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Abstract   

Objectives: To investigate possible associations between breast compression parameters, 

including compression force and pressure, compressed breast thickness and breast volume, 

and mammographic density assessed by an automated software.   

Methods: We obtained data on breast compression parameters, absolute and percent dense 

volume and body mass index (BMI) for 12,898 women screened with two-view 

(craniocaudal, CC, and mediolateral oblique, MLO) digital mammography in the Norwegian 

Breast Cancer Screening Program, 2014-2015. Spearman correlation coefficient and linear 

regression were used to study the associations between breast compression parameters, and 

absolute and percent dense volume, adjusting for age and BMI.  

Results: Compression force, compressed breast thickness and breast volume were positively 

correlated with absolute dense volume (ρ = 0.20, 0.27 and 0.53 for left CC and ρ = 0.14, 0.33 

and 0.45 for left MLO, respectively). Compression pressure was inversely correlated with 

absolute dense volume (ρ = -0.48 for left CC and ρ = -0.28 for left MLO). In the adjusted 

analyses, the strongest associations were observed between compression pressure and 

absolute dense volume, breast volume and absolute dense volume, and between compressed 

breast thickness and percent dense volume.  

Conclusions: Breast compression parameters might affect automated mammographic density 

estimates. 

Key words: breast; mammography; screening; breast compression; mammographic density 

Key points: 

1) Compression pressure was inversely correlated with absolute dense volume	

2) Breast volume was positively correlated with absolute dense volume	
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3) Compressed breast thickness was inversely correlated with percent dense volume	

4) Breast compression parameters influence automated density estimates 	

 

Abbreviations 

CC – craniocaudal 

MLO – mediolateral oblique 

BMI – body mass index 

VDG – Volpara Density Grade 

BI-RADS – Breast Imaging-Reporting and Data System 

SD – standard deviation 

 

  



5	
	

Introduction 

Fibroglandular tissue appears radiographically bright on the mammogram, while fatty tissue is 

dark. Mammographic density reflects the amount of fibroglandular tissue in the breast and can 

be presented as percent or absolute density [1]. Percent density is the proportion of the 

fibroglandular tissue estimated in the area or volume of the whole breast, while absolute 

density is the actual area or volume of fibroglandular tissue. High mammographic density is a 

risk factor for breast cancer [2], and tumours are less visible in dense compared to fatty 

breasts due to masking [3].  

Breast compression at mammography may influence mammographic density estimates as 

compression pulls the liquid out of the breast, changing mammographic appearance [4]. 

Compression force (newton, N) is applied when the breast is placed between the bucky and a 

paddle of the x-ray machine during the imaging procedure [5; 6]. Application of compression 

force immobilizes the breast and reduces breast thickness, which limits scatter effects, thus 

improving image quality, and decreases the amount of radiation absorbed in glandular tissue 

[5]. Compression pressure (kilopascal, kPa), defined as compression force divided by the 

breast area in contact with the paddle, reflects the applied compression force distribution over 

the breast [7; 8], while compressed breast thickness (millimetre, mm) implies the thickness of 

the compressed breast as measured at exposure. Breast volume (cm3) is a volumetric 

estimation of the size of the breast subjected to compression based on data obtained from an 

automated software [9].  

Measures of compression pressure and compressed breast thickness depend on compression 

force and a woman’s pain threshold and breast characteristics, including total volume of the 

breast and volume of dense and fatty tissue [10]. Compression force is set by the 

radiographers and the magnitude of the force is associated with the radiographer’s preferences 
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[11; 12]. Therefore, the values of breast compression parameters may differ not only between 

women, but also within one screening examination of four images [7; 13]. As far as we are 

aware, there is no evidence of the optimal values of breast compression parameters whether to 

achieve the best image quality or to provide the gentlest examinations with no or minimum 

pain. To obtain such evidence, possible associations between breast compression parameters 

need to be examined.  

Previous studies have shown compression force and compressed breast thickness to be 

correlated with mammographic density [14-16]. However, further studies including a larger 

number of examinations are needed in order to verify the results. As a part of the amendment 

of the Norwegian Breast Cancer Screening Program, VolparaTM [17], an automated method 

for estimating absolute and percent dense volume, was installed at three of the 30 screening 

units. We took advantage of the collected data on breast compression parameters and 

mammographic density and investigated the associations. The parameters of breast 

compression include compression force, compression pressure, compressed breast thickness 

and breast volume. 

Materials and methods 

This descriptive study on breast compression and density parameters was performed on data 

from women screened in the Norwegian Breast Cancer Screening Program between 2014 and 

2015. The study was approved by the Regional committee for health research ethics 

(2016/938). 

The Norwegian Breast Cancer Screening Program 

The organized screening program for breast cancer in Norway is administered by the Cancer 

Registry of Norway and run according to European guidelines [5]. As of 2016, about 600,000 
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women aged 50-69 years are invited biennially to two-view, craniocaudal (CC) and 

mediolateral oblique (MLO), mammography. The average participation rate is 75% for each 

invitation [18]. The program performs independent double reading with consensus. Between 

2006 and 2015, the women received a questionnaire on selected breast cancer risk factors, 

including weight and height, along with the invitations. Information collected as a part of 

the invitation and screening examinations, including data from the questionnaire, is 

registered and stored at the Cancer Registry of Norway.  

Study Population 

We received a file with de-identified data extracted from the Cancer Registry database. 

Information was available for 17,867 women screened with full field digital mammography 

in Rogaland, Hordaland and Akershus counties, as a part of the screening program, June 2014 

– May 2015. To simplify analyses, we restricted the study to women with four images at one 

screening examination (n = 16,382). We excluded information from women who did not 

report weight and/or height in the questionnaires (n = 3,484). This left information from 

12,898 women available for analyses.  

Measurement of study parameters 

During the study period, GE Senographe Essential was used in Rogaland and Hordaland, 

while Philips MicroDose SI was used in Akershus. The values of compression force and 

compressed breast thickness were obtained from the Digital Imaging and Communications in 

Medicine (DICOM) header. VolparaTM (version1.5.0) was used to estimate compression 

pressure, absolute dense volume (cm3), total volume of the breast (cm3) and percent dense 

volume (%) for each image taken [19]. The software provided a score of Volpara Density 

Grade (VDG) based on percent dense volume, which imitated the BI-RADS (Breast Imaging-

Reporting and Data System) classification of mammographic density. The categories of VDG 
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corresponded to the following ranges of percent dense volume: VDG-1: <4.5%; VDG-2:  4.5-

7.49%; VDG-3: 7.5-15.49%; and VDG-4:  ≥15.5% (26). Body mass index (BMI) was 

calculated as kg/m2 based on the data on weight and height of the women obtained from the 

questionnaire. BMI was assigned to each of the four images of the corresponding woman. 

Statistical analysis 

The mean, standard deviation (SD), median and ranges of compression force, compression 

pressure, compressed breast thickness, BMI, breast volume, and absolute and percent dense 

volume were estimated for CC and MLO. Further, to identify possible differences in breast 

compression parameters by percent dense volume, we stratified mean and median values of 

breast compression parameters by VDG. The correlations between compression force, 

compression pressure, compressed breast thickness, BMI, breast volume, and absolute and 

percent dense volume were measured using Spearman correlation coefficient (ρ). Scatterplots 

with locally weighted smoothing were used to graphically display the relationships between 

the studied parameters. Absolute and percent dense volumes were lognormally distributed. 

We performed linear regression analyses to study the association of compression force, 

pressure and compressed breast thickness with natural log transformed absolute and percent 

dense volume, adjusting for breast volume, age (continuous) and BMI (continuous). Because 

of concern that the associations could be modified by BMI we performed linear regression 

analyses stratified by four BMI groups (< 20; 20-24.9; 25-29.9; and ≥ 30 kg/m2). All variables 

included in regression analyses were standardized. The estimated regression coefficient of 

standardized variables represented the change in the number of SDs of the outcome variable 

(absolute and percent dense volume) on the transformed scale associated with one SD change 

in breast compression parameters. All analyses were conducted using STATA® 14.0 

(StataCorp, Texas, USA). 
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Results 

Mean compression force was 123.5 N for left versus 123.0 N for right CC mammograms, and 

135.8 N for left versus 136.2 N for right MLO mammograms. Only results from the left breast 

are shown in the further to avoid duplex numbers. Results for both breasts are displayed in 

Appendix I. 

Among the 12,898 women, mean age was 60.2 (SD: 5.5) years and mean BMI was 25.5 (SD: 

4.1) kg/m2 (Table 1). The means of breast compression parameters and absolute dense volume 

differed statistically significantly for left CC and MLO. The mean and median percent dense 

volume were similar for CC and MLO (6.5% and 5.3%, respectively).  

Table 1.  
Study parameters for left craniocaudal (CC) and mediolateral oblique (MLO) mammograms 
among 12,898 women screened in the Norwegian Breast Cancer Screening Program, 2014-
2015 
 CC 
		 Mean (SD) Median Range 
Compression force (N) 123.5 (25.1) 120.0 29-206 
Compression pressure (kPa) 15.8 (6.4) 14.6 3.4-61.9 
Compressed breast thickness (mm) 57.4 (11.8) 58.0 12-99 
Breast volume (cm3) 855.5 (412.9) 795.0 50.7-2787.5 
Absolute dense volume (cm3) 48.4 (24.9) 42.9 6.1-272.0 
Percent dense volume (%) 6.5 (3.8) 5.3 1.5-35.1 

 
MLO 

 
Mean (SD) Median Range 

Compression force (N) 135.8a (30.0) 130.0 38-206 
Compression pressure (kPa) 10.7a (3.3) 10.3 2.9-37.6 
Compressed breast thickness (mm) 59.6a (13.3) 60.0 13-100 
Breast volume (cm3) 998.8a (482.1) 928.2 39.0-3524.8 
Absolute dense volume (cm3) 55.6a (27.4) 49.4 3.9-341.1 
Percent dense volume (%) 6.5 (3.8) 5.3 1.3-45.3 
a P<0.001 for a t-test comparison for means between CC and MLO 

 

Stratified analyses of breast compression parameters by VDG, showed a decrease in 

compression force and an increase in compression pressure by increasing density (p for trend 

<0.001 for both) (Table 2). Compressed breast thickness and breast volume decreased by 

increasing VDG (p for trend <0.001 for both). 
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Table 2.  
Breast compression parameters for left craniocaudal (CC) and mediolateral oblique (MLO) 
mammograms by Volpara Density Grade (VDG) among 12,898 women screened in the 
Norwegian Breast Cancer Screening Program, 2014-2015 
 VDG-1 (n=4,293) VDG-2 (n=5,107) VDG-3 (n=3,002) VDG-4 (n=496) 
 CC 

 mean (SD) median mean (SD) median mean (SD) median mean (SD) median 
Compression force (N) 127.2 (24.8) 120.0 124.1 (25.3) 119.0 118.6 (24.5) 116.0 115.0 (21.4) a 114.0 
Compression pressure (kPa) 13.0 (4.8) 12.2 15.9 (6.0) 14.9 18.7 (7.3) 17.5 20.3 (7.5) a 18.7 
Compressed breast thickness (mm) 64.3 (8.7) 64.0 57.6 (10.1) 58.0 49.8 (11.4) 50.0 42.2 (11.2) a 41.5 
Breast volume (cm3) 1132.7 (393.6) 1075 825.8 (347.1) 770.3 581.1 (282.8) 531.8 422.2 (223.2) a 370.4 

 MLO 

 mean (SD) median mean (SD) median mean (SD) median mean (SD) median 
Compression force (N) 140.4 (29.5) 130.0 136.8 (29.9) 132.0 129.2 (29.0) 125.0 124.8 (28.6) a 120.0 
Compression pressure (kPa) 9.5 (2.6) 9.2 10.8 (3.1) 10.5 11.9 (3.5) 11.4 12.9 (4.2) a 11.9 
Compressed breast thickness (mm) 68.5 (9.4) 68.0 59.4 (10.9) 59.0 50.1 (12.2) 50.0 41.5 (11.1) a 41.0 
Breast volume (cm3) 1337.1 (456.3) 1280.6 957.8 (393.3) 895.9 670.3 (329.8) 612.6 480.2 (249.7) a 435.0 
a P for trend <0.001 

 

Compression force was positively correlated with compression pressure, compressed breast 

thickness, breast volume and BMI (p<0.001 for all) (Figure 1). Contrary, compression 

pressure was negatively correlated with compressed breast thickness, breast volume and BMI 

(p<0.001 for all). Compressed breast thickness was positively correlated with breast volume 

and BMI (p<0.001 for all). Breast volume was positively correlated with BMI (p<0.001). 

Among the breast compression parameters, the correlations were rather weak (ρ<0.50), except 

for those between compression pressure and breast volume, compressed breast thickness and 

breast volume, and breast volume and BMI (p<0.001 for all).  
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Fig. 1. The relationship between breast compression parameters (compression force, 
compression pressure, compressed breast thickness and breast volume) and body mass index 
(BMI) for left craniocaudal (CC, upper panels) and mediolateral oblique (MLO) 
mammograms (lower panels). Each point corresponds to one compression (n=12,898 for CC 
and n=12,898 for MLO). The line corresponds to the locally weighted scatterplot smoothing. 
Spearman correlation coefficient (ρ) is shown for each relationship (p<0.001 for all). 
 
 

The correlation between compression force, compressed breast thickness, breast volume and 

absolute dense volume was positive, while the correlation between compression pressure and 

absolute dense volume was inverse (p<0.001 for all) (Figure 2). The correlation between 

compression force, compressed breast thickness, breast volume and percent dense volume was 

inverse, and the correlation between compression pressure and percent dense volume was 

positive (p<0.001 for all).  
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Fig. 2.  
The relationship between breast compression parameters (compression force, compression 
pressure, compressed breast thickness and breast volume) and percent and absolute dense 
volume for left craniocaudal (CC, upper panels) and left mediolateral oblique (MLO) 
mammograms (lower panels). Each point corresponds to one compression (n=12,898 for CC 
and n=12,898 for MLO). The line corresponds to the locally weighted scatterplot smoothing. 
Spearman correlation coefficient (ρ) is shown for each relationship (p<0.001 for all). 
 

The values of R-squared indicated that compression force and pressure explained very low 

proportions of variances of absolute and percent dense volume (Table 3). After mutual 

adjustment, including age and BMI, the strongest associations were observed for compression 

pressure and absolute dense volume, breast volume and absolute dense volume, and 
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compressed breast thickness and percent dense volume. No association was observed between 

compressed breast thickness and absolute dense volume, and between breast volume and 

percent dense volume in the adjusted analyses. 

Table 3.  
Association between breast compression parameters (compression force, compression 
pressure, compressed breast thickness and breast volume) and absolute and percent dense 
volume among 12,898 left craniocaudal (CC) and left mediolateral oblique (MLO) 
mammograms  
 CC 
  Crude Adjusted a 
 Beta b (95% CI) P R2 Beta b (95% CI) P R2 

Absolute dense volume      
Compression force (N)  0.24 (0.22;  0.25) <0.001 0.04  0.21 (0.19;  0.23) <0.001 0.37c 
Compression pressure (kPa)  -0.43 (-0.44;-0.42) <0.001 0.23 -0.33 (-0.35;-0.31) <0.001  
Compressed breast thickness (mm)  0.31 (0.30;  0.33) <0.001 0.09 -0.01 (-0.02; 0.04)   0.43  
Breast volume (cm3)  0.58 (0.56;  0.60) <0.001 0.28  0.35 (0.31;  0.39) <0.001  

      Percent dense volume 
Compression force (N)  -0.13 (-0.15;-0.11) <0.001 0.01 -0.06 (-0.08;-0.04) <0.001 0.40c 
Compression pressure (kPa)  0.26 ( 0.25;  0.28) <0.001 0.09  0.09 (0.07;  0.11) <0.001  
Compressed breast thickness (mm)  -0.57 (-0.59;-0.56) <0.001 0.31 -0.50 (-0.52;-0.48) <0.001  
Breast volume (cm3)  -0.55 (-0.56;-0.53) <0.001 0.27  0.03 (-0.01; 0.06)   0.14  

       
  MLO 

 
Crude Adjusted‡ 

 Beta*(95% CI) P R2 Beta*(95% CI) P R2 
Absolute dense volume      

Compression force (N)  0.13 (0.11;  0.15) <0.001 0.02  0.13 (0.11;  0.15) <0.001 0.25c 
Compression pressure (kPa) -0.51 (-0.53;-0.48) <0.001 0.09 -0.35 (-0.39;-0.30) <0.001  
Compressed breast thickness (mm)  0.33 (0.31;  0.34) <0.001 0.13  0.03 (0.01;  0.06)   0.02  
Breast volume (cm3)  0.42 (0.39;  0.42) <0.001 0.21  0.31 (0.28;  0.35) <0.001   

Percent dense volume      
Compression force (N) -0.17 (-0.19;-0.16) <0.001 0.03 -0.11 (-0.13;-0.09) <0.001 0.44c 
Compression pressure (kPa)  0.60 (0.57;  0.63) <0.001 0.11  0.30 (0.26;  0.34) <0.001  
Compressed breast thickness (mm) -0.57 (-0.59;-0.56) <0.001 0.36 -0.43 (-0.46;-0.41) <0.001  
Breast volume (cm3) -0.57 (-0.58;-0.55) <0.001 0.36 -0.02 (-0.05; 0.01)   0.22  a Including compression force, compression pressure, compressed breast thickness, breast volume, body mass index (BMI) and age; adjusted 

covariates are not shown for BMI and age 
b Beta coefficients represent the difference in each measure of percent or absolute dense volume in the number of standard deviations (SDs) 
on the natural log transformed scale associated with one SD change in the explanatory variable 
c R-squared for the model 
 
The results did not differ across BMI groups. Tests of heterogeneity for whether the 

associations between breast compression parameters and absolute and percent dense volume 

differed between BMI groups did not differ statistically significantly (results not shown). 
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Discussion 

We identified associations between breast compression parameters and absolute and percent 

dense volume among 12,898 women aged 50-69 years, who were screened in the Norwegian 

Breast Cancer Screening Program between 2014 and 2015. Moderate correlations were 

observed between compression pressure and absolute dense volume, and between breast 

volume and absolute dense volume. Absolute dense volume decreased when compression 

pressure increased and increased when breast volume increased. A strong correlation was 

found between compressed breast thickness and percent dense volume. Percent dense volume 

decreased when compressed breast thickness increased.  

Mean values of breast compression parameters for CC and MLO differed statistically 

significantly (Table 1 and Table A1). The difference might be related to the variation in the 

volume of the breast subjected to compression. MLO includes a substantially larger part of the 

pectoral muscle compared with CC. The pectoral muscle is not used in the estimation of either 

absolute or percent dense volume despite it affects breast compression, by increasing breast 

thickness and thus resulting in higher compression force [20; 21].   

The associations between breast compression parameters, and absolute and percent dense 

volume may be explained by the impact of total breast volume. Breast volume was positively 

correlated with absolute dense volume and inversely correlated with percent dense volume. 

Radiographers apply higher force to large breasts [11; 22]. Compared to women with small 

breasts, women with large breasts tend to have higher dense and considerably higher fatty 

area and therefore lower percent density [23]. In volumetric terms, this indicates that women 

with large breasts have higher absolute dense volume, considerably higher volume of fatty 

tissue and thus lower percent dense volume compared to women with small breasts. Given 

that women with large breasts tend to receive higher compression force compared to women 
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with small breasts, higher compression force is related to higher absolute and lower percent 

dense volume. Use of site specific compression force might have influenced the strength of 

the correlation between compression force and breast volume as a wide compression force 

variation between the Norwegian breast centres has been shown in a recent study [24]. 

Compression pressure was inversely correlated with absolute dense volume and positively 

correlated with percent dense volume. Women with large breasts have lower pressure 

compared with women with small breasts. The lower pressure was thus related to high 

absolute dense volumes. Contrary, percent dense volume was lower in large versus small 

breasts, which might indicate a connection between low pressure and low percent dense 

volume. These findings were corroborated by the variation of compression pressure by 

categories of VDG, where we observed an increase in mean and median values of 

compression pressure with increasing density category. In a study investigating the 

association between breast stiffness, computed as a ratio of compression force and 

deformation of the breast due to compression, and the risk of breast cancer, it has been shown 

that dense volume, percent dense volume and breast tissue stiffness were positively associated 

with the risk of breast cancer [25]. This might indicate that low compressibility of the breast 

tissue, corresponding to a high level of compression pressure, is associated with high percent 

dense volume. 

The correlation between compressed breast thickness and absolute and percent dense volume 

might also be linked to breast volume. Volpara estimated breast volume based on the values 

of compressed breast thickness and breast area contacting the compression paddle. Given the 

same breast area, high compressed breast thickness implies larger breast volume compared to 

low compressed breast thickness. Larger breast volume is related to higher absolute dense 

volume, which indicates that higher compressed breast thickness is associated with higher 
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absolute dense volume. However, large breast volume also implies high volume of fatty 

tissue. Therefore, percent dense volume, estimated as a ratio between absolute dense volume 

and breast volume, is lower for breasts with larger volume and also for high compressed 

breast thickness.  

Our findings are in line with results from previous studies [14-16]. As such, compression 

force and compressed breast thickness have been shown to be positively correlated with 

absolute dense volume [16]. Further, inverse correlations between compression force and 

percent mammographic density and between compressed breast thickness and density, 

reported using semi- and fully automated methods of density assessment, support our findings 

[15; 16].  

As far as we are aware, changes in absolute or percent dense volume observed within one 

woman, one breast or one mammographic projection due to the application of different 

compression forces have not previously been reported. The influence of change in compressed 

breast thickness on the estimates of percent dense volume has been reported in one phantom 

study and in one study investigating simulated errors in compressed breast thickness [26; 27]. 

Both studies used the same automated software as used in our study. In the study describing 

the development of a phantom to test an automated software for density assessment, it was 

assumed that application of compression force and reducing the phantom thickness caused 

both reduction and increase in phantom’s percent dense volume [27]. These findings might 

indicate that the radiographers, who set values of compression force, could influence the 

estimates of percent dense volume by applying less or more compression force. Further, the 

study investigating differences in percent dense volume due to simulated errors found that 

both categorical density values (VDG) and percent dense volume could become different for 

the same woman with 15% error in compressed breast thickness [26]. These findings 
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correspond well to our results regarding the strong association between compressed breast 

thickness and percent dense volume. 

Volumetric methods of mammographic density estimation are considered more accurate with 

respect to determining breast density and associated with it breast cancer risk compared with 

visual methods of mammographic density assessment [28-30]. However, our findings suggest 

that the studied breast compression parameters may influence volumetric density 

measurements and might therefore affect the accuracy of the density estimates and possibly 

confound the association between mammographic density and breast cancer risk. In future 

studies, we will include information about breast cancer to get further knowledge about this 

issue. 

One of the strengths of our study is a large sample of mammograms from a population-based 

breast cancer screening program. Further, as far as we know, this is the first study that 

examines the relationship between compression pressure and absolute and percent dense 

volume. Furthermore, the study included mammograms performed by different pairs of 

radiographers (n = 424), which makes the results generalizable. One of the limitations of our 

study is lack of information indicating the individual radiographers and their experience in 

mammography, which is shown to be of influence for the compression force used in 

mammography screening [11; 12]. We assumed the estimates produced by the automated 

density measurement software to be the reference standard in our study. However, to calculate 

absolute dense volume, breast volume and percent dense volume, the software uses values of 

compressed breast thickness [19; 26]. The associations between compressed breast thickness 

and absolute and percent dense volume created by the software manufacturer could have 

affected the results of the adjusted analyses. As such, the associations between compressed 
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breast thickness and absolute dense volume, and between breast volume and percent dense 

volume have disappeared in the adjusted analyses. 

In conclusion, our study identified moderate correlations between compression pressure and 

absolute dense volume, and between breast volume and absolute dense volume, as well as a 

strong correlation between compressed breast thickness and percent dense volume. Breast 

compression parameters, including compression pressure, compressed breast thickness and 

breast volume, might have an impact on mammographic density estimates obtained from the 

automated software. 
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