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Abstract. All mammography units in the country, totaling fourteen  in number at the time, were evaluated on 
the basis of performance and practice to come up with useful data for summing up the mammography practice 
in Kenya.. The study was carried out by performing hands-on quality control tests on the units using 
internationally established protocols. Image quality and dose measurement data were generated in all the centers 
and clearly indicated that the practice of mammography, more so on optimization viewpoint is so much varied. 
A standard method was used to obtain these data by use of mammography accreditation phantom. Data from 
actual patients was also collected in three major centers in Nairobi. 
On the criteria used for evaluating phantom image quality, ten out of fourteen units did satisfy the set criterion. 
The average glandular dose was 2.79 mGy per cranio caudal (cc) view of the phantom and 3.27 mGy per cc 
view for the sampled patients.  The internationally recommended dose level for such a view is 3.0 mGy. One 
worrying observation made was that most units failed on one of the easiest test of mammographic unit 
assembly. Of most concern was the lack of technique charts for the practice detailing the imaging parameters 
being employed for the procedure. Most centers do not take the servicing of equipment seriously and others 
merely ignore even the crucial issues of equipment performance like the automatic exposure control and 
viewing conditions of the reporting areas.The results of this study calls for the setting up of a programme of 
optimization of radiological protection in mammography using the experience of other countries that have put in 
place quality assurance programs, setting and adoption of Dose Reference Levels (DRLs) as part of Quality 
Assurance (QA). This practice needs an effective quality control program which should start with the selection 
of appropriate equipment for mammography and the use of qualified personnel including the radiologist, 
radiographer and the medical physicist each of whom must participate actively in mammography Quality 
Control (QC). 
 
1. Introduction 
 
Medical imaging for diagnostic and therapeutic purposes in Kenya has been applied in many areas of 
specialization. The practice of mammography alone has evolved rapidly, particularly over the last 2 
years. Records from Radiation Protection Board (RPB), the national regulatory body on matters of 
radiation, put the number of mammography units in the country to be fourteen as at the time of this 
study (RPB, 2005). Further, the first documented mammography equipment to be put to use in Kenya 
was in 1990 (RPB, 2005). Currently, there are nineteen mammography units in Kenya, an increase of 
35.7% within two years after the completion of this study (RPB, 2007). This alone means that there is 
an upward trend in this practice.Mammography units available are sourced from various 
manufacturers and their acceptance performance tests are usually the responsibility of the owner. The 
Radiation Protection Act, cap 243 – Laws of Kenya, requires that each irradiating device brought into 
the country must comply with international standards and the imaging departments should maintain a 
quality assurance program of each imaging practice that uses ionizing radiation. This is however not 
the case in most departments and those that have theirs done are not recorded in the standard format 
that could be overseen by the regulatory authority or the imaging professionals. This study was 
carried out on all mammography equipments that are used for clinical purposes in the Kenyan 
hospitals (for both diagnosis and screening programmes) at the time. 
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Table 1: Mammographic units in use in Kenya, 2005. 
 

Model Manufacturer Number Centers 

Year of 
Installation 
(respectively) 

Senographe Senix HF 
600TS 

General Electric (GE) 
Medical Systems 2 A2 and B3 2001 & 2002 

Senographe Senix HF 
600T 

General Electric (GE) 
Medical Systems 1 A5 2000 

MammoDiagnost 3000 
Phillips Medical Systems 
International 3 

A1, B1 and 
A8 

1992,1994 & 
2002 

Senographe DMR General Electric CGR 2 A7 and D1 1990 & 1999 
Metatronica Flat Metaltronica SrL 1 A4 1994 

Siemens Mammomat 3 
Siemens Medical 
Systems Inc. 2 A3 and A6 2001 & 2003 

Mammomat 300 
Siemens Medical 
Systems Inc. 1 B2 2003 

Bennet MF-150 
Bennett X Ray 
Technologies 1 C1 2003 

Athena HF 
Fischer Imaging 
Corporation 1 A9 2001 

Total number of units =  14  
 
 
2. Methodology 
 
2.1 Materials and Methods 
 
The objective of this test was to assess mammographic image quality and to detect temporal changes 
in image quality. The standard mammographic phantom simulates a 4.2 cm compressed breast that is 
composed of 50% fatty tissues and 50% glandular tissue. It primarily consists of two components – a 
thick acrylic block and a thin, pink wax insert which contains six nylon fibers, five groups of 
aluminum oxide specks, and five masses. The European Protocol on dosimetry [1] was used in 
evaluation of doses in this study. Much has been said about doses in Chapter one and this section 
merely explains the method on how dose data was collected in this study. Measurements were carried 
out on patients as well as with a standard phantom using Thermoluminescent Dosimeters (TLDs). 
Average glandular dose (AGD) was determined from Entrance Surface Air Kerma (ESAK) using 
conversion factors as a function of measured Half Value Layer (HVL) in each unit. Calibrated 
Thermoluminescent dosimeters, a standard phantom of thickness 45 mm made of 
polymethylmethacrylate (PMMA).The x ray machine was set for cranio-caudal view, with the 
compression plate present and a loaded cassette in the bucky. The phantom was placed on the breast 
table with its longest edge aligned centrally with the chest wall edge of the table. It was ensured that 
the phantom covers the AEC detector. The TLD was centrally placed on the surface of the phantom 
facing the x ray tube at 60 mm from the chest wall edge. Exposure was made with parameters used 
clinically for a standard sized breast. The film density was verified that it was in the range 1.0 to 1.5. 
Three TLDs were used for each unit were read following standard procedures. 
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Table 2: ACR Physicist's QC Tests 

1. Mammographic unit assembly evaluation 

2. Collimation assessment 

3. Focal spot size measurement 

4. kVp accuracy & Reproducibility 

5. Beam quality assessment 

6. Automatic exposure control system performance assessment 

7. Uniformity of screen speed 

8. Breast entrance exposure and Average glandular dose 

9. Image quality evaluation 

10. Artifact evaluation 

 

 
2.2 Dose evaluation and assessment 
 
Patient dose is an important consideration in mammography. The dose is measured for several 
reasons: 1) to evaluate the risk to the patient. This is an important consideration when setting up 
screening programs in which large numbers of asymptomatic women will be examined and by which 
a benefit risk analysis should be performed;2)to compare competing imaging systems and techniques 
for mammography, such as different screen film combinations, digital imaging systems, 
xeroradiography or other new image receptors;3)to assess the performance of mammographic imaging 
equipment, both as part of the initial acceptance testing and during periodic quality control 
testing;4)to answer questions from the patient and from various physicians involved concerning dose; 
and5)to comply with regulations (such as those in the Radiation Protection Act, Cap 243) and 
guidelines related to mammography dose.  
 
Various dose parameters in use are the in-air exposure at the position of the entrance surface of the 
breast (denoted as Xa), the dose to the entrance surface of the breast (Ds), the dose to the mid-line of 
the breast (Dmid), and the mean dose to the glandular tissue of the breast (Dg). 
However, there are assumptions made in calculations to determine the Dg [2, 3] these are: 

a) The breast is firmly compressed, 
b) There is an outer layer of adipose tissue, not containing glandular tissue, that is roughly 0.5 

cm thick on the outer (upper and lower) surfaces of the breast, and  
c) There is a central portion of the breast tissue composed of a uniform mix of adipose and 

glandular tissue. This tissue is a mixture of 50% adipose tissue and 50% glandular tissue. 
Exposure measurements (Xa in roentgens) is converted to dose value (Ds in rad) by multiplying by the 
f-factor (exposure to absorbed dose conversion factor) in a given medium (m)  
 
Ds = Xa fm      ………… ………………………… (1) 
 
In the SI system of quantities and units, equation 1.1a would be: 
 
Ds = Ka fm      ………… ………………………… (2) 
 
where Ds is the absorbed dose in milligray, Ka is air kerma in milligray and fm is an air kerma to 
absorbed dose conversion factor in milligray per milligray air kerma for the material (m) of concern 
(e.g. adipose tissue, glandular tissue e.t.c.)       
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3. Results 
 
Performance of Mammographic Units 

For the number of tests listed in table 1 that were carried out on the fourteen mammographic units, the 
outcome on the basis of each unit on whether a certain criteria was satisfactory or otherwise is 
summarized in Table 3. A binary (i.e. Pass or Fail) approach has been adopted in description of unit 
performance. 

 

Figure 1 displays the overall performance of all the units against the quality control tests. It is rather 
easy to compute the unit’s performance in percentage while looking at this figure. For instance, unit 
A3 passed five out of the total nine tests and this could be quoted as 55.6% test performance. 
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Table 3: A summary of mammographic units performance on quality control tests

Mammo 
Unit QC Tests 

 

Mammo  
unit assembly 
evaluation 

Collimation 
assessment 

Focal spot 
performance 

kVp 
 accuracy & 
Reproducibility 

Half 
Value 
Layer 

Radiation 
Output 
Rate 

Automatic 
exposure 
control 
system 

Image quality 
evaluation: 
Phantom test 

Average 
Glandular Dose 

A1 F F P P P P P P P 

A2 F P P P P P F P P 

A3 F F P F P P P F P 

A4 P P P P P F P P P 

A5 P P P P F P P F F 

A6 F P P F F P P P F 

A7 F F P F F F P F F 

A8 P P P P F F P P F 

A9 F P P P F P P P F 

B1 F F P F P P F P P 

B2 P P P P P P P F P 

B3 P P P P F P P P P 

C1 F F P F P P P P P 

D1 F F F F P P F P P 

 

Key: 

“F” means that the unit failed to satisfy the performance criteria set by the protocol used for evaluation, otherwise, the system passed and hence denoted by 

“P”.  
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Figure 1: Overall performance of mammographic units in Kenya after undergoing quality 
control tests 
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It was also found practical that each test is worth being mentioned because each one does contribute 
to the success of mammography practice either as an individual parameter or combination with other 
aspects in the mammographic chain. Figure 2 therefore identifies the test that became predominant 
among the mammographic units.  For instance, the test on evaluation on mammographic unit 
assembly had an occurrence of nine out of fourteen times.  
 
Figure 2: Rate of failures identified after the QC tests 
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Table 4: Results of the Average Points, ESAK, Age, Breast thickness and Average Glandular 
Dose (AGD) of fifteen patients in Centers A1, A2 and A3. 
 

Center Age of 
Patients 
(years) 

Image Quality 
Points (as per 
EC protocol) 

Compressed 
breast 
thickness 
(cm) 

mAs ESAK 
(mGy) 

AGD 
(mGy) 

A1 47.8±9.2 29.6±2.9 3.9±0.7 20.0±5.8 9.0±2.7 3.0±0.7 

A2 45.3±9.3 34.8±2.1 3.5±0.6 19.4±3.1 5.2±1.3 1.9±0.4 

A3 46.3±8.5 28.3±3.0 3.3±0.8 22.0±3.7 10.7±1.7 4.9±1.4 

 
The same table, further, image quality assessment on all the units based on the American College of 
Radiology [4] gave remarkable results as shown in Table 3. In calculated values of the average 
glandular dose in mGy have been included. It should however be noted that 40 mm PMMA slabs, 
equivalent to a standard breast, were used together with TLDs. The readings and the exposure 
parameters were then used in calculations to come up with the AGD. As described in chapter one, the 
AGD for phantoms similar to the standard breast used currently have been measured [2, 3] and 
calculated using Monte Carlo techniques [5, 6]. 
 
Table 5: Optical densities measured at the geometric centers of the phantom image and the 
density difference between the 4 mm disk attached to the phantom disk and the phantom image 
area.  
 

Center 

Quality Points 
(as per ACR 
protocol) 

Background 
image OD DD HVL AGD (mGy) 

A1 13 1.32 0.10 0.328 2.36 
A2 10 1.50 0.50 0.319 2.50 
A3 07 1.44 0.50    0.370 3.08 
A4 10 1.41 0.40 0.375 2.76 
A5 9 1.39 0.39 0.462 4.12 
A6 10 1.45 0.50 0.450 3.60 
A7 09 1.10 0.30 0.447 3.13 
A8 14 1.51 0.60 0.413 3.17 
A9 13 1.52 0.50 0.448 2.86 
B1 12 1.76 0.50 0.385 2.80 
B2 09 1.37 0.30 0.382 2.16 
B3 10 1.43 0.37 0.292 1.56 
C1 12 1.44 0.80 0.357 2.97 
D1 11 1.49 0.63 0.336 2.01 
Parameters used: mAs = 50, kVp = 28, 45 mm of PMMA 
OD – Optical density 
DD - Density difference between 4.0 mm acrylic disk and background surface OD 

 
 
Each view box that is normally used for mammography image interpretation in all centers had their 
lights turned on at least thirty minutes before taking measurements and the results are as tabulated in 
table 6 below. Room illuminance measurements are also included. 
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Table 6: Data for View box luminance and room illuminance where mammograms are read in 
all the centers 
 

Center 
View box Luminance 
(cd/m2

 ) 
Room Illuminance 
(lux)  

A1 2200 60 
A2 1900 70 
A3 2500 65 
A4 3200 49 
A5 2300 66 
A6 2100 59 
A7 2600 57 
A8 2700 65 
A9 2600 65 
B1 2600 79 
B2 3600 50 
B3 2700 55 
C1 2300 62 
D1 2100 59 

 
 

4. Conclusions 
 
The dose data obtained by the use of a phantom in a systematic way in all the units therefore gives 
weight to the possibility of coming up with representative values for national DRLs. This is warranted 
by the fact that the study was undertaken in all centers undertaking mammography at the time. The 
dose value for the third quartile from our data is 3.12 mGy per cranio caudal view examination. This 
value is above the international recommendation of 3.0 mGy. This in itself imply that the dose levels 
in mammography practice in Kenya are quite high and urgent measures have to be put in place to 
ensure that the internationally recommended level is not exceeded in anyway. A reason why this is so 
has been pointed out in chapter five where the alarming variations on performance of units and lack of 
a systematic quality assurance protocol contribute to such high doses. Unless the practice is optimized 
and the dose values are reduced, setting of a national DRL will be in vain. However, based on the 
results of this study, the DRL value may be set to be equal to 2.8 mGy on a cranio caudal view of a 
unit operating on maximum acceptable conditions. This has been arrived at by recognizing that the 
mean dose is approximately 2.79 mGy and nine out of the fourteen units had their AGDs below 3.0 
mGy.  
 
Further, the average glandular dose from the forty five patients involved in this study was 3.27 mGy 
per CC view. It is easy to recognize that the three centers where dose measurements were done are 
actually in the capital city and the patient workload is high as compared to other centers. Furthermore, 
these centers attract various classes of patients i.e. middle class patients could go for mammography 
services at center A1, a public referral hospital and others could easily seek these services at centers 
A2 and A3 which are revered to be affordable and acceptable to all. The set DRL level of 2.8 mGy per 
CC view is achievable with a reasonably optimized procedure without necessarily implying optimum 
performance. The use of reference levels as a quality assurance tool should be adopted in 
mammography. Studies documented by NCRP [7] show that the benefits of mammography are 
greater than the risks. Therefore, it is generally better to optimize image quality in preference to 
radiation dose as long as the average glandular dose is within the recommended range. This might 
then mean that the ratio of detection rate to the induction rate should be maximized. Good image 
quality is essential for the success of the breast screening programme. Optimization of image quality 
should be geared towards improvement of the detection of abnormal breast pathology.  
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5. Recommendations 
 
There should a better way of sampling and analysis should be done to enable coming up with 
representative data. There is, as yet, no accepted way of setting DRLs. It has been a common practice 
to have a third quartile of dose distribution data from national surveys to set DRLs. This usually forms 
the National DRLs. It is encouraged to establish local DRLs lower than the national figures. The use 
of phantoms to derive DRLs is acceptable in such a study where a reproducible mode of data 
collection was employed. There should be independent testers designated as medical physicists to 
perform quality control tests for the equipment users. These testers must be accredited by a duly 
recognized body of professionals (preferably of their career i.e. medical physics). Large institutions 
should be capable of employing full time medical physicist (s) to take care of the radiology 
department and may infact form an independent medical physics department to cater for the whole 
spectrum of practices where ionizing radiation is used.  
 
An effective quality control program should start with the selection of appropriate equipment for 
mammography and the use of qualified personnel including the radiologist, radiographer and the 
medical physicist each of whom must participate actively in mammography QC.The roles of each 
party should be defined exhaustively. The radiologist should oversee, monitor and motivate the QC 
program at each mammographic site. The radiographer should perform the regular technologist QC 
tests consistently and learn to identify minor changes that may occur. A medical physicist should 
perform acceptance testing of new mammographic equipment, perform annual inspection surveys, and 
review the site’s ongoing QC program and records. Specific equipment standards and imaging 
techniques should be adopted by the radiology community to optimize image quality at an acceptably 
low radiation dose. These standards should be tailored to agree on the target and filtration materials, 
filtration thicknesses, kilovolt peak settings, and criteria for grid use for each breast thickness and 
composition.Specific quality control standards must be adopted and applied be every mammography 
center.  
 
A c k n o w l e d g e m e n t s  
 
T h e  a u t h o r  w i s h e s  t o  t h a n k  t h e  M i n i s t r y  o f  H e a l t h ,  K e n y a  
f o r  p e r m i t t i n g  t h e  u s e  o f  i t s  f a c i l i t i e s .   
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