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Article History: Abstract: Background: Digital Breast Tomosynthesis (DBT) has 

emerged as an advanced imaging modality with improved diagnostic 

accuracy over Full-Field Digital Mammography (FFDM), particularly 

in dense breast tissue. However, concerns persist regarding increased 

radiation exposure associated with DBT.Objective:To compare 

radiation dose parameters—Average Glandular Dose (AGD), Entrance 

Surface Dose (ESD), and Exposure Index (EI)—between DBT and 

FFDM across different breast density categories in a Pakistani 

population.Methods:This retrospective observational study analyzed 

1,600 mammographic images from 200 female patients (December 

2018–December 2022). All patients underwent bilateral imaging in 

COMBO mode using a Hologic Selenia Dimensions system. Breast 

density was categorized according to the American College of 

Radiology (ACR) classification (A–D). Radiation parameters (AGD, 

ESD, EI) were evaluated for both modalities in craniocaudal (CC) and 

mediolateral oblique (MLO) views. Statistical analysis was performed 

using SPSS version 22.0, with p<0.05 considered significant.Results: 

DBT demonstrated significantly higher radiation dose parameters 

compared to FFDM across all breast density groups (p<0.001). The 

highest AGD (0.50 mSv) and ESD (0.74 mSv) were observed in the 

DBT MLO view of Group A. Group D exhibited the highest ESD 

overall (0.27 mSv). Exposure Index values were consistently higher in 

DBT, reflecting increased detector exposure. Dose variations were 

influenced by breast density and imaging projection, with MLO views 

generally associated with higher radiation levels.Conclusion:DBT is 

associated with increased radiation dose compared to FFDM; however, 

its diagnostic advantages may justify its use, particularly in selected 

patient groups. Optimization of imaging protocols and adherence to 

radiation safety principles are essential to balance diagnostic benefit 

with patient safety. 
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INTRODUCTION 
 

Breast cancer remains the most commonly diagnosed 

malignancy among women worldwide and a leading 

cause of cancer-related mortality, accounting for 

substantial global disease burden despite advances in 

screening and treatment strategies [1]. Early detection 

through imaging-based screening programs has 

significantly contributed to improved survival 

outcomes; however, optimizing diagnostic accuracy 

while minimizing potential harms such as radiation 

exposure continues to be a critical challenge in breast 

imaging [2]. 

 

Full-Field Digital Mammography (FFDM) has long 

been established as the standard modality for breast 

cancer screening due to its accessibility, cost-

effectiveness, and proven efficacy in reducing 

mortality [3]. Nevertheless, its diagnostic performance 

is limited in women with dense breast tissue, where 

overlapping fibroglandular structures can obscure 

lesions, resulting in reduced sensitivity and higher 

false-negative rates. Studies have reported that FFDM 

may miss up to 15–30% of breast cancers, particularly 

in patients with higher breast density [4]. 

 

Digital Breast Tomosynthesis (DBT), a three-

dimensional imaging technique, has emerged as a 

promising advancement designed to overcome the 

limitations of conventional mammography. By 

acquiring multiple low-dose projections and 

reconstructing them into thin slices, DBT reduces 

tissue overlap and enhances lesion conspicuity, 

leading to improved cancer detection rates and 

reduced recall rates [5,6]. Recent large-scale studies 

and meta-analyses have demonstrated that DBT 

significantly improves sensitivity and specificity 

compared to FFDM, particularly in women with 

heterogeneously dense and extremely dense breasts 

[7]. 

 

Despite these diagnostic advantages, DBT has raised 

concerns regarding increased radiation exposure. The 

average glandular dose (AGD), a key indicator of 

radiation absorbed by radiosensitive breast tissue, is 

generally higher in DBT compared to FFDM, 

especially when both modalities are used in 

combination [8]. Similarly, entrance surface dose 

(ESD) and exposure index (EI) are critical parameters 

that reflect patient dose and image quality, and their 

optimization is essential to ensure adherence to the 

“As Low As Reasonably Achievable” (ALARA) 

principle [9]. 

 

While several international studies have explored 

radiation dose variations between DBT and FFDM, 

most data originate from high-income countries, and 

there is a paucity of region-specific evidence from low- 

and middle-income settings such as Pakistan. 

Variations in patient demographics, breast density 

distribution, equipment calibration, and imaging 

protocols may significantly influence radiation dose 

and diagnostic outcomes [10]. Furthermore, limited 

studies have simultaneously evaluated multiple 

dosimetric parameters (AGD, ESD, and EI) across 

different breast density categories and imaging 

projections. 

 

Therefore, this study aims to provide a comprehensive 

comparative evaluation of radiation dose parameters 

between DBT and FFDM across varying breast 

densities in a Pakistani population. By analyzing dose 

variations in different projections and tissue 
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compositions, this study seeks to generate evidence 

that may support optimization of breast imaging 

protocols and contribute toward the development of 

national guidelines for safe and effective breast cancer 

screening.. 

 

MATERIALS AND METHODS 
 
This retrospective analytical study was conducted at a 

tertiary care imaging center in Karachi, Pakistan, over 

a four-year period from December 2018 to December 

2022. The study included 200 female patients who 

underwent bilateral breast imaging, yielding a total of 

1,600 mammographic images for analysis. A non-

probability consecutive sampling technique was 

employed to include all eligible patients during the 

study period. Only patients who underwent both Full-

Field Digital Mammography (FFDM) and Digital 

Breast Tomosynthesis (DBT) in the same imaging 

session using COMBO mode were included to ensure 

uniformity of imaging conditions and comparability 

of radiation dose parameters. 

 

Patients aged 18 years and above with complete 

imaging data for both craniocaudal (CC) and 

mediolateral oblique (MLO) views were included. 

Cases with incomplete records, prior breast surgery or 

implants, technically inadequate images, or missing 

dosimetric parameters were excluded from the 

analysis. All imaging examinations were performed 

using a Hologic Selenia Dimensions system, which 

acquires FFDM and DBT images under a single 

breast compression. Automated exposure control 

(AEC) was utilized in all cases to standardize 

radiation output and minimize operator-dependent 

variability. Compression thickness was automatically 

recorded by the imaging system during acquisition. 

 

Breast density was categorized according to the 

American College of Radiology (ACR) Breast 

Imaging Reporting and Data System (BI-RADS) 

classification into four groups: almost entirely fatty 

(Group A), scattered fibroglandular densities (Group 

B), heterogeneously dense (Group C), and extremely 

dense (Group D). To facilitate balanced comparison, 

an equal number of patients (n=50) were included in 

each breast density category. 

 

Radiation dose parameters, including Average 

Glandular Dose (AGD), Entrance Surface Dose 

(ESD), and Exposure Index (EI), were extracted 

directly from the imaging system for both FFDM and 

DBT modalities. These parameters were evaluated 

across all breast density groups and for both imaging 

projections (CC and MLO). The primary objective 

was to compare radiation dose parameters between 

FFDM and DBT, while secondary analyses included 

assessment of variation across breast density 

categories, projection-based differences, and the 

relationship between compression thickness and 

radiation dose. 

 

Data were entered and analyzed using SPSS version 

22.0 (IBM Corp., Armonk, NY, USA). The normality 

of continuous variables was assessed using the 

Shapiro–Wilk test. Normally distributed variables 

were expressed as mean ± standard deviation, while 

non-normally distributed variables were presented as 

median with interquartile range. Comparisons 

between FFDM and DBT were performed using the 

independent t-test or Mann–Whitney U test, as 

appropriate. Differences across multiple breast density 

groups were analyzed using one-way analysis of 

variance (ANOVA) or the Kruskal–Wallis test. A p-

value of less than 0.05 was considered statistically 

significant. 

 

To minimize bias and ensure consistency, all imaging 

was performed on the same machine using 

standardized protocols, and automated exposure 

control was applied in all examinations. The inclusion 

of both imaging modalities in a single session allowed 

intra-patient comparison, thereby reducing inter-

individual variability. Ethical approval for the study 

was obtained from the Institutional Review Board of 

the SIUT Ethical Research Committee (Approval No: 

SIUT-ERC2024/A-504). As this was a retrospective 

study using anonymized data, patient confidentiality 

was maintained, and no identifiable information was 

recorded. 

 

RESULTS  

 
images obtained using both Full-Field Digital Mammography (FFDM) and Digital Breast Tomosynthesis (DBT). 

Patients were equally distributed across four breast density categories (ACR A–D), with 50 patients in each group. 

Overall Comparison Between FFDM and DBT 

 

Across all breast density groups and imaging projections, DBT demonstrated significantly higher radiation dose 

parameters compared to FFDM. As shown in Table 2 and Table 5, the mean Average Glandular Dose (AGD) in 

DBT ranged from 0.08 to 0.18 mSv across different views, whereas FFDM values remained consistently low at 

approximately 0.01 mSv. Similarly, Entrance Surface Dose (ESD) values were markedly higher in DBT (0.34–0.35 

mSv) compared to FFDM (0.06–0.33 mSv). Exposure Index (EI) values were also significantly elevated in DBT 

(524.4–548.4 AU) relative to FFDM (329.1–354.6 AU), indicating higher detector exposure. These differences were 

statistically significant across all comparisons (p < 0.001), as summarized in Table 5. 
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Breast Density–Wise Analysis 

Radiation dose parameters varied across breast density categories. As presented in Table 1 and Table 4, Group A 

(almost entirely fatty breasts) demonstrated relatively higher AGD and EI values compared to other groups, with 

AGD differences of approximately 0.02–0.03 mSv. In contrast, Group D (extremely dense breasts) exhibited the 

highest ESD values (mean: 0.27 mSv), exceeding other groups by 0.02–0.06 mSv. 

 

When comparing modalities within each density group, DBT consistently resulted in higher AGD, ESD, and EI 

values than FFDM. The magnitude of difference was more pronounced in Groups A and D, as illustrated in Table 

4, indicating the influence of breast composition on radiation dose distribution. 

 

Projection-Based Comparison (CC vs MLO) 
Projection-wise analysis revealed that mediolateral oblique (MLO) views were associated with higher radiation dose 

parameters compared to craniocaudal (CC) views across both imaging modalities. As detailed in Table 2, the highest 

AGD was observed in the DBT MLO view of Group A (0.50 mSv), while the highest ESD was also recorded in the 

DBT MLO projection (0.74 mSv). 

In FFDM, although absolute values remained low, a similar trend was observed, with slightly higher AGD and ESD 

in MLO views compared to CC views. This pattern reflects increased tissue thickness and anatomical coverage in 

MLO projections. 

 

Exposure Index (EI) Analysis 

Exposure Index values were consistently higher in DBT compared to FFDM across all density groups and 

projections. The highest EI was observed in the DBT CC view of Group A (1119.5 AU), whereas FFDM EI values 

remained within a narrower and lower range. This trend is further illustrated in Table 4 and supported by graphical 

comparisons in Graph 7, demonstrating increased detector exposure in DBT imaging. 

 

Compression Thickness and Dose Relationship 
Compression thickness showed a significant association with radiation dose parameters. Increased breast thickness 

was generally associated with higher AGD values, particularly in DBT imaging. This relationship is demonstrated 

in Graph 1–4, where a positive correlation between compression thickness and AGD is evident across all breast 

density groups. Despite this, DBT exhibited controlled dose escalation due to the use of automated exposure control 

systems. 

 

Graphical Comparison of Dose Parameters 

Comparative graphical analysis further supports the observed findings. Graph 5, Graph 6, and Graph 7 illustrate the 

differences in AGD, ESD, and EI between FFDM and DBT across all breast density groups. These graphs clearly 

demonstrate that DBT consistently results in higher radiation dose parameters compared to FFDM, reinforcing the 

statistical findings presented in the tabulated data. 

 

Statistical Significance 
All comparisons between FFDM and DBT across breast density groups and imaging projections demonstrated 

statistically significant differences in AGD, ESD, and EI (p < 0.001), as summarized in Table 5. These findings 

confirm that DBT is associated with a higher radiation dose burden compared to FFDM under similar imaging 

conditions. 

Table 1: Explains the mean AGD, ESD, EI in each groups of breast density (A to D) from both FFDM and 

DBT in CC and MLO views along with compression thickness 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Total AGD, ESD, EI from all breast density groups in 2D (FFDM) vs 3D (DBT)  
 

 AGD(m

Sv) 

ESD(

mSv) 

EI SD 

Density Compression 

Thickness 
    

A = 50 54.2 0.08 0.25 447.0 0.36 

B = 50 50.1 0.05 0.22 434.7 0.06 

C = 50 54.2 0.05 0.21 434.7 0.06 

D = 50 54.7 0.06 0.27 443.6 0.09 
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EXAM VIEW AGD (mSv) 
(Mean ± Std.deviation) 

ESD(mSv) 
(Mean ± Std.deviation) 

EI 
(Mean ± Std.deviation) 

DBT RCC 
LCC 

0.09 ± 0.03 
0.08 ± 0.03 

0.35 ± 0.12 
0.34 ± 0.09 

548.4  ± 159.0 
524.4  ± 121.4 

FFDM RCC 
LCC 

0.01 ± 0.00 
0.01 ± 0.00 

0.06 ± 0.03 
0.08 ± 0.29 

354.6 ± 0.035 
329.1 ± 0.297 

DBT RMLO 
LMLO 

0.11 ± 0.14 
0.18 ± 0.50 

0.34 ± 0.35 
0.15 ± 0.09 

544.3 ± 536.5 
161.5 ± 133.6 

FFDM RMLO 
LMLO 

0.01 ± 0.00 
0.03 ± 0.04 

0.09 ± 0.30 
0.33 ± 0.80 

338.7 ± 71.69 
344.7 ± 76.12 

 

Table 3: The exaggerated result showing radiation parameters in FFDM vs DBT among each group of breast 

Density in Craniocaudal and Mediolateral Oblique views 

 

Table No: 04 

 

 

 

 

 

 

 

 

 

 

 

 

Type

s 

View AGD 

CC 

 

AGD 

MLO 

 

ESD 

CC 

 

ESD 

MLO 

 

EI 

CC 

 

EI 

MLO 

 

A FFD

M 

DBT 

0.02±0.01 

0.11±0.05 

0.02 ±0.02 

0.50±0.97 

0.11 ±0.05 

0.73±0.18 

0.50 ±0.97 

0.74±0.18 

684.3 ±131.

1 

1119.5±281

.7 

656.7±113.

0 

1115.5 ±27

3.0 

B FFD

M 

DBT 

0.02 ±0.11 

0.19±0.06 

0.02 ±0.01 

0.21 ±0.12 

0.18 ±0.42 

0.66±0.21 

0.28±0.58 

0.66±0.21 

684.2 ±114.

3 

1026.3 ±22

7.9 

705.2±106.

5 

1062.4 ±22

6.8 

C FFD

M 

DBT 

0.02 ±0.11 

0.19 ±0.61 

0.02±0.01 

0.21 ±0.12 

0.18 ±0.42 

0.66 ±0.21 

0.28±0.58 

0.66 ±0.21 

684.2 ±114.

3 

1026.3 ±22

7.9 

705.2±106.

5 

1062.4 ±22

6.8 

D FFD

M 

DBT 

0.02 ±0.00 

0.19 ±0.03 

0.03 ±0.03 

0.27 ±0.22 

0.11±0.04 

0.74 ±0.11 

0.63±1.08 

0.72±0.22 

682.2 ±128.

8 

1119.4 ±27

6.5 

664.0 ±113.

7 

1083.2 ±26

8.1 

  A B C D 

AGD FFDM 

DBT 

0.01 ±0.01 

0.15±0.51 

0.01±0.00 

0.10±0.06 

0.01±0.00 

0.10±0.65 

0.01±0.01 

0.11±0.11 

ESD FFDM 

DBT  

0.13±0.46 

0.37±0.11 

0.11±0.36 

0.33±0.12 

0.10±0.30 

0.33±0.12 

0.18±0.58 

0.36±0.11 

EI FFDM 

DBT 

335.2±75.86 

558.7±151.99 

347.3±72.02 

522.2±137.2 

347.3±72.02 

522.2±137.25 

336.5±80.44 

550.6±149.9 
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Table 4: Radiation parameter in 2D (sum of all groups and view) and 3D (sum of all group and views) with bar 

comparison. 
 

Table 5: AGD, ESD, EI in (2D) vs (3D) in each individual group 

VARIABLE 2D(FFDM) 3D(DBT) P-Value 

AGD    

 

0.000 
RCC 0.01±0.00 0.09±0.03 

LCC 0.01±0.00 0.08±0.03 

RMLO 0.01±0.00 0.11±0.14 

LMLO 0.01±0.01 0.18±0.50 

ESD    

 

0.000 

 

RCC 0.06±0.03 0.35±0.12 

LCC 0.08±0.29 0.34±0.97 

RMLO 0.09±0.30 0.34±0.15 

LMLO 0.33±0.80 0.35±0.91 

EI    

 

0.000 

 

RCC 354.6±88.74 548.4±159.09 

LCC 329.1±59.78 524.4±121.42 

RMLO 338.0±71.12 544.3±161.54 

LMLO 344.7±76.12 536.5±133.67 

COMPRESSI

ON 

THICKNESS 

   

 

 

0.000 

 
RCC 126.69±132.06 52.81±11.66 

LCC 122.78±129.53 52.30±11.38 

RMLO 126.58±135.80 52.18±11.13 

LMLO 129.39±135.64 53.36±11.56 

 

FIGURE LEGENDS 
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GRAPH 1: EXPLAINING THE RELATIONSHIP BETWEEN COMPRESSION THICKNESS VS AGD IN 

BREAST DENSITY GROUP A (AND) IN FFDM VS DBT 
 

 
GRAPH 2: EXPLAINING THE RELATIONSHIP BETWEEN COMPRESSION THICKNESS VS AGD IN 

BREAST DENSITY GROUP B (AND) IN FFDM VS DBT  
 

 

 

 
 

 GRAPH 3: EXPLAINING THE RELATIONSHIP BETWEEN COMPRESSION THICKNESS VS 

AGD IN BREAST DENSITY GROUP C (AND) IN FFDM VS DBT 
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GRAPH 4: EXPLAINING THE RELATIONSHIP BETWEEN COMPRESSION THICKNESS VS AGD IN 

BREAST DENSITY GROUP D (AND) IN FFDM VS DBT 

 

 
 

GRAPH 5: EXPLAINING THE COMPARISON OF AGD (AVERAGE GLANDULAR DOSE) IN FFDM 

ON RIGHT SIDE AND DBT ON LEFT SIDE AMONG ALL FOUR GROPUS OF BREAST DENSITY 
 

 
 GRAPH 6: EXPLAINING THE COMPARISON OF ESD (ENTRANCE SURFACE DOSE) IN 

FFDM ON RIGHT SIDE AND DBT ON LEFT SIDE AMONG ALL FOUR GROPUS OF BREAST 

DENSITY 
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GRAPH 7: EXPLAINING THE COMPARISON OF EI (EXPOSURE INDEX) IN FFDM ON RIGHT SIDE 

AND DBT ON LEFT SIDE AMONG ALL FOUR GROUPS OF BREAST DENSITY 

 

DISCUSSION AND LIMITATIONS 
 

In the context of medical imaging radiation exposure, 

the crucial factor is the risk-benefit ratio, particularly 

when examining radiosensitive tissues like the female 

breast. This concern becomes more pronounced in 

screening scenarios where healthy women undergo 

examinations to detect early stages of breast cancer. 

Although mammography, the current standard for 

breast imaging, has proven to be a valid screening 

tool, ongoing debates exist about the optimal design 

of screening programs. (15) 

 

Our study aligns with previous dosimetric 

examinations indicating that MGD from DBT tends 

to be slightly higher than that from FFDM when using 

automated exposure control mechanisms. (16) The 

development of DBT imaging is progressing rapidly, 

with newer systems from various manufacturers 

demonstrating similar radiation exposure levels for 

FFDM and DBT. The nature of our study is benefited 

from the strength of being conducted on the same 

mammography system for both FFDM and DBT, 

using an identical patient cohort. This approach 

ensures consistency in breast tissue conditions 

between examinations, emphasizing the importance 

of automatic exposure control in influencing technical 

parameters during imaging. The variation in our 

results compared to other studies could be attributed 

to demographics, population differences, genetic 

variations, hormonal factors, and environmental 

influences, among other factors. 

 

The rationale for this study is threefold. First, ensuring 

patient safety is a primary concern, as radiation dose 

is a critical issue in medical imaging, particularly in 

breast imaging, where repeated screenings are 

common. Second, the study aims to optimize imaging 

protocols to reduce radiation exposure without 

compromising image quality or diagnostic accuracy. 

This approach seeks to lead to more efficient and safer 

breast cancer screening practices. Lastly, the study 

strives to offer evidence-based insights that will aid in 

clinical decision-making regarding the selection of 

imaging modalities for breast cancer screening. 

 

The purpose of this study is to address several 

important issues in breast imaging. It aims to bridge 

the gap created by the lack of specific national 

guidelines regarding Full-Field Digital 

Mammography (FFDM) and Digital Breast 

Tomosynthesis (DBT), serving as an initial step 

toward developing guidelines for these technologies at 

a national level. The research seeks to compare 

radiation doses with international safety standards 

and to support the development of regular quality 

control programs and dosimetry practices for both 

DBT and FFDM, both individually and in 

combination. We also intend to compare the DBT and 

FFDM radiation dose with standard Craniocaudal 

and Mediolateral Oblique projections, which will help 

us to optimize the dose protocol when additional 

views (e.g., magnified view, cone compression views, 

etc.) are required. The addition of DBT has had a 

more significant impact as mentioned in various 

series. The enhancement in specificity was noted 

regardless of factors such as breast density, age, 

dominant radiologic feature, or invasive status, 

contributing to the overall findings of other research 

studies. (17-19). 

 

Our study has several limitations, including sample 

selection bias, as we included an equal number of 

patients in each breast density group. This approach 

was taken because our study is a pilot project 

comparing Digital Breast Tomosynthesis (DBT) with 

Full-Field Digital Mammography (FFDM) within our 

country. To ensure comparability and balance among 

the groups, we aimed to minimize potential 

confounding factors and reduce the risk of biased 

results due to uneven variable distribution that could 

affect outcomes. Enhancing statistical power was 

another goal, as it helps avoid inconclusive results or 

false negatives. Furthermore, by maintaining equal 
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group sizes, the analysis and interpretation of results 

were simplified, allowing for straightforward 

comparisons without complex adjustments. This 

approach also contributed to the methodological rigor 

of the study, showcasing careful planning and 

consideration of potential biases, which enhances the 

credibility and reliability of the findings. Additionally, 

ensuring equal representation across groups aligns 

with ethical considerations, helping to address 

concerns about unequal treatment or biases in patient 

selection. 
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