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Overview

• Benefits and limitations of mammography

• Basics of digital breast tomosynthesis

– Acquisition of images

– Image tools

– Dose

• Benefits of digital breast tomosynthesis
– Increased cancer detection

– Decreased recall



Benefits/Limitations of Screening 
Mammography



Benefits of Mammography

• The most lives are saved when women are screened annually 
beginning at age 40

• 7 RCT’s demonstrate a reduction in mortality when patients 
are screened

• Mammography is a low cost, accessible imaging modality 

Hendrick RE, Helvie MA, Mammography screening: a new estimate of 
number needed to screen to prevent one breast cancer death AJR Am J 
Roentgenol. 2012 Mar;198(3):723-8







24% mortality reduction

Duffy SW, Tabár L, Smith RA.

CA Cancer J Clin. 2002 Mar-Apr;52(2):68-71.



Case-Control Studies (Ages 40–75)

49% ↓ Mortality

Cancer Epidemiol Biomarkers Prev 

2012



Evidence of Benefit: 
Observational Trials (Europe)

Broeders et al J Med Sci 2012

38% mortality reduction



Limitations of Mammography
• Traditional Mammography

– Sensitivity ranges from approximately 57-93%

– Most limited in women with dense breasts 

Kerlikowske, K et al. Identifying Women With Dense Breasts at High Risk for Interval Cancer: A 
Cohort StudyIdentifying Women With Dense Breasts at High Risk for Interval Cancer Ann Intern 
Med. 2015;162(10):673-681



Digital Breast Tomosynthesis



FDA Approval 

Siemens Mammomat Inspiration
with Tomosynthesis Option 
4/21/15

Fujifilm ASPIRE Cristalle with Digital Breast 
Tomosynthesis (DBT) Option on 1/10/17

GE SenoClaire 
 8/26/2014

Hologic Selenia 
Dimensions 
2/11/2011



Tissue Superimposition

– Hides pathologies in 2D

– Mimics pathology when 
doesn’t really exist 



Advantages of Tomosynthesis



Advantages of Tomosynthesis

• Studies have shown:
– Decrease in recall rate from 

screening mammography

– Improvement in cancer 
detection

• Results in:
– Decrease in patient anxiety

– Decrease downstream costs

– Increase in positive predictive 
value



Tomosynthesis Terminology

• 2D mammography = Conventional digital mammography 
(DM)

• 3D mammography = Tomosynthesis or digital breast 
tomosynthesis (DBT)

• Combined = Both DM and DBT image data sets



Tomosynthesis 

• Information in 3 
dimensions (x,y,z)

• Not a true 3D scan

• Not acquired isotropically

• Reconstruction in another 
plane is possible

– Very poor fidelity

• Breast is repositioned for 
each view

x 
y 

z

2D DBT Slice



Combined Imaging

• Why not DBT alone?

– Overview of the breast

– Need DM for comparison with prior films

– Side to side comparisons

– DM imaging allows for superimposition 
of grouped calcifications 



Acquisition of Images



Tomosynthesis Image Acquisition

• Same patient positioning as standard digital mammogram

– Compression

– Stationary breast

• Acquire images of the breast at multiple angles

– Set number of images (determined by manufacturer), 
regardless of breast thickness

• Individual low dose images are reconstructed into thin high 
resolution images for interpretation
– The number of reconstructed slices depends on the breast thickness

– E.g. a 6cm breast in compression will yield 60 slices at 1mm slice 
thicknesses



Tomosynthesis Examination

Courtesy of Hologic, Inc.



Tomosynthesis Acquisition: Projection 
Images

Arc of motion of x-ray tube, showing 
individual exposures



2D image is acquired under the same 
compression after the projections



Projection Images
15 images/15˚ arc

Tomosynthesis 
Reconstruction

Projections 
reconstructed 
into 1 mm 
thick slices



Co-Registered

Projection Images
15 images/15˚ arc

Reconstructed 
Tomosynthesis Slices

Two Dimensional
Mammogram



Tomosynthesis Specific Tools



Interpretation Tools: CC View

Slice #1 is at the DetectorSingle slice of a reconstructed 
tomosynthesis set



Interpretation Tools: MLO View

Single slice of a reconstructed 
tomosynthesis set

Slice #1 is at the Detector



Understanding the Scroll Bar

LMCC MLO



Scroll bar localizes to 
mid-breast



Scroll bar localizes to 
inferior breast



Scroll bar localizes 
both lesions to the 
lateral breast





Slab Viewing

• Option of increasing the slab thickness 

– As the slab thickness increases, the advantages of 
tomosynthesis decreases

• Useful in understanding relationship of 
calcifications 



Conventional DM

RCC



1 mm slice 13 mm Slab



Tomosynthesis Dose



Tomosynthesis Dose

• Current mammography units operate at 

– 1-2mGy for the phantom dose

• USFDA sets dose for screening at 3mGy/view

• 2D + 3D mammography image is 

– Approximately 2.65mGy for the phantom



Comparison of Doses (ACR Phantom) 

0

0.5

1

1.5

2

2.5

3

Analog FFDM DM/DBT

FDA MQSA 
DOSE LIMIT

mGy



Dose to the Breasts

• Breast elements are mature at approximately 30 years 
of age

• Or, at the time of pregnancy, whichever comes first

• Breasts are extremely sensitive to radiation prior to 
complete development of tissue

– Radiation to the chest between ages 10-30

• After complete maturation, sensitivity to radiation is 
minimal



Opportunity for Dose Reduction

• Synthesized images 

– Looks similar to standard DM images 
but eliminates the need for the DM acquisition

– Provides all the benefits of a DM image without 
the dose

– Eliminates dose concerns: implants; breasts larger than 
detector



Generated “Synthesized” DM Image

• Perform a standard  
tomosynthesis scan 

• Computer software program 
creates
a DM image

– Similar to Maximum Intensity 
Projection (MIP) as done 
with MR images

Synthesized DM

IMAGE 
SUMMATION

~60 Tomosynthesis Slices



Conventional 2D Conventional 2D



RCC

LCC



RMLO LMLO



Tomosynthesis Slice
Invasive Ductal Carcinoma

Standard 2D Image



Generated 2DStandard 2D



Synthesized Imaging

• Limit dose, maximizing information if still 
performing DM

– Implants: 

• DM with implant 

• DM + DBT for implant displaced views

– Breasts larger than detector

• Consider imaging bulk of breast in DM + DBT with remaining 
breast in DM only

• Synthesized DM has changed paradigm

– DBT + synthesized DM on all patients



Benefits of DBT



Increase in Cancer Detection

• Improves lesion conspicuity

– Distortion

• Removes tissue superimposition

– Margin evaluation

– Localization



Breast Cancer Screening Using Tomosynthesis in 
Combination with Digital Mammography

Friedewald, SM, Rafferty, EA, Rose, SL, et al. JAMA 
2014;311(24):2499-2507



Site Characteristics

Site # Radiologists
Academic or                

Non-
Academic

Duration of 
Time Period 
1 (months)

DM Cases 
Period 1

Duration 
Time Period 
2 (months)

DM+Tomo 
Cases Period 

2

Total Cases  
used for 
Primary 
Analysis

Transition to 
DM+Tomo

DM Casesa 
Imaged  
Period 2

1 7 A 12 10746 16 4366 15112 Hybrid 16098

2 10 N 12 19830 19 7909 27739 Hybrid 26105

3 6 A 12 10753 16 14014 24767 Complete 0

4 7 A 12 12533 17 8607 21140 Hybrid 10,022

5 13 N 12 26502 13 3640 30142 Hybrid 33112

6 18 N 12 25488 3 5868 31356 Complete 0

7 20 N 12 22606 18 2613 25219 Hybrid 29112

8 6 N 12 16694 18 16149 32843 Hybrid 16098

9 3 N 12 4801 21 16269 21070 Hybrid 2178

10 5 A 12 17623 22 5880 23503 Hybrid 6416

11 20 N 12 53181 17 24281 77462 Hybrid 56803

12 12 A 12 40382 22 34119 74501 Hybrid 45473

13 12 N 12 20048 20 29948 49996 Hybrid 4568

Total 139 281187 173663 454850 245985

Abbreviations: DM, digital mammography; DM+Tomo, digital mammography plus tomosynthesis
a DM cases imaged during period 2 were used in analysis to address potential selection bias

Friedewald et al JAMA. 2014 Jun 25;311(24):2499-507



Site Characteristics

Site # Radiologists
Academic or                

Non-
Academic

Duration of 
Time Period 
1 (months)

DM Cases 
Period 1

Duration 
Time Period 
2 (months)

DM+Tomo 
Cases Period 

2

Total Cases  
used for 
Primary 
Analysis

Transition to 
DM+Tomo

DM Casesa 
Imaged  
Period 2

1 7 A 12 10746 16 4366 15112 Hybrid 16098

2 10 N 12 19830 19 7909 27739 Hybrid 26105

3 6 A 12 10753 16 14014 24767 Complete 0

4 7 A 12 12533 17 8607 21140 Hybrid 10,022

5 13 N 12 26502 13 3640 30142 Hybrid 33112

6 18 N 12 25488 3 5868 31356 Complete 0

7 20 N 12 22606 18 2613 25219 Hybrid 29112

8 6 N 12 16694 18 16149 32843 Hybrid 16098

9 3 N 12 4801 21 16269 21070 Hybrid 2178

10 5 A 12 17623 22 5880 23503 Hybrid 6416

11 20 N 12 53181 17 24281 77462 Hybrid 56803

12 12 A 12 40382 22 34119 74501 Hybrid 45473

13 12 N 12 20048 20 29948 49996 Hybrid 4568

Total 139 281187 173663 454850 245985

Abbreviations: DM, digital mammography; DM+Tomo, digital mammography plus tomosynthesis
a DM cases imaged during period 2 were used in analysis to address potential selection bias

Friedewald et al JAMA. 2014 Jun 25;311(24):2499-507



Results
DM DM+Tomo Absolute 

Difference
Relative change P-Value

Recall Rate 10.7% 9.1% 16/1000 -15% P<.001

Cancer Detection Rate 4.2/1000 5.4/1000 1.2/1000 +29% P<.001

Invasive Cancer Detection 

Rate
2.9/1000 4.1/1000 1.2/1000 +41% P<.001

PPV1 4.3% 6.4% 2.1% +49% P<.001

PPV3 24.2% 29.2% 5.0% +21% P<.001

Friedewald et al JAMA. 2014 Jun 25;311(24):2499-507



Results

Blue Arrows:
Numbers represent 
each site

Yellow Arrow: 
Represents model 
estimate

Red Arrow: 
Represents pooled 
performance

Friedewald et al JAMA. 2014 Jun 25;311(24):2499-507
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Pathology

• Right  breast: 12:30,  6  cm  
from  the  nipple,  
ultrasound-guided  core  
needle  biopsy  (BI-RADS  5):
– Invasive  ductal  carcinoma,  

grade  1  (2+1+1)

• Tomosynthesis only, DM 
occult



• Fatty Breast



  elrod







Pathology

• Left breast 7:00, 3 CMFN

– Invasive ductal carcinoma, grade 2

• Fatty breast

• Tomosynthesis only (occult on DM)







RCC RMLO

Tomosynthesis Slices



Tomosynthesis ReconstructionTomosynthesis Slice 

CC



Tomosynthesis ReconstructionTomosynthesis Slice 

MLO



RSCC

Tomosynthesis Reconstruction





Pathology 

• Invasive lobular carcinoma

• Fatty Breast

• Spot Tomosynthesis confirms



Decrease Recall Rate



Decrease Recall Rate

• Superimposed tissue

• Skin calcifications/lesions

• Nipple not in profile

• Tortuous vessels

• Lymph nodes







Decrease in Recall

• Skin calcifications 

• Don’t need to be recalled

• Don’t have to do skin localizations





Decrease Recall Rate

• Nipple not in profile

• Doesn’t need to be recalled



RCC LCC



2D FFDM

RCC



RCC

3D Tomosynthesis Reconstruction 



RCC

3D Tomosynthesis Reconstruction 



Tomosynthesis Slice2D FFDM





Tortuous Vessels

• Overlapping components of 
tortuous vessels may imitate mass 
lesions

• Tomosynthesis enables the 
radiologist to confidently assess 
true etiology







2D FFDM Tomosynthesis Reconstruction



Tomosynthesis Reconstruction2D FFDM



20122011
2D FFDM





Decrease Recall Rates

• Superimposed breast tissue

• Simulates a lesion

• No convex margins

• Will not see mass or discrete distortion on 
either view

• No need for call back for spot views or 
ultrasound



Summary

• The scientific evidence supporting the use of  
tomosynthesis is abundant

– Increased lesion conspicuity/cancer detection 

– Decreased false positives 

– Yields a higher positive predictive value 

– Helps the radiologist in the diagnostic setting

• Improved lesion localization 

• Increases pre-test probability of a lesion’s benign or 
malignant status



Thank You 

sfriedewald@mgh.harvard.edu
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