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Abstract: Mammography is a method of choice for breast screening cha-
racterized with great effectiveness in early detection of breast cancer. High quality
mammography means the best image quality with minimal breast radiation. The aim of
this review is to determine the factors that reduce the MGD (mean glandular dose) in
order to achieve minimal breast radiation without compromising the image quality. The
implementation of quality standards in mammography screening includes the following
activities: technological improvements, optimal calibration of the equipment in mam-
mography centers according to the breast thickness and tissue composition, adequate
assessment of the mean glandular dose and elimination of the present causes for poor
quality mammograms. These recommendations are dedicated to the medical staff in ra-
diology centers, and to the physicians who have clinical practice with female population
undergoing a regular mammography screening. Quality control in standard mammo-
graphy screening examination can contribute to reducing the morbidity and mortality of
breast cancer.
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1. Background

Mammography is the most reliable method of choice for breast scre-
ening. Mammography has to be with high quality, high sensitivity range and
high specifity, since it is one of the several screening tools for early detection of
breast cancer in addition to clinical and self- breast examination. The sensitivity
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of mammography depends on the quality of the equipment, competence of the
staff, breast thickness and breast tissue composition. During mammography the
breast is compressed and in standard protocol two views are taken, cranio-cau-
dal (CC) and mediolateral (ML) oblique views. Mammographic imaging system
have to provide high contrast, which is capability of the system to make visible
small differences in soft tissue density and good sharpness, as a capability to
make visible small details.

1.1. Mammography screening, biophysical aspects-benefits and risks

Mammography is a very effective radiological procedure. The most im-
portant benefit of the mammography is the positive predictive value for breast
cancer ranges from 20% in women under the age of 50 to 80% in women aged
50 to 69 years. [1] Early detected breast cancer enables successful long- term
control of this disease and a good prognosis. On the other hand there is a risk of
carcinogenic effect produced by the radiation dose because the breast tissue is
radiosensitive. The average glandular dose — AGD (terminology used by the Euro-
pean Commission, 1996), inherent to the tissues which are most sensitive to
radiation is the dosimetry quantity generally recommended for radiological risk
assessment. Unfortunately there is no minimum dose of radiation that can be
defined as absolutely harmless. The carcinogenic risk exists as cumulative one,
referring to the absorbed glandular dose. The risk is acceptable, in comparison
with the benefits of the mammography screening

Although there has been certain improvement in the number of women
who have been included in mammography screening, the results from the re-
search done by Antevska S. [2] showed insufficient effectiveness in the number
of early detected cancers, only 1% of detected breast cancers were Ca in situ-
noninvasive carcinomas. This is due to many reasons: lack of education of the
female population for the benefits of regular mammography screening, lack of
encouragement offered by the physicians, financial and health insurance barriers
and poor quality mammograms. The latest published results have shown high
percents of early detected carcinomas, 25 to 30% of all detected breast cancers
with mammography screening [3].

The American Cancer Society and American College of Radiology re-
commend annual mammography to every woman at the age 40 to 49 and to
women over the age of 50. More aggressive screening or biennial high quality,
two view mammography is recommended to women who have risk factors for
breast cancer, such as: age over 50, family history of premenopausal breast can-
cer in the first degree relative, familial cancer syndrome, and hormonal factors
like early menarche, late menopausa, late parity and nulliparity [4, 5].
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2. Factors that influence on the breast radiation dose
2.1. Technological advances

Today it is very important to assess the factors that affect the breast
radiation dose in order to determine the most effective protocol which include
optimal radiation dose control without compromising the image quality.

Good image quality can be achieved by using low kilovolt-peak (kVp)
settings, but their negative characteristics are high radiation dose to the breast
and motion unsharpness of the image. Recently technological advances have led
to lower radiation dose in screen film mammography because of employing
adequate technology as an independent factor that can provide good image qua-
lity. Technological advances are: dual anode x-ray tubes equipped with molyb-
denum (Mo) and rhodium (Rh), or Mo and tungsten (W) combined with Mo, Rh
or Al filters, (Mo/Mo, Mo/Rh, or W/Al). Use of automatic exposure control (AEC)
and automatic beam quality selection mode (AOP-automatic optimization of the
parameters) provides optimal selection of kVp, mAs,target material and filter
according to breast thickness and breast tissue composition [6, 7].

Several scientific reports have demonstrated that Mo/Mo target /filter
combination produces the best contrast. According to many authors, the best
image quality is provided by using W or Rh anode tube with an Rh filter in thick
and dense breasts. Use of proper kVp /anode/filter combination based on breast
thickness and breast tissue composition is advised by many authors [8, 9].

Selection of screen — film combination is one of the factors that affect
the global radiation dose [10]. Technically standard mammography protocol
includes two views. The central beam angle in ML projection varies from 30° to
60°. In a study of Brnic et al. [11] where two different angles of MLO were com-
pared (45° and 60°), the use of 60° angle permitted a significantly lower MGD.
Oblique mammograms done with 60° angle are recommended for small and
pendulous breasts (fibro glandular tissue is projected on a larger film area with
less effect of superimposition) although standard use of 45° is common.

In 1994 the Food and Drug Administration in USA recommended mam-
mography quality standards as well as mandatory certification of every mammo-
graphy center in order to implement high standards and image quality for mam-
mograms [12]. At present European Protocol on dosimetry in mammography
and Guidelines for quality assurance in mammography screening are effective
in Europe.

Recent investigations about the implementation of the quality standards
in mammography screening in R. Macedonia have been done by Gersan V. and
presented on the I-st National Conference for Physics in Medicine and Biomedi-
cal Engineering [13]. According to these examinations in 16 different mammo-

TIpunosn, Opx. 6uon. men. Hayku, XXIX/2 (2008) 345-354



348 Matveeva N., Korneti K. et al.

graphy centers, the image quality of standard mammograms is bellow the stan-
dards recommended by the EU (mostly because of the bad technologic charac-
teristics of the equipment), yet the mean radiation glandular dose is not superior
to the maximum allowed doses.

2.2. Breast thickness and breast tissue composition

In general the breast radiation dose is affected by breast tissue composi-
tion and thickness of the mammary gland. The AOP mode and the AEC provide
automatic selection of the target material, filter type, kVp, and mAs. Selecting
the semiautomatic beam quality, the tube voltage (kVp) and anode/filter combi-
nation are set by the technician according to the tissue density and thickness of
the compressed breasts. Sometimes the variable kVp protocol is suggested since
the optimal energy necessary for breasts of different thickness and composition
is different [14]. In this context it is suggested that variable kVp technique has
significant effect both on the image quality and the dose. The ultimate aim is to
achieve the best image quality at the lowest possible dose. The appropriate do-
ses obtained in thicker and denser breasts are being significantly higher than in
fatty breasts. Fatty breasts are more often thicker, but they need less exposure
than dense breasts because lower penetration is needed for adipose tissue and a
higher for the glandular one. Thus the selection of exposure factors, screen-film
combination, radiation output of the x-ray tube has to be based not only on
breast thickness but on breast tissue composition as well.

Breast tissue density of each patient can be determined from previous
mammograms. If previous mammograms are not available breast tissue density
is hard to be predicted. Known factors that influence breast tissue density include:
woman’s age, her hormonal status and body mass index-(BMI) [15]. The age and
the BMI are inversely related with the breast tissue density. After cessation of
the ovarian function (menopause), natural or artificial (hysterectomy with bilateral
oophorectomy), breast density as a measure of stromal and epithelial breast tissues
decreases whereas an increase of adipose tissue appears. Fig. 1 . Women known
to have lower breast density are postmenopausal, age > 50, with higher BMIs.

It has been found that the compressed breast thickness tend to increase
up to the age of 60. The trend for breast glandularity is to decrease with increa-
sing compressed breast thickness, (absolute difference in breast glandularity of
80% between breasts of 30 and 90 mm compressed thickness) [16]. Increased
breast density is a common finding in women under the age of 50 (premenopau-
sal and perimenopausal) and in lean women with lower BMIs. Ethnic diversity
influences on breast tissue composition in female population. For example, the
breast tissue density is significantly higher in Italian women than in UK women
for the same size of breasts [17]. There are also differences in mammary gland
densities between Asian-Americans, African-Americans and Whites [18].
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A B

Figure 1 — (A), (B) Medio-lateral (obliqgue) mammograms of an individual female,
in which the image of breast density vary in the 3 years postmenopausal period of time.
The changes represent reduction of breast density (from A—B) or the trend
in the postmenopausal period is generally towards a less dense
(higher percentage of fat) breast tissue

Cimnka 1 — Megro-1arepatnm MaMorpaghnn Ha XEeHCKa HHAHBHAYA
BO MOCTMEHONAy3a HANPaBEHH BO 3-rOAHIICH BDEMEHCKH HHTEPBAJI, HA KOH IOCTOH
PA3IHKA BO [VCTHHATA (JEH3HTETOT) HA KIE€3eHOTO TKHBO. CHAMKHTE
Pe3eHTAPAAT PEAYKIH|a HA TYCTAHATA HA XAE3JeHOTO TKHBO (04 A—B)
HITH TPEHJFOT BO MOCTMEHONAy3a € KOH HAMAaJIyBarb€ Ha I'VCTAHATA
HAa JKIIE3JEHOTO TKHBO H 3T 0JIEMYBAF:E HA MPOLEHTOT HA MACHO TKHBO

In fact, most of the factors associated with the variability of the breast
tissue density still remain unexplained. The presence of dense breast tissue is an
independent risk factor for development of breast carcinoma.

The estimation of mammary gland density can be done by using differ-
rent methods. The methods of Wolfe [19] and a modification of this method
proposed by Tabar [20] are qualitative and based on perceptual judgement of
the diagnosticians of the breast morphology on Rx mammogram. There are
differences in their assignement of a region of parenchymal tissue to one of
Wolfe’s four classes.These methods are characterized with great heterogenity in
breast cancer risk estimations. The method established by the American College
of Radiologists-BIRADS (Breast Imaging and Reported Data System) used in
clinical radiology practice in USA is standardized reporting of visual asses-
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sment of mammographic findings. Also a classification described by Boyd et al.
(SCC) who developed a computer assisted technique of measuring percentage
mammographic densities is a method of quantitative assessment of percentage
breast density. [21, 22] table 1. Highnam and al. developed Standard Mammo-
gram Form as a quantitative measure of non-fat tissue at each location on digi-
tized mammogram image.This method effectively removes tube voltage and
exposure time which affect the appearance of the mammogram. [23]

Table 1 — Tab6emna 1

Classifications of mammographic density
Krnacugpukanmm Ha MaMOrpagpckata rycTaaa

Wolfe BI-RADS
Description Visual classification based Standardized reporting of visual
on the extent and distribution assessment of mammographic
of the parenchyma and fat findings by the American
College
of Radiology-BI-RADS
Categorization | NI- completely fatty breasts Category 1 — almost entirely
P1 — mainly fatty breasts with fatty (< 25% dense)
prominent ducts, up to 25% Category 2 — scattered fibroglan-
density dular densities (25-50% dense)
P2 — prominent ducts, more Category 3 — heterogeneosly
than 25% density dense (51-75 % dense)
DY — no visible ducts, diffuse Category 4 — extremely dense
and extensive nodular density (> 75 % dense)

BI-RADS, Breast Imaging Reporting and Data System
3. Assessment of the average glandular dose

The average glandular dose (AGD) or mean glandular dose ( MGD)
cannot be measured directly. It is estimated through the relationship- D = K45 %
gs3 X Cs3 X 8. Kys is the entrance surface air kerma (in the absense of scatter) for
4.5 cm thickness of Perspex (PMMA), while g is a conversion factor which
converts incident surface air kerma to glandular tissue dose, so gs; converts the
incident air kerma for 53 mm thick breasts. Factor c-corrects for any difference
in breast composition from 50% glandularity, or cs; is a conversion factor which
allows for the breast glandularity of the 53 mm thick standard breasts and factor
s-spectral correction factor, corrects for any difference due to the use of dif-
ferent x-ray spectrum. Measurements of the AGD can be obtained by the phan-
tom method and the patient method. The phantom method is based on the mea-
surement of reference breast phantom — 45 mm thick polymethyl-methacrylate
(PMMA) phantom which represents a standard breast 50 mm thick. The female
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breast has semicircular cross section, 0.5 cm outer layer composed of adipose
tissue and central area as an equal amount of glandular and adipose tissue.
However, the reference breast phantom was treated as a reasonable representa-
tion of an average female breast, but in clinical experience the proportion bet-
ween these tissue parameters is variable. Air kerma is radiation quantity that is
used to express the radiation concentration delivered to a point, like the entrance
surface of the patient’s body. The quantity, kerma, originate from the acronym
KERMA (kinetic energy released per unit mass-of air).

The entrance surface air kerma (ESAK) or the entrance surface dose is
measured free in air (without backscatter) at a point corresponding to the en-
trance surface of the phantom. For the ESAK measurements a mammogrphic
ion chamber or thermoluminescence dosimeters can be used. MGD is calculated
using the conversion factors derived from the Monte Carlo calculations. The
conversion factor g is dependent on HVL (Half Value Layer) of the spectra
estimated from the results of Monte Carlo simulation procedure as a computer
simulation of a model breast phantom. [24] The conversion factors were eva-
luated for the breast thickness ranging between 2—8 c¢m. For instance, it is consi-
dered that 4-6 cm of breast thickness corresponds to equal proportion of
glandular and adipose tissue. [25]

The patient method is more reliable because there are physiological
variables in breast tissue composition which have significant effects upon
dosimetry evaluation. In the patient method doses in real patients are estimated
for each breast by using the post-exposure mAs, tube voltage, and x-ray beam
quality specific tube output factor (mGy/mAs). A conversion between incident
air kerma and MGD is made on the basis of the conversion factors. A survey of
actual patient doses is needed to assess the characteristics of the population of
patients and the risk of radiation induced cancer. For this purpose previously
obtained data from a representative selection of patients can be used. The AGD
is higher in more dense breasts since they require more exposure to achieve
good radiologic image quality.

The use of the phantom method for the calculation of AGD results in
13% overestimation of dose values.The use of conversion factors related to
glandularity and compressed breast thickness reduce the error range to 1%. As a
result of aging and the decrease of the glandular breast tissue it would be neces-
sary to reduce the AGD at each screening survey, thus decreasing the radiation
risk.

The spectrum of glandular and adipose tissue breast composition data
for women of different age helps to prepare tables with conversion factors in
order to determine the optional AGD (average glandular dose). According to
these parameters over and underestimates of the AGD can be avoided.
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4. Conclusions

The aim of this presented review is to highlight the importance of
performing high quality mammograms using the lowest possible dose. The
implementation of quality standards in mammography screening is essential to
prevent causes for poor quality mammograms and to reduce morbidity and mor-
tality from breast cancer. It is necessary that all mammography centers should
be certified and controlled in order to follow the established guidelines while
performing mammography screening.
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Pe3snme

BOJEYKHU ITAPAMETPHU 3A BUCOKOKBAJIMTETEH
MAMOI'PA®CKHU CKPUHUHI'

MargeeBa H.,' Kopuern K.,! AnteBcka C.,” CrpaTtecka Al

"Hneruty T 3a anatomuja, Meduyuncku gaxynter,
Yuueepsurer, Cs. Kupun u Metoouj“, Cxonje, P. Makedonuja
’UncutyT 3a paduonoruja, YnueepsuTe TCKH KIHHIIKH HEHTAP
., Cé. Kupun u Metoouj “, Crxomje, P. Maxedonuja

Mawmorpadujara ¢ MeTox Ha U300p 3a PEOBEH KOHTPOJICH CKPUHHUHT Ha J10j-
KuTe, OMsIejku ce KapakTepusupa co rojieMa e(eKTHBHOCT BO PAHOTO OTKPUBAaHkE Ha
KapLMHOMOT Ha JOjKuTe. BucokokBanmnTeTHa Mamorpaduja 3Haud JieKa € IMOCTUTHAT
Hajro0ap KBaIUTET HA CHUMKUTE CO MHHUMAJIHO 3padele Ha TKMBOTO Ha JOjKara.
LlenTa Ha OBOj peBHjajJeH TPYJ € Ja T JeTepMHUHUpA (aKTOPUTE KOM ja perylupaar
MI'J] (cpennaTa rimaHynapHa J103a) cO LieJ Ja Ce MOCTHIHE MUHUMAIHO 3padyeme 0e3
Jla ce KOMIPOMHUTHPA KBAJMTETOT HA MaMorpadcknTe CHUMKH. 3a UMIUIEMEHTanrja Ha
CTaHAApIM HA KBAJIUTET BO MaMOrpa)CKHOT CKPHHHUHI C€ MNpenopadyBaaT CIeIHHBE
aKTHBHOCTH: TEXHOJIOIIKO MOAO0OpYyBame Ha OmpeMara BO MaMOrpad)CKUTE LEHTPH,
ONTUMAITHO KamuOpHpame Ha MUCTaTa BO OJHOC Ha AeOeNnHaTa Ha JIOjKUTE, KaKo U BO
OJTHOC Ha COCTABOT HAa TKWBOTO HA JOjKUTE (COOAHOCOT METy MacHOTO W KIJIE3JCHOTO
TKUBO), aJleKBaTHa NpOLIEHAa HAa CpeJHaTa JKJIe3/IeHa 1033, KaKO M OTCTpaHyBame Ha
MNPUYUHUTE 3a HEKBAJIUTCTHUTEC MaMOI’pad)CKI/I cauMku. OBue IpEenopaku CC HAMCHETH
32 MEIMIMHCKHOT IIePCOHAT BO PaJHOJIOIIKHTE M MaMOrpa)CKUTe LEHTPH, Kako U 3a
JIeKapuTe KOM BO KIMHHYKaTa Mpakca padoTar co MoIysaluja Ha )KeHH KOW IOJUIeXaT
Ha PENOBHM KOHTPOJHM Mamorpadcku nperiean. KoHTponata Ha KBaJUTETOT IMpH
CTaHIapIHUTE MaMoTrpad)CKy TperyieAn MOXKe 3HAYajHO J1a TO PeIynrupa MOPOUIUTETOT
1 MOPTAJIMTETOT OJ] KAPIMHOM Ha JIOjKUTE.

Kayunu 3060poBu: Mamorpadwuja, 103a Ha paadjalrja, KOHTPOJIa Ha KBAJTUTETOT.
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Table 1. Classifications of mammographic density

Wolfe BI-RADS
Description visual classification based | standardized reporting of
on the extent and visual assessment of
distribution of the mammographic findings
parenchyma and fat by the American College
of Radiology-BI-RADS
Categorization N1- completely fatty Category 1 — almost

breasts

P1 — mainly fatty breasts
with prominent ducts, up to
25% density P2 —
prominent ducts, more than
25% density DY —no
visible ducts, diffuse and
extensive nodular density

entirely fatty ( <25%
dense) Category 2 —
scattered fibroglandular
densities (25-50%
dense) Category 3 —
heterogeneosly dense
(51-75 % dense)
Category 4 — extremely
dense (> 75 % dense)

BI-RADS, Breast Imaging Reporting and Data System

Fig.1 (A), (B)

Medio-lateral (oblique) mammograms of an individual female, in which the

image of breast density vary in the 3 years postmenopausal period of time . The

changes represent reduction of breast density( from A—B ) or the trend in the

postmenopausal period is generally towards a less dense (higher percentage of

fat) breast tissue,
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