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ABSTRACT

Introduction: Breast imaging techniques, like Full-Field Digital Mammography (FFDM) and Digital Breast Tomo-
synthesis (DBT), play a crucial role in early breast diagnosis. To ensure high-quality images and patient comfort 
during mammography, an optimum thickness of breast compression is essential. This study delves into how different 
compression thickness affect the Average Glandular Dose (AGD) and image quality in FFDM and DBT. Materials 
and methods: In this work, a breast phantom is fabricated using gelatine to mimic human breast tissue. Optical den-
sity (OD), signal-to-noise ratio (SNR), and AGD in the phantom were measured involving a range of compression 
thicknesses, from 31 to 40 mm. ImageJ and RadiAnt DICOM Viewer software were employed to quantify OD and 
SNR and compared unprocessed digital images obtained from FFDM and DBT. Results: The findings revealed the 
optimal compression thickness for achieving both the desired absorbed dose and high image quality. For FFDM, 
an ideal point is 35 mm, which results in an AGD of 1.83 mGy and an SNR of 10.61. In the case of DBT, the ideal 
compression thickness is about 33.8 mm, leading to an AGD of 4.76 mGy and SNR of 13.47. To attain a suitable 
balance between OD and SNR, we recommend breast thicknesses of 36.8 mm for FFDM and 37.3 mm for DBT. 
Conclusion: The findings offer valuable insights for further validating mammography parameters in order to strike 
a balance between AGD and image quality during breast scans, improving patients’ comfort while maximizing the 
effectiveness of the scan. 
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INTRODUCTION

Mammography is the preliminary imaging modality 
specifically designed for the early detection and 
diagnosis of breast cancer. It utilizes low-dose x-rays to 
create detailed images of the breast tissue.  Mammograms 
play a vital role in the detection of breast abnormalities, 
including tumors and microcalcifications, often long 
before they can be felt by touch.  Breast compression 
is an integral part of the mammography process. 
During a mammogram, the breast is gently but firmly 
compressed between two plates to spread out the 
breast tissue evenly. This compression serves several 
important purposes: it ensures uniform thickness of 
the breast tissue, reduces motion blur, enhances image 
quality by minimizing scatter radiation, and decreases 

the radiation dose required for imaging. While breast 
compression may cause temporary discomfort for some 
patients, its benefits in terms of image quality and 
diagnostic accuracy are well-established, making it an 
essential aspect of mammography examinations. A well-
compressed breast requires  sufficient AGD to achieve 
diagnostic-quality images [1].  AGD is a dose metric used 
in mammography that represents the average radiation 
dose absorbed by the glandular tissue of the breast during 
a mammographic examination. Maintaining optimal 
image quality in mammography requires keeping the 
Average Glandular Dose (AGD) as low as reasonably 
achievable.  Guidelines from the International Atomic 
Energy Agency (IAEA) emphasize the importance of AGD 
optimization, highlighting proper breast compression 
and technique selection to achieve high-quality images 
with minimal radiation exposure [2-4]. Image quality 
in mammography is influenced by several factors, 
including breast compression, dose, imaging equipment, 
and processing techniques [5]. High image quality is 
essential for the accurate diagnosis and detection of 
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breast abnormalities. Previous study has shown that 
geometric unsharpness and loss of contrast resolution 
is greater when breast is compressed in mediolateral 
oblique view (thicker) compared to craniocaudal view 
[6].   Other research also stated that if high compression 
applied to breast during mammography, this may reduce 
its sensitivity and vice versa if the pressure is low, it may 
decrease specificity to identify abnormality [7].  Hence, 
breast compression, average glandular dose, and image 
quality are interconnected factors that play a vital role 
in mammography.  

In assisting a breast scanning protocol, it must also be 
accommodated with physical phantoms are used to 
the evaluation of 2D and 3D breast imaging. Currently, 
available physical phantoms have limitations including 
unrealistic uniform background structure, large expense, 
or excessive fabrication time [8].  Prototyping via 3D 
printing of realistic physical breast phantom is also 
costly and was based on human subject data which 
intended to replicate the anatomical structure of actual 
breasts [9]. This restricts accessibility to the related 
material, hindered research opportunities, increased 
research costs, exacerbated healthcare inequalities and 
impaired training and education in breast imaging.  Due 
to the limited variety of available materials, it becomes 
challenging to incorporate additional breast assemblies, 
such as lesions and microcalcifications. The purpose 
of this study is to fabricate a feasible breast phantom 
that can be used for validating FFDM and DBT imaging 
systems in assessing AGD and image quality. The method 
employs common, low-cost domestic items to generate 
an artificial breast phantom with minimal effort. Most of 
the phantom materials consist of a gelatin solution filled 
in a balloon with psyllium husk serving as a scatterer 
to generate a background resembling the human breast 
glandular soft tissue. A small, oval-shaped dried fruit 
preservative seed has been selected as the target.  

It is crucial to expose patients to a minimal dose of 
radiation in mammograms with optimized quality 
images to avoid any adverse effects and to prevent the 
need for repeated mammogram screening examinations. 
So, this study will provide a reference guideline of patient 
breast compression during mammography examination 
in estimating a acceptable AGD and optimized quality 
image for early detection.

MATERIALS AND METHODS 

Sample preparation
A phantom mimicking breast tissue was made using 
affordable and common materials, as detailed in 
Table I. Some materials and method used to construct 
this phantom were based on prior researches [10-
11]. To fabricate our synthetic breast phantom,  a few 
modifications were made to the formula to simulate the 
breast's epidermis, fat, fibro glandular, and cancerous 
tissues.  In a previous study, the preservative DOWICIL 

was employed to prevent phantom spoilage and facilitate 
the assessment of phantom properties over an extended 
duration. However, its absence in this study is attributed 
to challenges in sourcing the material, prompting the 
creation of the phantom on-demand rather than storing 
it for an extended period.  Gelatine was used in this 
study to resemble fibroglandular breast tissue. 

Table I: List of materials used for the fabrication of the 
breast phantom. 

Materials Function Quantity

Balloon
Elastic outer layer, served as 

epidermis of breast skin
1 piece

Gelatine powder 
(diluted)

Having similar characteristics 
of breast tissue/

25 g

Distilled water To dilute and mix gelatine 200 ml

Psyllium husk

Similar texture as 
microcalcifications and to 
provide real breast tissue 

composition

1 tablespoon

Dried fruit 
preservative seed

Masses for tumour/abnormal 
tissue

3 pieces

The diluted mixture of gelatine powder was stirred well 
and kept at room temperature for 20 minutes. It was 
then heated in a microwave for 1 minute to incorporate 
with the dried fruit preservative seeds inside an empty 
balloon. This procedure is very important to eliminate 
air bubbles or clumped gelatine.   Finely crushed 
psyllium husk was poured into the balloon before the 
gelatine mixture was added. The balloon was kept in 
a chiller overnight to set.  The phantom’s composition 
in Hounsfield Unit (HU) values was compared to the 
human breast tissue using region of interest (ROI) 
selection tools in RadiAnt DICOM Viewer software 
enabling the quantitative assessment of the fabricated 
phantom.

Assessment of AGD and image quality of breast imaging 
using FFDM and DBT machine
Digital Breast Tomosynthesis mammography system 
(Hologic 3Dimensions, Piraeus, Greece) is used with a 
constant tube voltage and anode/filter combination of 
tungsten (W)-Rhodium (Rh) for both systems equipped by 
the machine (FFDM and DBT).   The automatic exposure 
control was set to deliver a dose approximately twice 
that of conventional digital mammography. Images were 
then reconstructed using a "filtered back projection" 
algorithm optimised for breast tomosynthesis.  For this 
work, a paddle size of 18 x 24 cm was used, and the 
image produced after exposure is being processed 
digitally. An FFDM detector has a high Detective 
Quantum Efficiency, DQE direct-converting amorphous 
selenium (a-Se) flat panel with an array of 2816 x 3584 
pixels, an 85 m pixel pitch, an active area of 23.9 cm 
x 30.5 cm, and high-speed, low-noise digital images.  
Source-to-Image Distance (SID) was kept at 70 cm 
and R-CC acquisition view.  The breast phantom was 
placed on the paddle and compressed at a certain range 
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(40 – 31 mm) prior to the exposure.  AGD values were 
then displayed instantaneously on the digital screen for 
each exposure by taken into account the calculation 
of entrance skin dose (ESD). This formalism was also 
based on simple breast models and originally provided 
factors only for cranio-caudal projections and standard 
Molybdenum (Mo) x-ray spectra.  

Estimating AGD was used according to the Dance 
method [12] derived by the DICOM header of the 
image. For the image quality assessment, same ROI 
was created in all images to evaluate for their mean 
signal values, optical density (OD) and signal-to-noise 
(SNR) ratio.  The images were analysed using RadiAnt 
DICOM Viewer and ImageJ free software available 
commercially.  The calibration steps of ImageJ were 
done according to manufacturer’s recommendation 
to allow conversion of pixel values to optical density 
values and obtained a calibration curve.  While SNR 
evaluation was performed using RadiAnt DICOM 
Viewer to allow for the measurement of the mean signal 
values of the ROI and background.  Readings were taken 
3 times to minimise error for all exposures.  Polynomial 
curves were then plotted using commercial Microsoft 
Excel workspace.

RESULTS 

Evaluation of fabricated breast phantom 
The gelatine-based phantom has a mass density of about 
1.0 g/cm3 [13], which is close to the average density of 
a real human breast, which is 0.95 g/cm3 based on 99 
studies of women between the ages of 18 and 90 [14].  
In this work, the phantom's breast tissue model has a 
mean value of 24 HU, which is close to the HU range of 
fibroglandular tissue (40 HU) than that of adipose tissue 
(-100 HU). HU values indicate that the composition 
of the gelatine-psyllium husk resembles fibroglandular 
tissue, which is consistent with the expected properties 
of human breast tissue [15]. To create a realistic contrast 
with the background, the HU values of specific breast 
phantom components, such as tumours or abnormal 
formations, must be determined. For the purposes of this 
study, the average number of tumours in the phantom is 
45 HU, which should generate a realistic contrast when 
compared to the values of the background [16].

Average Glandular Dose (AGD), SNR and OD 
assessment
Figure 1 shows the relationship between AGD and 
SNR values against compression thickness resulted 
from the experiment using FFDM setting.  The optimal 
compression thickness which was compensated for both 
AGD and SNR was found to be 35 mm taken as the 
point of interception of both parameters.  While Figure 

Figure 1: Relationship between breast phantom thickness, Average 
Glandular Dose (AGD), and Signal-to-Noise Ratio (SNR) for FFDM 
scan.

Figure 2:  Relationship between breast phantom thickness, Average 
Glandular Dose (AGD), and Signal-to-Noise Ratio (SNR) for DBT 
scan.

Figure 3 and Figure 4 show a relation between OD and 
SNR under range of breast phantom thickness for FFDM 
and DBT system respectively.  The suggested optimal 
breast compression thickness for a high SNR with high 
acceptable OD for the image evaluation using FFDM 
and DBT were found to be approximately 36.8 mm and 
37.4 mm respectively.

Figure 3: Relationship between breast phantom thickness, Optical 
Density (OD), and Signal-to-Noise Ratio (SNR) for FFDM scan.

2 represent the interception of point (33.8 mm) between 
the AGD and SNR values for DBT setting at 0° angle.   
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DISCUSSION

In this study, we investigated the relation between the 
AGD and image quality parameters (OD and SNR) for 
both FFDM and DBT system using a home-made breast-
equivalent phantom.  Results on the gelatine-psyllium 
husk fabricated phantom with added chunk of dried fruit 
is a substantial step forward in further validating as a pilot 
study as it could possibly represented real human breast 
tissue which it falls in the range of human fibroglandular 
soft tissue (20-60 HU) [14-15]. The realistic contrast 
between the background HU numbers and the chunk 
of dried fruit represent the tumor was also high agreed 
with the study by Nakamura. N., et al (2018).  However, 
this result is based on a single tumor assessment while 
the fact that Hounsfield Unit value in the breast tumor 
can vary depending on the tumor type, its composition 
and density, and the specific characteristic of the tissue 
it is comprised of.  Hence, HU numbers are not typically 
the primary means of characterizing breast tumor.  It 
is important to use other modalities as well such as 
ultrasound and MRI in diagnosis of the tumor [17]. 

For the assessment of Average Glandular Dose (AGD) 
against image qualities such as optical density (OD) 
and Signal-to-Noise ratio (SNR), polynomial regression 
analysis was chosen to deliberately shown a relationship 
between the two complex dependable variables (AGD, 
SNR and OD) against the breast phantom thickness as 
the independent variable.  In practical, AGD and image 
quality are often compensated depending on the aim 
of the imaging purposes.  If radiation dose is needed 
to reduced for the patient safety, at the same time, 
the breast needed to be evenly spread out by a good 
compression to reduce overlapping structures in the 
breast in order to improve detection.  While higher SNR 
generally corresponds to better image quality, which 
may translate to higher contrast and clearer features in 
the image, it also leads to a wider range of intensities 
in the image (high OD), which may affect the optical 
density of different regions within the image. Hence for 
the suggestion by this study, the compression thickness 
falls within the range of 35 to 38 mm (±1 mm) for both 
systems based on where the interception point lies 

across the independent variable (thickness of breast).  To 
address the understanding of the correlation, one can 
interpret the equations of the polynomials by changing 
the independent variable here which is the breast 
thickness.  If the breast thickness increased (compression 
is released), radiation will be more attenuated in the 
breast and some signal most probably will be loss as 
background noise.  This is supported by the good 
value of R2 for OD versus thickness of breast phantom 
for both FFDM and DBT.  In contrast, if thickness 
decreased (compression is exerted), more radiation will 
be transmitted and radiation is less attenuated by the 
breast while higher intensity of signal will be recorded 
with brighter image and limits scatter effects [18].  In this 
work, regression value, R2 were found to be more than 
0.95 for all curve fitting indicating that high proportion 
of the variance in AGD, OD and SNR are explained by 
the thickness of the compressed breast, suggesting a 
good fit of the model to the data.  However, the optimum 
value for the independent variable, in the context of 
optimization is often determined through mathematical 
optimization techniques, such as calculus-based 
methods or numerical optimization algorithms which 
can be further investigate in future study.

Nevertheless, some limitations were addressed and need 
to be further investigated in terms of their accuracy.  For 
example, possible threshold value of breast thickness 
which does not fit into this relation and future present 
of any diagnostic statistic of autocorrelation if relevant.  
Furthermore, it is important to note that this phantom 
represents only a singular measurement study and not 
capable of accurately representing all variations of 
human breast types and densities.  Thus, varieties of 
breast models with different mammary gland/fat tissue 
ratios are needed for further investigations.  In addition, it 
is important to note that while compression is necessary 
for an effective mammogram, the comfort of the patient 
and some other factors are also main priorities that 
need to be taken into account [19]. Radiographers who 
perform mammograms are trained to balance the need 
for adequate compression with the patient's comfort. 
They will work with the patient to ensure that the 
compression level is as high as possible while still being 
tolerable.

Referring to the above results, if we compare between 
FFDM and DBT system, the AGD-SNR relationship is 
slightly difference in terms of breast phantom thickness 
required to optimised between the dose and image 
quality (35 mm and 33.8 mm respectively).  DBT 
needs thinner breast for a good compromise as the way 
it involves a slightly higher radiation dose due to the 
multiple images taken during the tomosynthesis process.  
While in contrary with relationship of OD-SNR in DBT 
system which slightly thicker breast thickness for an 
optimum value [20].  However, the key to achieving 
high image quality in DBT lies in the acquisition and 
reconstruction of multiple thin slices or views of the 

Figure 4:  Relationship between breast phantom thickness, Optical 
Density (OD), and Signal-to-Noise Ratio (SNR) for DBT scan.
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breast, which minimizes the impact of tissue overlap 
and enhances lesion visibility.   In summary, the study 
aims to optimize or improve the method of using a 
low-cost breast phantom for assessing how diagnostic 
information obtained from imaging techniques affects 
imaging outcomes.  

CONCLUSION

The study presented here has identified an optimal 
compromise range for achieving the right balance 
between Average Glandular Dose (AGD) and image 
quality in both FFDM and DBT mammography, which 
falls between 35 to 38 mm. Extending this research 
has the potential to provide valuable guidance for 
radiographers, enabling them to manage patient 
discomfort more effectively during breast scans.   

ACKNOWLEDGEMENT 

The authors would like to express their sincere gratitude 
for the invaluable contributions and support received by 
Radiology Department, Hospital Pulau Pinang during the 
course of this research. This research was supported by 
a grant from the Ministry of Higher Education Malaysia 
(MOHE) grant number FRGS/1/2021/STG07/USM/02/4 
for the presentation in 5th International Conference 
on Radiation Safety & Security in Healthcare Services 
(ICoRSSiHS) 2023.

REFERENCES
 
1.	 Kidwell, J., 2018. ACR PRACTICE PARAMETER 

FOR THE PERFORMANCE OF SCREENING AND 
DIAGNOSTIC MAMMOGRAPHY PREAMBLE, 
American College of Radiology. United States 
of America. Retrieved from https://coilink.
org/20.500.12592/whrj9z on 25 Feb 2025. COI: 
20.500.12592/whrj9z.

2.	 Virginia Tsapaki, (2020). Radiation dose 
optimization in diagnostic and interventional 
radiology: Current issues and future perspectives, 
Physica Medica, Volume 79, Pages 16-21, 
ISSN 1120-1797, https://doi.org/10.1016/j.
ejmp.2020.09.015.

3.	 Fausto, A. M., Lopes, M. C., de Sousa, M. C., 
Furquim, T. A., Mol, A. W., & Velasco, F. G. (2017). 
Optimization of Image Quality and Dose in Digital 
Mammography. Journal of digital imaging, 30(2), 
185–196. https://doi.org/10.1007/s10278-016-
9928-3

4.	 International Atomic Energy Agency (IAEA), (2005) 
Optimization of the Radiological Protection of 
Patients: Image Quality and Dose in Mammography 
(coordinated research in Europe) IAEA, VIENNA, 
AUSTRIA,IAEA-TECDOC-1447, ISBN 92–0–
102305–7, ISSN 1011–4289.

5.	 American Association of Physicists in 
Medicine. (1990). Report of AAPM TG 7: 

Equipments requirements and Quality Control 
for Mammography (Report No. 29). American 
Association of Physicists in Medicine. https://www. 
https://www.aapm.org/pubs/reports/rpt_29.pdf

6.	 Helvie MA, Chan HP, Adler DD, Boyd PG. 
(1994) Breast thickness in routine mammograms: 
effect on image quality and radiation dose. AJR 
Am J Roentgenol. 1994 Dec;163(6):1371-4. doi: 
10.2214/ajr.163.6.7992731. PMID: 7992731.

7.	 Holland, K., Sechopoulos, I., Mann, R.M. et 
al. (2017). Influence of breast compression 
pressure on the performance of population-based 
mammography screening. Breast Cancer Res 19, 
126n. https://doi.org/10.1186/s13058-017-0917-3

8.	 Ikejimba, L.C., Graff, C.G., Rosenthal, S., Badal, 
A., Ghammraoui, B., Lo, J.Y. and Glick, S.J. (2017), 
A novel physical anthropomorphic breast phantom 
for 2D and 3D x-ray imaging. Med. Phys., 44: 407-
416. https://doi.org/10.1002/mp.12062

9.	 Kiarashi, N., Nolte, A. C., Sturgeon, G. M., Segars, 
W. P., Ghate, S. V., Nolte, L. W., Samei, E., & Lo, J. 
Y. (2015). Development of realistic physical breast 
phantoms matched to virtual breast phantoms based 
on human subject data. Medical physics, 42(7), 
4116–4126. https://doi.org/10.1118/1.4919771

10.	 Morehouse, H., Thaker, H. P., & Persaud, C. (2007). 
Addition of Metamucil to gelatin for a realistic 
breast biopsy phantom. Journal of ultrasound in 
medicine : official journal of the American Institute 
of Ultrasound in Medicine, 26(8), 1123–1126. 
https://doi.org/10.7863/jum.2007.26.8.1123

11.	 Hofstetter, L. W., Fausett, L., Mueller, A., Odéen, 
H., Payne, A., Christensen, D. A., & Parker, D. L. 
(2020). Development and characterization of a 
tissue mimicking psyllium husk gelatin phantom 
for ultrasound and magnetic resonance imaging. 
International Journal of Hyperthermia, 37(1), 283-
290.

12. 	 Dance, D. R., Skinner, C. L., Young, K. C., Beckett, 
J. R., & Kotre, C. J. (2000). Additional factors for the 
estimation of mean glandular breast dose using the 
UK mammography dosimetry protocol. Physics in 
medicine and biology, 45(11), 3225–3240. https://
doi.org/10.1088/0031-9155/45/11/308

13.	 Hall, T. J., Bilgen, M., Insana, M. F., & Krouskop, 
T. A. (1997). Phantom materials for elastography. 
IEEE Transactions on Ultrasonics, Ferroelectrics, 
and Frequency Control, 44(6), 1355-1365. https://
doi.org/10.1109/58.656639

14.	 Sanchez, A., Mills, C., & Scurr, J. (2017). Estimating 
Breast Mass-Density: A Retrospective Analysis of 
Radiological Data. The breast journal, 23(2), 237–
239. https://doi.org/10.1111/tbj.12725

15.	 Desperito E, Schwartz L, Capaccione KM, Collins 
BT, Jamabawalikar S, Peng B, Patrizio R, Salvatore 
MM. (2022). Chest CT for Breast Cancer Diagnosis. 
Life,12(11):1699. https://doi.org/10.3390/
life12111699.

16.	 Nakamura, N., Okafuji, Y., Adachi, S., Takahashi, 



Mal J Med Health Sci 21(2): 170-175, Mar 2025175

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

in breast cancer screening and diagnosis : 
fourth edition, supplements, (L.Karsa,editor,R.
H o l l a n d , e d i t o r , M . B r o e d e r s , e d i t o r , C .
Wolf,editor,N.Perry,editor,S.Törnberg,edito) 
Publications Office. https://data.europa.eu/
doi/10.2772/13196

19.	 Poulos, A., & McLean, D. (2004). The application 
of breast compression in mammography: a new 
perspective. Radiography, 10(2), 131–137. doi: 
10.1016/j.radi.2004.02.012.

20.	 Davidson, R., Al Khalifah, K., & Zhou, A. (2022). 
Variation in digital breast tomosynthesis image 
quality at differing heights above the detector. 
Journal of medical radiation sciences, 69(2), 174–
181. https://doi.org/10.1002/jmrs.565

K., Nakakuma, T., & Ueno, S. (2018). Effect of 
Different Breast Densities and Average Glandular 
Dose on Contrast to Noise Ratios in Full-Field 
Digital Mammography: Simulation and Phantom 
Study. Radiology research and practice, 2018, 
6192594. https://doi.org/10.1155/2018/6192594

17.	 He, Y., Liu, Y., Dyer, B. A., Boone, J. M., Liu, S., 
Chen, T., Zheng, F., Zhu, Y., Sun, Y., Rong, Y., & 
Qiu, J. (2019). 3D-printed breast phantom for multi-
purpose and multi-modality imaging. Quantitative 
imaging in medicine and surgery, 9(1), 63–74. 
https://doi.org/10.21037/qims.2019.01.05

18.	 European Commission: Directorate-General for 
Health and Consumers, Karsa, L., Holland, R., 
Broeders, M., Wolf, C., Perry, N., & Törnberg, S. 
(2013). European guidelines for quality assurance 


