceeds the radiation risk by a factor of about 100. At higher ages this factor increases 

further. Finally, the dualism of individual risk and collective risk is considered. It is 

shown that the individual risk of a patient, even after multiple mammography 

examinations, is vanishingly small. Nevertheless, the basic principle of minimizing 

radiation exposure must be followed to keep the collective risk in the total population 

as low as reasonably achievable (Hung H., 1998).

2.10 Radiation Quantities

There are many different physical quantities that can be used to express the amount of 

radiation delivered to a human body. There are two types of radiation quantities: those 

that express the concentration of radiation at some point, or to a specific tissue or 

organ, and there are also quantities express the total radiation delivered to a body.

2.10.1 Exposure

The exposure, X, is defined by the ICRU (1998c) as the quotient of dQ by dm, where 

dQ is the absolute value of the total charge of the ions of one sign produced in air 

when all the electrons and positrons liberated or created by photons in air of mass dm 

are completely stopped in air, thus:

X= dQ/dm (2.1)

Unit: C/kg. (ICRU report 74, 2005)

2.10.2 Kinetic Energy Release per Unit Mass (Kerma)

Kerma is defined at the kinetic energy transferred to charged particles by indirectly 

ionizing radiation, per mass matter. Kerma is expressed in units of J/kg or gray. 

(Gerrold T.Bushberg and et al, 2002)

2.10.3 Incident Air Kerma

The incident air kerma, Kj, is the kerma to air from an incident x- ray beam measured 

on the central beam axis at the position of the patient or phantom surface. Only the
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radiation incident on the patient or phantom and not the backscattered radiation is 

included.

Unit: J kg-1. The special name for the unit of kerma is gray (Gy). (Dosimetry in 

Diagnostic Radiology: An International code of Practice, 2007).

2.10.4 Entrance Surface Air Kerma

The entrance surface air kerma, Ke, is the kerma to air measured on the central beam 

axis at the position of the patient or phantom surface. The radiation incident on the 

patient or phantom and the backscattered radiation are included.

Thus:

Where: Kc = Kj. B (2.2)

Ki: The incident air kerma 

B: radiation factor

Unit: J kg-1. The special name for the unit of kerma is gray (Gy)

2.10.5 Absorbed Dose

The absorbed dose, D, is the quotient d£ by dm, where d£ is the mean energy 

imparted to matter of mass dm.

Thus:

D = dP/dm (2.3)

Unit: J kg-1. The special name for the unit of absorbed dose is gray (Gy). (ICRU 

report 74, 2005)

2.10.6Equivalent Dose

The equivalent dose, Ht, to an organ or tissue, T, is defined in ICRP Report 60 .For a

single type of radiation, R, it is the product of a radiation weighting factor, wR, for

radiation R and the organ dose, Dr, thus:

Hr= Wr.Dt (2.4)

Unit. T
J ~ i The specicti li<Aiiic for the unit of cpurvulcju uuhe Sicvoii (S\ j .
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The radiation weighting factor, w r , allows for differences in the relative biological 

effectiveness of the incident radiation in producing stochastic effects at low doses in 

tissue or organ, T.

For x-ray energies used in diagnostic radiology, wr is taken to be unity.

2.10.7 Effective Dose

The effective dose, E, is defined in ICRP Report 103, for expressing stochastic risk to 

radiation workers and to the whole population. It is the sum over all the organs and 

tissues of the body of the product of the equivalent dose, Hj, to the organ or tissue and 

a tissue weighting factor, Wj, for that organ or tissue, thus:

E = I t wT.Ht (2.5)

Where Wt= Tissue weighting factor

Unit: J kg-1. The special name for the unit of effective dose is Sievert (Sv)

The tissue weighting factor, wj, for organ or tissue T represents the relative 

contribution of that organ or tissue to the total detriment arising from stochastic 

effects for uniform irradiation of the whole body.

2.10.8Mean Glandular Dose (MGD)

The mean glandular dose is obtained from the incident kerma in air and relevant 

conversion coefficients using the following formula:

MGD = g53 c53 s Ki (2.6)

Where:

Kj is the entrance air kerma at the surface of the 45 mm thickness of PMMA, 

measured without backscatter,

g,3 is the factor that converts the entrance air kerma to the mean glandular dose for the 

53 mm thick standard breast,

C53 is the conversion factor which allows for the glandularity of the 53 mm thick 

standard breast,

s is the factor which gives a correction that depends on the target filter combination. 

(IAEA HHS No. 2,2009).
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Chapter Three 

Materials and Methods
3.1 Mammography Units

In this study, a total of four mammographic facilities with four units were included. 

All mammographic units were equipped with an automatic exposure control (AEG), 

however, in three systems; operators were only using the manual mode of operation. 

The anode/ filter combinations in three units were molybdenum / molybdenum. The 

fourth unit had additional Rhodium filter and it is the only unit which had flat panel 

receptor (Table 3.1).

3.2 Patients Data

A total number of 107 patients were examined. The dose was measured for two 

projections Cranio-Caudal (CC) and Medio-Lateral oblique (MLO). 96 patients 

underwent two views for the both breast (CC-right breast, CC-left breast, MLO-right 

breast, MLO-left breast), while 11 patients underwent only CC and MLO for one 

breast.

3.3 Dosimetry

The Mean glandular dose, MGD, is determined (Dance et al. 2000) as

MGD = K g c s (3.1)

Where K is the incident air kerma at the upper surface of the breast (or at the upper 

surface of a PMMA phantom that simulate a standard breast), measured without 

backscatter but with forward-scattered X-ray photons from the compression paddle 

included. The g-factor is the incident air kerma to average glandular dose conversion 

factor for breasts with a glandularity of 50%. The c-factor corrects for any difference 

in breast composition from 50% glandularity and the s-factor corrects for any 

difference in the X-ray spectrum used from the molybdenum anode, molybdenum 

filter, Mo/Mo, combination. The g- and c-factors are tabulated as a function of breast 

thickness and air kerma half value layer, HVL, of the X-ray beam, while the s-factor 

varies with the anode/filter combination used (Dance 1990, Dance et al. 2000, Dance 

et al. 2009). These g- and c factors are tabulated for breasts, but also for standard
1. „ ^ ^ > . -A ,1 . 4 . -1 . A + U  n  t  A
UiCciSL^ i i i l i u l t i l C U  W i l l i  T' iVuvTTA..
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3.3.1 Methods for Individual Patient MGD Measurement

The tube output was measured using the RTI Electronic AB meter (Molndal, Sweden) 

at different tube voltages from 25-35 kV with 1 kV step and at constant mAs. The 

measurements were all carried out with the breast compression plate in place. The 

contribution of the back scatter from the bucky was not included. A curve was plotted 

between kVp and output (mGy) for each machine.To obtain the incident air Kerma 

and the corresponding MGD for each patient, the following X-ray tube exposure 

parameters were recorded for all patient underwent mammographic exam: peak tube 

voltage (kVp), exposure current-time product (mAs), focus-to-breast distance (FBD) 

and target filter combinations. The individual incident air Kerma was obtained from 

the tube output curve and the patient data (equation 3.2) and the MGD was calculated 

using equation 3.1 (Dance, 1999).

Ki=Yi.mAs.f— ) A2 (3 .2)
VFBD/ v ’

Kj is incident air Kerma; Yj is the output per mAs; mAs is tube current time product; 

FDD is focus detector distance; FSD is focus to breast distance.

3.3.2 Mean Glandular Dose for Standard Breast

The MDG was calculated in each center using equation 3.1, where the incident air 

kerma without backscatter was measured when applying the same exposure factors 

selected to expose a phantom equivalent to the standard breast (45 mm of PMMA).

3.4 Quality Control Tests (QC)

Before measuring breast entrance skin exposure, quality control of mammography 

systems was evaluated according to the IAEA protocol (IAEA HHS No 2, 2009). The 

performed tests were: Kvp accuracy and reproducibility, specific output at lm for 

Mo/Mo target filters combination and 28 kVp, Half value layer (HVL), the Mean 

Glandular Dose for the standard breast and image quality tests. The Piranha -RTI 

(Molndal, Sweden) was used to measure the kVp and the output Kerma. Image 

quality was performed by imaging a dedicated test object, namely TOR (MAX) test 

object (Leeds Test Object, Leeds, UK). The test objects have embedded high-contrast 

resolution pattern used for the evaluation of the threshold resolution in the condition 

of minimal geometrical unsharpness and noise and has also imbedded low contrast 

objects of diminishing contrast .Table 3.2 shows the results of the QC tests for all the 

systems.
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Chapter Four

Results & Discussion

In this study, four medical centers with one mammographic machine in each were 

participated. Patient dose was assessed for a total number of 107 female.

Quality control tests were performed in all centers, including kVp accuracy, kVp 

Reproducibility, HVL, Specific output and the mean glandular dose (mGy) for 4.5 

BTH. The results were within the acceptable limits specified by IAEA (IAEA HHS 

No 2, 2009) (Table 4.1).

Table 4.2 shows the results for image quality tests. For the low contrast sensitivity of 

5.6 mm objects it was satisfying the requirements in centers A and B. The use of 

digital receptors (CR and DR) and the abilities of enhancing the images after the 

exposures lead to the better observation of image quality in both these centers 

comparing with centers C and D where film screen receptors were used. However the 

visibility of the small details of 0.5 mm objects and the high contrast resolution was 

only acceptable for the flat panel receptor system in center B. Good image quality is 

important for confident diagnosis and to avoid repetition of exposures. It is highly 

recommended to investigate and correct for poor image quality in these centers.

In Table 4.3, the statistical summary of the patient exposure factors (kV, mAs) were 

presented. The kV was ranged between (20- 31), (32-35) and (28-35) for centers B, 

C and D respectively. A constant value of tube voltage (32) was used in center A. The 

highest mean kVp (35) was connected with center C, while the lowest mean values 

were associated in center B (28).

The Automatic Exposure Control (AEC) was used only in center B and the range of 

mAs was widely diverted between 34 and 316 in this center. In center A the operator 

was maintaining the mAs to the value of 45 whatever the breast thickness was. In 

center C and D the mAs was selected manually and it was ranged between (32-50) 

and (25-40) for center C and D, respectively. The highest mean mAs value of 65 was 

related to center B. The lowest mean mAs was 31 and connected to center D.

Figures 4.1-4.5 show the curves that were plotted between kVp and output/mAs lor 

each machine in the four centers to obtain the incident air kerma for each patient. In
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center B there was two target filter combinations. Figure 4.2 and 4.3 show the curves 

for the Rh/Rh and Mo/Rh, respectively in this center.

In Table 4.5 demonstrated the average incident dose in each center and the MOD for 

the different MLO and CC projections. The mean dose for the CC projection in mGy 

was 3.13, 1.24, 2.45and 0.98 and for the MLO projection was 2.13, 1.26, 1.99and 1.02 

for centers A, B, C, and D, respectively. The total mean dose for one breast was 5.26, 

2.50, 4.44, and 1.99 mGy for centers A, B, C and D, respectively.

The lowest MGD for the CC as well as the MLO was connected with center B (1.24 

mGy) and center D (0.98 mGy).The relative lower dose in center B. although the 

mean breast thickness was the biggest, was mainly because the automatic selection of 

technique factors was sufficient. In center D the relative lower breast thickness in 

addition to the noticed long experience of the operator was obviously leading to the 

selecting of proper technique factors and hence a reasonable breasts dose.

The highest MGD was measured in center A. The reason behind that was the use of 

constant technique factors which will not be sufficient for the small thickness of the 

breast. The use of Computed Radiography (CR) detector in this center made 

impossible detection of overexposure when exposing the small breasts to high 

radiation. The highest specific output connected with this center was also a reason for 

the highest MGD.

Center C also showed higher MGD compared to center B and D. The high breast 

thickness was the reason of that beside the improper manual selection.

The total breasts dose from the two projections was largely deviated from 1.99 in 

center D to 5.26 in center A with a ratio of about 2.6.This large difference indicates 

possible optimization of radiation dose in centers A and C.

Centers B and D showed comparable total breasts doses and this highlights the fact of 

possible similar doses between digital and manual systems if operators are selecting 

the adequate exposure factors. The advantage of the digital system in center B was in 

the image quality as explained above.

Comparison of the mean of the MGD for CC and MLO projections for all the patients 

in this study with similar quantity from the literatures showed that our MGD was 

greater than all the values for CC and also for MLO projections with exceptional of 

the values reported bv Moran et al. and Young et al..1 1K

19



Table 4.1: Mammography systems Information

System

A
b

B

C

D

Country

ITALY

GEHUALM

Netherlands

ITALY

Model

Giotto

2323449-
1

Philips

METALT
RONICA

No of 
patient/y 

ear

230

1915

Target/
Filter

Mo/Mo

Mo/Mo
Mo/Rh
Rh/Rh

204

240

Mo/Mo

Mo/Mo

Image
receptor

IR

IP

Flat panel 
detector/ 

DR

Film-
screen

Film - 
screen

Bucky
size(cm)

24x30

18x24

18x24

Date of
manufacturing

2004

2006

1998

Date of 
installation

2007

2009

2012
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Table 4.2: Quality Control Tests for All the Mammographic Centers (IAEA HHS 
No. 2,2009).

QC Tests enter A Center B Center C Center D Acceptance

kVp accuracy % 4.25 2.46 5.0 5%

Vp Reproducibility 1.520 2.0 1.889 2.0 2% COV

Half value layer 0.38 0.42 0.42 0.47
kVp/100

0.03<HVL<kVp/10
0+C

Mean glandular 
lose(mGy) for 4.5

BTH
1.8 1.2 1.6 0.9 2.5 mGy

Specific
3utput(pGy/mAs) 
it 1 m for Mo/Mo)

50.27 34.3 36.48 >30 pGy/mAs
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Table 4.3: Image Quality Tests for All Mammographic Centers

Center Center A Center B Center C Center D Acceptance

Image quality (low 
contrast sensitivity) 
5.6 mm details.

1.4% 0.7% 2.8% 3.9% 1.4%

Image quality (small 
details visibility) 0.5 
mm details.

11% 3.9% 8.3% 16% 8%

Un-sharpness 
measurements 
(Resolution limit)

3.55 12 4.0 3.55 12 lpmm
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Table 4.4: Statistical Summary of the Tube Voltage and Current for all 
mammographic centers

Center

Number of 

patients

Average of kV (min -  max)

± STD

Average of mAs (min - max)

±STD

A 29 32 (32-32) ± 0 45 (45-45) ± 0

B 27 28.94 (20- 31) ± 1.55 65.93 (34-316) ±44.60

C 29 35.07(32-35) ±3.86 40.34(32-50) ±5.33

D 22 32.27(28-35) ±2.30 31.23(25-40) ±5.74

23



Table 4.5: Incidence Air Kerma and Mean Glandular Dose for all
mographic Centers

Center
Ki(mGy) 

(mean ± SD)

cc
MGD(mGy) 

(mean ± SD)

MLO

MGD(mGy) 

(mean ± SD)

Total

MGD(mGy) 

(mean ± STD)

Center A 8.06±0.45 3.13±0.92 2.13±0.93 5.26±1.56

Center B 5.60±3.54 1.24±0.44 1.26±0.40 2.50±0.80

Center C 7.74±1.21 2.45±0.49 1.99±0.47 4.44±0.86

Center D 2.89±1.04 0.98±0.27 1.02±0.28 1.99±0.53
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Table 4.6:Comaprison betwwen breast dose from the litretures And this study:

Author Mean BCT(mm) MGD CC 
(mGy)

MGD MLO 
(mGy)

Baldelli etal. (2010) CC47; MLO 53 0.88 1.11
Borg et al. (2013 CC 53 1.06 1.07
Hauge et al. (2013) 1.31 1.48
Baldelli etal. (2011) CC 60 1.27 1.34
Moran et al. (2005) CC49; ML054 1.8 1.95
Young et al. (2005) CC 54.1 1.69 2.23
Present study CC 36.5; MLO 46 1.95 1.6
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Figure 4.1: The relation between the incidence dose (mGy) and the tube potential
kVp.in center 1.
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Figure 4.4: The relation between the incidence dose (mGy) and the tube potential
kVp.in center 3.
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Chapter Five

Conclusion

The aim of this study was to calculate the mean glandular dose during mammographic 

examinations from four centers. Patient doses were compared between the four 

centers and with previous studies.

Radiation doses in two centers were found higher compared with the other two 

centers. The obtained results showed that ALARA principle could be achieved in 

these centers by adjusting the exposure factors according to the breast thickness while 

maintain image quality.

It is recommended to expand the survey to include all mammographic centers in 

Sudan and to advice the operators about how to control radiation doses to the patients. 

The average breast thickness (BCT) in Sudan was found 36.5 and this value could be 

used as a standard breast thickness for Sudanese women.
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