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ABSTRACT 

 

The radiation dose delivered to patients undergoing mammography examination is 

of utmost importance because of the risk of cancer induction due to the process. In 

this work, we analyze the dose to 109 patients (214 images) who underwent 

mammographic examinations with a full-field digital mammography (FFDM) 

system. Quality control assessment was first performed using the International 

Atomic Energy Agency (IAEA) Human Health Series 2 and 17 protocol and the 

European guidelines for quality assurance in breast cancer screening and 

diagnosis. The results from the quality control test performed indicates that the 

system is functioning well. The mean glandular dose of patients analyzed shows 

that 23 out of 109 patients received averaged doses higher than the acceptable 

level at the same equivalent breast thickness of a phantom. The mammography 

system at the department is recommended for continuous use for imaging and 

screening of patients. 

Keywords: Mammography, Mean Glandular Dose, Quality Control, Short Term 

Automatic Exposure Control  

 

I. INTRODUCTION 

 

Mammography is an important non-invasive medical 

imaging technique with unparalleled advantages for 

the detection of breast abnormalities including breast 

cancer [1]. It’s main impact is the most common 

radiologic examination that directly reduces mortality 

from disease [2]. However, the potential risk of 

radiation-induced carcinogenesis is also increased 

with such diagnosis, thus making the assessment of 

breast dose very important [3]. The estimation of the 

absorbed dose to the breast is an important part of the 

quality control of the mammographic examination 

because there is a small but significant risk of 

radiation induced carcinogenesis associated with it [4, 

5]. Knowledge of breast dose is essential for the design 

and performance assessment of the mammographic 

imaging systems. It also helps to optimise both 
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equipment and technique so that the desired image 

quality is obtained at the lowest possible dose. 

Breast dose can be estimated on the basis of 

measurements on patients or phantoms. Phantoms 

measurements are well suited to quality control and 

inter-system comparison. It can form the basis for 

dose – surveys [6, 7]. 

 

The quantity mostly used in determining the amount 

of radiation deposited in the breast is the Mean 

Glandular Dose (MDG). It is defined as the average 

dose to the glandular tissue of the breast and it is the 

most appropriate dosimetric quantity used to predict 

the risk of carcinogenesis [8]. Because it is difficult to 

measure the mean glandular dose to the breast 

directly and it is usual to employ conversion factors, 

which relate the incident air kerma to this dose. Such 

factors have been measured by some authors [9,10] 

and have been calculated by others using Monte Carlo 

techniques. Modern mammography equipment after 

exposure display the mean glandular dose and this can 

be used for dose surveys.  

 

II.  METHODS AND MATERIAL 

 

The study was performed on a “Fujifilm – Amulet f”  

full field digital mammography equipment with 

Source – Image distance of 650 mm, a target – filter 

combination of Tungsten – Rhodium, kVp range of 

(23 – 35) kVp and mAs range of (2 – 600) at the 

Radiology Department of the Greater Accra Regional 

Hospital in Accra, Ghana. A calibrated Piranha 

Quality Control device connected to a laptop with 

‘Ocean 2014’ software was used to collect data for 

various measurements. Patient data collected was 

recorded and analysed in Microsoft Excel.  

Quality control test performed on the mammography 

system included Output repeatability & Linearity, 

kVp Accuracy & repeatability and Short Term 

Exposure control. Set-up for quality control 

measurement is presented in figure 1.  

 
Figure 1 – Set-up for quality control measurement 

 

The Patient’s survey was done retrospectively with 

data from patients who had undergone a 

mammography examination at the department.  

 

 

III. RESULTS AND DISCUSSION  

 

Results from performed quality control test and were 

compared with International Atomic Energy Agency 

Human Health Series 2 and 17 [11,12] protocol and 

the European Quality Control of Physical and 

Technical Aspects of Mammography Screening 

respectively [13]. Results of the X-ray equipment test 

are presented in Table 1. Results for kVp accuracy & 

repeatability, Output repeatability, Output Linearity 

and Short term Automatic Exposure Control (AEC) 

are presented. Results from the kVp test show that 

the set kVp is accurate and repeatable. Results from 

the Output test shows that the repeatability of the air 

kerma for a given mAs and the linearity with the mAs 

is consistent. Results from the AEC test shows that 

the system has the ability to image a clinically 

expected breast thickness and ensures that there is 

adequate penetration of radiation.  
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Table 1 – Results of kVp Accuracy & repeatability, 

Output repeatability & Linearity and Short term AEC 

 

QUALITY CONTROL 

TEST 

(Tolerance)* 

RESULTS COMMENTS 

(PASS/FAIL) 

kVp accuracy (±5%)  0.50% Pass 

kVp 

repeatability 

at 28% 

Difference 

≤ 5% 

0.39% Pass 

(COV≤5%) 0.21% Pass 

Output 

repeatability  

Difference 

≤ 5% 

0.07% Pass 

(COV≤5%) 0.07% Pass 

Output 

linearity 

Max L1 (< 

± 10%) 

-0.06%  Pass 

Max L2 (< 

± 10%) 

-0.23% Pass 

Short term Automatic 

Exposure Control  (≤5%) 

2.76 Pass 

*[14] 

 

Patient survey 

 

Data from 109 patients (214 images) who underwent 

mammographic examinations with a full-field digital 

mammography (FFDM) system between January 2017 

and April 2018 were analysed. 107 patients 

underwent imaging of both breasts i.e two views for 

each breast whiles 2 patients underwent imaging of 

one breast. The average dose received by the left and 

right breast was 3.83 mGy and 3.62 mGy respectively. 

The maximum and minimum dose recorded were 

12.67 mGy and 1.67 mGy for the left breast and 10.08 

mGy and 1.65 mGy for the right breast. Mean of total 

dose received by both breast was 3.65 mGy with a 

range of (1.69 – 10.18) mGy. Average kVp for all data 

analysed was 28.41 kVp with a minimum and 

maximum values of 26 kVp and 30.5 kVp.  

 

 

 

Age distribution of patients 

 

The ages of the patients are presented in figure 2. It 

shows that the age group of 51 - 55 years recorded the 

highest frequency representing ~34 % of cases 

surveyed whiles the age group of 66 – 70 years 

recorded the lowest number of patients representing 

2.75 % of reported cases. No cases were recorded for 

patients below 30 years and above 71 years. No males 

were recorded in this study.   

 

Breast thickness and kVp assessment 

 

A graph of average compressed breast thickness 

plotted against average kVp showed that as the 

thickness of the compressed breast increased, the 

voltage required to give the desired image also 

increased. This is presented in figure 3. This conforms 

well to literature.   

 

Mean glandular dose (MGD) Simulated Patient vrs 

Recorded Patient measurement 

 

From the compressed breast thickness and mean 

glandular dose recorded, the total dose received by 

the patient was computed.  

 

The breast was then simulated using the average 

breast thickness of the patient. The mean glandular 

dose corresponding to the simulated patient thickness 

was then computed. A graph to compare of average 

dose received by the patient (Avg-D) and Acceptable 

dose (ACC) at an average thickness of the breast was 

plotted (figure )4. The mean glandular dose of 

patients analysed showed that 23 patients 

representing approximately 21% of 109 patients 

received averaged doses higher than the acceptable 

level at the same equivalent breast thickness. 
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Figure 2 – Age distribution of patients 

 
Figure 3: A graph of average compressed breast thickness with kVp 

 
Figure 4: Comparism of average dose received by patient (Avg-D) and Acceptable dose (ACC) at average 

thickness of breast 

0

5

10

15

20

25

30

35

40

31 - 35 36 - 40 41 - 45 46 - 50 51 - 55 56 - 60 61 - 65 66 - 70

N
u

m
b

er
 o

f 
p

at
ie

n
ts

Age Groups (years)

0

10

20

30

40

50

60

70

80

25 26 27 28 29 30 31

A
ve

ra
ge

 C
o

m
p

re
ss

ed
 B

re
as

t 
th

ic
kn

es
s 

(c
m

)

Average kVp

0

1

2

3

4

5

6

7

2
2

2
6

.5
2

8
.5

2
9

.5 3
1

3
2

3
2

.5 3
3

3
5

3
5

3
5

.5 3
6

3
6

.5
3

7
.5 3
9

3
9

.5 4
1

4
1

4
2

.5
4

2
.5 4
4

4
5

4
6

4
6

.5
4

6
.5 4
7

4
7

4
7

.5 4
8

4
8

.5 5
0

5
0

.5 5
1

5
1

5
1

.5 5
2

5
2

.5 5
3

5
3

.5 5
4

5
4

.5 5
5

5
6

5
6

.5 6
0

6
0

6
2

.5 6
3

6
4

.5 6
5

6
5

.5
6

6
.5 6
8

7
0

A
v
g
-D

, 
A

C
C

Avg - D ACC

http://www.ijsrst.com/


International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 8 | Issue 1 

Edem Sosu et al Int J Sci Res Sci & Technol. January-February-2021; 8 (1) : 243-248 

 

 

 

 

 
247 

IV. CONCLUSION 

 

Mean Glandular Dose (MGD) values for typical breast, 

simulated by the homogenous PMMA have been 

estimated. The PMMA slabs from 2.0 cm to 7.0 cm 

thick are equivalent to the typical breast from 2.1 cm 

to 9.0 cm thick. The percentage difference between 

the estimated (calculated) dose and the console 

(patient) displayed dose was within the acceptable 

level of 50% as it is shown in Table 7. The doses 

displayed with the exception of the 9.00cm phantom 

compares well with international limits. Quality 

control and image quality analysis performed on the 

system indicates that the Fujifilm – Amuletf  full field 

digital mammography x-ray equipment at the Greater 

Accra Regional Hospital, Accra – Ghana is 

functioning under optimized conditions. It is 

therefore recommended for further diagnosis.A 

conclusion might elaborate on the importance of the 

work or suggest applications and extensions. Authors 

are strongly encouraged not to call out multiple 

figures or tables in the conclusion—these should be 

referenced in the body of the paper. 
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