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ABSTRACT

Objective: The purpose of this study was to look into the relationship between breast size and mammographic breast density in women and breast
radiation dose on full-field digital mammography (FFDM), as well as the factors that influence radiation dose.

Materials and Methods: The study included a total of 2,060 FFDM images from 515 consecutive participants. The participants were divided into
two groups: those exposed to high doses (>3 mGy) and those exposed to low doses (<3 mGy). Moreover, the researchers analyzed the relationship between
mean glandular dose (MGD) of the breast and patient age, compressed breast thickness, compression force, mammographic breast composition, and
mammographic breast size.

Results: The mean mammographic breast volume was 936.2 + 425.2 (114.5-3,018) mL, and the mean compressed breast tissue thickness was 56.75 +
10.44 mm. Moreover, the mean MGD in the high-dose group was 3.51 + 0.48 mGy and 1.92 + 0.56 mGy in the low-dose group. The high-dose group had
greater breast thickness, diameters, volume, compression pressure, and surgical rate. However, the high-dose group was younger and had less dense breasts. In
multivariate logistic regression analysis, the most important predictors of dose determination were breast thickness [odds ratio (OR): 1.178, 95% confidence
interval (CI): 1.156-1.200, p<0.001], history of previous surgery (OR: 2.210, 95% CI: 1.417-3.447, p<0.001), compression force (OR: 1.008, 95% ClI:
1.004-1.013, p<0.001), and breast density (OR: 1.873, 95% CI: 1.359-2.580, p<0.001).

Conclusion: Women with larger breast volumes are subjected to higher doses of radiation. Therefore, breast-screening programs can be individualized to
young women with larger breast volumes and women who have had breast-conserving surgery.
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Key Points

e Breast cancer is the most common type of cancer in women worldwide.

*  Breast tissue of women over the age of 40 is repeatedly exposed to ionizing radiation due to periodic screening programs.

e Itisessential to know the factors affecting the amount of radiation dose to which breast tissue is exposed during routine screening programs and to use

individualized screening programs in women to reduce radiation exposure.

Introduction

The link between radiation and cancer was discovered primarily through the victims of the Hiroshima and Nagasaki atomic bombings (1, 2). In
order to reduce the risk of cancer caused by radiation, the frequency and dose of radiation exposure are kept as low as possible. The widespread

use of radiation-based imaging modalities raises concerns about the risk of radiation-induced cancer.

Breast cancer is the most common type of cancer among women in Turkey, as it is in the rest of the world (24.8%) (3, 4). As a result, early
detection of breast cancer is critical. Breast cancer screening programs aim to detect the disease at an early stage, before clinical symptoms appear.
Mammography is the most commonly used imaging modality for breast cancer screening because of its high sensitivity and low cost (5-6).
Moreover, breast cancer screening programs can reduce mortality by up to 30% (7). However, the breast tissue of women over the age of 40 is
repeatedly exposed to ionizing radiation as part of a periodic screening program (8). Although it varies depending on the radiosensitivity of the

tissue, it is known that the frequency of many cancers increases after radiation exposure (9).
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The purpose of this study was to look into the relationship between
breast size and mammographic breast density in women and breast
radiation dose on full-field digital mammography (FFDM), as well as

the factors that influence radiation dose.

Materials and Methods

This retrospective study was approved by our institutional ethics
committee for clinical trials. For a period of three months, consecutive
mammographic images obtained in the mammography unit (Selenia,
Hologic; Bedford, MA, USA) of our hospital were collected.
Patients with unilateral mastectomy, mammography images with
spot compression and magnification, mammograms taken during
interventional procedures, patients with previously known large
benign or malignant lesions, and male patient mammograms were
excluded from the study. The study included all bilateral craniocaudal
(CC) and mediolateral oblique (MLO) projection mammography
images from eligible participants during the study period.

Breast composition was determined by two radiologists in consensus,
using the Breast Imaging Reporting and Data System (BI-RADS)
(10). Breasts in BI-RADS categories "a" and "b" were referred to
as “nondense,” while breasts in BI-RADS categories "c" and "d"
were referred to as “dense.” The mammographic size of the breast
was determined using CC graphs and the measurement formula
described by Kalbhen et al. (11) BV = 1/4n x Hee x Wee x Cec (12).
In this formula, the diameter of the breast parallel to the chest wall,
the distance from the nipple to the chest wall, and the compressed
breast thickness were all used (Figure 1). Patients who had previously

undergone breast-conserving surgery were identified.

Data on the mean glandular dose (MGD) value, compressed breast
thickness, and breast compression force were extracted from the
Digital Imaging and Communications in Medicine (DICOM) labels
of each image sent to our Picture Archiving and Communication

System (PACS).

According to the Food and Drug Administration and the International
Commission on Radiological Protection (ICRP), the safe limit for a
single projection mammogram is 3 mGy MGD. This dose value
was accepted as a cutoff, and the participants were divided into two
groups: those who received a high dose and those who received a low
dose. Furthermore, the relationship between MGD and the age of
the participants during mammography, breast diameters, compressed
breast thickness, breast compression force, mammographic breast
composition, and the mammographic breast volume were investigated

using univariate and multivariate linear regression analyses.

Definitions

Total glandular dose: the total dose to which a breast is exposed during
MLO and CC projection

MGD: the average dose of a breast exposed in MLO and CC

projections.

Statistical analysis
SPSS 15.0 for Windows (IBM Inc., Armonk, NY, USA) was used

to analyze all of the data. The Kolmogorov-Smirnov test was used to

determine whether the data distribution was normal. The student’s
t-test was used to compare data with a normal distribution. Linear
regression analysis was also used to test the data’s predictive effect on
MGD. Furthermore, the forward elimination model was preferred
for variable elimination. Continuous data were expressed as mean
+ standard deviation, and categorical data as percentages. Statistical

significance was indicated by p<0.05.

Results

A total of 2,060 images from 515 consecutive patients who had routine
CC and MLO investigations were included in the study. The mean
age of the patients was 55.9 + 8.8 years. The mean mammographic
volume of the breast per person was 936.2 + 425.2 (114.5-3,018)
mL. In addition, the mean compressed breast tissue thickness was
56.75 + 10.44 mm, and the mean compression force was 127.13 +
30.89 N. When the patients were classified based on mammographic
breast composition, 657 breasts (63.8%) were classified as “nondense,”
while 373 breasts (36.2%) were classified as “dense” (Figure 2). A total
of 78 breasts (7.6%) had a history of breast-conserving surgery. The
mean MGD per image for CC images was 1.75 + 0.64 mGy and 2.61
+ 0.71 mGy for MLO images. For a single image, the mean MGD
was 2.18 + 0.80 mGy. For a single breast, the total dose from two-
projection mammograms was 4.36 = 1.2 mGy. The mean MGD in
the “nondense” and “dense” groups, 2.22 + 0.82 and 2.10 + 0.76 mGy
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Figure 1. In craniocaudal projection, the following measurements
were used to calculate breast volume: posterior-anterior height
(dashed line), lateral-medial width (straight line), and breast thickness



respectively, was significantly different (p = 0.006), respectively. The
volume of the breasts in the “dense” group was significantly lower than
the volume of the breasts in the “nondense” group (689.5 + 322.7 vs
1,076.3 + 412.5, p<0.001). In patients who had previously undergone
breast surgery, the surgical side had higher MGD values (2.63 + 0.99
vs 2.15 £ 0.77, p<0.001) (Table 1).

In 16.3% of the images, the radiation dose to which the breast tissue
was exposed was greater than 3 mGy. The mean MGD in the high-
dose group was 3.51 + 0.48 and 1.92 + 0.56 in the low-dose group
(p<0.001). The high-dose group had greater breast thickness, diameters,

and volume, compression pressure, and surgical rate. However, patients
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in the high-dose group were younger and had lower breast density
(Table 1).

In univariate logistic regression analysis, age and breast density were
found to be negatively correlated with high MGD, whereas breast
thickness, breast compression force, and surgical history were found
to be positively correlated. On the other hand, in multivariate logistic
regression analysis, the best model for predicting high MGD included
breast thickness [odds ratio: (OR): 1.178, 95% confidence interval
(CI): 1.156-1.200, p<0.001], previous surgery history (OR: 2.210,
95% CI: 1.417-3.447, p<0.001), compression force (OR: 1.008,
95% CI: 1.004-1.013, p<0.001), and breast density (OR: 1.873,

Figure 2. A 68-year-old woman with large breasts and a “nondense” breast composition. The average MGD per view was 1.19 mQy (a, b) a
46-year-woman with “dense” breast composition and small breasts. The average MGD per view was 2.87 mGy (c, d)

MGD: Mean glandular dose

Table 1. Baseline characteristics

All images

(n = 2060)
Age, years (n =515) 55.92 +8.78
Breast thickness (mm) (n = 1030) 56.7 +10.44

198.10 + 24.65
100.63 +25.32
936.23 +425.24
127.13 £30.89

Breast diameter 1 (mm) (n = 1030)
Breast diameter 2 (mm) (n = 1030)
Volume (mL) (n = 1030)
Compression (N) (n = 2060)

Radiation dose, mGy (n = 2060) 2.18 £ 0.80
Surgical history, n (%) (n = 2060) 156 (7.6)
Dense breast, n (%) (n = 2060) 746 (36.2)

Low dose High dose p-value
(n = 1725) (n=335)
56.21£8.7 54.45 + 8.6 0.001
54.7+9.7 67.1+7.2 <0.001
195.4+24.3 212.1£21.5 <0.001
98.5+25.1 111.9£23.6 <0.001
869.6 £392.8 1279.2 +420.4 <0.001
126.3 +30.1 131.3+34.6 0.015
1.92 £ 0.56 3.51+£0.48 <0.001
103 (6) 53 (15.8) <0.001
654 (37.9) 92 (27.5) <0.001

Breast diameter 1: the diameter of the breast parallel to the chest wall on CC projection; Breast diameter 2: the distance from the nipple to the chest wall

on CC projection. N - Newton
n: Number
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95% CI: 1.359-2.580, p<0.001). The high-dose determination power
of this model was 86%. Interestingly, the power of breast thickness
alone to detect high MGD was 85% (OR: 1.168, 95% CI: 1.148-
1.189, p<0.001). In the receiver operating characteristic analysis, the
sensitivity of the 60-mm thickness to determine high dose was 79.7%,
while the specificity was 76.8% [area under the curve (AUC) = 0.862
p<0.001] (Graph 1).

In univariate regression analysis, breast density was negatively
correlated with MGD but positively correlated with MGD in
multivariate regression analysis (p<0.001) (Table 2).

Discussion and Conclusion

Mammography is the mostly widely used imaging modality used
for breast cancer screening, but the most significant disadvantage of
the examination is radiation exposure. The mean dose absorbed by
all fibroglandular tissue in the breast is referred to as MGD. MGD

is linked to an increased risk of radiation-induced breast cancer.

ROC Curve

1,0

N
@
1

Sensitivity

1l - Specificity

Graph 1. In the ROC analysis, the sensitivity of the 60-mm thickness
to determine high dose was 79.7%, while the specificity was 76.8%
(AUC = 0.862, p<0.001)

ROC: Receiver operating characteristic, AUC: Area under the curve

Therefore, radiation doses should be kept as low as possible in all

imaging techniques using X-ray.

Hauge et al. (13) conducted a risk prediction study on 100,000
Norwegian women aged 50-69 years who were screened with
mammography at 2-year intervals and calculated the risk of radiation-
induced breast cancer as 10/100,000 for a dose of 2.5 mGy. Using
the same parameters, the number of radiation-induced breast cancer
deaths was calculated as 1/100,000 (6). According to Warren et al.
(14), the number of deaths caused by radiation-induced breast cancers
was 150 times lower than the number of lives saved by screening.
Although the risk of radiation-induced-cancer from mammography
is extremely low, repeated radiation exposure has been linked to an

increased risk of breast cancer (15).

Radiation dose is proportional to the size and density of the breast. In
general, obese women with large, dense breasts and thick compressed

breast tissue are exposed to higher radiation doses.

In our study, 25% of the participants were between the ages of
25 and 49, and a significant relationship was discovered between
young age and high MGD. This could be explained by the dense
breast pattern often found in younger women, which necessitates
higher doses. On the other hand, since the radiosensitivity of breast
tissue is negatively correlated with age, being young is associated
with an increased risk of radiation-related cancer and death. As a
result, careful radiation dose regulation is critical in young women

undergoing mammography.

Breast screening programs employ standard CC and MLO projections
for each breast. In our study, MGD per projection was 1.75 + 0.64
mGy for CC images and 2.61 = 0.71 mGy for MLO images, with a
total MGD of 4.36 + 1.2 mGy for a single breast. In a similar study
on Saudi women, the MGD for single breasts was 1.02 + 0.2 mGy
(0.4-1.8) for CC projections and 1.1 = 0.3 mGy (0.5-1.8) for MLO
projections, for a total of 2.12 mGy per breast (16). In a similar
study on Korean women, Back et al. (17) reported a total MGD for
a single breast at two-projection mammograms of 3.62 mGy and an
average effective dose of 0.43 mSv. Considering the tissue weighting
factor (0.12 for breast tissue) of the ICRP, the mean effective dose
for a single breast in our study was calculated to be 0.52 mSv (18).
In the ACRIN-Digital Mammographic Imaging Screening Trial
by Hendrick et al. (19), MGD was reported as 3.7 mGy on two-
projection digital mammography. The MGD determined by Food and

Drug Administration for a single projection in digital mammography

Table 2. Univariate and multivariate logistic regression analysis to determine high dose (>3 mGy)

Predictor Odds ratio 95% CI

Age, (years) 0.977 0.963-0.990
Compression, (N) 1.005 1.001-1009
Surgery, (Y/N) 2.960 2.076-4.219
Breast thickness, (mm) 1.168 1.148-1.189
Dense breast, (Y/N) 0.620 0.479-0.803

Y/N: Yes or No; N: Newton; CI: Confidence interval

p-value Odds ratio 95% ClI p-value
<0.001 - - -
<0.007 1.008 1.004-1.013 <0.001
<0.001 2.210 1.417-3.447 <0.001
<0.001 1.178 1.156-1.200 <0.001
<0.001 1.873 1.359-2.580 <0.001



(standard breast thickness: 42 mm, 50% fibroglandular tissue, 50%
adipose tissue) should not exceed 3 mGy (20). The ICRP recommends
a dose limit of 3 mGy for each projection (18). In the European
protocol, a reference dose limit of 2.5 mGy per image is recommended
for a standard breast of 53-mm thickness (21). In our study, the MGD
of women was higher than the doses reported in other studies, but it

was still within the allowed dose limits.

While the mean breast tissue volume in Western women is 551.95—
774 mL, Baek et al. (17) found that breast volume in Korean women
ranged from 380.9 to 466.4 mL. In our study, the mean breast
tissue volume was calculated to be 936.2 + 425.2 (114.5-3018) mL.
Moreover, women in our study had larger breast volumes than both
Asian and Western women. In terms of breast density, 36.9%-51%
of Western women and 61.9%-86.4% of Korean women have a
dense mammographic breast composition (22-25). In our study, the
dense breast composition ratio in Turkish women was calculated to be
36.2%, which was comparable to the lower end of the range for that

of Western women.

Warren et al. (14) reported an MGD of 3 mGy for small breasts and
a range of 5-10 mGy for large breasts. Further, Young and Oduko
(26) studied the radiation dose received during the breast-screening
program on 25,409 women living in the United Kingdom. According
to their findings, 1.8% of the population has large breast tissue (breast
thickness >90 mm), and women with large breasts have 1.7 times
the radiation exposure compared to the general population (26).
According to the regression analysis performed in our study, breast
thickness was the most powerful parameter determining MGD level.
Breast thickness increases as a result of increased breast volume. In our
study, breast diameters in two axes, breast thickness, and breast volume
were significantly different between women exposed to a low dose (<3
mGy) and those exposed to a high dose (>3 mGy). Given that the
women in our study had larger breast volume than women of other
ethnicities, it is possible that the relatively high dose detected was due

to the larger breast volume.

High MGD is associated with “dense” mammographic breast
composition (27). When compared to European and North American
women, Asian women have smaller but more dense breast patterns
(28). In the study of Back et al. (17), Korean women were found to be
exposed to higher MGD due to their small but denser breast pattern.
However, in our study, the nondense group had higher MGD values
than the dense group. Furthermore, univariate regression analysis
revealed a negative correlation between breast density and MGD.
However, women with dense breast patterns had significantly smaller
breast volume than the nondense group. Therefore, higher MGD in
the nondense group of our study population was most likely associated
with higher breast volume in these women. This is supported by the
fact that when the volume parameter was disabled, the multivariate
regression analysis revealed a significant association between breast

density and increased MGD.

Mammographic compression reduces superposition and thickness
of breast tissue while maintaining homogeneity, and it also decreases
radiation exposure (29-32). However, pain is a significant problem

of compression, especially in patients who have had breast surgery
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(33). According to the Norwegian breast cancer screening program
guidelines, the compression force should be between 108 and 177
N. It has been reported that compressing the breast tissue after a
certain point causes discomfort in the patient rather than a decrease
in breast thickness (34). In our study, the mean breast compression
force was 127.13 + 30.89 N, and there was a negative relationship
between compression force and MGD. This can be explained by
a reduction in the required dose caused by a decrease in breast
thickness as a result of increased compressive force. In a study
evaluating the relationship between breast compression and MGD
in Asian women by Lau et al. (35), the mean compression pressure
was reported to be 122.2 + 34.5 N, which was close to the value in

our study.

Our results showed that patients with a history of breast-conserving
surgery required a higher MGD. We believe this was due to increased
tissue density, caused by postoperative edema, skin thickening, surgical

scar tissue, and existing surgical clips (36, 37).

We had some limitations: it was a single-center study. As a result,
multicenter studies are needed to evaluate more objectively. MGD
reflects the dose delivered by the machine, not the dose received by
the breast. Therefore, the dose to which the breast is exposed may be

reduced.

In conclusion, although the risk of cancer from mammography
is extremely low, dose optimization is critical due to the repeated
radiation exposures during screening programs. Women with larger
breast volumes are subjected to higher doses of radiation. Moreover,
screening programs and radiation doses can be individualized to
women who are young, have larger breast volume, and have had

breast-conserving surgery.
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