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Introduction: Breast cancer is a significant worldwide health issue, particularly in Jordan, where early detection via mammography is 
essential for effective disease management. Despite the little radiation risk associated with mammography, it is crucial to monitor 
radiation exposure to guarantee patient safety. This study intends to assess skin entrance exposure and compute the Mean Glandular 
Dose (MGD) in mammography units to determine adherence to established criteria and pinpoint areas for enhancement.
Methods: To assess MGD, the study utilized the American College of Radiologists (ACR) phantom alongside a RaySafe X2 MAM 
dosimeter. Measurements of entrance kerma and half-value layer (HVL) were taken across 25 mammography units in Jordan. The 
MGD was calculated according to the ACR’s 2018 protocol, which provides a standardized approach to ensure accurate and 
comparable dose estimations. These measurements were then analyzed against the ACR’s threshold of 3 mGy to assess compliance.
Results: The study found that the average MGD across all units was 2.3 mGy, with individual values ranging from 0.95 to 4.10 mGy. 
Although 67% of the units maintained MGD values within the ACR threshold, 33% exceeded the recommended limit of 3 mGy. 
Higher MGD values were particularly common in non-accredited facilities, where the average MGD reached 2.7 mGy, compared to 
1.6 mGy in accredited units, suggesting gaps in quality control and adherence to best practices in non-accredited centers.
Conclusion: This study emphasizes the critical role of accreditation and adherence to quality standards in maintaining safe and 
effective mammography practices. While most mammography units in Jordan meet the ACR’s recommended MGD limits, the elevated 
dose levels in some non-accredited facilities highlight the need for more rigorous implementation of accreditation standards. 
Improving compliance with established guidelines will enhance breast cancer screening effectiveness, ultimately supporting better 
early detection and outcomes for breast cancer in Jordan.
Keywords: patient safety in cancer imaging, mammography quality assurance, mean glandular dose, healthcare accreditation, breast 
cancer screening, patient safety in cancer imaging, radiation dose optimization in cancer screening

Introduction
Breast cancer continues to be a major health issue globally,1 especially in Jordan, where it is the predominant cancer, 
constituting 20.8% of all malignancies across genders and 38.5% among females, according to the 2018 Jordan Cancer 
Registry.2 Mammography is essential for early detection, which has been proven to save treatment costs and fatality rates 
by up to 20%.3

Mammography is the most reliable screening method and necessitates calibrated and regularly inspected equipment to 
ensure accurate diagnoses and minimize radiation exposure.4 The Jordan Breast Cancer Program (JBCP) provides annual 
access to high-quality mammography screening for women aged 40 and older, utilizing minimal radiation doses.5

Screening mammography typically involves two projections: (i) craniocaudal (CC) and (ii) mediolateral oblique 
(MLO) which can be performed digitally via computed radiography (CR), full field digital mammography (FFDM), or 
digital breast tomosynthesis (DBT), or analogously using screen film mammography (SFM).6,7

Cancer Management and Research 2025:17 11–22                                                              11
© 2025 Al Hrout et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research

Open Access Full Text Article

Received: 20 September 2024
Accepted: 28 December 2024
Published: 10 January 2025

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-8157-074X
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php


While mammography provides significant benefits, female breast tissue is highly sensitive to ionizing radiation, 
necessitating a balance between its benefits and potential risks.8,9 Reducing the risk of radiation-induced breast cancer 
requires accurate measurement of breast dosage.10,11 Mean Glandular Dose (MGD) serves as a critical metric for 
assessing radiation risk and quality control in mammography, ensuring equipment performance, and maintaining 
radiation doses at levels as low as reasonably achievable (ALARA).4,12

The accuracy of MGD measurement is influenced by variables including breast thickness, imaging protocols, and the 
characteristics specific to the equipment used.11,13 Variability in dose levels, influenced by clinical imaging parameters 
and manufacturer specifications, presents significant challenges.14,15

International guidelines confront these complexities. The Mammography Quality Standards Act (MQSA) and the 
American College of Radiology (ACR) establish standards in the United States to ensure safety and quality in mammo-
graphy, specifying a maximum mean glandular dose (MGD) of 3 mGy for a 4.2 cm compressed breast phantom.16,17

Research conducted in various regions demonstrates variability in MGD values. Nigeria reported an average MGD of 
0.74 mGy, which is considerably below the international standard of 3 mGy.18 China recorded an average MGD of 1.3 
mGy, affected by breast thickness and equipment sensitivity.15 In the MENA region, Saudi Arabia exhibited an average 
MGD of 1.45 mGy,19 whereas Morocco documented MGDs of 1.34 mGy for CC views and 1.48 mGy for MLO views.20 

The findings underscore the significance of standardized practices and quality assurance in mammography.
This study aims to evaluate MGD in Jordan using the ACR phantom and RaySafe X2 MAM dosimeter. By assessing 

entrance exposure and calculating MGD following the 2018 ACR Digital Mammography QC Manual guidelines, the 
study seeks to contribute to dose optimization and enhance mammography practices in the region.

Materials and Methods
Collection of Samples and Sampling Region
The study encompassed the collection of mammography machines from various locations across Jordan. The research 
analyzed 82 operational mammography units in Jordan, of which 30% were accredited by the HCAC. In 2021, of the 96 
total units recorded, 56.3% were in the commercial sector, 32.3% in state facilities, 7.2% in military hospitals, and 4.2% 
in university hospitals, underscoring the preeminence of the private sector in mammography services.

Ethical Approval
The Institutional Review Board (IRB) of the Jordan University of Sciences and Technology has granted ethical approval No. 43/ 
160/2023 date 11/5/2023 for the study, ensuring compliance with ethical standards and the preservation of participants’ rights.

Method of Sampling and Sample Size
The selection of participants involved sending two rounds of Email invitations to 82 mammography facilities. The 
selection of mammography units used a random sampling technique, encompassing both accredited and non-accredited 
facilities. This approach aimed to provide a comprehensive and representative sample for the study.

Equipment for Data Collection
Digital Mammography X-Ray Machine
The research assessed 25 mammography machines from multiple manufacturers, encompassing a range of technologies 
such as CR, FFDM, and DBT. Hologic is the predominant model with 8 units, followed by Siemens with 5 units and GE 
with 4 units. The additional models included Planmed (3 units), Philips (2 units), Fuji (2 units), and Villa Sistemi (1 unit), 
reflecting a diverse array of equipment manufacturers. The apparatus employs diverse combinations of molybdenum 
(Mo), rhodium (Rh), and tungsten (W) targets and filters. Operating at a voltage of 28 kVp, frequently utilized in clinical 
environments, guarantees consistency across the equipment.

The Pro-MAM Accreditation- FF
This phantom is an ACR-Accredited Full-Field Phantom to evaluate the performance of digital mammographic systems. 
It simulates a compressed breast measuring 42 mm thick with a composition of 50% glandular and 50% adipose tissue. 
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With dimensions of 311.2×190.5 × 41.3 mm3, the phantom covers the entire image detector area and minimizes 
scattering.21 It accurately replicates the structure of compressed breasts during clinical examinations, including micro- 
calcifications, fibrous formations, and tumor-like masses. Additionally, the product holds CE certification and complies 
with IEC and ACR requirements.

The RaySafe X2 MAM Base and Sensor
The RaySafe X2, consisting of the base unit and MAM sensor from Fluke Biomedical (USA), provides a measurement 
range from 1 μGy to 99.99 Gy with an associated uncertainty of 5%.22 The RaySafe X2 instrument used in this study was 
calibrated in advance at the Radiation Application Laboratory of The Royal Scientific Society, adhering to manufacturer 
guidelines and international dosimetry standards. The calibration was conducted for three target-filter combinations: W/ 
Rh, W/Ag, and W/Al. The Raysafe X2 dosimeter delivered the half-value layer (HVL) measurements for each target- 
filter combination, as well as the tube potential and tube current-time product readings. All measurements in this 
calibration were conducted twice to assess repeatability. The 5% uncertainty in the instrument’s measurements is 
specified by RaySafe, as outlined in the instrument’s manual and specifications sheet, which define this expanded 
uncertainty in accordance with ISO GUM standards (1995, ISBN 92–67-10,188-9).22

This system accurately measures various radiological factors in a single exposure, such as breast entrance dose 
(mGy), dose rate, kVp, HVL, exposure length, pulses, and dosage per pulse. The measurements were performed using 
the automated exposure control (AEC) mode of the digital mammography machine. The RaySafe X2 MAM sensor was 
placed above the phantom to replicate real clinical exposure settings. To ensure full exposure of the dosimeter, it was 
placed approximately 4 cm away from the chest-wall boundary of the image receptor, following the guidelines outlined 
in the Mammography ACR Handbook 2018 for Digital Mammography.23

The Mean Glandular Dose (MGD) Dosimetry
MGD dosimetry plays a vital role in ensuring the safety of mammography radiation. It is accurately determined using 
standardized processes outlined in the Mammography ACR Handbook 2018 and the important research conducted by 
Dance et al23. The computation employs a thorough equation (Equation 1):

MGD=K g c s………………………………………. Equation 1
where each variable has a distinct function. K denotes the breast incident air kerma at the upper surface of the 

phantom, g represents the incident air kerma to MGD conversion factor corresponding to 50% glandularity, c signifies the 
correction factor for disparities in breast composition from 50% glandularity, and s denotes the correction factor for 
disparities in X-ray spectra. Dance et al have provided tabular values of g and c in relation to the HVL of X-ray 
beams.24,25 The procedure involves identifying data points against HVL values, from which the exact values of g and 
c factors are determined for the digital mammography system under investigation. MGD significantly facilitates the 
assessment of breast radiation risk during imaging and established diagnostic reference values that contributing to 
regional and national radiology safety regulations. The conventional MGD established for a typical breast with 
a compressed thickness of 4.2 cm and a glandular tissue to fat ratio of 50:50 is 3.0 mGy per view.26

Data Analysis
The analysis was conducted utilizing IBM SPSS Statistics 27. Descriptive statistics, such as means, standard deviations, and 
frequencies, were computed to summarize the data. Inferential statistics, including independent sample t-tests and one-way 
ANOVA, were utilized to evaluate differences between groups, specifically accredited and non-accredited facilities, as well 
as to investigate the relationship between MGD and mammography equipment parameters (kVp, mAs, and target filtration).

Statistical analyses were conducted to examine the differences and factors affecting MGD across healthcare institu-
tions, taking into account facility accreditation status. A 95% confidence interval was employed to estimate the true mean 
MGD values, with statistical tests performed at a significance level (alpha) of 0.05, confirming that assumptions were 
satisfied. This method offered an in-depth analysis of the distribution and factors influencing MGD values across 
different contexts.
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Results and Discussion
Demography and Respond Rate
Out of the 82 initially targeted mammography facilities, the study achieved a response rate of 30.5%, resulting in the 
participation of 25 sites. Analysis of the data collected from these 25 mammography centers in Jordan revealed that the 
majority of machines used for mammograms are located in clinics (76%), with a significant number of them being 
concentrated in the central area (64%). In addition, the level of private sector participation was significant, accounting for 
60% of participation as shown in Figure 1, though only 36% of the centers were accredited.

Full field digital mammography emerged as the most common type of mammography, accounting for 44.4% of cases 
in the technical profile as illustrated in Figure 2. The distribution of the target/filter combination was diverse, with Mo/ 
Mo being the most prevalence at 64%, followed by W/Rh at 28%, and Rh/Mo at 8%.

Mean Glandular Dose (MGD)
Measuring MGD directly in clinical settings is challenging, despite its significance in assessing breast cancer risk. Direct 
measurement of MGD is not feasible; instead, it depends on conversion factors that establish an association between 
quantifiable dosimetric values and MGD.27 These variables change based on the X-ray spectrum used for the examina-
tion, as well as the size and composition of the breast.28,29 Geometrical models of the breast have been established to 
correlate the measurable value of incident air kerma (in mGy) with MGD.

The most recognized dosimetry approaches for conventional mammography originate from research by Dance et al in 
the United Kingdom and Wu et al in the United States.28 These systems possess conversion factors specifically tailored 
for CC projection, a prevalent method in mammography.

Calculations of MGD for mammography are exaggerated by about 30% when basic models are used.30 Phantoms, which 
mimic the characteristics of the breast are essential for accurately measuring incident air kerma. They provide more reliable 
QC and make meaningful comparisons between different systems. Nevertheless, the phantoms used in European recom-
mendations, such as those composed of PMMA or PMMA/PE, do not precisely correspond to all breast features,28 

particularly for advanced methods such as DBT.31 Nevertheless, these phantoms are deemed enough for quality control 
purposes. The ACR use a 45 mm thick phantom for quality control testing of digital systems in the United States.32

This estimation process involved utilizing conversion factors provided by Dance et al24 and outlined in the 
Mammography ACR Handbook 201823 As a result, MGD estimation involved measurements of incident air kerma 
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Figure 1 Distribution of mammography machines among healthcare sectors.
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and HVL, as illustrated in Figure 3. These variables were used in conjunction with tabular conversion factors derived 
from Monte Carlo simulations to compute MGD.

Table 1 illustrates the range of average entrance dosage (kerma) at the top of the ACR phantom which varied between 
3.93 mGy and 17.53 mGy. The mean value obtained was 8.87 mGy, with a standard deviation of 4.42 mGy. The average 
MGD ranging from 0.95 to 4.10 mGy, with a mean of 2.31 mGy and a standard deviation of 1.02 mGy.

Table 2 displays the range and percentage of MGD values above and below ACR’s MGD, approximately 32% of 
centers above the maximum allowable (MGD) value of 3.0 mGy as established by the (ACR), with some measurements 
reaching the level of 4.1 mGy, which is 1.36 times more than the recommended limit.

The findings of the correlation analysis between MGD and the selected equipment parameters (KVP, HVL, and mGy/ 
mAs) are summarized in Table 3. The Pearson correlation analysis indicated a weak negative association between MGD 

36%

20%

44%

Figure 2 Technology profile of mammography units.

Figure 3 Example of entrance kerma and HVL readings (A) alongside the sensor image obtained (B) on the ACR phantom Pro-MAM ACR FF (C).
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and kVp (r = −0.017) as well as HVL (r = −0.088). Conversely, a slight positive correlation was observed between MGD 
and mGy/mAs (r = 0.259).

The Spearman correlation analysis as shown in Table 4 revealed very weak negative correlation was observed 
between MGD and applied kVp, beam filtration, and mGy per mAs (ρ = −0.057, p = 0.788), HVL (ρ = −0.049, p = 0.815) 

Table 1 Descriptive Statistics of Kerma, HVL, and MGD Obtained in Present 
Study

Item N Minimum Maximum Mean Std. Deviation

Kerma Average (mGy) 25 3.93 17.53 8.87 4.42

HVL average (mmAl) 25 0.33 0.68 0.49 0.13

Calculated MGD (mGy) 25 0.95 4.10 2.31 1.02

Table 4 Spearman Correlation Analysis of MGD and Equipment Parameters (kVp, 
HVL, and mGy per mAs)

KVP HVL mGy per mAs MGD

KVP Correlation Coefficient 1.000 0.286 0.313 −0.057

Sig. (2-tailed) 0.166 0.128 0.788

HVL Correlation Coefficient 0.286 1.000 0.609** −0.049

Sig. (2-tailed) 0.166 0.001 0.815

mGy per mAs Correlation Coefficient 0.313 0.609** 1.000 −0.087

Sig. (2-tailed) 0.128 0.001 0.678

MGD Correlation Coefficient −0.057 −0.049 −0.087 1.000

Sig. (2-tailed) 0.788 0.815 0.678

** Note: Correlation is significant at the 0.01 level (2-tailed).

Table 2 Range and Percentage of MGD Values Above and Below ACR’s MGD

Level MGD 
(mGy)

Number of facilities Percentage (%) Minimum MGD 
(mGy)

Maximum MGD 
(mGy)

> 3.0 8 32 3.03 4.10

<3.0 17 68 0.95 2.75

Total 25 100 – –

Table 3 Correlation Matrix of Equipment Parameters and MGD

Equipment parameters EMGD KVP HVL mGy_mAs

MGD 1.000 −0.017 −0.088 0.259

KVP −0.017 1.000 0.263 0.162

HVL −0.088 0.263 1.000 0.384

mGy_mas 0.259 0.162 0.384 1.000
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respectively. Additionally, a weak negative correlation was identified between MGD and mGy per mAs (ρ = −0.087, p = 
0.678), with no statistically significant relationship between MGD and tube efficiency.

The observed weak and statistically insignificant correlations between MGD and the equipment parameters KVP, 
HVL, and mGy per mAs in this study highlight the complex interplay of factors affecting glandular dose assessment and 
optimization in mammography. The theoretical association of KVP and HVL with dose modulation is minimal in 
correlation with MGD in this analysis,33 indicating that factors such as patient-specific anatomy,34 breast composition,35 

and imaging protocols36 are more influential in determining dose levels than equipment-specific parameters alone. The 
observed negative correlation between MGD and mGy per mAs supports the hypothesis that enhanced tube efficiency, 
indicated by lower mGy per mAs values, leads to a decrease in radiation dose.37 The observed weak correlation indicates 
that mGy per mAs alone is inadequate for predicting MGD in clinical practice.

The notable significant positive correlation between HVL and mGy per mAs (ρ = 0.609, p = 0.001) suggests 
a potential interdependence between these equipment parameters, likely indicating the influence of beam filtration on 
tube output.38 This finding highlights the significance of examining the interrelationships among equipment parameters in 
the context of dose optimization efforts. The weak correlations highlight the necessity for a multifactorial approach to 
dose assessment and optimization in mammography, incorporating patient, equipment, and procedural factors.39

Table 5 presents a range of MGD values observed in studies from the MENA region and globally, highlighting 
variations in mammography practices and adherence to quality standards. Saudi Arabia reported MGD values ranging 
from 1.2 to 2.5 mGy, reflecting regulated dose levels.40 Research conducted in Qatar41 and the UAE42 indicated average 
MGD values of around 1.8 mGy, and 0.80 to 1.8 mGy respectively, consistent with international standards, while Turkey 
and China reported MGDs within similar ranges.43,44 The present study in Jordan found MGD values ranging from 0.95 
to 4.10 mGy, with 32% of centers surpassing the recommended limit of 3.0 mGy. This highlights the need for enhanced 
QC measures to minimize unnecessary radiation exposure.

Table 5 Comparison of MGD Values in Mammography: Insights from Recent Studies in MENA and Global Regions

Authors Study Type Results (MGD) Methodology Model Sample Size Country

Alghamdi et al 
202419

Retrospective 1.2–2.5 mGy Examined the radiation dose 
in mammography across 

various hospitals in Saudi 

Arabia.

Patient 510 Saudi 
Arabia

Hegian et al 

202345

1.6 to 1.7 mGy Estimate the MGD-CBT 

relationship based on patient 

age in Jordan

3465 Jordan

Asadollahzadeh 

et al 202446

RetrospectiveSingle 

center

1.0 and 2.8 mGy Correlate MGD with breast 

tissue density and assess the 

variability of dose in relation 
to different breast 

thicknesses.

Patient 400 Iran

Suliman et al 
202314

Retrospective 0.56 to 2.89 mGy for CC 
and 0.48 to 2.08 mGy for 

MLO, with averages of 1.36 
mGy and 1.19 mGy, 

respectively

Measures the (MGD) from 
mammography in 496 

breasts across eight clinics in 
Sudan

Patient 496 Sudan

Abdulwahid 
et al 202342

Retrospective 0.80 mGy and 0.82 mGy for 
the craniocaudal (CC) 

projection and between 

0.89 mGy and 0.971.8 mGy 
for the mediolateral oblique 

(MLO) projection

Determine local (DRLs) for 
mammography procedures 

in Dubai at different ranges 

of breast thickness

Patient 2599 UAE

(Continued)
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The present study conducted in Jordan found MGD values ranging from 0.95 to 4.10 mGy, with 32% of centers 
surpassing the recommended limit of 3.0 mGy. Jordan’s findings, when analyzed in an international context, demonstrate 
alignment with broader trends while also indicating areas for enhancement. These findings suggest a possible need for 
enhanced QC and strict compliance with international standards in some mammography facilities in Jordan. 
Nevertheless, the greater proportion of centers beyond the suggested tolerances emphasizes the need of continual 
monitoring and adjustment to guarantee the safety of patients.

The results underscore the critical importance of accreditation in ensuring superior mammography services. Accredited 
centers maintained MGDs below 3.0 mGy, in line with international benchmarks. However, among the non-accredited centers, 
50% exceeded the maximum ACR limit. This disparity emphasizes the potential influence of accreditation on QA practices 
and radiation safety. Moreover, private healthcare facilities exhibited a 30% failure rate in meeting ACR guidelines, 
highlighting the need for consistent QA procedures across sectors. Stringent quality control techniques in medical imaging 
guarantee excellent results through rigorous analysis and enhancement.47 Assessing MGD in mammography is essential for 
risk evaluation, system architecture, and reducing radiation exposure while attaining optimal outcomes.48

For women aged over 40 in Jordan, the JBCP endeavors to offer top-tier screening mammography while minimizing 
radiation exposure risks. The JBCP is committed to the establishment of unified quality assurance (QA) protocols and 
guidelines for mammography equipment, training, and referral systems. This commitment ensures excellence in screening and 
diagnostic results while simultaneously minimizing potential adverse effects such as radiation exposure, overdiagnosis, 
underdiagnosis, and unnecessary interventions.5 The HCAC is responsible for enforcing the Breast Imaging Units 
Certification Standards (BIUCS) for mammography QC. This involves adhering to nationally agreed-upon standards to 
keep high-quality screening and diagnostic outcomes.49 Presently, there are 33 mammography centers accredited by HCAC.50

The distribution of accreditation status, based on the MGD limit set by the ACR is listed in Table 6. All evaluated and 
accredited mammography centers maintained MGDs below 3.0 mGy, in line with international quality benchmarks. However, 
among the non-accredited centers (N=16), half of them surpassed the maximum ACR limit. This underscores potential variations 
in QA practices and emphasizes the need of accreditation to ensure radiation safety and achieve optimal imaging results.

It is evident that the MGD for non-accredited mammography centers (2.7mGy) was approximately double compared 
to accredited centers (1.6mGy). as depicted in Table 7.

The significant difference in MGD between non-accredited and accredited mammography centers underscores the 
potential influence of accreditation in ensuring patient safety and effective radiation dosage management. The results 

Table 5 (Continued). 

Authors Study Type Results (MGD) Methodology Model Sample Size Country

Al naemi, 

H. et al 201641

Retrospective The average MGD of 1.885 

mGy and 1.84 mGy for the 
MLO and CC 

193 views respectively

To measure the (MGD) from 

CC and MLO views from 
mammography patients in 

(HMC) in Qatar and to 

establish (DRL) for the 
country by applying the 

(QC) protocol for the 

Digital mammography units.

Patient 4085 Qatar

Parmaksız et al 

202043

Retrospective 1.1–1.5 and 1.6–2.0 mGy 

for CC and MLO 

projections

Establish national diagnostic 

reference levels for 

mammography examinations

Patient 25,624 Turkey

Xu et al 202444 Prospective 1.67 mGy for CC views and 

1.71 mGy for MLO views

Determine the national 

diagnostic reference levels 

for digital mammography

Patient 4,769 China

Current 
Study 2023

Perspective 

multi-center

0.95–4.10 mGy, mean: 2.31 

mGy, SD: 1.02 mGy, 32% 

centers exceeded 3.0 mGy

Analysis of mammography 

centers, compliance with 

ACR standards

Phantom 25 

mammography 

centers

Jordan
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underscore the critical need for accreditation in guaranteeing superior mammography services. To enhance this effect, 
various tactics may be implemented. Providing financial incentives and subsidies, including the elimination of fees for 
first accreditation, may encourage additional institutions to comply with the necessary requirements. Customized training 
programs for imaging specialists can improve compliance with QA guidelines, guaranteeing uniformity in practice. 
Moreover, public awareness initiatives highlighting the safety and quality benefits of accredited mammography centers 
may enhance the demand for such services. Implementing these measures would enhance accreditation initiatives, 
resulting in enhanced patient safety and superior diagnostic outcomes.

Furthermore, the variation in low MGD rates, which reflects the effectiveness of quality management, reveals 
significant disparities among various sectors. Table 8 illustrates the significant role of university hospitals in achieving 
and sustaining low MGD rates, with an average MGD of 2 mGy. University centers demonstrate compliance with 
international guidelines, with none of their mammography equipment exceeding the 3 mGy dosage limit established by 
the ACR, showcasing a dedication to maintain elevated levels of QC and radiation safety in healthcare institutions 
affiliated with universities.

However, a more complex understanding arises when examining the private health care sector closely. Although the 
average MGD for all mammography machines in this sector is below 3 mGy, it is noteworthy that 30% (5 machines) of 
the 15 machines do not match the ACR guidelines, indicating a substantial failure rate of 30%. The MoH centers 
exhibited the highest incidence of failure and the highest average MGD of 2.84 mGy (Table 9). Specifically, 50% (6 out 
of 12 centers) of their equipment exceeded the 3 mGy limit. This disparity underscores the potential differences in QA 
procedures across various healthcare sectors and emphasizes the importance of consistently adhering to international 
standards to ensure optimal imaging outcomes and patient safety.

Table 6 Distribution of MGD Above and Below 3.0 
mGy According to Accreditation Status

MGD Accredited Non- accredited Total

> 3.0mGy - 8 8

<3.0mGy 9 8 17

Total 9 16 25

Table 7 MGD Statistics by Accreditation Status

Accreditation status Mean  
(mGy)

Number Std. Deviation Minimum 
(mGy)

Maximum 
(mGy)

Accredited 1.6 9 0.42 0.95 2.11

Non-accredited 2.7 16 1.02 1.15 4.10

Total 2.3 25 1.02 0.95 4.10

Table 8 Distribution of MGD Level Limits Above and 
Below ACR Limit Among Health Sectors in Jordan

Level MGD MoH University Private Total

> 3.0 (mGy) 3 – 5 8

≤3 (mGy) 3 4 10 17

Total 6 4 15 25
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Conclusion
This study underscores the critical necessity to lower MGD levels in mammography centers in Jordan, as one-third of 
these centers surpass the recommended thresholds. Accredited centers that strictly follow ACR guidelines demonstrate 
the effectiveness of Jordan’s certification program. Significant disparities in MGD levels among various healthcare 
sectors, particularly the superior performance of university hospitals and the higher failure rates in MoH facilities, 
highlight the need for further investigation.

A national strategy that incorporates mandatory accreditation, endorsed by the JBCP, could significantly address these 
disparities and improve patient safety. Essential steps encompass the standardization of mammography protocols, the 
implementation of continuous quality assurance procedures, and the provision of regular training for radiology personnel 
to enhance dose management.

Collaborative efforts involving stakeholders from accredited and non-accredited centers are essential for comprehen-
sive improvements in mammography practices. By prioritizing the reduction of MGD levels alongside the maintenance 
of high-quality imaging, Jordan can achieve optimal imaging results and improve breast cancer screening and treatment, 
thereby enhancing public health and patient safety nationwide.
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Table 9 MGD Statistics by Health Care Sector in Jordan

Health care sector Percent Mean 
(mGy)

Std. Deviation Minimum  
(mGy)

Maximum  
(mGy)

MoH 24% 2.84 1.07 0.99 3.79

University 16% 2.00 0.54 1.59 2.75

Private 60% 2.18 1.08 0.95 4.10

Total 100% 2.31 1.02 0.95 4.10
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