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Abstract 

Background: Mammography is currently the modality of choice for mass screening of breast cancer, although its 
sensitivity is low in dense breasts. Besides, higher breast density has been identified as independent risk factor so it 
has been conceptualized that women with dense breasts should be encouraged for supplemental screening. In this 
study, we aimed to estimate the distribution of volumetric breast density using fully automated Volpara software and 
to analyze the level of agreement between volumetric density grades and Breast Imaging Reporting and Data System 
(BI-RADS) density grades. We also aim to estimate the distribution of breast cancer in different VDG and to find a cor-
relation between VDG and risk of malignancy.

Results: VDG-c was most common followed by VDG-b and BIRADS grade B was commonest followed by grade C. 
The density distribution was found inversely related to the age. Level of agreement between VDG and BIRADS grades 
was moderate (κ = 0.5890). Statistically significant correlation was noted between VDG-c and d for risk of malignancy 
(p < 0.001).

Conclusion: Difficulties associated with the use of BI-RADS density categories may be avoided if assessed using a 
fully automated volumetric method. High VDG can be considered as independent risk factor for malignancy. Thus, 
awareness of a woman’s breast density might be useful in determining the frequency and imaging modality for 
screening.
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Background
Breast cancer is the most often encountered and the most 
dreaded of the various pathologies that affect the breast 
[1]. It is the most common cancer in Indian women [2]. 
During 2012–2016, breast cancer was the leading cause 
of death among women aged 20–49 [3, 4]. The risk fac-
tors for breast cancer in western populations have been 

extensively investigated and life style related factors and 
reproductive factors have been found to be strongly 
associated with breast cancer. However, in low risk pop-
ulations, prevalence of these factors is low [5]. There is 
a constant search for other factors which may have a 
stronger association with an increased risk for develop-
ing breast cancer. Mammographic breast density (MBD) 
is one such factor, which needs more evaluation. Women 
with dense breasts have been found to be four to six 
times more likely to develop breast cancer than those 
with fatty breasts [6–8]. Extensive mammographic den-
sity may also make breast cancer more difficult to detect 
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by mammography and thus increases the risk of the 
development of cancer between mammographic screen-
ing tests [9].

Breast density (BD) assessments performed using the 
Breast Imaging Reporting and Data System (BI-RADS) 
are based on subjective description, having subopti-
mal reproducibility [10]. Thus, several methods have 
been proposed for measuring mammographic density 
in a quantitative manner like manual planimetry and 
computer-assisted threshold method [11, 12]. However, 
limitations of these method are that the tissue thickness, 
radiation dose, projection angle and observer bias are 
not taken into account. Cumulus (University of Toronto, 
Canada) one of the most commonly used quantita-
tive measurement software, estimated density based on 
two-dimensional mammographic images whereas BD is 
three-dimensional. So, this method has limited accuracy 
and is time consuming [13–15].

The fully-automated volumetric methods comprise 
Quantra v1.3 (Hologic, Bedford, MA, USA) which com-
bines the information from both views to produce aver-
age estimates for each breast and Volpara v1.0 (Volpara 
Solutions, Matakina Technology Limited, Wellington, 
New Zealand), uses a relative physics model to calculate 
percentage of dense tissue within the breast [16, 17].

In present study, we aim-

1. To estimate the distribution pattern of volumetric 
density grades (VDG).

2. To analyze the level of agreement between VDG and 
BI-RADS density grades.

3. To estimate the distribution of breast cancer in dif-
ferent VDG and to find an association between VDG 
and risk of malignancy.

Methods
Patient selection
This descriptive cross-sectional study was undertaken at 
the Breast Imaging Unit of Radiodiagnosis department 
of our institute between year 2019–20. This study was 
approved by Institution ethics committee. All women 
who had come for screening or diagnostic or surveil-
lance mammography were included in the study pro-
vided they were not on Tamoxifen therapy. Pregnant or 
lactating women and those with large or bilateral masses 
were excluded as they could lead to false density compu-
tation. Thus, our study population was a hybrid of both 
symptomatic and disease-free subjects. A total of 1228 
women were the final sample set. Requirement for writ-
ten informed consent was waived off by institute ethics 
committee as our study was retrospective in nature.

These patients underwent standard Digital Mam-
mography (DM) in two views: the CC and MLO views 
and tomosynthesis in one view (MLO) using DM Unit 
(GE Healthcare Senographe Essential 54,020/CESM1/
SenoClaireA.6). VBD measurements were done using 
fully automated software Volpara Density (Imaging soft-
ware version 3.3.2, Volpara Algorithm version Num-
ber1.5.4.0, Wellington, New Zealand). Additional views 
were taken when required. Ultrasound was done when 
needed, on Supersonic AIXPLORER Multiwave Version 
12.2.0808USG scanner.

Assessment of volumetric breast density (VBD)
VBD was automatically calculated in each case using 
Volpara software which works by using a model of the 
physics regarding digital mammography in order to work 
backwards from the pixel value in the image to the X-ray 
attenuation between the pixel and the X-ray source. It 
calculates the types of tissue that must have been present 
between the pixel and the X-ray source. Then, the vol-
ume of fibro glandular tissue and breast tissue in cubic 
centimeters, and their ratio are obtained to acquire quan-
titative VBD. The VDG is the VBD threshold at various 
levels, which can be used to obtain an approximate BI-
RADS breast composition classification [18]. VBD of less 
than 3.5% is VDG a, 3.5–7.4% is VDG b, 7.5–15.5% is 
VDG c, and ≥ 15.5% to VDG d (Fig. 1).

Qualitative BD grade was independently assigned by 
two radiologists (Radiologist 1 with 12  years of expe-
rience and Radiologist 2 with 5  years of experience) 
according to the BI-RADS 5th edition (2013) to A, B, C 
and D (A: the breast is almost entirely fatty, B: scattered 
areas of fibro glandular density, C: the breast is heteroge-
neously dense, and D: the breast is extremely dense) [19] 
(Fig.  2). Cases which showed discrepancy in BI-RADS 
categorization were reviewed by both the radiologists 
and based on mutual consensus final BI-RADS density 
category were assigned.

Final BI-RADS assessment category was assigned to 
each case based on the clinical presentation, mammo-
graphic and ultrasound findings. 323 masses with suspi-
cious morphology were identified and Trucut biopsy was 
performed. After pathological examination 193 cases 
came out to be malignant and constituted the “case” 
group. Women with no suspicious lesion on mammo-
gram or ultrasound constituted the comparison or “con-
trol” group. Information about age, age at menarche, 
number of children, breastfeeding, strong family history 
and hormone replacement therapy were taken from our 
records and noted for women in both groups. Depending 
upon the age of menarche, data was recorded for pres-
ence or absence of early menarche in both groups, cut off 
being taken as ≤ 12 years. Similarly, based on the number 
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of children data was recorded for presence or absence of 
Nulliparity in both the groups.

Statistical analysis
It was carried out on SPSS Version 21.0 statistical 
Analysis Software. The values were represented in 
number, percentage (%) and mean ± SD. Level of agree-
ment between VDG and BI-RADS density grade was 

calculated by calculating weighted kappa. The kappa 
values were interpreted as follows: A kappa value less 
than 0 had less than chance agreement, between 0.001 
and 0.20 indicated slight agreement; 0.21–0.40, fair 
agreement; 0.41–0.60, moderate agreement; 0.61–0.80, 
substantial agreement; and 0.81–0.99, almost per-
fect agreement. Chi-square test followed by post hoc 
test, i.e., Bonferroni correction was used to assess the 

Fig. 1 Medio-lateral oblique views of mammograms of different patients showing volumetric density grades (VDG-A, B, C and D) with VOLPARA 
numerical breast density values

Fig. 2 Medio-lateral oblique views of mammograms of different patients showing ACR BI-RADS categories (A, B, C and D) of breast density
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association between VDG and breast malignancy with 
calculation of P values.

Results
Our study population had age range27-83  years, mean 
age 48.82 ± 10.94  years and most common age group 
was 41–60  years. VDG-c was most common (43.97%) 
pattern, followed by VDG-b (26.14%), VDG-d (24.9%) 
and VDG-a (4.96%). Distribution of BI-RADS density 
grades as determined by two radiologists independently 
and after mutual consensus is depicted in Table1. The 
inter-observer agreement between two radiologists 
was substantial (Kappa value = 0.67).BI-RADS grade 

B (39.41%) was most common, followed by grade C 
(38.84%), D (15.14%) and A (6.59%). (Table 1, Fig. 3).

In below 40 age group (n = 42), VDG-b and d were 
commonest (33.33% each) followed by VDG-c (28.57%) 
and VDG-a (4.7%). In age group 41–50  years (n = 762), 
VDG-c and d were most common (47.76% and 29.13%, 
respectively) followed by VDG-b (19.42%) and VDG-a 
(3.67%). In 51–60 year group (n = 295), VDG-c (38.64%) 
and b (34.91%) were followed by VDG-d (21.69%) and 
VDG-a (4.74%). Only a small proportion of women 
61–70  years, (n = 97) had VDG-d (4.1%), commonest 
being VDG-c (47.42%), followed by VDG-b and a (39.17% 
and 9.27%, respectively). In 71–80  year age group 
(n = 26), VDG-b was most common (61.53%) followed by 

Table 1 Distribution of Study Population according to Breast Density Grade (VDG and BI-RADS Grades) (n = 1228)

SN Density grade No. of women Percentage

1- VDG

a 61 4.96

b 321 26.14

c 540 43.97

d 306 24.91

2- BI-RADS density grade Radiologist 1 Radiologist 2 After mutual consensus of both 
radiologists

A 72 85 81 6.59

B 466 503 484 39.41

C 488 462 477 38.84

D 202 178 186 15.14

Fig. 3 Bar chart shows comparison of the distribution of different volumetric density grades and BIRADS density grades in study population
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VDG-a (19.23%), c (11.53%) and d (7.69%). There was no 
VDG-d breast in women above 80 years. (Table 2, Fig. 4).

On assessing the agreement between VDG and ACR 
grades, similarity in grades was observed for 882 (71.8%) 
out of 1228 breasts. Level of agreement was found to be 
moderate with κ = 0.589 (Level of agreement; Moderate 
κ = 0.41–0.60). (Table 3).

On basis of Mammography and ultrasound findings 
final BI-RADS category was assigned to each patient. 
Out of 1228 women, 5% population fell in category 1, 
50.16% in category 2 and 17.67% in category 3. Category 
4, 5 and 6 were assigned to 18.07%, 8.2% and 0.81% of the 
subjects, respectively. Out of 61, VDG-a breasts, suspi-
cious features (BIRADS 4, 5 and 6) were noted only in 
9.8% population. Among 321 women with grade b, suspi-
cious features were present in 16.3%. Similarly, BIRADS 
4, 5 and 6 in VDG-c and d breasts were assigned to 
30.85% and 35.6% of population. Thus, with increase in 
BD grades, increase in number of findings suspicious for 
malignancy was seen. (Table 4).

Biopsy was performed in a total of 323 suspicious 
masses (BIRADS 4 and 5) and 193 came out to be malig-
nant. 104 cases (53.88%) of carcinoma breasts were from 
VDG-c and 57 from VDG-d (29.53%). Only 32 masses 
(2.6%) were from low density breasts (4 and 28 in VDG-a 
and b, respectively). Out of 61 breasts with VDG-a, 
malignancy was noted in 6.55%. Similarly, in VDG-b, 
c and d, malignancy was present in 8.72%, 19.25% and 
18.62%, respectively (Fig.  5). Thus, with increase in BD 
grades, increase in number of malignant lesions was seen.

To find out any association between different VDG 
and risk of malignancy, 193 cases and 247 controls were 
compared. All the aforementioned factors (age, age at 
menarche, number of children, breastfeeding, strong 
family history and hormone replacement therapy) were 
comparable in cases and controls (Table 5).

There was statistically significant difference between 
the VDG grades for risk of malignancy among cases 
and controls, as determined by Chi-square test (p 
value < 0.001) (Table  6) After applying Bonferroni 

correction, we found that VDG-a &b (p value = 0.212) 
and VDG-c & d (p value = 0.278) groups did not have any 
significant difference between them. However, VDG-a 
and VDG-b when individually compared to VDG-c (p 
value < 0.001) and VDG-d (p value < 0.001) showed sig-
nificantly higher normal population. VDG-c and d when 
compared to VDG-a and b showed significantly higher 
number of malignancy (p value < 0.01 for each). (Table 7).

Discussion
Breast cancer is the second leading cause of death in 
women. It has been well established that the sensitivity 
of mammography for diagnosis is inversely related to BD 
but here it is important to emphasize that the association 
between degree of BD and risk for breast cancer cannot 
be explained merely by a reduction in sensitivity [20]. 
High MBD is one of the strongest known risk factors, 
regardless of age, family history or ethnic background [21, 
22]. A variety of qualitative and quantitative techniques 
have been excogitated for measuring MBD. BI-RADS 
classification system is the most commonly practiced 
method for the same [23]. However, this method is sub-
jective and is influenced by many factors including over/
underestimation tendency, bias due to defensive practice 
and reading room conditions [3]. Inter- and intra-reader 
variabilities are also noted to be considerable in pub-
lished studies [17, 23]. To conquer this problem, a range 
of quantitative methods have been developed for BD 
measurement. The advantages of a quantitative BD eval-
uation include faster speed, increased efficiency and hav-
ing a reliable, highly reproducible calculation to report. 
Apart from that, objective BD measurement can help 
develop individualized screening protocols (like more 
frequent screening, screening with USG and magnetic 
resonance imaging) and individual breast cancer risk pre-
diction models.

Yaffe, in 2008 [15], described several quantitative tech-
niques to measure BD subjectively or objectively. These 
include two-dimensional dense area measures, Hand 
Delineation and semi-automated thresholding technique 

Table 2 Distribution of Volumetric density grade (VDG) according to age groups

Age group VDG a (n = 61) VDG b (n = 321) VDG c (n = 540) VDG d (n = 306) Total

n % n % n % n % n %

 < 40 2 4.7 14 33.33 12 28.57 14 33.33 42 100

41- 50 28 3.67 148 19.42 364 47.76 222 29.13 762 100

51–60 14 4.74 103 34.91 114 38.64 64 21.69 295 100

61–70 9 9.27 38 39.17 46 47.42 4 4.1 97 100

71–80 5 19.23 16 61.53 3 11.53 2 7.69 26 100

 > 80 3 50.0 2 33.33 1 16.66 0 0 6 100
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with Image J [22]. Alternatively, fully automated meth-
ods include 3D measurements of dense areas, yielding an 
aggrandized compendious computation of the volume of 
dense breast tissue [20, 24]. Presently, there are a num-
ber of fully automated methods to measure BD quanti-
tatively. One of these promising software is VOLPARA, 
which has received Food and Drug Administration and 
Therapeutic Goods Administration approval, as well as 
the CE mark for use in mammography practices [25–27]. 
In present study, we used the same software to calculate 
MBD.

The study population age ranged from 27 to 83 years, 
which is representative of the patients age group that 
attended our breast imaging unit. VBD assessment 
showed that VDG-c was most common pattern followed 
by VDG-b, VDG-d and VDG-a. Daniëlle van der Waal 
et  al. [28] found 32.5–45.7% women with heterogene-
ously dense breasts in various regions in Netherlands 
using Volpara software. Förnvik et  al. [29] used LIBRA 
software for BD measurements and found that majority 
of women had heterogeneously dense breasts (category-
C in 68%). Data from the Breast Cancer Surveillance 
Consortium (BD estimation was done using age and 
BMI) showed that 43.3% of the US women are considered 
dense [30]. Our findings well correlated with the recently 
published study on Asian population [31]. Although the 
most common pattern seen in a study performed on 
Indian population was also VDG-c but next in sequence 
were a and b followed by d [32]. The density distribution 
according to age is as reported previously, with density 
categories inversely related to age, the reason being post-
menopausal involution [33–35]. However, it is striking 
to note that within VDG-c and d groups in our study 
population, only 6.6% were age 60 and above. But in all 
the females above 60 years age (n = 129) about 46.6% had 
high VDG (c or d). Similarly, in below 40 women (n = 42), 
about 38% had VDG-a or b. Hence, generalizing lower 
BD to higher age and vice versa, which is not always true, 
may lead to erroneous presumptive BD assessment. In 
such cases, Volpara will be advantageous in comparison 
to visual assessment, as age is not factored in Volpara 
density assessment.

The BI-RADS density categories assigned by two radi-
ologists had shown substantial (κ = 0.67) inter-observer 
agreement between two radiologists. In our study, grade 
B density (39.41%) was most common followed by grade 
C (38.84%) and grade D (15.14%). It was in accordance 
with the recently published study on Asian population 
[31]. The other study performed in Indian population 
had also shown that grade B was commonest but next 
common was grade A [36]. Our data shows that most of 
the elderly females had low BD, i.e., grade A or B. Unex-
pectedly, a considerable percentage of younger women 

(< 40 years) were classified with either grade A or B den-
sity and elderly women (> 60 years) with grade C or D.

Our study show a moderate level of agreement between 
VDG and BI-RADS grade (κ value 0.41–0.60) (p < 0.001). 
This is consistent with the findings by Gweon et al. [12] 
and Seo et al. [37] that had shown moderate to significant 
level of agreement between the two. Tagliafico et al. [38] 
presented with similar findings and demonstrated that 
the use of the fully automated software eliminated intra- 
and inter-observer differences and correlated with ACR 
BI-RADS categories (r¼ 0.62, p < 0.01). We also observed 
that in general VDG scores were higher than BI-RADS 
scores. For instance 156 BI-RADS B categories were clas-
sified as VDG-c and 31 BI-RADSB categories were clas-
sified as VDG-d, while 96 of BI-RADSC categories were 
classified as VDG-d. This is in agreement to what has 
been observed by Gubern-Mérida et  al. [39] who saw a 
similar trend of Volpara scoring higher than BI-RADS 
category.

In our study, occurrence of malignancy was signifi-
cantly higher in VDG-c and d (p value < 0.01 each) as 
compared to VDG- a and b. However, we did not find 
any statistically significant difference between VDG-c 
and d (p value = 0.29) for risk of cancer. Our results 
are in accordance with previous study by Singh et  al. 
[40] which showed statistically significant increased 
risk of developing carcinoma in high-density breasts 
(VDG-c + VDG-d) as compared with low-density 
breasts (VDG-a + VDG-b) in both premenopausal and 
postmenopausal subgroups. Study by Koshi et  al. [41] 
showed similar results in premenopausal women but 
they did not found such association in post-menopau-
sal women. In our study, we did not divide patients in 
pre and post-menopausal groups and so did not com-
pare them. Duffy et al. [42] measured BD using Volpara 
software in the TOMMY trial and found that increased 
levels of density are associated with increased risk of 
breast cancer similar to ours. Puliti et al. [43] also saw 
that breast cancer incidence gradually increased with 
the increase in VBD: 3.7%, 5.1%, 5.4% and 9.1% in the 
VDG categories 1–4, respectively (p trend < 0.001) with 
the highest number of cancers in category 4; consistent 
with our results. Boyd et al. [6] reported similar results 
using BI-RADS assessment, with higher malignancy 
being detected in breasts with density > 75%. The major 
limitation of our study was that study subjects were a 
hybrid of screening and diagnostic population which 
is not the ideal condition for risk estimation. To over-
come this issue, we took out a subset of population and 
constituted ‘case’ group and ‘control’ group for cancer 
risk estimation. Our findings just add to the existing lit-
erature of BD serving as a risk factor of breast cancer. 
The role of ACR- BI-RADS density in breast cancer has 
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Fig. 4 Bar chart shows comparison of the distribution of normalcy and malignancy among different volumetric density grades (VDG) in study 
population

Table 3 Level of Agreement between VDG and ACR- BIRADS Grading

κ = 0.589 (Level of agreement; Moderate κ = 0.41–0.60) p < 0.001

BIRADS density 
grade

Total (n = 1228) VDG a (n = 61) VDG b (n = 321) VDG c (n = 540) VDG d (n = 306)

No. % No. % No. % No. %

A 81 50 82.0 19 5.9 10 1.9 2 0.7

B 484 9 14.8 288 89.7 156 28.9 31 10.1

C 477 0 0.0 14 4.4 367 68.0 96 31.4

D 186 2 3.3 0 0.0 7 1.3 177 57.8

Table 4 Distribution of different BIRADS category among VDG

BIRADS category Total VDG a (n = 61) VDG b (n = 321) VDG c (n = 540) VDG d (n = 306)

No. % No. % No. % No. %

1 62 8 13.1 20 6.2 26 4.8 8 2.6

2 616 45 73.8 194 60.4 259 48.0 118 38.6

3 217 2 3.3 55 17.1 89 16.5 71 23.2

4a 98 3 4.9 14 4.4 43 8.0 38 12.4

4b 35 0 0.0 5 1.6 16 3.0 14 4.6

4c 89 0 0.0 20 6.2 40 7.4 29 9.5

5 101 3 4.9 12 3.7 59 10.9 27 8.8

6 10 0 0.0 1 0.3 8 1.5 1 0.3
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been established; however, our study shows that even 
VBD can be a useful predictor of malignancy.

While comparing the correlation of Volpara based 
VDG with benign vs. malignant lesions, no statistical 
significance was found, thus indicating that BD, while 

being a good individual predictor of breast cancer, can-
not be used to distinguish the development of benign 
or malignant lesions.

Conclusion
We have demonstrated that the difficulties associated 
with the use of BI-RADS density categories, such as 
moderate to substantial inter-observer variability and 
broad ranges in the same category, may be avoided 

Fig. 5 Bar chart shows age wise distribution of different volumetric density grades (VDG) in study population

Table 5 Comparison of Case and control groups on the basis of 
clinical and demographic features

Variable Cases (n = 193) Controls (n = 247)

Age (mean ± SD) in years 51.6 + 9.8 49.8 + 10.1

Nulliparity 11 16

Early menarche 17 19

H/O breast feeding present 150 199

Strong family history 2 1

Hormone replacement therapy 0 0

Table 6 Association of Volumetric density Grade with 
Malignancy

VDG Cases Controls P value

a 4 32  < 0.001

b 28 14

c 104 158

d 57 43

Table 7 Results of Bonferroni correction

VDG P value

a v/s b 0.212

c  < 0.001

d  < 0.001

b v/s a 0.212

c  < 0.001

d  < 0.001

c v/s a  < 0.01

b  < 0.01

d 0.278

d v/s a  < 0.01

b  < 0.01

c 0.278
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when mammographic density is being assessed using a 
fully automated volumetric method with digital mam-
mography. We also demonstrated that high VDG is 
associated with high rate of malignancy. However, BD 
does not pick out all women who will develop breast 
cancer, because many cancers were found in low den-
sity breasts. Thus, awareness of a woman’s BD might 
be useful in determining the frequency and imaging 
modality for screening.
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