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Background and Purposes:  
The breast tissues are known to respond to the fluctuation of hormones, and they may show changes during the menstrual cycle. Extensive pathological studies have 

found different histological characteristics between follicular and luteal phases. The fibroglandular tissues may expand with increased hormone levels, and resulted in 
increased breast density. However, the reported mammographic density studies showed controversial results, and they did not indicate a significant difference in the 
density measured at different phases of a menstrual cycle. However, since mammographic density is measured as projected dense tissues on a 2D image, it may not be 
sensitive enough to detect small changes. 3D MRI-based method can provide volumetric density measures. It has been shown that the tissue enhancements at different 
phases of the menstrual cycle are different, but so far there is no report about change of breast density. In this study the breast density was measured 4 times during a 
menstrual cycle, and the changes in pre-menopausal women and post-menopausal women were compared. 
 

Materials and Methods:  
Thirty healthy female subjects (age range 23-61, mean 35 y/o), 25 premenopausal and 5 postmenopausal, were recruited for this study. These subjects did not have 

history of any breast diseases, and they were not taking contraceptive pills or receiving hormonal replacement therapy. All subjects received breast MRI once a week for 4 
weeks during their menstrual cycle, for a total of 4 scans. All breast MR images were acquired using a 1.5T MR scanner. Gradient echo 3D T1W axial images (FOV 
350mm, slice thickness 2mm, TR/TE 11/4.7msec, flip angle 20 degrees, and matrix 256x390) covering bilateral breasts were taken. The segmentation of breast and 
fibroglandular tissue was following a previously published procedure [Nie et al. Med Phys 35:5253–5262 (2008)], performed by two operators independently. For each 
case, the breast volume (BV), fibroglandular tissue volume (FV) and percent density (PD) were measured. The inter-operator consistency was tested by comparing the 
results analyzed by two operators. Then the fluctuation of each parameter measured over the 4 scans done within one menstrual cycle was investigated using the 
coefficient of variation (CV). The standard deviation among four measurements analyzed from 4 MRI studies was calculated, and the ratio over their mean value was 
calculated. A higher CV indicates a higher fluctuation over the 4 measurements. The left and right breasts in each subject were analyzed separately. 
 

Results:  
For inter-operator consistency test, each operator analyzed all 240 breasts [30 (subjects) x 4 (MRI) x 2 (breast)], and their results were compared. As shown in 

Figure 1, the results between two operators are highly correlated, R2=0.9876 for breast volume, R2=0.9782 for fibroglandular tissue volume, and R2=0.9614 for the percent 
density. The coefficient of variation (CV) of each parameter over 4 measurements was calculated for 60 breasts in 30 subjects. The ranges of CV in a total of 50 breasts 
from 25 pre-menopausal women, and in a total of 10 breasts from 5 post-menopausal women, are summarized in Table 1. The mean CV within each group was also 
shown in the Table. Overall, the mean CV in breast volume is 4.9% for pre-menopausal and 5.5% for post-menopausal; the mean CV in fibroglandular tissue volume is 
7.7% for pre-menopausal and 4.1% for post-menopausal; and the mean CV for the percent density is 7.0% for pre-menopausal and 6.0% for post-menopausal. The 
difference between pre-menopausal and post-menopausal groups is not significant (all P values > 0.05). The intra-operator measurement variation for each of these density 
parameters is around 3%, so these mean fluctuations are twice that of measurement uncertainty. Nevertheless, we did observe a >10% fluctuation in the fibroglandular 
tissue volume or the percent density of 5 pre-menopausal women; and on the contrary, in none of the 5 post-menopausal women. Figure 2 shows case examples from 3 
pre-menopausal and 2 post-menopausal. The segmented dense tissues on 4 different MRI’s during a menstrual cycle are shown. 
 
 
 
 
 
 
 
 
Figure 1. The BV, FV, and PD measured by two operators show a high correlation. 
 

              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussions:  

The results show that, overall, the fluctuation of measured breast volume, fibroglandular tissue volume, and the percent density during a menstrual cycle is small, 
which is approximately twice that of the intra-operator measurement uncertainty. Considering that the MRI’s are taken at 4 different times with different settings, a high 
variation greater than the intra-operator uncertainly is expected. Therefore, the results suggest that overall the impact of menstrual-cycle related changes in breast 
density is small. However, as expected, we did see a higher fluctuation in several pre-menopausal subjects. The estrogen level of all 30 subjects was measured at the 
time of MRI, and further analysis to correlate with hormonal level is on going.  
 

Table 1. Range and Mean of Coefficient of Variation (STDEV/Mean) 
Measured from 4 Different MRI’s During a Menstrual Cycle 

 

Figure 2. Representative images from 
5 subjects. (a) and (b) are from 2 
post-menopausal women; with fatty 
breasts. (c), (d) and (e) are from 3 
pre-menopausal women; and their 
breasts are much denser compared to 
the 2 post-menopausal women. The 
CVs of the measured FV and PD are 
2.5% and 3.5% for (a); 2.8% and 
4.6% for (b); 11.7% and 12.8% for 
(c); 10.6% and 5.9% for (d); and 
2.8% and 3.1% for (e). Note that case 
(c) has the highest density and shows 
the highest fluctuation.  
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