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Abstract

Background: A mammography examination facilitates the early detection of breast cancer. However, the potential
risk of radiation-induced carcinogenesis is also increased with such a procedure. Thus assessment of the breast dose
is important.

Objectives: The objectives of this study were to investigate the techniques currently used for diagnostic
mammography in Ethiopia, thereby to estimate the mean glandular dose (MGD) for Ethiopian women.

Materials and methods: A cross-sectional study was conducted on breast cancer patients between 40-64 years of
age having compressed breast thickness (CBT) greater than 2 cm. Five mammographic units and 386 women having a
total of 1463 mammograms were included in the study period from April 2011-February 2012 in Addis Ababa, Ethiopia.
The characteristics of the radiographic equipment and the exposure data of each patient were recorded using designed
format. The MGD was calculated from the measured Entrance Surface Air Kerma (ESAK) using appropriate conversion
coefficients. The obtained data were analyzed using statistical software.

Results: The range of CBT was 2.2-7.5 cm for CC mammograms with mean + SD of 4.24 + 1.1 cm and 2.3-8.0
cm in MLO projection with mean + SD of 4.64 + 1.1 cm. The average MGD per exposure was 2.57 + 2.1 mGy while the
respective averages separately for the CC and MLO projections were 2.58 + 2.2 mGy and 2.57 + 2.1 mGy, respectively.

Conclusion: The average MGD values recorded in this study were between the limiting value of the Institute
of Physical Sciences in Medicine (2.0 mGy) and American College of Radiology (3.0 mGy) recommendation. These
ensure that the mammography examination performed in Ethiopia was capable of achieving acceptable dose levels for

patient safety.
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Introduction

Breast cancer is the most common type of cancer among women
in the majority of the countries in the world and so it is in Ethiopia.
Breast cancer represents about 24% of all newly diagnosed cases
of cancer rate in Bulgaria and is the second reason for death from
oncological diseases [1]. In Israel this is somewhat lower, reaching 13.1
% among Jewish women [2]. X-ray mammography is the method of
choice for early detection of breast cancer. Although mammography
examination is associated with a verylow dose to the breast tissue there
exist some risk of cancer induction [3-5]. While there is a certain risk
of radiation-induced cancer associated with mammography, this risk
is considered acceptable compared to the expected benefits, especially
when modern equipment and techniques are used for minimising the
dose to the breast [3].

In any radiographic procedure, it is imperative that the radiation
doseisaslow as reasonably practicable, while maintaining an adequate
image quality. Thisis particularlyimportantin radiography of sensitive
organs such as breast and in screening programs where the exposed
population is showing no evidence of diseases. It is generally accepted
that the glandular tissue of breast is the most radiation-sensitive
tissue [5-12]. Therefore, the suggestion that the mean glandular dose
(MGD) is the most appropriate dosimetric quantity to predict the risk
of radiation-induced carcinogenesis has been widely accepted [7-9].
The MGD cannot be measured directly, but it can be calculated from
ESAK, and using appropriate conversion factors [1,2,5-18], apart from

few studies in which the ESD was directly measured using thermo
luminescent dosimeters (TLDs) positioned on the breast [19].

It should be stressed that, in the present literature, no study
regarding diagnostic mammography techniques and radiation dose
either in private or government hospitals/clinics in Ethiopia was
found. Such data are necessary to formulate recommendations to
minimize radiation doses without compromising the image quality,
and for the development of national reference doses as recommended
by the International Commission on Radiological Protection ICRP
[20]. Furthermore, no formal national screening programme has
been introduced in our country yet. The objectives of this study were
therefore: (1) to investigate the examination techniques currently
used both in public and private mammographic units in Ethiopia, (2)
to estimate the ESAK and MGD so as to establish a baseline radiation
dose database for Ethiopian women, (3) to analyse the effect of clinical
factors such as the age and technical factors such as tube potential
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(kV) and tube loading (mAs) on ESAK and MGD, and finally (4) to
compare the results with those of the recent literature.

Materials and Methods
Mammography equipment

In Ethiopia there are seven Mammography units recognized by
Ethiopian Radiation Authority. Out of which, six of them are found in
Addis Ababa the capital city of Ethiopia.

A total of five mammographic units were included in the study,
four of which were situated in private diagnostic units (private units
BZ, BH, KA and SI) and the remaining one unit government (BL).

Initially, a self administered questionnaire regarding the
mammography unit including manufacturer, model, focal spot size
(FSS, [mm)]), film type, cassette size, film processor make/model,
source image distance (SID, [mm]), Applied Mode of exposure
(AME), kVp and mAs range was prepared in English and distributed
to the radiographers working in the study mammography units.
The completed questionnaires were checked for completeness and
consistency and collected from respective mammography units.

All tube output (O/P) reproducibility , half value layer (HVL)
measurements, kVp accuracy and reproducibility were performed
with a new calibrated digital dosimeter (Mult-O-Meter Unfors, model
535L, Sweden) using exposures of 32 and 80 mAs for the range of kV
selections used in the clinical practice. The detector was positioned on
the breast support table midways along the direction perpendicular to
the anode-cathode axis at 4.8 cm from the image receptor holder, 6 cm
from the chest wall edge with the compression plate positioned half
way from the detector in place to account for the exposure reduction
and beam hardening introduced by the compression plate. The half
value layers (HVLs) of each mammography unit were measured for
kVp values (24 to 32 kVp with increment of 1 kV). To reduce the effects
of scattered radiation, the beam size was limited to the size of the
detector sensitive area using magnification slit. For measuring HVL;
high purity (99.9%) aluminium (Al) foils were used. The Al foils (0.2-
0.5 mm thick) were positioned on the compression device to intercept
the whole radiation field.

Patient data

This is a cross-sectional study conducted on breast patients
between 40-64 years of ages whose CBTs are greater than 2 cm. In
order to find sufficient data’s for specified ages and CBTs values a total
of 518 breast patients of all ages and all CBT values were selected from
all five mammography units including none-respondents.

Compressed breast thickness was measured on government unit
BL and private unit BH with a ruler and on private units KA, ST and
BZ by reading the displayed compressed thickness on the X-ray set
(Table 1). The accuracy of the displayed compressed breast thickness
was verified by applying a typical force to rigid material of known
thickness. ESAK without backscatter on patient’s skin was calculated
for each exposure by multiplying the tube loading and the measured
tube output for the relevant tube voltage with correction for the
distance to the patient’s skin surface. Before conducting the study, the
research project was ethically cleared by faculty of Medicine Institute
of Review Board (IRB). Ethical clearance and permission was also
obtained from the respective mammography units. All participants
were informed about the purpose of the study and confidentiality
of information. Finally, verbal consent was obtained from each
participant.

Estimation of MGD

The standard method of estimating the MGD dose on patients
undergoing mammography X-ray examinations is derived by Dance
[17] making use of entrance surface air kerma (ESAK) and tabulated
conversion factors.

MGD = ESAK gcs

where ESAK is the entrance surface air kerma (in the absence of
scatter) at the upper surface of the breast. The factor g corresponds
to the glandularity of 50%. The factor ¢ corrects for any difference
in composition from 50% glandularity, and the factor s corrects
for differences due to the choice of X-ray spectrum. The g and ¢
factors were interpolated for age groups, according to the breast
thickness, the HVL and the anode/filter combination used. For all
mammography units the mean, standard deviation, range of MGD
was calculated using (SPSS 16.0). Finally the results of calculated
ESAK and MGDs were compared with a similar study. A linear
regression analysis with the least squares method was used to
determine the correlation between compressed breast thicknesses
and ESAK values. Correlations of mAs and MGD were evaluated with
Pearson’s correlation coefficient. Comparisons of mean compressed
breast thicknesses, and MGD in different imaging projections were
performed using the Student’s t test. Bivariate analysis was applied
to explore association of explanatory variables with ESAK and MGD.
Level of statistical significance was set at P<0.05.

Result

Out of the 518 selected study subjects, 510 respondents gave valid
response, making the overall response rate for the study to be 98.5%.
From the distribution of the women examined according to their age
given in figure 1 it can be seen that about 52.2% of the patients were
within the age interval 40-49 which was one of the intervals for the age
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Figure 1: The distribution of women'’s age having mammography examination
during study period.
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Figure 2: The distribution of the CBT values during the study period.
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Figure 3: Association between mAs and MGD.

dependent conversion factors and 28.1% were between 50 and 64 years
old. The remaining 17.3% and 2.4% were for ages below and above 40
and 64 years of age respectively. The 17.3% part of the patients was in
the age interval in which it was considered that the breast contains
high glandular tissue having high density. This high density can make
mammograms more difficult to interpret and can thus lead to missed
diagnoses, as well as increased rates of false-positive findings. During
data collection a very wide range of CBT values resulted, whose
distribution is given in figure 2. In order to use Dance [17] conversion
factors for estimation of MGD, out of 510 breast patients a total of 124
breast patients of 466 mammograms whose CBT and ages were not
between (2 -11) cm and (40-64) years respectively were excluded. Each
of the remaining three hundred and eighty six (386) patients had a
diagnostic mammographic examination, which usually involved one
vertical view (craniocaudal, CC) and one oblique view (mediolateral
oblique, MLO) projection in each breast. In some occasions only one

projection on each breast was performed while in a few cases only one
breast was examined. The distribution of breast thickness was well
represented by a normal distribution as shown in figure 2.

All units use manual film processor with eye inspection method.
As shown in table 2, private SI was indeed the only unit where all
examinations included two CC and two MLO projections per
patient. The same value of tube voltage and mAs were used for both
CC and MLO projection in almost all mammography units except
KA unit. While in KA unit the kVp and mAs was adjusted using
automatic exposure control. Lowest kVp was observed at BZ and KA
mammography units with mean + SD of 26.1 + 0.6 and 26.5 £ 0.6
respectively, while the highest kVp was observed at BH with mean +
SD of 31.4 + 0.9. The mean * SD of kVp all units in the study period
were found to be 28.5 + 2.3 kVp. Overall, tube potentials of 26 kV and
30 kV were used in 23.9% and 21.4% of the mammograms acquired,
respectively.

As can be seen in table 3, the average MGD values for all
mammography units except BL unit were very similar. The lowest
mean * SD of MGD were observed both at SI and BZ with values of
1.4 £ 0.32 mGy and 1.46 *+ 0.45 mGy respectively, while the highest
was observed at BL with values of 6.59 + 0.75 mGy. Table 3 also shows
the calculated mean + SD of ESAK for all mammography units, with
values of 4.97 + 1.24 mGy for SI and 28.75 + 4.90 mGy for BL having
lowest and highest values in that order. The maximum to minimum
ratio of the average MGD recorded in the five units was 4.71. The
MGD to breast dose was found to vary from 0.23 mGy to 7.89 mGy,
with 16.5% of the dose above the upper limit of American College
of Radiology (ACR) recommendation established for the reference
medium-sized breast of 4.2 cm CBT, illustrating the need of strict
quality control.

In bivariate analysis kVp, mAs, CBT and HVL were statistically
associated with ESAK and MGD for all automatic, manual and
combined manual and automatic projections. However no statistical
association was found between age, ESAK and MGD for both manual
and combined manual and automatic projections.

Discussion

This is the first systematic dose survey in both private and public
mammography units in Ethiopia, in which no official national
protocol for screening programme still exists.

In this study (table 2) the results of the mean CBT for CC and
MLO films were 4.24 cm and 4.64 cm, respectively. CBT values for
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Figure 4: Entrance surface air kerma
compressed breast thickness(CBT, [cm]).
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Characteristics BL KA BZ BH Sl
Manufacturer Villa (Italy)/ Villa (Italy) Siemens Acoma x-ray Siemens
Model Melody Melody Mammoat 300 M48-6020 Mammoat 300
Screen HD50 Kodak MIN-R 2190 AD Mamo Fine Kodak Min-R AD Mamo Fine
Automatic Exposure Control No Yes Yes No No
Applied Mode of exposure Manual Automatic Manual Manual Manual
Source Image distance (mm) 650 650 650 480 650
Applied Anodeffilter type Mo/Mo Mo/Mo Mo/Mo Mo/Mo Mo/Mo
kVp range 20-35 20-35 23-35 22-35 23-35
mAs range 1-640 1-640 2-560 6-100 2-560
Table 1: Technical characteristics and radiographic parameters of X-ray mammography systems included in the study.
Mammography units  Nw* Nm**  |Age (y) Load (mAs) Tube (kv) CBT (cm)
(Mean % SD)
CcC MLO Total CcC MLO Total CcC MLO Total
BL |Mean +SD 81 298 491+ 6 186.5+12.9 [186.4+13 186.4+13 2943+1.1 294+11 294+11 48+09 |51+12 [49+11
KA Mean + SD 79 293 46.7+5.2 537+273 752+358 64+334 263+06 26.7+06 265+06 38+1.0 [459+11 42+11
BH Mean +SD 76 282 46.4+6.3 (19.3+4.38 19.1+45 19.2+47 314+09 314+09 314+09 49+10 485+1.1 [490+1.0
BZ |Mean +SD 82 318 49+56 76.4+20.1 759+19.9(76.14+20 26.1+0.6 26.1+0.6 26.1+06 42+09 47+09 44+09
Sl Mean + SD 68 272 4976 31.1+17  311+£17 [31.1+£17 296+1.8 [29.7+18 [29.7+18 3.6+09 39%1.1 3.7+£1.0
Al Mean = SD 386 1463 |48.1+6.3 74.9+621 |76.7+60.6 76.8+62.1 285+23 [286+23 285+23 42+11 46+1.1 44+11

Nw* is the number of women examined, Nm** is the resulting number of mammograms

Table 2: Patient information and exposure parameters for each participating units and for all units together, with mean + standard deviation and range values.

Mammography units ESAK (mGy) gXcxs MGD (mGy)

(Mean + SD) cc MLO Total cc MLO Total cc MLO Total

BL Mean + SD 28.58 +4.73 28.94+51 28.75+4.90 0.24+0.04 0.23+0.04 0.23+0.03 6.73+0.24 6.45+067 6.59+£0.75
KA Mean + SD 554 +3.21 8.31+4.22 6.86 +3.97 0.27 £ 0.05 0.24 +0.05 0.26 £ 0.06 1.39+0.63 1.92+0.88 1.64 £ 0.80
BH Mean + SD 53+ 1.55 52+ 1.53 5.26 + 1.54 0.32 £ 0.05 0.32 £ 0.05 0.32+0.32 [1.72+0.59 1.64+047 1.68+0.54
Bz Mean + SD 6.51 +2.39 6.47 +0.85 6.49 +2.34 0.24 £ 0.04 0.22 +0.03 0.23 +0.04 152+ 0.5 140 +04 1.46 £ 0.45
Sl Mean + SD 4,99 +1.27 4.96 +1.21 497 +1.24 0.29 +0.04 0.28 + 0.05 0.29 +0.05 143+032 |14 £0.32 1.4 +0.32
All Mean + SD 10.29 +£9.71 10.53+9.5 10.58 £9.75 0.29 + 0.06 0.26 +0.06 0.32+.048 258+219 257+21 257 +212

Table 3: The results of ESAK and MGD for each participating unit separately and for all units combined together.

CC and MLO films in the present study were somewhat less than the
values recorded by other [5]. The difference in CBT of 8.6% between
MLO and CC views is lower than that found 16% in Yazed [5] and
12.1% in Young et al. [12]. This may represent a real difference between
the populations, a difference in the compression force used, or a
difference in the breast thickness measurement technique [17]. In the
current study the greatest difference was found in KA, followed by BZ,
SI, BL and then BH, women with values of 17% (3.81 cm vs. 4.59 cm),
11.3% (4.18 cm vs. 4.71 cm), 7.7% (3.58 cm vs. 3.88 cm), 6.5% (4.77 cm
vs. 5.1 cm), and 1% (4.85 cm vs. 4.90 cm) respectively. These figures
indicate that the breast is thinner on the CC than the MLO view.

In our study (table 3), the mean MGD per film, in both views of
CC (2.58 £ 2.19 mGy) and MLO (2.57 + 2.1 mGy), for the mean CBT
of 4.24 + 1.06 and 4.64 + 1.12 cm, respectively, were significantly
(P<0.05) higher than those reported by [12] 1.96 mGy and 2.23 mGy
,[3] 1.2 £ 0.5and 1.5 £ 0.7 mGy, [5] 1.2 + 0.6 mGy and 1.63 £ 0.9, and
[9] 1.77 mSv and 1.88 mSv, [13] 2.0 mGy and 2.5 mGy [14] 1.54 mGy
and 1.82 mGy for CC and MLO views, respectively. From these values
it is obvious that the MGD is always lower in the CC than in MLO
projection. The inclusion of pectoral muscle in the MLO projection
(whose proper imaging is essential for the diagnosis) is denser than the
rest of the breast and causes an increase to the mAs and consequently
to the MGD. This increase, however, is variable, depending on what
part of the AEC chamber this muscle is covering. The result of our
study is in disagreement with others [3,5,9,12-14]. This is caused by

improper usage of exposure factors such as mAs and kVp for different
thickness as seen in the four mammography units (SI, BZ, BL and
BH).

The operation of a mammography unit requires an explicit choice
of the X-ray tube potential used to generate the image. LaVoy et al.
[11] shows increasing the kVp from 25 to 26 kVp reduces the mAs and
exposure times by about 25%, and reduces the MGD by about 10%.
However, as shown in table 2 and table 3, during manual selection of
parameters, in SI unit, it is observed that the same mAs and kVp were
selected for CC and MLO projection having a mAs of 31.12 + 1.66,
31.12 + 1.66 and kVp of 29.62 + 1.76, 29.74 + 1.84 respectively. As a
result MGD of 1.43 + 0.32 mGy and 1.36 + 0.32 mGy were observed for
CC(3.58 £0.93 cm) and MLO (3.88 + 1.05 cm) projection respectively.
Similarly in BZ reduced mAs and kVp were selected for larger breast
and vice versa having a mAs of 76.35 + 20.13 and 75.94 + 19.96, a kVp
0f26.08 £ 0.63 and 26.07 + 0.59 and MGD of 1.52 + 0.47 mGY and 1.40
+ 0.42 mGY were observed for CC(4.18 + 0.86 cm) and MLO (4.71 +
0.85 cm) projection respectively. Surprisingly higher mAs, kVp and
MGD were observed in BL unit with a mAs of 186.49 + 12.97 and
186.39 + 13.03 a kVp of 29.43 + 1.08 and 29.44 + 1.1 and MGD of 6.73
+ 0.24 mGy and 6.45 + 0.67 mGy for CC (4.77 £ 0.92 cm) and MLO
(5.1 £ 1.19 cm) projection respectively.

In contrast to the four mammography units (SI, BH, BL and BZ),
KA is using AEC. In this hospital a mAs of 53.74 + 27.31 and 75.24
+ 35.79, kVp of 26.33 + 0.57 and 26.74 + 0.62, and MGD of 1.39 +
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Characteristics, correlation and P-value |Manual Projection Automatic Projection Combined Manual and Automatic Projection
ESAK MGD ESAK MGD ESAK MGD
Age Pearson Correlation .051 .065 -.241 -.229 .048 .064
P-Value .088* .030* .000 .000 .066* .014*
mAs Pearson Correlation .941 919 .981 .938 .936 .907
P-Value .000 .000 .000 .000 .000 .000
KVp Pearson Correlation .109 146 505 ATT 212 .259
P-Value .000 .000 .000 .000 .000 .000
CBT Pearson Correlation .378 .240 657 414 .389 249
P-Value .000 .000 .000 .000 .000 .000
HVL Pearson Correlation -.201 -.145 482 467 -.102 -.037
P-Value .000 .000 .000 .000 .000 153

* Stands for the absence of statistical association

Table 4: Factors associated with Entrance Surface air Kerma(ESAK) and Mean Glandular Dose (MGD) using bivariate analysis.

0.63mGY and 1.92 + 0.88 mGy were observed for CC (3.81 + 0.98
cm) and MLO (4.59 + 1.05 cm) projection. This is in agreement with
all studies using AEC where the MGD for MLO is higher than CC
projection. In both manual and AEC beam selection mAs and MGD
were excellently correlated with values of R?=0.4817 and R?=0.8741
respectively (figure 4).

The average MGD found in this study (2.57 + 2.12 mGy) was
higher with the corresponding values found in the recent literature:
1.4 £ 0.6 mGy [3], 1.42 £ 0.8 mGy [5], but the average MGD in this
study were below the limit of 3 mGy established for the reference
medium-sized breast of 4.2 cm CBT. All mammography units except
BL mammography unit participating in this study fulfilled the
Quality Criteria Guidelines set by the European Commission in terms
of the MGD limiting value of 2 mGy given by the IPEM protocol [15]
and the European protocol [16] for standard CBT of 4.5 cm. However,
the variety of techniques that was observed during this study, namely
the different approaches concerning the setting of the tube potential
and mAs revealed the great need for the establishment of a national
protocol concerning diagnostic breast examination in Ethiopia.

As shown in table 4, in bivariate analysis kVp, mAs, CBT and HVL
were statistically associated with ESAK and MGD for all automatic,
manual and combined manual and automatic projections. However
no statistical association was found between age and ESAK and
MGD for both manual, automatic projections and for both combined
together. This is consistent with the previous finding [1,5,13]. In this
survey the correlation between ESAK and CBT found for manual
beam selection method (60%) was significantly (P<0.05) less than
automatic beam selection method (97.1%) (figure 3). The difference
can partly be explained by the fact that for the same breast thickness
there is variation of exposure factors application in manual beam
selection method. This substantial variation in the ESAK values for
the same CBT in different units can be connected to the fact that no
systematic periodical quality controls measurements are carried out
in all mammography units in Ethiopia.

Numerous studies showed that use of a rhodium (Rh) or tungsten
(W) anode tube with an Rh filter in thick or dense breasts provides
higher image quality, while resulting in significantly lower dose than
a Mo anode tube used with a Mo filter [1-5]. However although four
of the units have an alternative target material such as tungsten or
rhodium, these are still not used in Ethiopia.

A major determinant of image quality and average breast doses
was the type of film-screen combination used. In Ethiopia, because of
lack of mammography films, it is very difficult to choose the fastest or

slowest film-screen combination. The screen Kodak MIN-R 2190, HD,
AD mamo fine, Kodak Min-R, AD mamo fine were combined with
any type of green sensitive mammography films available in KA, BL,
BZ, BH and SI respectively. Because of the potential variation in speed
and contrast characteristics it is not recommended to mix screens
and films [20]. The results indicate urgent need to introduce annual
quality control checks to test image quality and routinely audit the
radiation dose to women undergoing diagnostic mammography in all
mammography units in Ethiopia.

There are many mean glandular dose affecting factors, and their
complex interrelations are difficult to control in clinical settings. Well
tailoring of kVp/anode/filter combination, selection of faster screens
and well matched films are mandatory, in reducing mean glandular
dose. However, tailoring of kVp/anode/filter, which should be based
on both breast thickness and composition, is difficult to achieve
accurately at all times using manual selection. Therefore, automatic
beam quality control should replace the manual mode in screen-film
mammography practice in order to provide easier and more effective
control on mean glandular dose.
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