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The sensitivity of digital mammography (DM) is lower 
in women with dense breasts than in those with lower 

breast density (1). Breast density is also associated with 
higher false-positive rates and recall rates (2) due to super-
position of normal glandular tissue that can mimic can-
cer. The woman’s age has an impact on mammography 
screening as breast density decreases (3) and cancer inci-
dence increases. The distribution of cancers shifts toward 
less-aggressive slower-growing cancers with increasing age 
(4). It has been shown that mammography screening has 
a lower sensitivity (1) and higher false-positive rate (2) 
among younger women.

Digital breast tomosynthesis (DBT) generates pseudo 
three-dimensional (3D) images where a single section 
of anatomy is in focus. The rest is blurred, with greater 

magnitude proportional to the distance from the focus 
plane. The screening performance of DBT for specific den-
sity and age groups may be different from that of DM, as 
DBT potentially can reduce masking and resolve superpo-
sition of breast tissue. Prospective (5–11) and retrospective 
(12–18) studies have shown that the integration of DBT 
improves the cancer detection or recall rates for both fatty 
and dense breasts and in age groups relevant for mammog-
raphy screening. Data are limited in almost entirely fatty 
and extremely dense breasts. Two large studies compared 
DBT and DM in women with extremely dense breasts, 
with one study finding an increased cancer detection rate 
with DBT (5) and the other finding similar rates for DBT 
and DM (13). Therefore, there is a need for more data 
from large prospective trials.

Digital Mammography versus Breast 
Tomosynthesis: Impact of Breast Density on Diagnostic 
Performance in Population-based Screening
Bjørn Helge Østerås, MSc • Anne Catrine T. Martinsen, PhD • Randi Gullien, MSc • Per Skaane, MD, PhD

From the Department of Diagnostic Physics (B.H.Ø., A.C.T.M.) and Division of Radiology and Nuclear Medicine (R.G., P.S.), Oslo University Hospital, Building 20, 
Gaustad, PO Box 4959, Nydalen, 0424 Oslo, Norway; and Institute of Clinical Medicine (B.H.Ø., P.S.) and Department of Physics (A.C.T.M.), University of Oslo, 
Oslo, Norway. Received March 1, 2019; revision requested April 15; final revision received June 4; accepted June 14. Address correspondence to B.H.Ø. (e-mail: bjorn.
helge.osteras@ous-hf.no).

P.S. received equipment and funding for additional case interpretations related to the Oslo Tomosynthesis Screening Trial from Hologic.

Conflicts of interest are listed at the end of this article.

See also the editorial by Fuchsjäger and Adelsmayr in this issue.

Radiology 2019; 293:60–68 • https://doi.org/10.1148/radiol.2019190425 • Content code: 

Background: Previous studies comparing digital breast tomosynthesis (DBT) to digital mammography (DM) have shown conflict-
ing results regarding breast density and diagnostic performance.

Purpose: To compare true-positive and false-positive interpretations in DM versus DBT according to volumetric density, age, and 
mammographic findings.

Materials and Methods: From November 2010 to December 2012, 24 301 women aged 50–69 years (mean age, 59.1 years 6 5.7) 
were prospectively included in the Oslo Tomosynthesis Screening Trial. Participants received same-compression DM and DBT with 
independent double reading for both DM and DM plus DBT reading modes. Eight experienced radiologists rated the images by 
using a five-point scale for probability of malignancy. Participants were followed up for 2 years to assess for interval cancers. Breast 
density was assessed by using automatic volumetric software (scale, 1–4). Differences in true-positive rates, false-positive rates, and 
mammographic findings were assessed by using confidence intervals (Newcombe paired method) and P values (McNemar and x2 
tests).

Results: The true-positive rate of DBT was higher than that of DM for density groups (range, 12%–24%; P , .001 for density 
scores of 2 and 3, and P . .05 for density scores of 1 and 4) and age groups (range, 15%–35%; P , .05 for all age groups), mainly 
due to the higher number of spiculated masses and architectural distortions found at DBT (P , .001 for density scores of 2 and 3; 
P , .05 for women aged 55–69 years). The false-positive rate was lower for DBT than for DM in all age groups (range, 20.6% to 
21.2%; P , .01) and density groups (range, 20.7 to 21.0%; P , .005) owing to fewer asymmetric densities (P  .001), except 
for extremely dense breasts (0.1%, P = .82).

Conclusion: Digital breast tomosynthesis enabled the detection of more cancers in all density and age groups compared with digital 
mammography, especially cancers classified as spiculated masses and architectural distortions. The improvement in cancer detection 
rate showed a positive correlation with age. With use of digital breast tomosynthesis, false-positive findings were lower due to fewer 
asymmetric densities, except in extremely dense breasts.
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(n = 24 901, some women were imaged twice) was published 
(26). After 2 years of follow-up to assess interval cancers, the 
sensitivity and specificity of DM plus DBT were compared with 
those from previous DM screening rounds (n = 24 301) (27) and 
for all screening arms (23). None of these reports have stratified 
results according to breast density or age, which is the goal of this 
preplanned analysis.

Study Cohort
From November 2010 to December 2012, 24 301 women 
(48 451 breasts) imaged at one breast center were included 
in the Oslo Tomosynthesis Screening Trial (Fig 1). The mean 
participant age 6 standard deviation was 59.1 years 6 5.7. 
Women with pacemakers, women unable to stand, and women 
with breast implants were not included. The selection of 
women was solely based on the availability of radiographers 
and imaging systems. Recruitment was part of the population-
based screening program BreastScreen Norway, which invites 
women aged 50–69 years to undergo biennial two-view screen-
ing. Eight experienced radiologists (including P.S.) with 2–31 
years of experience in screening mammography (average, 16 
years) participated in the trial. Before the trial, each radiolo-
gist received intensive personalized training with a set of 100 
cancer-enriched cases. Details regarding study population and 
radiologist training are reported elsewhere (23,26).

Mammographic Imaging
Imaging was performed with three mammography systems 
(Selenia Dimensions, Hologic) by using the “combo” mode 
(single breast compression for DM and DBT). Craniocaudal 
and mediolateral oblique projections were acquired of both 
breasts. A standard screening setting (auto filter) was used, re-
sulting in a mean average glandular radiation dose of 1.74 and 
2.10 mGy for DM and DBT views, respectively (28).

Image Evaluation
Radiologists categorized their findings by using the Breast-
Screen Norway scale for the probability of cancer, as follows: 
1, negative or definitely benign; 2, probably benign; 3, inde-
terminate; 4, probably malignant; and 5, malignant. A score 
of 2 or higher was classified as a positive mammographic find-
ing, and these examinations were discussed at a consensus 
meeting (Fig 1). Four readers independently interpreted four 
study arms: two DM arms and two DM plus DBT arms. 
The workstation for each arm was in different rooms, and the 
patient’s score for the respective arm was locked after clos-
ing the reading session. More details regarding study arms are 
reported elsewhere (23,27). Scores from DM arms were com-
bined into a single score: two-dimensional (2D) double read-
ing. If at least one DM arm had a positive score, 2D double 
reading was considered positive. Similarly, scores from DM 
plus DBT arms were combined into double reading 2D plus 
3D. For positive scores, the radiologist classified the mam-
mographic finding as mass (round, oval, irregular), spiculated 
mass, architectural distortion, asymmetric density, calcifica-
tion, or calcification with density. All screening-detected can-
cers were classified at consensus.

Abbreviations
BI-RADS = Breast Imaging Reporting and Data System, CI = con-
fidence interval, DBT = digital breast tomosynthesis, DM = digital 
mammography

Summary
For digital breast tomosynthesis compared with digital mammogra-
phy, true-positive rates were higher and false-positive rates were lower 
for all volumetric breast density categories (except for extremely 
dense breasts) and age groups (ages 50–69 years).

Key Results
 n The true-positive rate with digital breast tomosynthesis (DBT) 

was higher than that with digital mammography (DM) in all 
volumetric density groups (range, 12%–24%; P , .001 in women 
with scattered fibroglandular and heterogeneously dense breasts; 
P . .05 in women with almost entirely fatty and extremely dense 
breasts) and all age groups (range, 15%–35%; P , .05).

 n The false-positive rate with DBT was lower than that with DM in 
all age groups (range, 20.6% to 21.2%; P , .01) and volumetric 
density groups (range, 20.7% to 21.0%; P , .005), except for 
women with extremely dense breasts (0.1%, P = .82).

 n DBT showed a greater number of true-positive findings classi-
fied as spiculated masses or architectural distortions (P , .001 in 
women with scattered fibroglandular and heterogeneously dense 
breasts, P , .05 in women aged 55–69 years) and a reduction of 
false-positive findings classified as asymmetric densities (P , .001, 
except in women with extremely dense breasts).

Radiologists usually classify breasts into one of four Breast 
Imaging Reporting and Data System (BI-RADS) density cat-
egories (19). This method has considerable interobserver vari-
ability (20,21). Commercial software for automatic density 
classification has recently become available. Such software 
uses image processing and a physical model of the breast to 
calculate the woman’s breast density objectively (22), thereby 
facilitating reproducible breast density stratification in the 
mammography screening.

The paired design of the prospective Oslo Tomosynthesis 
Screening Trial facilitates comparison of true- and false-positive 
interpretation between DM and DBT. Previous analysis showed 
an improvement in true- and false-positive rates with DBT (23). 
The benefit across density and age groups has not previously 
been analyzed in this cohort.

The aim of this study was to compare true- and false-positive 
interpretations in DM and DBT in prospective population-
based screening according to volumetric density, age, and mam-
mographic findings.

Materials and Methods
This prospective clinical trial (ClinicalTrials.gov NCT01248546) 
was approved by the regional ethics committee (reference num-
ber: 2010/144). Written informed consent was obtained from all 
participants. Hologic (Bedford, Mass) sponsored this study by 
providing equipment and financial support for additional read-
ings. The authors had control of data and information submitted 
for publication. Five reports have been published on the Oslo 
Tomosynthesis Screening Trial, including two interim analyses 
comparing DM and DBT (n = 12 631) (24,25). After inclusion 
of all women, a study comparing two versions of synthetic DM 



Impact of Breast Density on Diagnostic Performance of Digital Mammography and Digital Breast Tomosynthesis

62 radiology.rsna.org  n  Radiology: Volume 293: Number 1—October 2019

tion density scores, as follows: 1, almost entirely 
fatty; 2, scattered fibroglandular densities; 3, het-
erogeneously dense; and 4, extremely dense.

At the consensus meetings at least two or three 
of the eight participating radiologists assessed breast 
density in consensus according to BI-RADS 4th 
edition density (Fig 1) (19).

Statistical Analysis
Differences in distributions of breast density were 
assessed by using the x2 test (tabulate and chi2 
commands, Stata, version 15.1; StataCorp, Col-
lege Station, Tex). Agreement in density assess-
ment between volumetric and BI-RADS density 
was assessed by using k statistics with quadratic 
weights (kap, wgt [w2] commands; Stata) and 
Spearman correlation coefficients (Spearman 
command; Stata). The 95% confidence intervals 
(CIs) were estimated by using bootstrapping with 
10 000 replacements (bootstrap command; Stata).

The 95% CIs in differences in proportions were 
estimated by using the Newcombe method for 
paired proportions (the Newcombe method for 
unpaired proportions was used as a conservative 
estimate where one modality found all screening-
detected cancers).

The McNemar test (mcci command; Stata) was 
used when comparing differences in true- and false- 
positive rates for 2D and 2D plus 3D. For all analy-
ses, P , .05 was considered indicative of a statisti-
cally significant difference.

We calculated the true-positive rate difference 
for 2D plus 3D and 2D with respect to age by 
using linear regression (regstat command; Mat-
lab, Natick, Mass). Associated 95% CIs were 
calculated by using bootstrapping with 10 000 
replacements (Matlab).

Differences in proportions of mammographic 
finding classifications in 2D and 2D plus 3D were 
evaluated by using the x2 test.

Results

Automatically Calculated Breast Density 
Distributions
With use of volumetric density, 65% of women 
(15 785 of 24 251) were considered to have non-

dense breasts (density 1 and 2) and 35% (8466 of 24 251) 
were considered to have dense breasts (density 3 and 4). The 
density distribution was different in all age groups (P , 
.001), shifting toward lower breast density with age (Table 1).  
The density distribution was different in women with posi-
tive scores (P , .001) and screening-detected cancers (P 
= .002) compared with all women. In addition, the den-
sity distribution was different between screening-detected 
and interval cancers when density was measured with use of 
volumetric (quantized) density (P = .03).

Breast Density Assessment
Volumetric breast density was calculated automatically by us-
ing commercial software (Quantra, version 2.0; Hologic). This 
information was not shown to readers (Fig 1). The software uses 
the raw DM image, physical model of the radiographic imag-
ing chain, and attenuation in adipose and fibroglandular tissue 
to estimate volumetric breast density (ratio of fibroglandular to 
total breast volume) (22). Results for each view are aggregated 
into woman-based scores. Volumetric density was mapped to a 
quantized density score that was similar to BI-RADS 4th edi-

Figure 1: Flowchart of study population shows overall recall rate and cancer 
detection rate for independent two-dimensional (2D) and 2D plus three-dimensional 
(3D) double reading. BCT = breast-conserving therapy, BI-RADS = Breast Imaging 
Reporting and Data System, DBT = digital breast tomosynthesis, DM = digital mam-
mography, FP = false positive, OTST = Oslo Tomosynthesis Screening Trial, TP = true 
positive, 2D = study arms using DM only, 2D+3D = study arms using DM plus DBT.
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15; P = .50) for almost entirely fatty breasts, 33% (26 of 79; 
P , .001) for breasts with scattered fibroglandular densities, 
30% (19 of 64; P , .001) for heterogeneously dense breasts, 
and 28% (five of 15; P = .06) for extremely dense breasts. The 
95% CIs for the difference in true-positive rate between 2D 
plus 3D and 2D overlap for all density categories.

Table E1 (online) shows true-positive interpretations strati-
fied according to BI-RADS density, with similar results as strati-
fication with volumetric (“quantized”) density.

Radiologists reported fewer false-positive scores using 2D 
plus 3D compared with 2D double reading for women with 
all densities, except those with extremely dense breasts. The 
breast-based false-positive rate was lower by 23% (45 of 197; P 
= .004) for almost entirely fatty breasts, 21% (252 of 1224; P 
, .001) for breasts with scattered fibroglandular densities, and 
12% (94 of 815; P = .004) for heterogeneously dense breasts. 
The breast-based false-positive rate was higher by 2% (five of 
229; P = .82) for extremely dense breasts.

True- and False-Positive Interpretations according  
to Age
The number of true-positive scores was higher for all age strata 
for 2D plus 3D compared with 2D double reading (Table 3). 
The improvement in the true-positive rate was 18% (eight 
of 44 breasts; P = .008) for ages 50–54 years, 19% (nine of 48 
breasts; P = .02) for ages 55–59 years, 33% (15 of 46 breasts;  
P , .001) for ages 60–64 years, and 54% (21 of 39 breasts; P , 
.001) for ages 65–69 years. The 95% CIs for the difference in the 
true-positive rate overlap for all age strata. Still, linear regression 

Table 2 shows the Spearman correlation and interobserver 
agreement between volumetric density and BI-RADS density for 
women with positive mammographic scores (n = 3790). The in-
terobserver agreement (k value) was substantial with correlation 
(P , .001) among the two measures of breast density assessment.

True- and False-Positive Interpretations according to 
Density
Radiologists detected more cancers using 2D plus 3D com-
pared with 2D double reading for all breast densities (Table 3).  
The breast-based true-positive rate was higher by 13% (two of 

Table 1: Volumetric Breast Density according to Age, Positive Mammographic Score, and Screening-detected and  
Interval Cancers

Subgroup No. of Women

No. of Women  
with Missing  
Density Measure-
ments*

Volumetric Density Grade†

1 2 3 4
All included women 24 301 50 11.8 

(2863/24 251)
53.3  
(12  922/24 251)

27.4  
(6645/24 251)

7.5  
(1821/24 251)

Age 50–54 y 6508 10 6.2  
(401/6498)

45.2  
(2939/6498)

35.7  
(2318/6498)

12.9 (840/6498)

Age 55–59 y 6693 14 11.2  
(751/6679)

53.0  
(3538/6679)

28.7  
(1917/6679)

7.1  
(473/6679)

Age 60–64 y 5578 10 15.0  
(837/5568)

56.7  
(3157/5568)

22.9  
(1275/5568)

5.4  
(299/5568)

Age 65–69 y 5522 16 15.9  
(874/5506)

59.7  
(3288/5506)

20.6  
(1135/5506)

3.8  
(209/5506)

Women with positive 
mammographic score

3794 4 7.8  
(295/3790)

49.4  
(1871/3790)

33.3  
(1262/3790)

9.6  
(362/3790)

Women with screening-
detected cancers‡

230 1 7.0 (16/229) 46.7 (107/229) 36.2 (83/229) 10.0 (23/229)

Women with interval 
cancers§

51 0 0.0 (0/51) 33 (17/51) 49 (25/51) 18 (9/51)

* Density measurement was missing for one woman with bilateral screening-detected cancer.
† Data are percentages, with raw data in parentheses. Volumetric density was obtained with software (Quantra, Hologic).
‡ Four screening detected cancers was bilateral.
§ One interval cancer was bilateral.

Table 2: Correlation between BI-RADS and Volumetric 
Density

BI-RADS Density

Volumetric Density

1 2 3 4
I 115 189 6 2
II 177 1305 246 11
III 3 377 918 175
IV 0 0 92 174

Note.—Data are numbers of women. Breast Imaging Report-
ing and Data System (BI-RADS) density was obtained with 
BI-RADS 4th edition (19). Volumetric (“quantized”) density 
was obtained with software (Quantra, Hologic). Interobserver 
agreement between BI-RADS density and volumetric density 
was substantial (k = 0.69 [95% confidence interval: 0.67, 0.71]; 
Spearman correlation coefficient: 0.70 [95% confidence interval: 
0.68, 0.72]).
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tables show only minor differences in estimates when adjusting 
for age or volumetric density.

True- and False-Positive Mammographic Features 
according to Density
The number of breast-based true-positive interpretations for 
2D plus 3D and 2D double reading stratified according to 
mammographic finding and volumetric (quantized) density is 
shown in Figure 2. Most additional cancers found in the 2D 
plus 3D analysis were classified as a spiculated mass or architec-
tural distortion (Figs 3, E1 [online]). For these lesions, differ-
ences were 25% in almost entirely fatty breasts (two of eight [P 
= .50], with 10 detected with 2D plus 3D and eight detected 
with 2D), 43% in breasts with scattered fibroglandular den-
sities (20 of 46 [P , .001], with 66 detected with 2D plus 
3D and 46 detected with 2D), 40% in heterogeneously dense 

showed an improvement of 6.7% (95% CI: 1.8%, 11.6%; P , 
.01) for every 5 years, with an r2 of 0.87 (95% CI: 0.14, 0.99).

The number of false-positive interpretations was lower for 
all age strata with use of 2D plus 3D compared with 2D double 
reading (Table 3). The false-positive rate was lower by 11% 
(101 of 901 breasts; P = .001) for ages 50–54 years, 12% (77 of 
619 breasts; P = .009) for ages 55–59 years, 26% (133 of 521 
breasts; P , .001) for ages 60–64 years, and 17% (74 of 425 
breasts; P = .003) for ages 65–69 years.

Age and Density Adjustments
Tables E2–E4 (online) show the age-adjusted difference in 
true- and false-positive interpretations stratified according to 
volumetric (quantized) and BI-RADS density and the volu-
metric density–adjusted difference in true- and false-positive 
interpretations stratified according to age, respectively. The 

Table 3: Breast-based True- and False-Positive Interpretations for 2D and 2D Plus 3D Double Reading according to 
Volumetric Density and Age

Parameter

No. of Breasts True-Positive Interpretations False-Positive Interpretations

With 
SDC* 

Without  
SDC† 

No. with  
2D 

No. with 
2D plus 
3D Difference‡ P Value

No. with 
2D 

No. with 
2D plus 
3D Difference‡ P Value

All women 234 48 217 177 230 53 (22.7)  
[17.0, 28.6]

,.001 2466 2081 2385 (20.80) 
[21.03, 20.57]

,.001

Volumetric density§

 1 and 2 125 31 334 94 122 28 (22.4)  
[14.3, 30.8]

,.001 1421 1124 2297 (20.95) 
[21.21, 20.69]

,.001

 3 and 4 107 16 787 82 106 24 (22.4)  
[14.1, 31.4]

,.001 1044 955 289 (20.53) 
[20.96, 20.10]

.02

 1 17 5681 15 17 2 (11.8)  
[28.5, 34.3]||

.50 197 152 245 (20.79) 
[21.33, 20.26]

.004

 2 108 25 653 79 105 26 (24.1)  
[15.1, 33.3]

,.001 1224 972 2252 (20.98) 
[21.28, 20.69]

,.001

 3 84 13 182 64 83 19 (22.6)  
[12.9, 32.9]

,.001 815 721 294 (20.71) 
[21.19, 20.24]

.004

 4 23 3605 18 23 5 (21.7)  
[3.0, 41.9]||

.06 229 234 5 (0.14)  
[20.83, 1.11]

.82

Age
 50–54 y 52 12 952 44 52 8 (15.4)  

[5.3, 27.5]||
.008 901 800 2101 (20.78) 

[21.27, 20.29]
.002

 55–59 y 59 13 296 48 57 9 (15.3)  
[3.4, 27.5]

.02 619 542 277 (20.58) 
[21.01, 20.15]

.009

 60–64 y 63 11 049 46 61 15 (23.8)  
[11.7, 36.1]

,.001 521 388 2133 (21.20) 
[21.66, 20.76]

,.001

 65–69 y 60 10 920 39 60 21 (35.0)  
[22.6, 47.6]||

,.001 425 351 274 (20.68) 
[21.12, 20.24]

.003

Note.—There were 2643 true- and false-positive interpretations with two-dimensional (2D) double reading and 2311 with 2D and three-
dimensional (3D) double reading. SCD = screening-detected cancer.
* One woman with bilateral cancer had missing density. Therefore, analysis stratified according to density is missing for two breasts.
† Density measurements were missing in 49 women (96 breasts). Therefore, analysis stratified according to density is missing for 96 
breasts.
‡ Data are numbers of interpretations, with percentages in parentheses and 95% confidence intervals in brackets.
§ Volumetric (“quantized”) density was obtained with software (Quantra, Hologic).
|| Determined with the Newcombes method, unpaired.
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Figure 2: Bar charts show breast-based true-positive findings for two-dimensional (2D) and 2D plus three-dimensional (3D) double reading 
stratified according to volumetric (“quantized”) density in, A, entirely fatty breasts, B, scattered fibroglandular breasts, C, heterogeneously dense 
breasts, and, D, extremely dense breasts. P values are given for significant differences. One woman with bilateral cancer had missing density val-
ues. Quantized density was obtained with software (Quantra, Hologic).

breasts (14 of 35 [P , .001], with 49 detected with 2D plus 
3D and 35 detected with 2D), and 33% in extremely dense 
breasts (four of 12 [P = .13], with 16 detected with 2D plus 3D 
and 12 detected with 2D). In addition, more cancers classified 
as calcification and/or calcification plus density were found in 
women with scattered fibroglandular breasts (26%, six of 23 
[P = .03], with 29 detected with 2D plus 3D and 23 detected 
with 2D).

The number of breast-based false-positive interpretations for 
2D plus 3D and 2D double reading stratified according to the 
mammographic finding reported by the readers and volumetric 
(quantized) density is shown in Figure E2 (online). There was a 
reduction in false-positive interpretations classified as asymmet-
ric densities with use of 2D plus 3D for women in all density 
categories (Fig E3 [online]), except for women with extremely 
dense breasts. The reduction was 51% in almost entirely fatty 
breasts (32 of 63 [P = .001], with 31 false-positive interpreta-
tions with 2D plus 3D and 63 with 2D), 58% in breasts with 
scattered fibroglandular densities (231 of 397 [P , .001], with 
166 false-positive interpretations with 2D plus 3D and 397 
with 2D), 52% in heterogeneously dense breasts (111 of 215 
[P , .001], with 104 false-positive interpretations with 2D plus 

3D and 215 with 2D), and 27% in extremely dense breasts (13 
of 48 [P = .15], with 35 false-positive interpretations with 2D 
plus 3D and 48 with 2D). There was a lower amount of false-
positive findings classified as spiculated mass and/or architec-
tural distortions and a higher amount of false-positive findings 
classified as calcifications and/or calcification plus density for 2D 
plus 3D compared to 2D.

True- and False-Positive Mammographic Features 
according to Age
The number of breast-based true-positive interpretations for 
2D plus 3D and 2D double reading stratified according to 
mammographic findings and age is shown in Figure E4 (on-
line). The number of true-positive findings was higher in 2D 
plus 3D only for spiculated masses and/or architectural distor-
tions for all age groups. The magnitude of the increase was 18% 
for age 50–54 years (five of 28 [P = .06], with 33 true-positive 
interpretations for 2D plus 3D and 28 with 2D), 21% for age 
55–59 years (seven of 33 [P = .04], with 40 true-positive inter-
pretations for 2D plus 3D and 33 for 2D), 60% for age 60–64 
years (12 of 20 [P = .002], with 32 true-positive interpretations 
for 2D plus 3D and 20 for 2D), and 76% for age 65–69 years 
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In addition, the anatomic noise of structures larger than 2 mm is 
almost identical in DBT and DM images (31). This indicates that 
DBT does not allow radiologists to “see though” dense breast pa-
renchyma but removes fine textures masking tumor spiculations in 
women of all breast densities. Our study showed that radiologists 
detected more spiculated masses with DBT compared with DM 
as the woman’s age increases. An explanation is as age increases, 
the proportion of less-aggressive slower-growing cancers increases 
(4). Such small low-grade tumors tend to manifest as spiculated 
masses (6), which are better visualized with DBT. Other stud-
ies have shown increased cancer detection for all age groups in 
women aged 50–69 years (5,8,9,11,14,15); to our knowledge, no 
studies have shown positive correlation with age.

Studies have shown a reduction in the recall rate using DBT 
for women in all breast density categories (9,12,13,15,16,18). 
Our results and those from another Norwegian trial (10) dif-
fer from the results of these studies, with no difference in false-
positive or recall rates for women with extremely dense breasts. 
However, we found a reduction in false-positive findings in het-
erogeneously dense breasts; the other study did not (10). The 
differences in the false-positive or recall rate in women with 
extremely dense breasts might be explained by the large dif-
ference in recall rate between countries. Other studies (32,33) 
have shown recall reduction mainly due to asymmetric densities, 
similar to our results. Superimposition of glandular tissue cre-
ates pseudo-lesions in DM, which DBT often resolves as glan-
dular tissue is depicted in different sections. Unlike the Malmö 
trial (7), we detected fewer false-positive findings classified as 
spiculated mass or architectural distortions. We found more 
false-positive findings with calcifications, which might be due 
to highlighting of calcifications by using synthetic 2D imaging.

(16 of 21 [P , .001], 
with 37 true-positive in-
terpretations for 2D plus 
3D and 21 with 2D). 
The number of breast-
based false-positive in-
terpretations for 2D plus 
3D and 2D stratified 
according to age and 
mammographic finding 
reported by the readers is 
shown in Figure 4. There 
was a similar difference 
in type of false-positive 
findings across all age 
categories.

Discussion
We compared cancer 
detection rates and false-
positive findings with 
digital breast tomosyn-
thesis (DBT) and digital 
mammography (DM) 
stratified according to 
density and age, as pre-
vious studies have shown conflicting results. The results of our 
study show that adding DBT to DM in screening yields more 
cancers in women of all density categories (range, 12%–24%; P 
, .001 in women with scattered fibroglandular and heteroge-
neously dense breasts, P . .05 in women with almost entirely 
fatty and extremely dense breasts) and age groups (range, 15%–
35%; P , .05). Most additional cancers manifest as spiculated 
masses or architectural distortions (P , .001 in women with 
scattered fibroglandular and heterogeneously dense breasts; P , 
.05 in women aged 55–69 years). Improvement in cancer detec-
tion with DBT showed a positive correlation (P , .01) with age 
(50–69 years). The false-positive rate was lower for women in 
most density categories (range, 20.7% to 21.0%; P , .005) 
and age groups (range, 20.6% to 21.2%, P , .01). The false-
positive rate was not lower in women with extremely dense 
breasts (0.1%, P = .82), mostly due to lower number of asym-
metric densities (P , .001).

Studies have shown improvement in cancer detection by using 
DBT over DM in fatty and dense breasts (5,9,11–13,15), in agree-
ment with our results. The Malmö trial (5) indicated improve-
ment using DBT for women with all densities, whereas another 
retrospective study (13) indicated similar performance, except for 
women with extremely dense breasts. Our results agree with those 
from the Malmö trial (5), which found improved cancer detection 
for women with extremely dense breasts and most additional can-
cers manifesting as spiculated masses or architectural distortions. 
Image texture from normal tissue (eg, fibroglandular tissue) can 
mask tumor spiculations and mass at DM (29). DBT removes 
out-of-plane fine structures, leaving in-plane tumor and spicula-
tions visible. It has been shown that DBT requires at least some 
amount of peritumoral fat to be effective in dense breasts (30). 

Figure 3: Screening mammograms (mediolateral oblique [Lmlo] views) obtained with, A, digital mammogra-
phy (DM) and, B, digital breast tomosynthesis (DBT) in left breast of 68-year-old woman with fatty breast (volu-
metric density score of 2 with software [Quantra, Hologic] and Breast Imaging Reporting and Data System 
density category II) show a spiculated mass (in circle). Positive scores were given only by the DBT readers; the 
cancer was overlooked by both two-dimensional mammography readers. Histologic examination revealed an 
8-mm tubular carcinoma. As the textures masking the tumor in the DM image are small, out-of-plane blurring 
effectively renders the masking textures invisible on the DBT images, leaving the in-plane tumor and spicula-
tions visible. In addition, a dark halo image artifact in the tube movement direction helps highlight the tumor 
on the DBT image (29).
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In conclusion, mammography screening using digital 
breast tomosynthesis (DBT) depicted more cancers in all 
density and age groups compared with digital mammography 
(DM) owing to the higher number of cancers classified as 
spiculated masses and architectural distortions at DBT. Im-
provement in cancer detection showed a positive correlation 
with age. The number of false-positive findings with DBT 
was lower than that with DM due to fewer asymmetric densi-
ties, except in extremely dense breasts.
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Density was assessed with use of volumetric and BI-
RADS density. BI-RADS density has large interobserver 
variability, making it potentially advantageous to use volu-
metric density (20,21). Our study and a previous analysis 
(34) showed that agreement of BI-RADS and volumetric 
density is limited in almost entirely fatty and extremely 
dense breasts. Most discrepant classifications will be border-
line cases (34), resulting in similar comparison of true- and 
false-positive rates by using either density measure. If volu-
metric density was used, two-thirds of the women would be 
classified as having fatty breasts, compared with half if using 
BI-RADS density (19,34).

Our study has limitations. It was a single-institution trial. We 
used the 4th edition of BI-RADS for breast density categoriza-
tion because this was the standard scale when the Oslo Tomo-
synthesis Screening Trial started. In addition, Quantra version 
2.0 maps volumetric density into categories according to the 
BI-RADS 4th edition density. Newer versions of Quantra use 
the BI-RADS 5th edition as reference. In the 5th edition, breasts 
are classified into a higher category if an area is dense and can 
obscure lesions. The 5th edition might be more associated with 
a reduction in sensitivity in both DM and DBT as very dense 
areas can obscure cancers.

Figure 4: Bar charts show breast-based false-positive findings for two-dimensional (2D) and 2D plus three-dimensional (3D) double reading 
stratified according to patient age: A, 50–54 years, B, 55–59 years, C, 60–64 years, and, D, 65–69 years. P values are given for significant 
differences.
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