
�����������	
�����
������
�����������	�����
������
������������������	�������	�������
���
�������
��	�����������	�

������������	�
�������������������������	�����	��������
������

Correspondence : Dr. Sidrah Mahmood Ali
Department of Radiology,
Multan Institute of Nuclear Medicine and
Radiotherapy (MINAR), Multan, Pakistan.
Email: sidrahibm@hotmail.com

�����	����������

Submitted 18 August 2022, Accepted 12 September 2022

���������	�
������������������������	���

��� !! "��#$%�&�$"# ��� �!''"��($�&�� )$ �� �!''"��($�*���)$+ ���,�- #&
1 Department of Radiology, Multan Institute of Nuclear Medicine and Radiotherapy (MINAR), Multan, Pakistan.
2 Department of Radiology, Mukhtar A. Shiekh Hospital, Multan, Pakistan.

BACKGROUND: Evaluation of AGD for a patient undergoing mammography is critical because of the potential
risk of radiation-induced carcinogenesis, as the breast is a radiosensitive organ. OBJECTIVE: The purpose of
study is to evaluate AGD using standard phantoms & patient exposure parameters of women undergoing digital
mammography visiting at the institute having catchment area of South Punjab region. METHODS: The AGD was
determined for 230 views (CC and MLO) using the patient exposure parameters according to the method described
in IAEA TRS-457. The incident air kerma, Kair was obtained at defined reference point with detector (Piranha,
Model: 657) for mostly used kVp & target filter combination (W/Rh). The dose conversion factors were taken
according to compressed breast thickness, measured HVL & estimated breast glandularity. The phantom based
AGD was determined for ACR Phantom (4.2 cm) & PMMA phantom (3.5 to 6.5 cm) using measured Kair & dose
conversion factors (given in European guideline & equipment manual). RESULTS: The average calculated AGD
was found 1.27-mGy & 1.63-mGy for CC & MLO views having average CBT 5.34-cm & 5.93-cm respectively of
women undergoing digital mammography at the institute. The calculated AGD for PMMA (4.5 cm) and ACR
phantom (4.2 cm) were found to be 1.07-mGy/view and 1.01-mGy/view respectively. CONCLUSION: The AGD
calculated using the patient exposure parameters and standard phantoms meets the accepted dose criteria
(< 3mGy/view).
Keywords: Average Glandular Dose, Half Value Layer, Cranio Caudal view, Medio-Lateral Oblique.

ABSTRACT

Introduction

Breast cancer is the most common cancer diagnosed
in women around the world, with about a million new
cases each year.1 Screening mammography is most
widely used available method for early detection of
breast cancer among other breast imaging modalities
like high resolution breast ultrasound, tomosynthesis
and breast MRI thus reducing the number of deaths
associated with breast cancer by 25-40%.2 Early
detection of breast cancer by mammogram is impor-
tant because it is associated with increased treatment
options, increased survival and improved quality of

life. However, there is a potential risk of radiation-
induced carcinogenesis from mammograms because
the breast is a radiosensitive organ.3,4 Average
glandular dose (AGD) is the most appropriate dosi-
metric value to quantify the risk of radiation induced
cancers from mammography.5 The two main methods
of mammographic AGD assessment include the use
of a standard breast phantom and patient-based
measurements.6 The AGD is then calculated by the
product of incident air kerma and dose conversion
factors that depend on compressed breast thickness,
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quality & corrected for W/Rh targe-filter combination
(Fig.1). The AGD for both CC & MLO views of women
undergoing mammography at the facility was deter-
mined by Equation-2 & given in (Tab.2).

AGD (mGy) = Kair * C50 * G * s

half value layer (HVL), target-filter combination &
estimated breast glandularity. The AGD should be
<3mGy per mammography view for a standard breast
thickness of  5 cm.7,8

The objective of this study is to evaluate average
glandular dose (AGD) using standard phantoms &
exposure parameters of women of South Punjab
region (Pakistan) undergoing digital mammography
at breast imaging facility of the institute by the method
described in IAEA TRS-457 and to ascertain that
radiation doses are within permissible limits. The
calculated AGD for ACR Phantom is also compared
with mammography unit indicated AGD & found in
tolerance limit of 25%.

Material & Methods

A total of 230 acquired mammograms (CC & MLO)
were evaluated in this prospective study on the digital
mammography unit (Hologic Selenia, Dimensions.
The mean glandular dose (AGD) was determined
based on the patient exposure parameters and
standard phantoms. Intra disciplinary peer review of
all the cases was made. The study is reviewed and
approved by the ethical committee of the institute
(ref. 2021-01/012). Patient consent was not required
for the study since neither the patient directly involved
nor the patient’s personal information was used.

a) Patient based AGD
The patient based AGD was determined by recom-
mended IAEA TRS-457 in-direct measurement of
incident air kerma.7 The incident air kerma Kair was
calculated by product of recorded tube loading (mAs)
of each mammogram, X-ray output of corres-ponding
tube voltage (kVp) & inverse square factor relating
(ISF) to breast thickness (Equation-1).

Kair = Xref,4.5 * mAspatient * ISF

HVLmeasured: Measured Half Value Layer

��������	
����	������

�������	��������	


�


�





�

��

��

�


���
�

���
�

����


�����

����

�����

�����

�����

���


�����

�����

�����

����

����

���	��������
������	����	�������	���

Table 1: Measured X-ray Output, Xref,4.5 & Half Value Layer (HVL)

Figure 1: The X-ray Output (Xref,4.5) Measurement Set-up

(Equation-1)

The X-ray output, Xref, 4.5 (mGy/mAs) for clinically
used tube voltage at W/Rh target/ filter combination
was obtained (Tab.1) at a reference point (i.e. 4 cm
from the chest wall edge and at height of 4.5 cm from
breast support to compression plate) by Piranha
detector (Model: 657) calibrated on Mo/Mo beam

(Equation-2)

Where, Kair is incident air kerma, C50 is conversion
co-efficient of breast with 50% glandularity, G corrects
for a 50% glandularity to a breast of other glandularity,
s is spectral correction factor (1.042) for W/Rh target-
filer combination.

b) Phantom based AGD
The phantom based AGD was determined for PMMA
Phantom of various thicknesses (3.5 - 6.5 cm) & ACR
Mammographic Phantom (Model 156, 4.2 cm thick-



AGDunit: Displayed AGD of mammography unit
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Table 3: AGDcalculated for PMMA Phantom & ACR Phantom

� "#��
!���
���	

����$� �%��$�
%&'#���
#������

����	

%&'(!"�

����	

���

���

���

���

���

��



�







��

�





�

�


���

���


��

���

���

����

����

���


���

����

���

��

����

����


���

����� !��������
���
���"������	

CBT: Compressed Breast Thickness, AGD: Average Glandular
Dose, Kair: Incident Air kerma
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Table 2: Calculated AGDavg for CC & MLO Views
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Figure 2: a) Air Kerma (Kair) setup of ACR Phantom, b) AEC
measurement with PMMA Phantom
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ness, 50/50 glandular-adipose) for CC view only. The
AGD for the PMMA Phantom was calculated by
equation-2 using conversion factors from European
guidelines.9 The conversion factors were interpolated
from tabulated data where required. The AGD for
ACR phantom was determined by equation-3 by
placing of detector close to phantom just below the
compression paddle at 4.2 cm height leveled with
phantom (Fig.2a) as given in Selenia Dimensions QC
Manual10 (Tab.3)

AGD (mGy) = Kair * factor
(Equation-3)

Results

The average CBT for CC & MLO views was found
5.34-cm & 5.93-cm and corresponding calculated
AGD was 1.27-mGy & 1.63-mGy respectively for the
data range of the study (3.0 cm - 6.9 cm) of women
undergoing digital mammography visiting at the
institute belong to South Punjab region (Pakistan).
The calculated AGD for both views (CC & MLO) was
found < 03-mGy/view. Similarly, the calculated AGD
for PMMA Phantom (4.5 cm) & ACR phantom (4.2
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cm & 50/50 composition) were found 1.07-mGy/view
and 1.01-mGy/view respectively (Tab.3). The mammo-
graphy unit indicated AGD was also found within
tolerance limit (25%) of calculated AGD.9

Discussion

The risk of radiation-induced carcinogenesis to the
breast is of great concern; therefore, evaluation of
mammography radiation dose is essential in the justi-
fication criteria based on risk/benefit analysis.11 The
average glandular dose is an appropriate dosimetric
quantity to predict the risk associated with mammo-
graphy. The factors mostly affect and used for
estimation of the average glandular dose are kVp,
target filter combination, breast thickness/glandularity
and beam quality HVL,12 which are applied on mea-
sured incident air kerma in the study. The averaged
AGD calculated for data range of this study for CC
view was 1.27-mGy with averaged CBT of 5.34-cm
& similarly for MLO view, it was 1.63-mGy with
averaged CBT of 5.93-cm which showed that AGD
delivered in MLO view is greater than CC view.
Increased breast thickness in MLO view and inclusion
of pectoral muscle led to an increased AGD.5 AGD
is used to assess the patient’s risk of malignancy.
The phantom based AGD was calculated to verify
the adequate performance of the mammography unit
within acceptable limits for most clinically used expo-
sure parameters. However, doses derived from stan-
dard phantoms may not be directly related to doses
given to women undergoing mammograms because
of the variation in breast composition.13

Conclusion

The AGD calculation is key to measure the potential
carcinogenicity risk of radiation exposure for mammo-
graphy. The average calculated glandular dose for
standard phantoms & using patient exposure para-
meters of women belongs to South Punjab undergoing
digital mammography in the study falls within accepted
dose criteria (<3 mGy/view). Keeping the AGD at an
allowable limit of <3mGy/view minimizes the carcino-

genic risk that also supports the quality services
provided.
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