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Abstract 

Mammography is a test that allows the radiologist to look at images of 

the inside of the breasts. Mammograms help detect breast cancer early. 

Successful treatment of breast cancer depends on that early diagnosis. 

Breast cancer is a very common condition. About one in every nine 

women develops breast cancer by the age of eighty. In addition to the 

clinical examination and self-examination, mammography plays 

important role in the detection of breast cancer before they become 

clinically visible tumors. The mammography is the most common test for 

early detection of breast cancer. Quality control techniques that done 

ensured importance of this programme to produce images with good 

diagnostic values and help radiologist to diagnose breast disease easily 

and avoid exposing patient to radiation hazards. 
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 مستخلصال

م . اٌ ختصىَش انثذٌ انشعاعٍ هى اختباس َسًخ نطبُب االشعه بشؤَت صىس نهثذٌ يٍ انذا

ا . وَتىقف َجاح يعانجت هزعٍ سشطاٌ انثذٌ  صىسة انثذٌ انشعاعُه تساعذ فٍ انكشف انًبكش

اٌ سشطاٌ انثذٌ يشض واسع االَتشاس. َصُب سشطاٌ . انسشطاٌ عهً انتشخُص انًبكش نه

و  يهفذص انسشَشنباالظافت  انثذٌ ايشاة وادذه تقشَبًا يٍ كم تسع َساء قبم بهىغ سٍ انثًاٍَُ.

بشَايج . تصىَش انثذي َهعب دوسآ هاو جذآ فً انكشف انًبكش نسشطاٌ انثذيفاٌ انفذص انزاتً 

تأكُذ انجىدة انزي تى اجشاءه نجهاص تصىَش انثذي أكذ أهًُت هزا انبشَايج فً انذصىل عهً 

ىس أشعت نهثذي راث قًُت تشخُصُت عانُت يًا َساعذ األطباء انًختصىٌ فً سهىنت تشخُص ص

       انًشض و تقهُم تعشَط انًشَط نجشعاث عانُت يٍ االشعاعاث.
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Chapter One  

Introduction 

1-1 Introduction   

Mammography is an X-ray examination of the breast. Its principal 

purpose is to facilitate the detection of breast cancer at early 

stages than is possible by clinical examination. It has been 

demonstrated that routine X-ray screening with high quality 

mammography is effective in reducing mortality due to breast 

cancer, in women aged 40–69 years. In countries with such 

mammography screening programmes, there has been a marked 

decrease in breast cancer mortality over the past two decades. 

Mammography is also useful in refining the diagnosis of breast 

cancer after a suspicious area in the breast has been detected and 

for localizing a lesion for therapy [1]. 

The radiological signs of breast cancer include mass densities 

which are typically slightly more attenuating of X- rays than the 

surrounding normal tissue, small microcalcifications, asymmetry 

between the two breasts and architectural distortion of tissue 

patterns. In order to detect breast cancer accurately and at the 

earliest possible stage, the image must have excellent contrast to 

reveal mass densities and spiculated fibrous structures radiating 

from them that are characteristic of cancer. In addition, the spatial 

resolution must be excellent to reveal the calcifications, their 

number and their shape. The imaging system must have adequate 

latitude to provide this contrast and resolution over the entire 

breast effectively. The geometrical characteristics of the X-ray 

unit and the positioning of the breast by the radiographer must be 
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such that as much breast tissue as possible is included in the 

mammogram. Finally, the noise of the image must be sufficiently 

low to reveal the subtle structures in a reliable manner and the X-

ray dose must be as low as reasonably achievable while being 

compatible with these image quality requirements [1]. 

 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. The quality control 

program testing should provide a practical method for monitoring 

changes in equipment performance. Since quality control tests 

must be done on a routine basis, they should be straightforward to 

perform [2]. 

1-2.Problem of the study 

While filming the patient by X-ray device sometimes some problems 

such as the patient exposure to high radiation dose, does not comply with 

the standard of radiation protection that may lead to future problems for 

the patient, these problems may be due to high kilovoltage (kVp), tube 

current (mA) or long exposure time. 

There are other problems related to the radiological image of the patient 

such as the distort of image and geometric un-sharpness of image, this is 

related to the focal spot of  X-ray tube and match the radiation field with 

the light field to a specific beam. 
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1-3.Objectives 

The objective of quality control test, it helps to protect the patient from 

high radiation doses that may lead to damage to his health in the future, 

the important goal of quality control tests is to get an image with high 

quality easier for the radiologist to diagnose. 

1-4.Definition of mammography 

Mammography is a radiographic examination of the breast; this 

technique is extensively used for screening the breasts for benign 

and malignant tumors and also cysts. Extremely low doses of X-

rays are used so that the dangers are minimal and the examination 

can be repeated, often its success is based on the fact that a lesion 

measuring only few millimeters in diameter can be detected 

before it felt by clinical examination [3]. 

The aim of this study is to perform quality control tests for conventional 

mammography, these quality control tests are assist  radiological 

information with  minimum  dose, good image quality and  minimum 

cost. An integrated part of a quality assurance is a quality control 

ascertaining quality by measurements and other procedures. Immediately 

after installation, major repair or modification of the equipment an 

acceptance test is carried out to check the compliance of the equipment 

with the specifications, the acceptance test comprises many different tests 

on both components and the equipment as a whole, and it consists of 

absolute measurements, the extent of the test will depend on how far the 

contractual specifications go into details. Such a test will be the 

responsibility of a qualified physicist or engineer [4]. 
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1-5.Thesis layouts  

This study fells into seven chapters where; chapter one deals with 

introduction, problem of the study, objectives, definition of 

mammography and thesis layout. chapter two will high light a theoretical 

background about X-rays and literature review, chapter three includes 

components of  mammography  X-ray machine, chapter four about 

quality control tests, chapter five present materials and methods chapter 

six for results , analysis and discussion. Finally chapter seven for 

conclusion and recommendations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5 
 

 

 

 

 

 

 

 

 

 

Chapter Two  

Theoretical Background and Literature Review  

  



6 
 

Chapter Two  

Theoretical background and Literature Review 

2-1. Discovery of X-rays  

In November 1895 Wilhelm Roentgen, a physicist at the 

University of Wurzburg, was experimenting with cathode rays. 

These rays were obtained by applying a potential difference across 

a partially evacuated glass tube. Rontgen observed the emission of 

light from crystals of barium platinocyanide some distance away, 

and he recognized that the fluorescence had to be caused by 

radiation produced by his experiments. He called the radiation X-

rays and quickly discovered that the new radiation could penetrate 

various materials and could be recorded on photographic plates. 

Among the more dramatic illustrations of these properties was a 

radiograph of a hand. Within a month of their discovery, X-rays 

were being explored as medical tools in several countries. Two 

months after Rontgen’s discovery, Poincare demonstrated to the 

French academy of sciences that X-rays were released when 

cathode rays struck the wall of a gas discharge tube [5]. 

2-2.physics of X-ray production 

There are two different mechanisms by which X-rays are 

produced. One gives rise to bremsstrahlung X-rays and the other 

characteristic X-ray [6]. 
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2-2-1.Bremsstralung X-rays  

The process of bremsstrahlung is the result of radiative interaction 

between a high-speed electron and a nucleus. The electron while 

passing near a nucleus may be deflected from in path by the action 

of Coulomb forces of attraction and loses energy as 

bremsstrahlung, a phenomenon predicted by Maxwell's general 

theory of electromagnetic radiation. According to this theory, 

energy is propagated through space by electromagnetic fields. As 

the electron, with its associated electromagnetic field, passes in 

the vicinity of a nucleus, it suffers a sudden deflection and 

acceleration. As a result, a part or all of its energy is dissociated 

from it and propagates in space as electromagnetic radiation. 

Since an electron may have one or more bremsstrahlung 

interactions in the material and an interaction may result in partial 

or complete loss of electron energy, the resulting bremsstrahlung 

photon may have any energy up to the initial energy of the 

electron. Also, the direction of emission of bremsstrahlung 

photons depends on the energy of the incident electrons. At 

electron energies below about 100 KeV, X-rays are emitted more 

or less equally in all directions. As the kinetic energy of the 

electrons increases, the direction of X-ray emission becomes 

increasingly forward. Therefore, transmission-type targets are 

used in megavoltage X-ray tubes accelerators in which the 

electrons bombard the target from one side and the X-ray beam is 

obtained on the other side. In the low voltage X-ray tubes, it is 

technically advantageous to obtain the X-ray beam on the same 

side of the target i.e. at 90 degrees with respect to the electron 



8 
 

beam direction. The energy loss per atom by electrons depends on 

the square of the atomic number   ).Thus the probability of 

bremsstrahlung production varies with   ) of the target material. 

However the efficiency of X-ray production depends on the first 

power of atomic number and the voltage applied to the tube. The 

term efficiency is defined as the ratio of output energy emitted as 

X-rays to the input energy deposited by electrons. It can be shown 

in equation (2.1) that:   

                                               ) 

where V is tube voltage in volts ,from the above equation it can be 

shown that the efficiency of X-ray production with tungsten target 

(Z = 74) for electrons accelerated through 100 kV is less than 1% 

the rest of the input energy ( 99%) appears as heat, the accuracy 

of above equation is limited to a few MV[6]. 

2-2-2.Characteristics X-rays 

Electrons incident on the target also produce characteristic X-rays. 

An electron with kinetic energy     may interact with the atoms of 

the target by ejecting an orbital electron, such as a K, L, or M 

electron, leaving the atom ionized.The original electron will 

recede from the collision with energy when a vacancy is created in 

an orbit; an outer orbital electron will fall down to fill that 

vacancy. In doing so, the energy is radiated in the form of 

electromagnetic radiation. This is called characteristic radiation, 

i.e., characteristic of the atoms in the target and of the shells 

between which the transitions took place. With higher atomic 

number targets and the transitions involving inner shells such as 

K, L, M, and N, the characteristic radiations emitted are of high 
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enough energies to be considered in the X-ray part of the 

electromagnetic spectrum [6]. 

2-3.Spectrum of X-ray 

X-ray photons produced by an X-ray machine are heterogeneous 

in energy. The energy spectrum shows a continuous distribution 

of energies for the bremsstrahlung photons superimposed by 

characteristic radiation of discrete energies. A typical spectral 

distribution is shown in Fig. 1-2. If no filtration, inherent or added 

for the beam, the calculated energy spectrum will be a straight line 

and mathematically given by Kramer's equation.  

           )                         ) 

Where: 

    The intensity of photons with energy E 

K ≡ Constant 

Z  the atomic number of the target 

    The maximum photon energy 

The inherent filtration in conventional X-ray tubes is usually equivalent 

to about 0.5 to 1.0 mm aluminum. Added filtration, placed externally to 

the tube, further modifies the spectrum. It should be noted that the 

filtration affects primarily the initial low-energy part of the spectrum and 

does not affect significantly the high energy photon distribution. The 

purpose of the added filtration is to enrich the beam with higher-energy 

photons by absorbing the lower energy components of the spectrum. As 

the filtration is increased, the transmitted beam hardens, i.e., it achieves 

higher average energy and therefore greater penetrating power. Thus the 
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addition of filtration is one way of improving the penetrating power of the 

beam. The other method, of course, is by increasing the voltage across the 

tube. Since the total intensity of the beam (area under the curves in Fig. 

(1-2)) decreases with increasing filtration and increases with voltage, a 

proper combination of voltage and filtration is required to achieve desired 

hardening of the beam as well as acceptable intensity. The shape of the 

X-ray energy spectrum is the result of the alternating voltage applied to 

the tube, multiple bremsstrahlung interactions within the target and 

filtration in the beam. However, even if the X-ray tube were to be 

energized with a constant potential, the X-ray beam would still be 

heterogeneous in energy because of the multiple bremsstrahlung 

processes that result in different energy photons. Because of the X-ray 

beam having a spectral distribution of energies, which depends on voltage 

as well as filtration, it is difficult to characterize the beam quality in terms 

of energy, penetrating power, or degree of beam hardening. A rule of 

thumb is often used which states that the average X-ray energy is 

approximately one-third of the maximum energy or kVp. of course, the 

one-third rule is a rough approximation since filtration significantly alters 

the average energy. Another quantity, known as half-value layer, has 

been defined to describe the quality of an X-ray beam [6]. 
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FIG 1-2 Spectral distributions of X-rays [6] 

 

2-4.X-ray interaction with matter 

When traversing matter, photons will penetrate, scatter, or be absorbed. 

There are four major types of interactions of  X- ray photons with matter, 

the first three of which play a role in diagnostic radiology: 

Rayleigh scattering, Compton scattering, photoelectric absorption and 

pair production [7] 

2-4-1.Rayleigh scattering 

In Rayleigh scattering, the incident photon interacts with and excites the 

total atom, as opposed to individual electrons as in Compton scattering or 

the photoelectric effect. This interaction occurs mainly with very low 

energy diagnostic X- rays, as used in mammography (15 to 30keV). 

During the Rayleigh scattering event, the electric field of the incident 

photon's electromagnetic wave expends energy, causing all of the 

electrons in the scattering atom to oscillate in phase. The atom's electron 
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cloud immediately radiates this energy, emitting a photon of the same 

energy but in a slightly different direction. In this interaction, electrons 

are not ejected   and thus ionization does not occur. In general, the 

scattering angle increases as the X-ray energy decreases. In medical 

imaging, detection of the scattered X-ray will have a deleterious effect on 

image quality. However, this type of interaction has a low probability of 

occurrence in the diagnostic energy range. In soft tissue, Rayleigh   

scattering accounts for less than 5% of  X-ray interactions above 70 keV 

and at most only accounts for 12% of interactions at approximately 30 

keV. Rayleigh interactions are also referred to as "coherent" or "classical" 

scattering [7]. 

2-4-2.Compton scattering 

Compton scattering is the predominant interaction of X-ray and gamma 

photons in the diagnostic energy range with soft tissue. In fact, Compton 

scattering not only predominates in the diagnostic energy range above 26 

keV in soft tissue, but continues to predominate well beyond diagnostic 

energies to approximately 30Mev.This interaction is most likely to occur 

between photons and outer shell electrons. The electron is ejected from 

the atom, and the photon is scattered with some reduction in energy. As 

with all types of interactions, both energy and momentum must be 

conserved. Thus the energy of the incident photon (  ) is equal to the 

sum of the energy of the scattered photon (   ) and the kinetic energy of 

the ejected electron (   ), the binding energy of the electron that was 

ejected is comparatively small and can be ignored. 

                                    )  

Compton scattering results in the ionization of the atom and a division of 

the incident photon energy between the scattered photon and ejected 
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electron; the ejected electron will lose its kinetic energy via excitation 

and ionization of atoms in the surrounding material. The Compton 

scattered photon may traverse the medium without interaction or may 

undergo subsequent interactions such as Compton scattering, 

photoelectric absorption, or Rayleigh scattering. The energy of the 

scattered photon can be calculated from the energy of the incident photon 

and the angle of the scattered photon. 

     
                          

  
  

      
         )

                         ) 

Where:  

                                          

                                

                                    . 

As the incident photon energy increases, both scattered photons and 

electrons are scattered more toward the forward direction. In X-ray 

transmission imaging, these photons are much more likely to be detected 

by the image receptor, thus reducing image contrast. In addition for given 

scattering angle, the fraction of energy transferred to the scattered photon 

decreases with increasing incident photon energy. Thus, for higher energy 

incident photons, the majority of the energy is transferred to the scattered 

electron. When Compton scattering does occur at the lower  X-ray 

energies used in diagnostic imaging (18 to 150kev) ,the majority of the 

incident photon energy is transferred to the scattered photon which, if 

detected by the image receptor, contributes to image degradation by 

reducing the primary photon  attenuation differences of the tissues. For 

example, following the Compton interaction of an 80 keV photon, the 
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minimum energy of the scattered photon is 61 keV. Thus, even with 

maximal energy loss, the scattered photons have relatively high energies 

and tissue penetrability. The laws of conservation of energy and 

momentum place limits on both scattering angle and energy transfer. For 

example the maximal energy transfer to the Compton electron occurs 

with a 180-degree photon backscatter. In fact, the maximal energy of the 

scattered photon is limited to 511 keV at 90 degrees scattering and to 255 

keV for 180-degree scattering (backscatter) event. These limits on 

scattered photon energy hold even for extremely high-energy photons 

(e.g., therapeutic energy range).The scattering angle of the ejected 

electron cannot exceed 90 degrees, whereas that of the scattered photon 

can be any value including a 180-degree backscatter. In contrast to the 

scattered photon, the energy of the ejected electron is usually absorbed 

near the scattering site. The incident photon energy must be substantially 

greater than the electron's binding energy before a Compton interaction is 

likely to take place. Thus, the probability of a Compton interaction 

increases, compared to Rayleigh scattering or photoelectric absorption, as 

the incident photon energy increases. The probability of Compton 

interaction also depends on the electron density. The probability of 

Compton scattering per unit volume is approximately proportional to the 

density of the material. Compared to other elements, the absence of 

neutrons in the hydrogen atom results in an approximate doubling of 

electron density.Thus, hydrogenous materials have a higher probability of 

Compton scattering than a non-hydrogenous material of equal mass [7]. 

2-4-3.The photoelectric effect 

The photoelectric effect is a phenomenon in which a photon interacts 

with an atom and ejects one of the orbital electrons from the atom. In this 

process, the entire energy of the photon is first absorbed by the atom and 
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then transferred to the atomic electron. The kinetic energy of the ejected 

electron called the photoelectron is equal to h -  where    is the binding 

energy of the electron.Interactions of this type can take place with 

electrons in the K, L, M, or N shells [6]. 

In the photoelectric effect, all of the incident photon energy is transferred 

to an electron, which is ejected from the atom. The kinetic energy of the 

ejected photoelectron (  ) is equal to the incident photon energy (  ) 

minus the binding energy of the orbital electron (  ). 

                                   )   

In order for photoelectric absorption to occur, the incident photon energy 

must be greater than or equal to the binding energy of the electron that is 

ejected. The ejected electron is most likely one whose binding energy is 

closest to, but less than, the incident photon energy. For example, for 

photons whose energies exceed the K-shell binding energy, photoelectric 

interactions with K-shell electrons are most probable. Following a 

photoelectric interaction, the atom is ionized, with an inner shell electron 

vacancy. This vacancy will be filled by an electron from a shell with a 

lower binding energy. This creates another vacancy, which, in turn, is 

filled by an electron from an even lower binding energy shell. Thus, an 

electron cascade from outer to inner shells occurs. The difference in 

binding energy is released as either characteristic X-rays or auger 

electrons. The probability of characteristic X-ray emission decreases as 

the atomic number of the absorber decreases and thus does not occur 

frequently for diagnostic energy photon interactions in soft tissue [7]. 
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2-4-4.The pair production 

Pair production can only occur when the energies of X-ray and gamma 

rays exceed 1.02 MeV. In pair production, an X or gamma ray interacts 

with the electric field of the nucleus of an atom. The photon's energy is 

transformed into an electron-positron pair. The rest mass energy 

equivalent of each electron is 0.511MeV Photon energy in excess of this 

threshold is imparted to the electrons as kinetic energy. The electron and 

positron lose their kinetic energy via excitation and ionization. When the 

positron comes to rest, it interacts with a negatively charged electron, 

resulting in the formation of two oppositely directed 0.511Mev 

annihilation photons.       

 Pair production is of no consequence in diagnostic X-ray imaging 

because of the very high energies required for it to occur. In fact; pair 

production does not become significant unless the photon energies greatly 

exceed the 1.02 Mev energy thresholds [7]. 

2-5.literature review 

The evaluation of the quality actions and health services is fundamental 

to the control of health care offered to the population. Equipment emitting 

ionizing radiation can operate with a high degree of quality, but it is 

necessary to follow the rules and procedures of radiological protection 

and quality control. The implementation of a quality control program in 

mammography services, which are part of the SUS network in Goiás, was 

more effective with the results found for 2007 and 2009, i.e., with two 

interventions.  

The performance parameters for the equipment and materials that showed 

improvement resulting from the quality control action in the services 

were related to adjustments in breast compression force, AEC system, 
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alignment of the breast support platform and integrity of the cassette. 

However, some mammography units were left unadjusted in relation to 

the breast compression force (22.9%), AEC system (31.4%) and 

alignment of the compression paddle and integrity of the cassette 

(14.3%). In a study carried out in Minas Gerais, the percentage of 

mammography units unadjusted for the compression force was 23.9%, 

whereas 37.3% were unadjusted for the AEC system. The results obtained 

in both studies coincide and point to a situation in which it is not possible 

to make adjustments in these performance parameters for some 

mammography units. It was not possible to establish, during this research, 

whether this hypothesis was associated with the technology of the 

equipment or duration of use.  

The only performance parameter that showed no improvement during the 

study period was the alignment of the x-ray field with the image 

recording system composed by the cassette and the film. However, there 

was a progressive increase in the percentage of compliance for this 

parameter, result that shows the need for continuity of this type of 

intervention in the coming years. 

Studies indicate the development of radiographic films as the process that 

most affects image quality in mammography. The solution of non-

compliance cases for film processing is not simple, involving from the 

change of equipment to the adoption of standardized processes for the 

preparation of certified solutions. The result obtained in this study 

showed that the percentage of compliance of film processing remained 

almost unchanged, and around 40% during the three years of research, 

which is similar to that found in the study carried out in Minas Gerais 

(38.8%). About 31% of the film processors were not specific for 

mammography, which may have contributed to the relatively low 
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percentage of compliance in film processing. The materials used the 

temperature of the employed solutions and the processing times were not 

evaluated in this study. 

 The image quality parameters that showed improvement resulting from 

the quality control program between 2007 and 2009 were related to 

uniformity and reduced number of image artifacts. Those that did not 

show a statistically significant difference between the mean percentage of 

compliance services between the first and third visits can be divided into 

two groups. In the first group are included the mean optical density, 

spatial resolution, microcalcifications, fibers and masses, with 

percentages of compliance above 70% (Minimum acceptable percentage 

for a set of services). In the second group are the low contrast disks and 

contrast index, with percentages of compliance below 70%. These groups 

require separate analysis. The parameters of the first group reached the 

minimum acceptable levels. The situation is not considered critical and 

requires a finer adjustment in the image production chain, in a small 

number of services.   

The situation of the parameters in the second group is considered critical, 

because no improvement was observed between assessments. Their mean 

percentages of compliance (43% and 69%) are considered unacceptable. 

These parameters will require more intense effort for performance tuning 

of equipment and materials. The visualization of low contrast disks and 

the contrast index are directly associated with the performance of the 

automatic film processor.  

On one hand, the analysis of radiation doses on the entrance surface of 

the phantom shows no improvement during the study, but a progressive 

increase in the percentage of compliance of this parameter was observed. 
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Corrective measures related to equipment and materials can improve the 

image quality parameters of the phantom, with a positive impact on the 

adequacy of the doses to a range of acceptable values.   

The dose of radiation to which the patient is exposed should be kept as 

low as possible without compromising the quality of the image. The 

legislation established 10 mGy as the reference value for applications 

near the skin. In this study, upon acceptance of variation of ± 30%, 80% 

of services showed values of 7 to 13 mGy, averaging 8.94 mGy and 

comparable to the results of the Minas Gerais research. 

The quality of services in relation to equipment and accessories was 

evaluated. However, it is necessary to conduct research focusing on 

mammography professionals, as well as image quality, for the early 

detection of breast cancer and the carcinogenic risk within the SUS and 

the supplementary health system.   

Interventions in the Quality Control Program in Mammography, based on 

the methodology applied in this study, were effective for improving the 

screening.  

Quality and monitoring the services that compose the SUS in Goiás 

Although the percentage of mammography services classified as 

unacceptable in relation to the technical criteria evaluated has decreased, 

doctors continued to have mammograms of inferior quality and were 

more prone to misdiagnosis. It is necessary to continue quality control 

activities, including services that are not linked to the SUS. 
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Chapter Three 

Components of mammographic X-ray machine 

3-1.X-ray tube design 

3-1-1.Cathode and Filament Circuit  

The mammographic X-ray tube is typically configured with dual 

filaments in a focusing cup that produce 0.3 and 0.1 mm nominal focal 

spot sizes. A small focal spot minimizes geometric blurring and maintains 

spatial resolution necessary for microcalcification detection. An 

important difference in mammographic tube operation compared to 

conventional radiographic operation is the low operating voltage, below 

35 kilovolt peak (kVp). The space charge effect causes a nonlinear 

relationship between the filament current and the tube current. Feedback 

circuits adjust the filament current as a function of kV to deliver the 

desired tube current, which is 100 mA (±25 mA) for the large (0.3 mm) 

focal spot and 25 mA(± 10 mA) for the small (0.1 mm) focal spot. 

3-1-2.Anode 

Mammographic X-ray tubes use a rotating anode design. Molybdenum is 

the most common anode material, although rhodium and tungsten targets 

are also used. Characteristic X-ray production is the major reason for 

choosing molybdenum and rhodium. For molybdenum, characteristic 

radiation occurs at 17.5 and 19.6 keV, and for rhodium, 20.2 and 22.7 

keV.As with conventional tubes, the anode disk is mounted on 

molybdenum stem attached to a bearing mounted rotor and external 

stator, and rotation is accomplished by magnetic induction. A source to 

image distance (SID) of 65 cm requires the effective anode angle to be at 

least 20 degrees to avoid field cutoff for the 24 ×30 cm field area. X-ray 



22 
 

tube anode angles vary from about 16 to 0 degrees to 9 degrees. The latter 

two anode angles are employed on a tube with the focal spots on the edge 

of the anode disk. The effective anode angle in a mammographic X-ray 

tube is defined as the angle of the anode relative to the horizontal tube 

mount. Thus for a tube with a 0 degree and 9 degree anode angle, a tube 

tilt of 24 degrees results in an effective anode angle of 24 degrees for the 

large (0.3 mm) focal spot, and 15 degrees for the small (0.1 mm focal 

spot). In other mammography X-ray tubes, the typical anode angle is 

about 16 degrees, so the tube is tilted by about 6 degrees to achieve an 

effective anode angle of 22 degrees. A small anode angle allows 

increased millamperage without overheating the tube, because the actual 

focal spot size is much larger than the projected focal spot size. 

The lower X-ray intensity on the anode side of the field (heel effect) at 

short SID is very noticeable in the mammography image. Positioning the 

cathode over the chest wall of the patient and the anode over the nipple of 

the breast achieves better uniformity of the transmitted X-rays through 

the breast. Orientation of the tube in this way also decreases the 

equipment bulk near the patient's head for easier positioning. 

Mammography tubes often have grounded anodes, whereby the anode 

structure is maintained at ground (0) voltage and the cathode is set to the 

highest negative voltage. With the anode at the same voltage as the metal 

insert in this design, off focus radiation is reduced because the metal 

housing attracts many of the rebounding electrons that would otherwise 

be accelerated back to the anode. 

3-1-3.Focal Spot  

The high spatial resolution requirements of mammography demand the 

use of very small focal spots for contact and magnification imaging to 
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reduce geometric blurring. Focal spot sizes range from 0.3 to 0.4 mm for 

non-magnification imaging, and from 0.1 to 0.15 mm for magnification 

imaging. For a SID of 65 cm or less, a 0.3mm nominal size is necessary 

for contact imaging. With longer SIDs of 66 cm or greater, a 0.4mm focal 

spot is usually acceptable, because a longer SID reduces magnification 

and therefore reduces the influence of the focal spot size on resolution. 

The focal spot and central axis are positioned over the chest wall at the 

receptor edge. A reference axis, which typically bisects the field, is used 

to specify the projected focal spot dimensions (Fig. 1-3). In the figure,   

represents the sum of the target angle and tube tilt, and Ф represents the 

reference angle, measured between the anode and the reference axis. The 

focal spot length (denoted as a) at the reference axis,      is less than the 

focal spot length at the chest wall,             where therelationship is 

 

                     ( 
      Ф)

     
)                        (3-1) 

 

 

FIG 1-3.The projected focal spot size varies along the cathode-anode axis 
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The focal spot length varies in size with position in the image plane along 

the cathode-anode direction. The effective focal spot length is larger and 

causes more geometric blurring at the chest wall than on the anode side of 

the field (toward the nipple). This is particularly noticeable in 

magnification imaging where sharper detail is evident on the nipple side 

of the breast image. A slit camera or pinhole camera focal spot image 

measures the width and length. When the focal spot length is measured at 

the central axis (chest wall), application of Equation 3-1 can be used to 

calculate the nominal focal spot length at the reference axis; the nominal 

focal spot size and tolerance limits for the width and length. 

Other means to measure the effective focal spot resolution and thereby 

estimate the focal spot size are a star pattern (0.5degree spokes) or a high-

resolution bar pattern. The bar pattern (up to 20 line pairs/mm resolution) 

is required by the Mammography Quality Standards Act (MQSA) to 

measure the effective spatial resolution of the imaging system; the bar 

pattern should be placed 4.5 cm above the breast support surface. The bar 

pattern measurements must be made with the bars parallel and 

perpendicular to the cathode-anode axis to assess the effective resolution 

in both directions. These effective resolution measurements take into 

account all of the components in the imaging chain that influence spatial 

resolution (e.g., screen-film, tube motion, and focal spot size) [7]. 

3-1-4.Tube filtration and beam quality 

In a polyenergetic beam, lower-energy photons are more likely to be 

attenuated and higher energy photons are more likely to pass through 

without interaction. Therefore, after passing through some attenuating 

material, the distribution of photon energies contained within the 

emergent beam is different than that of the beam that entered. The 

emergent beam, although containing fewer total photons, actually has 
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higher average photon energy. This effect is known as “filtration.” A 

beam that has undergone filtration is said to be “harder” because it has a 

higher average energy and therefore more penetrating power. To remove 

low-energy photons and increase the penetrating ability of an X-ray beam 

from a diagnostic or therapy X-ray unit, filters of aluminum, copper, tin, 

or lead may be placed in the beam. For most diagnostic X-ray units, the 

added filters are usually 1 to 3 mm of aluminum. However, from the 

measured half-value layer (HVL) an effective attenuation coefficient may 

be computed [5]. 

Computer modeling studies show that the optimal X-ray energy to 

achieve high subject contrast at the lowest radiation dose would be a 

monoenergetic beam of 15 to 25 keV; depending on the breast 

composition and thickness. Polychromatic X-rays produced in the 

mammography X-ray tube do not meet this need because the low-energy 

X-rays in the bremsstrahlung spectrum deliver significant breast dose 

with little contribution to the image and the higher energy X-rays 

diminish subject contrast. The optimal X-ray energy is achieved by the 

use of specific X-ray tube target materials to generate characteristic X-

rays of the desired energy (e.g., 17 to 23 keV), and X-ray attenuation 

filters to remove the undesirable low- and high-energy X-rays in the 

bremsstrahlung spectrum. Molybdenum (Mo), ruthenium (Ru), rhodium 

(Rh), palladium (Pd), silver (Ag), and cadmium (Cd) generate 

characteristic X-rays in the desirable energy range for mammography. Of 

these elements, molybdenum and rhodium are used for mammography X-

ray tube targets, producing major characteristic X-ray peaks at 17.5 and 

19.6 keV (Mo) and 20.2 and 22.7 keV (Rh). The process of 

bremsstrahlung and characteristic radiation production for a molybdenum 

target is depicted in Fig. (2-3). 
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FIG2-3.The output of a mammography X-ray system is composed of 

bremsstrahlung and characteristic radiation. The characteristic radiation 

energies of molybdenum (17.5 and 19.6 keV) are nearly optimal for 

detection of low-contrast lesions in breasts of 3 to 6 cm thickness. 

 

The tube port and added tube filters also play a role in shaping the 

mammography spectrum. Inherent tube filtration must be extremely low 

to allow transmission of all X-ray energies, which is accomplished with 

~1mm-thick beryllium (Be, Z= 4) as the tube port. Beryllium provides 

both low attenuation (chiefly due to the low Z) and good structural 

integrity. Added tube filters of the same element as the target reduce the 

low and high energy X-rays in the X-ray spectrum and allow transmission 

of the characteristic X-ray energies. Common filters used in 

mammography include a 0.03mm thick molybdenum filter with a 

molybdenum target (Mo/Mo), and a 0.025mm thick rhodium filter with a 

rhodium target (Rh/Rh).A molybdenum target with a rhodium filter (Mo 

target/Rh filter) is also used. The added Mo or Rh filter absorbs the X-ray 
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energies not useful in forming the image. Attenuation by the filter lessens 

with increasing X-ray energy just below the K-shell absorption edge, 

providing a transmission window for characteristic X-rays and 

bremsstrahlung photons. An abrupt increase in the attenuation coefficient 

occurs just above the K-edge energy, which significantly reduces the 

highest energy bremsstrahlung photons in the spectrum. A molybdenum 

target and 0.025 mm rhodium filter is now in common use for imaging 

thicker and denser breasts. This combination produces a slightly higher 

effective energy than the Mo/Mo target filter, allowing transmission of X-

ray photons between 20 and 23 keV. Some mammography machines have 

rhodium targets in addition to their molybdenum targets. A rhodium 

target, used with a rhodium filter, generates higher characteristic X-ray 

energies (20.2 and 22.7keV). The lower melting point of Rh reduces the 

focal spot heat loading by approximately 20%compared to the Mo target, 

so shorter exposure times are not usually possible with Rh/Rh, despite 

higher beam penetrability. A molybdenum filter with a rhodium target 

(Rh/Mo) should never be used, since the high attenuation beyond the K-

edge of the Mo filter occurs at the characteristic X-ray energies of Rh. 

Comparison of output spectra using a 0.025-mm Rh filter with a Mo and 

Rh target. An X-ray tube voltage 5 to 10 kV above the K-edge (e.g., 25 to 

30 kVp) enhances the production of characteristic radiation relative to 

bremsstrahlung. Characteristic radiation comprises approximately 19% to 

29% of the filtered out put spectrum when operated at 25 and 30 kVp, 

respectively, for Mo targets and Mo filters. Tungsten (W) targets, used 

with be tube ports and Mo and Rh filters, are available on some 

mammography units. The increased bremsstrahlung production efficiency 

of W relative to Mo or Rh allows higher power loading, and K-edge 

filters can shape the output spectrum for breast imaging (without any 

useful characteristic radiation). This permits higher milliamperage and 
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shorter exposure times. However, the unfiltered tungsten spectrum 

contains undesirable L X-rays from the W target in the 8 to 12 keV range. 

Attenuation of these characteristic X-rays to tolerable levels requires an 

Rh filter thickness of 0.05 mm compared to the 0.025 mm thickness used 

with Mo and Rh targets. With introduction of digital detectors, W anodes 

with added filters having K absorption edges in the mammography 

energy range will become prevalent, including Mo, Rh, Pd, Ag, and Cd 

among others [7]. 

3-1-5.Halve value layer 

The thickness of a slab of matter required to reduce the intensity  of an X- 

or γ-ray beam to half, is the half-value layer (HVL) or half value 

thickness (HVT) for the beam. The HVL describes the “quality” or 

penetrating ability of the beam. The HVL of amonoenergetic beam of X 

or γ-rays in any medium is 

    
   

 
                         ) 

Where: 

µ≡ The total linear attenuation coefficient of the medium for photons in 

the beam [5]. 

The half value layer (HVL) of the mammography X-ray beam is on the 

order of 0.3 to 0.45 mm Al for the kVp range and target/filter 

combinations used in mammography. In general, the HVL increases with 

higher kVp and higher atomic number targets and filters. HVLs are also 

dependent on the thickness of the compression paddle. For a Mo filter Mo 

target at 30 kVp, after the beam passes through a Lexan compression 

paddle of 1.5 mm, the HVL is about 0.35 mm AI. This corresponds to a 



29 
 

HVL in breast tissue of approximately 1 to 2 cm, although the exact value 

strongly depends on the composition of the breast tissue (e.g., glandular, 

fibrous, or fatty tissue).Minimum HVL limits are prescribed by the 

MQSA to ensure that the lowest energies in the unfiltered spectrum are 

removed. When the HVL exceeds certain values, for example, 0.40 mm 

AI for a Mo/Mo tube for 25 to 30 kVp, the beam is "harder" than optimal, 

which is likely caused by a pitted anode or aged tube, and can potentially 

result in reduced output and poor image quality. Estimation of radiation 

dose to the breast requires accurate assessment of the HVL [7]. 

3-1-6. Tube output 

Tube output is a function of kVp, target, filtration, location in the field, 

and distance from the source. At mammography energies, the increase in 

exposure output is roughly proportional to the third power of the kV, and 

directly proportional to the atomic number of the target. The MQSA 

requires that systems used after October 2002 be capable of producing an 

output of at least 7.0 mGy air karma per second (800 mR/sec) when 

operating at 28 kVp in the standard (Mo/Mo) mammography mode at any 

SID where the system is designed to operate [7]. 

3-1-7.Collimation  

 

Fixed-size metal apertures or variable field size shutters collimate the X-

ray beam. For most mammography examinations, the field size matches 

the film cassette sizes (e.g., 18 × 24 cm or 24 × 30 cm). The exposure 

switch is enabled only when the collimator is present. Many new 

mammography systems have automatic collimation systems that sense the 

cassette size. Variable X-Y shutters on some systems allow the X-ray 

field to be more closely matched to the breast volume. Although in 

principle this seems appropriate, in practice the large unexposed area of 

the film from tight collimation allows a large fraction of light 
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transmission adjacent to the breast anatomy on a light box, and can result 

in poor  viewing conditions. Collimation to the full area of the cassette is 

the standard of practice. There is no significant disadvantage to full-field 

collimation compared to collimation to the breast only, as the tissues are 

fully in the beam in either case. The collimator light and mirror assembly 

visibly define the X-ray beam area. Between the collimator and tube port 

is a low attenuation mirror that reflects light from the collimator lamp. 

Similar to conventional X-ray equipment, the light field must be 

congruent with the actual X-ray field to within 1% of the SID for any 

field edge, and 2% overall. The useful X-ray field must extend to the 

chest wall edge of the image receptor without field cutoff. If the image 

shows collimation of the X-ray field on the chest-wall side or if the chest 

wall edge of the compression paddle is visible in the image, the machine 

must be adjusted or repaired [7]. 

3-2.X-ray generator and phototimer system 

 

A dedicated mammography X-ray generator is similar to a standard X-ray 

generator in design and function. Minor differences include the voltage 

supplied to the X-ray tube, space charge compensation requirements, and 

automatic exposure control circuitry [7]. 

3-2-1. X-ray generator and automatic exposure control 

High-frequency generators are the standard for mammography due' to 

reduced-voltage ripple, fast response, easy calibration, long-term 

stability, and compact size. Older single-phase and three-phase systems 

provide adequate capabilities for mammography, but certainly without 

the accuracy and reproducibility of the high-frequency generator. The 

automatic exposure control (AEC), also called a phototimer, employs a 

radiation sensor (or sensors), an amplifier, and a voltage comparator, to 
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control the exposure (Fig.3-3). Unlike most conventional X-ray 

machines, the AEC detector is located underneath the cassette. This 

sensor consists of a single ionization chamber or an array of three or more 

semiconductor diodes. The sensor measures the residual X-ray photon 

flux transmitted through the breast, antiscatter grid (if present), and the 

image receptor. During the exposure, X-ray interactions in the sensor 

release electrons that are collected and charge a capacitor. When the 

voltage across the capacitor matches a preset reference voltage in a 

comparator switch, the exposure is terminated. Phototimer algorithms 

take into account the radiographic technique (kVp, target filter) and, in 

the case of extended exposure times, reciprocity law failure, to achieve 

the desired film optical density. In newer systems, the operator has 

several options for exposure control. A fully automatic AEC sets the 

optimal kV and filtration from a short test exposure of ~100 msec to 

determine the penetrability of the breast. A properly exposed clinical 

mammogram image should have an optical density of at least 1.0 in the 

densest glandular regions in the film image. At the generator control 

panel, a density adjustment selector can modify the AEC response. 

Usually, ten steps (-5 to +5) are available to increase or decrease 

exposure by adjusting the reference voltage provided to the ABC 

comparator switch. A difference of 10% to 15% positive (greater 

exposure) or negative (lesser exposure) per step from the neutral setting 

permits flexibility for unusual imaging circumstances, or allows variation 

for radiologist preference in film optical density. If the transmission of 

photons is insufficient to trigger the comparator switch after an extended 

exposure time, a backup timer terminates the exposure. For a retake, the 

operator must select a higher kVp for greater beam penetrability and 

shorter exposure time. Inaccurate photo timer response, resulting in an 

under or overexposed film, can be caused by breast tissue composition 
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heterogeneity (adipose versus glandular), compressed thickness beyond 

the calibration range (too thin or too thick), a defective cassette, a faulty 

phototimer detector, or an inappropriate kVp setting. Film response to 

very long exposure times, chiefly in magnification studies (low mA 

capacity of the small focal spot), results in reciprocity law failure and 

inadequate film optical density. For extremely thin or fatty breasts, the 

phototimer circuit and X-ray generator response can be too slow in 

terminating the exposure, causing film overexposure. The position of the 

phototimer detector (e.g., under dense or fatty breast tissue) can have a 

significant effect on film density. Previous mammograms can aid in the 

proper position of the phototimer detector to achieve optimal film density 

for glandular areas of the breast. Most systems allow positioning in the 

chest wall to nipple direction, while some newer systems also allow side-

to-side positioning to provide flexibility for unusual circumstances. The 

size of the AEC detector is an important consideration. A small detector 

(e.g., solid-state device) can be affected by non-uniformities that are not 

representative of the majority of breast tissue. On the other hand, a large 

area detector can be affected by unimportant tissues outside the area of 

interest. Either situation can result in over or underexposure of the breast 

image [7]. 
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FIG 3-3.The automatic exposure control (AEC) (phototimer) 

 

3-2-2. Technique Chart 

Technique charts are useful guides to determine the appropriate kVp for 

specific imaging tasks, based on breast thickness and breast composition 

(fatty versus glandular tissue fractions). Most mammographic techniques 

use photo timing, and the proper choice of the kVp is essential for a 

reasonable exposure time, defined as arrange from approximately 0.5 to 

2.0 seconds, to achieve an optical density of 1.5 to2.0. Too short an 

exposure can cause visible grid lines to appear on the image, while too 

long an exposure can result in breast motion, either of which degrades the 

quality of the image. [7] 
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3-3.Compression, Scattered Radiation and Magnification 

3-3-1. Compression 

Breast compression is a necessary part of the mammography 

examination. Firm compression reduces overlapping anatomy and 

decreases tissue thickness of the breast (Fig. 4-3). This results in fewer 

scattered X-rays, less geometric blurring of anatomic structures, and 

lower radiation dose to the breast tissues. Achieving a uniform breast 

thickness lessens exposure dynamic range and allows the use of higher 

contrast film. Compression is achieved with a compression paddle, a flat 

Lexan plate attached to a pneumatic or mechanical assembly. The 

compression paddle should match the size of the image receptor (I8 ×24 

cm or 24 ×30 cm), be flat and parallel to the breast support table, and not 

deflect from a plane parallel to the receptor stand by more than 1.0 cm at 

any location when compression is applied. A right-angle edge at the chest 

wall produces a flat, uniform breast thickness when compressed with a 

force of 10 to 20 Newton (22 to 44 pounds). One exception is the spot 

compression exam. Spot compression is extremely valuable in delineating 

anatomy and achieving minimum thickness in an area of the breast 

presenting with suspicious findings on previous images. Typically, a 

hands-free, power-driven device, operable from both sides of the patient, 

adjusts the compression paddle. In addition, a mechanical adjustment 

control near the paddle holder allows fine adjustments of compression. 

While firm compression is not comfortable for the patient, it is often the 

difference between a clinically acceptable and unacceptable image [7]. 
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FIG 4-3.The compression paddle 

 

 

3-3-2.Scatter radiation and antiscatter grids 

X-rays transmitted through the breast contain primary and scattered 

radiation. Primary radiation retains the information regarding the 

attenuation characteristics of the breast and delivers the maximum 

possible subject contrast. Scattered radiation is an additive, slowly 

varying radiation distribution that degrades subject contrast. If the 

maximum subject contrast without scatter is     
  

 
, the maximum 

contrast with scatter is 

         
 

 
)                         ) 

Where S is the amount of scatter, P is the amount of primary radiation, 

and S/P is the scatter to primary ratio. The quantity modifying Co is the 

scatter degradation factor or contrast reduction factor. The amount of 

scatter in mammography increases with increasing breast thickness and 

breast area, and is relatively constant with kVp. 

Scatter rejection is accomplished with an antiscatter grid for contact 

mammography. The grid is placed between the breast and the image 
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receptor. Parallel linear grids with a grid ratio of 4:1 to 5:1 are commonly 

used. Higher grid ratios provide greater X-ray scatter removal but also a 

greater dose penalty. Aluminum and carbon fiber are typical interspaces 

materials. Grid frequencies (lead strip densities) range from 30 to 50 

lines/cm for moving grids, and up to 80lines/cm for stationary grids. The 

moving grid oscillates over a distance of approximately 20 grid lines 

during the exposure to blur the grid line pattern. Short exposures often 

cause grid-line artifacts that result from insufficient motion. A cellular 

grid structure designed by one manufacturer provides scatter rejection in 

two dimensions. The two-dimensional grid structure requires a specific 

stroke and travel distance during the exposure for complete blurring, so 

specific exposure time increments are necessary. Grids impose a dose 

penalty to compensate for X-ray scatter and primary radiation losses that 

otherwise contribute to film density. The Bucky factors the ratio of 

exposure with the grid compared to the exposure without the grid for the 

same film optical density. For mammography grids, the Bucky factor is 

about 2 to 3, so the breast dose is doubled or tripled, but image contrast 

improves up to 40%. Grid performance is far from ideal, and optimization 

attempts have met with mixed success. Future digital slot-scan acquisition 

methods promise effective scatter reduction without a significant dose 

penalty. Air gap techniques minimize scatter by reducing the solid angle 

subtended by the receptor-in essence, a large fraction of scattered 

radiation misses the detector. The breast is positioned further from the 

image receptor and closer to the focal spot. Since the grid is not 

necessary, the Bucky factor dose penalty is eliminated; however, 

reduction of the breast dose is offset by the shorter focal spot to skin 

distance [7]. 
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3-3-3. Magnification techniques 

 

The use of geometric magnification is often helpful and sometimes 

crucial for diagnostic mammography exams. Magnification is achieved 

by placing a breast support platform to a fixed position above the 

detector, selecting the small (0.1 mm) focal spot, replacing the antiscatter 

grid with a cassette holder, and using an appropriate compression paddle 

(Fig. 3-5). Most dedicated mammographic units offer magnification of 

1.5X, 1.8X, or 2.0X. Advantages of magnification include: 

3.3.3.1- Increased effective resolution of the image receptor by the 

magnification factor. 

3.3.3.2- Reduction of effective image noise. 

3.3.3.3 -Reduction of scattered radiation. 

The enlargement of the X-ray distribution pattern relative to the inherent 

unsharpness of the image receptor provides better effective resolution. 

However, magnification requires a focal spot small enough to limit 

geometric blurring, most often a 0.I-mm nominal focal spot size. 

Quantum noise in a magnified image is less compared to the standard 

contact image, even though the receptor noise remains the same, because 

there are more X-ray photons per object area creating the enlarged image. 

The air gap between the breast support surface of the magnification stand 

and the image receptor reduces scattered radiation, thereby improving 

image contrast and rendering the use of a grid unnecessary. Magnification 

has several limitations, the most dominant being geometric blurring 

caused by the finite focal spot size. Spatial resolution is poorest on the 

cathode side of the X-ray field (toward the chest wall), where the 

effective focal spot size is largest. The modulation transfer function 

(MTF) is a plot of signal modulation versus spatial frequency, which 

describes the signal transfer characteristics of the imaging system 
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components. A point-source focal spot transfers 100% of the signal 

modulation of object at all spatial frequencies. Area focal spots produce 

geometric blurring of the object on the imaging detector. This blurring is 

greater with larger focal spot size and higher magnification, which causes 

a loss of resolution in the projected image. The small focal spot limits the 

tube current to about 25 mA, and extends exposure times beyond 4 

seconds for acquisitions greater than 100 mAs. Even slight breast motion 

will cause blurring during the long exposure times. Additional radiation 

exposure is also necessary to compensate for reciprocity law failure. 

Entrance skin exposure and breast dose are reduced because no grid is 

used, but are increased due to the shorter focus to breast distance. In 

general, the average glandular dose with magnification is similar to 

contact mammography. Higher speed screen-film combinations with 

lower limiting spatial resolution but higher absorption and/or conversion 

efficiency are sometimes used for magnification studies to lower 

radiation dose and reduce exposure time, because the "effective" detector 

resolution is increased by the magnification factor [7]. 

 
FIG 5-3.Geometric magnification 
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Chapter Four 

Quality control tests 

4-1. Introduction 

A structured quality control program must be employed to monitor the 

performance of mammography equipment and to provide a record in case 

of machine failure. The procedures must be performed regularly and 

require careful, consistent record keeping and regular comparison with 

baseline measurements obtained during acceptance testing. When 

problems are noted, appropriate remedial action must be taken with 

subsequent testing to verify correction of the problem. 

In this chapter, methods for evaluating performance of mammographic 

systems are described. These tests should form the basis of an acceptance 

testing protocol for newly-installed equipment. Acceptance testing is 

necessary to verify that the equipment not only meets legal requirements, 

but also performs according to the specifications agreed upon by the 

purchaser and the supplier. It should be done before the equipment is 

used on patients and before final payment is authorized. 

During acceptance testing, baseline measurements are obtained for use in 

the regular quality-control programs. Quality control (QC) testing should 

provide a practical method for monitoring changes in equipment 

performance. Since QC tests must be done on a routine basis, they should 

be straightforward to perform and not require difficult-to-obtain test 

equipment. Once a problem has been identified by the QC tests, it may be 

necessary to isolate its cause using more sophisticated tests and 

equipment. Where acceptance tests differ from quality control methods, 

this is indicated in the text [2]. 
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4-2. Beam Quality  

Beam quality is dependent on kVp, voltage waveform and beam 

filtration. Variations in any of these may be detected by comparing the 

HVL of the X-ray beam under fixed operating conditions to previous 

measurements or to measurements taken on identical equipment [2]. 

4-2-1. Filters  

While many dedicated mammography systems are manufactured for use 

with a film-screen receptor only, some systems are designed to 

accommodate with film-screen. 

When the molybdenum filter is in place in the filtration slot, the generator 

should be interlocked to function only at 39 kVp or lower: when the 

aluminum filter is in place, the generator should be operated only at 40 

kVp and higher [2]. 

4-2-2.Half value layer 

The Half Value Layer (HVL) can be assessed by adding thin aluminum 

(Al) filters to the X-ray beam and measuring the attenuation. Position the 

exposure detector at the reference point on top of the Bucky. Place the 

compression device halfway between focal spot and detector. Select 28 

kV tube voltages and an adequate focal spot charge, and expose the 

detector directly. The filters can be positioned on the compression device 

and must intercept the whole radiation field. Use the same tube load 

setting and expose the detector through each filter. For higher accuracy a 

diaphragm, positioned on the compression paddle, limiting the exposure 

to the area of the detector may be used. The HVL is calculated by 

applying formula 4-1 [8]. 
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4-3.Tube output  

The specific tube output (mGy/mAs) and the output rate (mGy/s) should 

both be measured at 28 kVp on a line passing through the focal spot and 

the reference point, in the absence of scatter material and attenuation (e.g. 

due to the compression plate). A tube load (mAs) similar to that required 

for the reference exposure should be used for the measurement. Correct 

for the distance from the focal spot to the detector and calculate the 

specific output at 1 meter and the output rate at a distance equal to the 

focus-to-film distance (FFD). 

A high output is desirable for a number of reasons e.g. it results in shorter 

exposure times, minimizing the effects of patient movement and ensures 

adequate penetration of large/dense breasts within the setting of the guard 

timer. In addition any marked changes in output require investigation [8]. 

4-4. Automatic Exposure Control 

Automatic exposure controls (AEC) for mammography should be able to 

yield images of reproducible density within ±0.15 OD over the expected 

range of kVp and breast thicknesses. Test images produced of uniform 

phantoms of varying thickness should not differ by more than 0.30 OD 

from each other. These tests should be carried out over the range of kVp 
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customarily used by the mammography center. Uniform phantom 

material of  PMMA in slabs 2.0 cm thick to produce thicknesses of 2, 4, 

6, and 8 cm should be used to test the thickness tracking. Both grid and 

non-grid exposures should be included in this series. A calibrated 

densitometer will be needed to evaluate performance [2]. 

 

4-5.Collimation 

 

It is extremely important to verify that the collimation mechanism 

provided with the mammography unit is equipped with proper radiation 

field definition devices such as cones, diaphragms, field blockers, etc. 

The radiation field must not extend beyond the image receptor except at 

the chest wall where it may extend by up to ±2%ofthe SID. Markers 

placed at the chest wall should be imaged with no cutoff.  

For a mammography system equipped with a collimator and a light 

localizer, the light field must be aligned with the radiation field within 

±2% of the SID. 

A simple test procedure is to expose a larger cassette with markers 

indicating the light field limits so that the processed film yields an optical 

density of 2.8 or higher. The areas beyond the light field should yield an 

optical density of less than 0.20 (base plus fog) [2]. 

 

4-6. Focal Spot    

The measurement of the focal spot size is intended to determine its 

physical dimensions at installation or when resolution has markedly 

decreased. The focal spot size must be determined for all available targets 

of the mammography unit. For routine quality control the evaluation of 

spatial resolution is considered adequate.  
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The focal spot dimensions can be obtained by using one of the following 

methods star pattern method, slit camera, pinhole camera and multi-

pinhole test tool [8]. 

A magnified X-ray image of the test device is produced using a non-

screen cassette. This can be achieved by placing a black film between 

screen and film. Select the focal spot size required, 28 kV tube voltages 

and a focal spot charge (mAs) to obtain an optical density between 0.8 

and 1.4 OD base and fog excluded. The device should be imaged at the 

reference point of the image plane, which is located at 60 mm from the 

chest wall side and laterally centered. Remove the compression device 

and use the test stand to support the test device. Select about the same 

focal spot charge (mAs) that is used to produce the standard image of 45 

mm PMMA, which will result in an optical density of the star pattern 

image in the range 0.8 to 1.4[8]. 

According the National Electrical Manufacture Association (NEMA) 

norm and 0.3 nominal focal spot is limited to a width of 0.45 mm and a 

length of 0.65 mm. A 0.4 nominal focal spot is limited to 0.60 and 0.85 

mm respectively. No specific limiting value is given here, since the 

measurement of imaging performance of the focal spot is incorporated in 

the limits for spatial resolution at high contrast [8]. 

4-6-1. Star pattern method 

The focal spot dimensions can be estimated from the 'blurring diameter' 

on the image (magnification 2.5 to 3 times) of the star pattern. The 

distance between the outermost blurred regions is measured in two 

directions: perpendicular and parallel to the tube axis. Position the 

cassette on top of the Bucky (no grid).The focal spot is calculated by 
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applying formula 4-2, which can also be found in the completion form 

[8]. 

 

   
   

   

 

          )
                             )  

 

Where  

       Θ ≡ The angle of the radio-opaque spokes (1° or 0.5°) 

        D ≡ The diameter of the blur  

                ≡ The magnification factor determined 

 

The magnification factor (      ) is determined by measuring the 

diameter of the star pattern on the acquired image (       ) and the 

diameter of the device itself (      ), directly on the star, and is calculated 

by: 

       
      

     
                            ) 

   

4-7.Phantom and test objects   

Test objects and phantoms are required to provide simple and quantitative 

assessment of resolution, contrast, dose, and overall system performance 

[2]. 

4-7-1. Resolution tests 

A high-contrast, bar or converging spoke test pattern capable of 

measuring up to 20 cycles/mm is useful for evaluating and tracking the 

resolution of the system. A 7-10x magnifier should be used to evaluate 

the image. 
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For evaluation of the image receptor alone, the pattern should be placed 

directly on the receptor, while for measuring overall system resolution it 

can be placed at the normal entrance level to the breast. 

To test overall resolution performance, a test object containing high 

contrast specks simulating micro calcifications is useful. Test objects 

containing sets of SiC,      or Ca   specks ranging in sizewith their 

largest dimension being from 200  m to 400  m are found to be useful. 

No more than six specks in each size range should be present and each set 

should be isolated from the others for easy identification of the smallest 

resolvable set [2]. 

 

4-7-2. Uniform phantom Images 

Images of a uniform phantom composed of a material such as PMMA are 

useful for assessing uniformity of the X-ray field, screen and grid, as well 

as processing artifacts and consistency of AEC operation. It must be 

ensured that the material is completely free of air bubbles and non-

uniformities. A set of uniform slabs, each 2 cm thick, of PMMA can be 

used to set up and test the tracking of the AEC versus thickness and kVp. 

PMMA is a generic description of clear acrylic plastic which includes 

Lucite, Plexiglas, Perspex, Acrylite, Crystallex and Methacral. Its density 

is greater than that of water and may be as high as 1.21. Therefore, any 

PMMA breast phantom used for dosimeter or AEC calibration should be 

tested against manual exposures of clinical subjects to ensure that 

corresponding thicknesses of the acrylic give similar film OD to the 

comparable breast being imaged. 

The American College of Radiology (ACR) Accreditation 

Mammographic Detail phantom has been adopted by the American 
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College of Radiology as a "standard" for the evaluation of image quality 

of mammographic installations who seek accreditation by this 

organization. It can also be used to simulate the breast in order to verify 

that proper optical density is obtained for AEC exposures. This task 

group recommends the use of a phantom of equivalent thickness of 4.2 

cm PMMA for the determination of patient exposures. The ACR phantom 

with an additional 0.36 cm PMMA slab underneath is acceptable for this 

purpose. For inter comparison with ACR exposure data. It may also be 

useful to measure exposures using the ACR phantom without the added 

slab [2]. 

4-7-3.Film-Screen contact and uniformity of speed  

A copper mesh or fine screen with about 30-40 lines per inch can be used 

to check the uniformity of contact between the screen and the film. Areas 

of reduced pressure or density in the screen will show up as fuzzy areas 

of altered optical density and indicate a need for the replacement of the 

screen.    

The screens should be evaluated for uniformity of speed by exposing 

them to a fixed exposure with the uniform phantom and verifying that all 

films have densities matching to within ±0.15OD. Before performing this 

test, reproducibility of output must be verified, as some variation may 

occur as the tube heats up [2]. 

4-7-4. Contrast Measurements 

The contrast performance (both subject and photographic contrast) of the 

system can be evaluated using a step wedge. The wedge should provide 

the imaging system with the full range of exposures encountered in 

mammography, but also be reasonably thin to avoid problems due to 

oblique projection. A wedge built up of 15 sheets of type 1100 aluminum 
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of 0.4 mm increments works well for mammographic imaging. Because 

of the dominance of photoelectric interactions in aluminum at these 

energies, the phantom can provide a sensitive indication of beam quality 

variations. 

Since aluminum scatters to a lesser degree than breast tissue, such a 

phantom is not very useful for assessing anti-scatter techniques and for 

this purpose a more tissue-equivalent phantom is required. A narrow strip 

or a disc of PMMA of thickness 2-5 mm or a PMMA step wedge of 1.5 

mm increments attached to the top of a uniform PMMA phantom 4-5 cm 

thick yields a low contrast image suitable for evaluating grid 

performance, and the effect of varying kVp on contrast.  

The step wedge should be radio graphed with the technique used for the 

average breast. Two steps in the phantom are identified from the 

processed image: one which yields a gross optical density about 1.3 and a 

second which gives an OD of approximately 1.6. These steps should be 

marked and the difference in OD used as an index of contrast on 

subsequent tests. The OD of the lower density step should be used as an 

index of imaging speed. The 15th step (6 mm Al) should essentially 

transmit no radiation and can, therefore, be used for measurement of the 

base-plus-fog density [2]. 
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Chapter Five 

Materials and Methods 

5-1.Materials 

5-1-1. two cassettes, mammography films and X-ray absorbers matter e.g. 

Coins. 

5-1-2.DIA VOLT to measures kVp reproducibility, kVp accuracy and 

linearity  

5-1-3. Slabs of PMMA 

5-1-4. aluminum plates with different thickness. 

5-1-5. densitometer 

5-1-6. Dosimeter to measures the leakage radiation. 

5-2. Methods 

5-2-1. measurement the Coinciding of optical and radiation field 

One cassette was positioned in the Bucky tray and the other on top of the 

breast support table. Five Coins was put on top of the cassette which 

positioned in the breast support table. The films was Positioned on light 

box and line up using markers as reference. Alignment of X-ray beam 

with edge of film, breast support table and light beam was measured [8]. 

5-2-2. kVp Reproducibility  

The DIA VOLT was positioned at distance 65 cm from the source then 

KVp was selected at 25 KVp and mAs at 20.The measured values were 

recorded in table 5-1  
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5-2-3. kVp accuracy  

The DIA VOLT was positioned at distance 65 cm from the source then 

selected 40 mAs and large focus spot for all the measurements. To do the 

exposure was chosen following kVp’s:24, 25, 26, 27, 28, 29, 30, 31, 32, 

33.The measured values were recorded in table 5-2. 

5-2-4. mAs linearity 

The DIA VOLT was positioned at distance 65 cm from the source then 

selected 25 kVp for all measurements. To do exposures was chosen the 

following mAs’s:5, 10,20,40,80. The measured values were recorded in 

table 5-3. 

5-2-5.Breast thickness indicator 

Three cm of PMMA was placed on Bucky. The compression tray was 

pressed until it touched the PMMA. Read out the thickness indicated on 

mammography-unit. Repeated this for thickness 3.5cm, 4cm, 4.5cm, 6cm 

and 6.5cm.The measured values were recorded in table 5-4. 

5-2-6. Automatic exposure control 

The loaded cassette was placed in the Bucky.2cm thickness of PMMA 

was placed aligned with the chest wall, Confirmed that the PMMA covers 

the AEC sensors completely. The film was replaced and made a single 

exposure under the same conditions. This film and all subsequent films 

was Processed according to the manufacturer’s recommendations. The 

OD at a point placed at 4 cm from the chest wall, laterally centered was 

measured and records these values in table 5-5. 
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5-2-7.The half value layer 

Put 0.3 mm of aluminum on the compression paddle, totally covering the 

active volume of the chamber, and make an exposure with the same 

parameters. Add 0.1 mm of Al (total 0.4 mm Al) and repeat the previous 

step. Check that the reading is smaller than half of the reading without the 

filter. Otherwise, add more Al until the reading falls below half of the 

reading without the filter and Records these values in table 5-6. 
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Chapter Six  

Results and Discussion 
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Chapter Six 

Results, analysis and discussion 

6.1 Results 

6-1-1. kVp Reproducibility  

Table 6-1: Reading of kVp reproducibility 

  No Reading 

1 25.3 

2 25.3 

3 25.3 

4 25.3 

5 25.3 

6 25.3 

SD 0.00 

Average 25.3 
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6-1-2. kVp Accuracy  

Table 6-2: Reading of kVp accuracy 

Set value Measured value  Error % 

24 24.5 2.04 

25 25.4 1.57 

26 26.3 1.15 

27 27.4 1.48 

28 28.4 1.43 

29 29.4 1.38 

30 30.4 1.33 

31 31.4 1.29 

32 32.4 1.25 

33 33.4 1.21 

 

6-1-3. mAs Linearity  

Table 6-3: Reading of mAs linearity 

Set mAs Dose(µGy) µGy/mAs 

5 0.146 0.0292 

10 0.291 0.0291 

20 0.581 0.0291 

40 1.162 0.0291 

80 2.320 0.0290 
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6-1-4. Breast thickness indicator  

Table 6-4: Readings of breast thickness indicator 

Actual thickness Measured thickness %Error 

3 3.5 0.166 

3.5 4 0.143 

4 4.5 0.125 

4.5 5 0.111 

6 6.5 0.083 

6.5 7 0.077 

 

6-1-5. Automatic exposure control  

Table 6-5: Readings of automatic exposure control 

Thickness OD Variation in OD 

2 0.94 0.13 

4 0.81 0.07 

6 0.88 0.06 
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6-1-6. HVL 

Table 6-6: Readings of half value layer 

kVp HVL(mm AL) 

30 0.30 

40 0.4 

50 1.2 

60 1.3 

70 2.1 

80 2.3 

90 2.5 

100 2.7 

120 3.2 

140 3.8 
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6.2 Analysis    

6-2-1. kVp reproducibility  

 

 

FIG 6-1 Relationship between number of repeating and reading of 

reproducibility 

6-2-2. kVp accuracy 

 

FIG 6-2 Relationship between set value and measure value of kVp 

accuracy 
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6-2-3. mAs linearity 

 

FIG 6-3 Relationship between set value and dose values of mAs linearity  

 

FIG 6-4 Relationship between set value and µGy/mAs of mAs linearity     
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6-2-4. breast thickness indicator  

 

 

FIG 6-5 Relationship between actual thickness and measured thickness of 

breast 

6-2-5. Automatic exposure control 

 

FIG 6-6 Relationship between thickness and variation in OD  
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6-2-6.Half value layer   

 

 

 

FIG 6-7 Relationship between kVp and HVL  
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6-3. Discussion   

- The main objective of quality control test is to obtain images with good 

quality, to avoid repeating of  patient exposure and help radiologist to 

diagnose images with good contrast.  

- Coinciding of optical and radiation field was measured, the beam 

alignment and radiation field within tolerance ± 2mm of the SID. 

- Referring to Figure (6-1) and table (5-1) the kVp reproducibility was 

calculated from coefficient of variance (CV %) equation:  

CV%= [standard deviation/average] ×100  

CV%= [0/25.3] ×100 = 0.The tolerance is [+5%> CV% >-5%] 

 The kVp reproducibility is good. 

- The kVp accuracy was measured from Error (E %) equation: 

  Error % = [(measured value - set value)/set value] ×100. 

  The mean of E % = 1.413. The tolerance is [+5%>E%>-5%].           

According to Figure (6-2) and table (5-2) the relationship between set 

values and measured values of kVp accuracy is strong relation (R = 

0.9998).  

According to Figure (6-3) and table (5-3), the relationship between set 

value and dose value of mAs linearity is linear and strong relation (R = 

1). 

-Breast thickness indicator was calculated from Error (E %) equation: 

Error % = [(measured value-set value)/set value] ×100. 

The mean of E% = 0.118.The tolerance is [+5%>E% > -5%]. 

According to Figure (6-6) table (5-4) the relation between thickness and 

variation in OD it is strong inverse relation (R=0.9231).The variation 

between consequential measurements is 0.08333OD. The tolerance 

should be less than 0.2 OD. 
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-Figure (6-7) and table (6-5) showed that the relationship between kVp 

and HVL is strong linear relation(R=0.9633), the HLV is calculating by 

the following equation:  

      
                     )   

   
 

 

The KVp which uses in mammography is less than 3o kV. 

HVL ≥ 30/100 ≥ 0.3mmAl 

The tolerance of HVL is 30/100 +0.03 ≤ HVL ≤ 30/100 +0.19  

0.33 ≤ HVL ≤ 0.49  

         HVL is acceptable.  
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Chapter Seven 

Conclusion and Recommendations 
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Chapter Seven   

Conclusion and Recommendations 

  

7-1. Conclusion  

To conclude this thesis, quality control test is done perfectly and the         

results of analysis showed that the entire X-ray mammographic unit has 

no error and no excessive radiation hazards in the X-ray room.  

 

7-2. Recommendations 

- Quality control tests must be carried periodically and frequently. 

- Calibration for mammographic X-ray machine parameters should 

follow every quality control test to assure efficiency of the machine. 

- Acceptance testing should be done before the equipment is used on 

patients and before final payment is authorized.  
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