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ABSTRACT 
Objective: It has been hypothesized that a disproportionate upper body weight caused by 
macromastia places abnormal stress on the spine, which may lead to skeletal abnormalities. To 
evaluate whether there is a relationship between breast volume and the thoracic kyphosis angle 
measured on thorax CT images.
Methods: A total of 448 female patients who underwent thoracic CT examinations were included 
in this study. Breast volume (ml), by using the “organ segmentation method”; thoracic kyphosis 
angles by using Cobb’s method were made manually on the workstation.
Results: Mean right breast volume was 902.03 ± 376.47 (154.21 - 2366.20 ml), left breast volume 
was 911.01 ± 383.34 (167.93 - 2894.07 ml), total breast volume was 1810.09 ± 750.82 (354.39 - 
5100.68 ml). The total breast volume (p<0.001) and thoracic kyphosis angle (p=0.012) in patients 
aged 50-69 years were significantly higher than those aged 17-29 years. Larger total breast 
volume [p<0.001] and thoracic kyphosis angle (p<0.001) values were associated with larger BMI 
intervals. A significant positive correlation was observed between the total breast volume and 
thoracic kyphosis angle (r=0.771, p<0.001).
Conclusion: Our results showed that the thoracic kyphosis angle significantly increased in 
parallel with a larger total breast volume, and that total breast volume was an independent risk 
factor for thoracic kyphosis angle. The manual organ segmentation method we used was found to 
be reliable and easy to apply, but time-consuming technique for calculating BV. 

Keywords: Breast volume, thoracic kyphosis angle, organ segmentation technique, thorax 
computed tomography
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INTRODUCTION
Women with a larger-than-normal breast volume (BV) 
experience cervical tension, head, back, and shoulder pain, and 
poor posture more often than women with normal or small breast 
volumes [1]. It has been hypothesized that a disproportionate 
upper body weight caused by macromastia places abnormal 
stress on the spine, which may lead to skeletal abnormalities [2].

Several studies have shown that high BV is one of the mechanisms 
leading to an increase in thoracic kyphosis and cervical lordosiss 
[3,4]. Improvements in pain, functional capacity, severity of 
additional symptoms, and thoracic kyphosis angle (TKA) 
after breast reduction surgery confirm these conclusions [3,5]. 
Furthermore, a cross-sectional study reported that women with 
large breasts had greater TKA and upper-trunk musculoskeletal 
pain than those with small breasts [1].
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Main Points;

•	Our results showed that TKA was correlated with TBV 
and TBV was an independent risk factor associated with 
higher TKA 

•	TBV and TKA values in the 50-69 years age group were 
found to be significantly higher than those in the 17-29 
years age group. But there was no significant correlation 
between age and TBV and TKA.

•	Both TBV and TKA increased significantly as the BMI 
and weight increased.

•	The Cobb angle method has subsequently been widely 
used in clinical practice to measure sagittal spine curves. 
We preferred the angle between T4 and T12, which is 
commonly used in TKA measurements.

•	The manual organ segmentation method we used 
was found to be reliable and easy to apply, but time-
consuming technique for calculating BV. 

Although BV estimation is important for determining the amount 
of tissue to be removed before mastectomy and the approach 
to reconstructive surgery after mastectomy, there is still no 
standard method for measuring BV [6, 7]. Various techniques 
have been used for BV estimation, including anthropometric 
measurements, Archimedean procedure, Grossman-Rounder 
device, negative casting (plaster, paraffin, thermoplastic 
materials), 2D images such as mammography or ultrasound, 3D 
surface calculation, and Cavalieri principle [6-9].

Some of these methods have disadvantages such as being 
complex in terms of technical performance, causing discomfort 
to the patient or examiner, inadequate sensitivity, and high costs 
[7]. In existing studies assessing BV measurement methods, the 
participant count is either low or subjects only include certain 
groups (such as postmenopausesal patients with large breast). 
Therefore, a technique that can accurately measure BV in larger 
patient groups is needed.

The organ segmentation method using CT images is a technique 
developed for measuring organ volume. It has been used to 
measure the volume of intra-abdominal organs, such as the liver, 
spleen, and pancreas [10]. A few studies have used the same 
technique to measure breast volume [7, 11]. However, most of 
these studies were related to their use in breast reduction surgery.

The aim of this study was to evaluate whether there is a 
relationship between BV and the TKA on thorax CT images.

MATERIALS AND METHODS
Study Design and Ethical Issues
This retrospective, single-center study was conducted at the 
Radiology Department of the University Hospital. Ethics 
committee approval was obtained (decision number: July 
16, 2020, code:14-10) from the same location. This study 
was conducted in accordance with the ethical standards of 
the Declaration of Helsinki. Since the study was conducted 
retrospectively, informed consent was not obtained from the 
participants.

Study Population
This study included 448 female patients who underwent thorax 
CT (TCT) examination at our Radiology Department from 2019 
to 2020.

The exclusion criteria were age <17 years; impaired image 
quality due to artifacts; scoliosis; thoracic vertebral fracture; 
osteoporosis; presence of tumor or abscess at the level where 
TKA measurement would be made; having spinal, thoracic or 
breast surgery history; and having received radiotherapy at the 
site of measurement.

Data Collection, Imaging and Measuring Techniques
Patient age, height (cm), weight (kg), and TCT images were 
obtained from the hospital’s medical record database. The body 
mass index (BMI) was calculated as weight/height² (kg/m²). 
Patients were divided into 7 groups according to age (17-29, 
30-39, 40-49, 50-59, 60-69, 70-79, 80-100 years) and 3 groups 
according to BMI (<25, 25–30, ≥30) [12]. Thorax computed 
tomography examination was performed with a 320-detectors, 
640-section Toshiba Aquillion One TSX-301C 2016 (Canon 
Medical Systems, Tokyo, Japan) tomography device with the 
following settings: kV 120, mA 50, rotation time 350 ms, slice 
thickness 5 mm, and slice interval 5 mm.

Measuring Breast Volume
Axial TCT images of 448 patients were evaluated to ensure that 
both the breasts were in the field of view. Coronal and sagittal 
reformat images were obtained from axial sections of the TCTs. 
Breast volume (ml) measurements were made manually at the 
workstation (Vitrea version 6.8.0]) by an experienced radiologist, 
using the “organ segmentation method” in accordance with the 
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manufacturer’s recommended protocol. By selecting the tissues 
within the breast boundaries, volume measurements were 
performed for each breast (right and left) separately, and the 
total breast volume (TBV) was calculated automatically by the 
device (Figure 1).

Measuring Thoracic Kyphosis Angle
In the same session, TKAs were measured manually at the 
workstation (Vitrea version 6.8.0) on the sagittal plane of the TCT 
images in the bone window (W:2500, L:480) by an experienced 
radiologist and neurosurgeon as follows: First, straight lines 
were drawn in the sagittal plane, tangent to the upper end plate 
of the T4 vertebra, and the lower end plate of the T12 vertebra. 
Subsequently, two separate perpendicular lines that intersected 
these two lines were drawn. Finally, TKA was determined by 
measuring the acute angle at the intersection of the last two lines 
drawn (Cobb’s angle) (Figure 2) [13]. Figure 2. Thoracic kyphosis angle measurement technique on 

sagittal plane thorax CT image.

Figure 1. Sagittal (a, b), axial (c) 3-dimensional (d) and coronal (e) reformat images of breast volumes made with “organ segmentation 
method” on thorax CT images.
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Statistical Analysis
Statistical analyses were performed using SPSS version 25 (IBM 
Corp., Armonk, NY, USA). For the normality check, histograms 
and Q-Q plots were employed. Continuous variables are 
described as mean ± standard deviation (minimum-maximum), 
and categorical variables are reported as frequency values 
(relative and absolute). Comparison of the right and left BVs was 
performed using the paired sample t-test. Comparisons between 
age and body mass index groups were performed using one-
way analysis of variance (ANOVA). Pairwise corrections were 
performed using the Bonferroni method. Pearson correlation 
coefficients were calculated to evaluate the relationships between 
continuous variables. Multiple linear regression analysis was 
performed to determine significant factors associated with 
TKA. Two-tailed p-values of less than 0.05 were considered 
statistically significant.

RESULTS
The mean age in the study group was 56.09±16.35 (17-91) 
years, and the mean BMI was 28.46±5.76 [16.00-56.93]. The 
distributions of 448 female patients age and BMI groups are 
shown in Table 1 (Table 1). Mean right BV was 902.03±376.47 
(154.21-2366.20 ml), mean left BV was 911.01±383.34 (167.93-
2894.07 ml), mean total BV (TBV) was 1810.09±750.82 (354.39-
5100.68 ml). There was no significant difference between the 
right and left BV (p=0.104). The mean TKA was 29.98±9.14 
(5.4-73.6) degrees. 

The total breast volume (p<0.001) and TKA (p=0.012) of the 
patients in the 50-69 age range were significantly higher than 
the corresponding values in the 17-29 age group, while values in 
the other groups were similar. In addition, both TBV (p<0.001) 
and TKA (p<0.001) increased significantly with higher BMI 
intervals (Table 2).

According to the results of the Pearson correlation calculations, 
a significant positive correlation was observed between the TBV 
and TKA (r=0.771, p<0.001) (Figure 3). A significant positive 
correlation was observed between weight and TBV (r=0.524, 
p<0.001) and TKA (r=0.406, p<0.001). There was also a 
significant positive correlation between BMI and TBV (r=0.520, 
p<0.001) and TKA (r=0.405, p<0.001) (Table 3).

Table 1. Summary of patients’ characteristics and measurements.

Age range Mean (%)

17-29 37 (8.3%)
30-39 38 (8.5%)
40-49 71 (15.8%)
50-59 96 (21.4%)
60-69 109 (24.3%)
70-79 67 (15.0%)
80-100 30 (6.7%)
Mean Age ± sd (range) 56.09 ± 16.35 (17 - 91)

Mean Height ± sd, cm 160.54 ± 5.80 (145 - 185)
Mean Weight ± sd, kg 73.25 ± 14.67 (42 - 155)
Mean Body mass index ± sd, 
kg/m2

28.46 ± 5.76 (16.00 - 56.93)

Body mass index range Mean (%)

<25.0 128 (28.6%)
25.0-<30.0 157 (35.0%)
≥30.0 163 (36.4%)

Data are presented as the mean ± standard deviation (minimum 
- maximum) for continuous variables. and as frequency 
(percentage) for categorical variables.

Table 2. Distribution of total breast volume and thoracic 
kyphosis angles according to age and body mass index.

 
Total breast volume, 

ml
Thoracic kyphosis 

angle
Age

17-29 1469.48 ± 652.09 a 26.11 ± 7.58 a

30-39 1719.78 ± 724.06 ab 28.83 ± 8.51 ab

40-49 1661.59 ± 638.21 ab 29.37 ± 7.89 ab

50-59 2036.07 ± 701.00 b 31.58 ± 8.85 b

60-69 1938.98 ± 830.74 b 31.45 ± 9.69 b

70-79 1776.85 ± 815.14 ab 30.00 ± 10.60 ab

80-100 1578.87 ± 561.28 ab 27.15 ± 8.06 ab

p <0.001 0.012

Body mass index, kg/m2

<25 1269.36 ± 572.52 a 24.96 ± 7.88 a

25 to <30 1831.73 ± 658.01 b 30.00 ± 8.21 b

≥30.0 2213.88 ± 697.16 c 33.91 ± 9.02 c

p <0.001 <0.001

Data are presented as mean ± standard deviation. The same 
letters denote a lack of statistically significant differences 
between groups.
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Multiple linear regression analysis was performed to determine 
the significant risk factors associated with higher TKA rates. 
We found that a large TBV (p<0.001) was a significant risk 
factor for higher TKA after adjusting for age, height, weight, 

and body mass index. Other variables included in the model, 
such as age (P=0.876), height (P=0.966), weight (P=0.993), and 
BMI (P=0.998) were found to be non-significant (Table 4).

Table 3. Correlations between breast volume, thoracic kyphosis angle and patients characteristics.
Total breast volume, ml Thoracic kyphosis angle

Total breast volume, ml r - 0.771
 p - <0.001
Age r 0.089 0.076
 p 0.060 0.110
Height, cm r 0.012 0.003
 p 0.796 0.955
Weight, kg r 0.524 0.406
 p <0.001 <0.001
Body mass index, kg/m2 r 0.520 0.405
 p <0.001 <0.001

r: Pearson correlation coefficient

Table 4. Risk factors of the high thoracic kyphosis angle, multiple linear regression analysis.

 Unstandardized β Standard Error Standardized β t p
95.0% Confidence Interval 

for β

(Constant) 14.341 36.803 0.390 0.697 -57.989 86.672

Age 0.003 0.018 0.005 0.157 0.876 -0.033 0.039

Height, cm -0.010 0.229 -0.006 -0.043 0.966 -0.461 0.441

Weight, kg 0.002 0.252 0.004 0.009 0.993 -0.493 0.497

Body mass index, kg/m2 -0.002 0.643 -0.001 -0.003 0.998 -1.266 1.262

Total breast volume, ml 0.009 0.000 0.770 21.486 <0.001 0.009 0.010

Dependent variable: Thoracic kyphosis angle; Adjusted R2=0.590; F=129.769; p<0.001

Figure 3. Scatter plot of total breast volume and thoracic kyphosis angle.
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DISCUSSION
In our study, TBV and TKA values in the 50-69 years age group 
were found to be significantly higher than those in the 17-29 years 
age group, but there was no significant correlation between age 
and TBV and TKA. In addition, both TBV and TKA increased 
significantly as the BMI and weight increased. Our study has an 
advantage over the literature in that the number of participants 
in the study population is relatively high, regardless of age and 
breast size.

Excessive BV causes biomechanical disorders such as back pain, 
avoidance of physical activity, and biopsychological problems 
such as cosmetic dissatisfaction [4, 14, 15]. In the present study, 
we showed a relationship between TBV and TKA, which may be 
associated with the development of back pain. In the correlation 
analysis, we found that a larger TBV was associated with a 
higher TKA, indicating an increased kyphosis angle. Multiple 
linear regression analysis showed that TBV was independently 
associated with higher TKA regardless of other factors. Notably, 
both weight and BMI were positively correlated with TBV and 
TKA.

Previous studies have shown that abnormal increases in BV 
that force the thoracic spine anteriorly are involved in the 
deterioration associated with sagital vertebral aksis (SVA). 
The increased load due to the large BV in the front side of the 
body can shift the body’s center of gravity in the same direction 
[14, 16, 17]. Fındıkçıoğlu et al., showed that women with large 
breasts according to cup sizes had significantly greater TKA 
(measured by lateral radiography) than women with small 
breasts [3]. Similarly, in a cross-sectional study that included 
300 women between the ages of 18-82, BV was measured using a 
hand-held three-dimensional scanner, and the participants were 
divided into four groups: small, medium, large and hypertrophic 
according to BV. TKA was measured using a flexicurve ruler. 
Although the hypertrophic group had the highest TKA value, 
breast size did not have a significant effect on TKA [5]. In a 
recent study from Türkiye, the BV of 60 women was measured 
using the Grossman-Rounder device. The cervical lordosis, 
thoracic kyphosis and lumbar lordotic Cobb’s angles were 
calculated. The average cervical lordosis angle was significantly 
higher in patients with larger breasts than in those with smaller 
breasts [4].

In another studies, found that a large BV is not only a cosmetic 
but also a functional problem and can lead to pathological 

conditions such as increased cervical lordosis and thoracic 
kyphosis and increased or decreased lumbar lordosis. They also 
reported that reduction mammoplasty can correct pathological 
angulation of the vertebral column [18-20]. 

Sanal et al. used a technique similar to the BV calculation method 
used in our study. They retrospectively screened patients who 
had undergone TCT for various reasons, and calculated TBV by 
adding the volumes of each breast separately calculated from the 
3D breast reconstruction images obtained on the CT workstation 
[11]. By examining the midsagittal planes of the same CT 
images containing the 1st thoracic to 1st lumbar levels, they 
determined the degree of degeneration at each spinal level using 
the Kellgren-Lawrence degeneration scale. They found that both 
the total degeneration grade and total number of involved levels 
were significantly higher in women with large breasts than in 
those with normal and small breasts. 

Thoracic kyphosis tends to increase with aging [21]. After 
the fourth decade of life, the kyphotic angle generally begins 
to worsen rapidly in women than in men [21,22]. Age related 
hyperkyphosis often occurs in older ages and is characterized 
by excessive forward curvature of the thoracic spine [23]. 
Currently, there is no well-defined threshold that distinguishes 
normal kyphosis from hyperkyphosis. The cut-off value for the 
hyperkyphosis angle has generally been used at a higher value 
such as greater than 40 degree or 50 degree in the literature 
[23-28]. The exact etiology of thoracic hyperkyphosis and its 
progression over time have not yet been determined. However, 
studies have examined various risk factors such as osteoporosis, 
vertebral fractures, degenerative changes, decreased mobility, 
reduced proprioception, spinal extansor musculature, and even 
heredity [29-32]. Osteoporosis is a systemic musculoskeletal 
disease that results in a decrease in bone mass and deterioration 
in bone microstructure. It causes bone fragility and an increase 
in the possibility of fractures [33]. It has been reported that 
70% of all bone fractures in adults aged 45 and over and 
one –third of vertebral fractures in women the age of 65 are 
related to osteoporosis [34]. Postural kyphosis, one of the 
leading consequences of osteoporosis, develops due to vertebral 
fractures and causes physical and psychological damage [35]. 
Hyperkyphotic posture not only increases postural back pain, 
but also increases the risk of falls and therefore the risk of bone 
fractures [35,36]. Our study was conducted retrospectively. 
Since patient datas were obtained from our hospital’s medical 
record database; bone densitometry results were not available 
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for each patient. Therefore, we could not examine the effect of 
osteoporosis on the TKA angle.

The Cobb angle method was originally proposed to evaluate the 
severity of scoliosis. However, it has subsequently been widely 
used in clinical practice to measure sagittal spine curves [37]. 
In this study, we chose to measure TKA using the Cobb angle 
method because it provides information about the anatomy of 
the vertebrae and spinal alignment. In addition, high inter- and 
intra-observer reliability has been defined for the use of the Cobb 
angle with well-trained inspectors. Owing to the superposition 
of the shoulder joints and bones, it is difficult to accurately assess 
the region from the fourth thoracic vertebra to cranial vertebra. 
Therefore, we preferred the angle between T4 and T12, which is 
commonly used in TKA measurements [13]. We obtained results 
consistent with those of previous studies. Thoracic kyphosis was 
positively correlated with TBV. Considering that age, weight, 
height and BMI may also affect TKA, we performed regression 
analysis and determined that TBV was an independent risk 
factor for TKA.

Many factors such as breast shape, the complex anatomy of the 
breast region, consistency, weight fluctuation, menstrual and 
hormonal effects, and position of the breast on the chest wall can 
affect the results of BV measurement; therefore, it is difficult to 
determine a standard BV measurement method [6]. In addition, 
because most of these methods cannot adequately measure the 
tissue lateral to the pectoral folds and/or the breast facing the 
chest wall, the results are often unreliable [7]. In addition to the 
advantages of most of the methods used to measure BV, there 
are also disadvantages, such as difficulty in implementation, 
costs, and not always being acceptable for patients [38]. The 
formula-related problems of anthropomorphic measurements, 
the inaccuracy of the Grossman-Roudner device for larger 
breasts, and the fact that the water displacement technique is 
reliable in medium or large breasts are specific disadvantages of 
previously reported methods [39-41].

It is difficult to automatically estimate breast volume because the 
breast consists of tissues of different densities, such as glands, 
fat, and skin [7, 42]. Along with technological developments, 
advances have been made in imaging systems and the three-
dimensional detailing of these images [43, 44]. Today there are 
modern MRI, CT, mammography (MG), and ultrasound (US) 
devices containing special software that can automatically and 
accurately estimate the breast volume and benign or malignant 

mass volumes in the breast [7, 45- 50]. Magnetic resonance 
imaging (MRI) has excellent soft tissue resolution, is radiation-
free, offers multiplanar and multi-sequence imaging; but is 
expensive and time consuming [51]. Computed tomography 
imaging (CT) has high spatial and intensity resolution. But it 
causes large amounts of radiation exposure and use of contrast 
agents that have negative side effects [52]. Mammography 
(MG) is the main diagnostic method in breast cancer screening 
and is the only imaging method that contributing to reducing 
breast cancer- related mortality [53]. But there is still radiation 
exposure in MG, although not as much as CT. Ultrasound 
(US) has advantages of being widespread, easily accessible, 
economical, easy to apply and does not contain radiation as CT 
or MG. It is considered the preferred imaging method for breast 
cancer [48,54]. But, volume measurement with two-dimensional 
ultrasound images is difficult; therefore 3D ultrasound (ABUS) 
which can perform automatic volume measurement of breast 
sould be used [49,55]. However, since automatic volume 
measurement softwares are expensive and not available on 
every devices, limits their clinical applications.

Studies have shown that the volume of various organs, such 
as the spleen [56], liver [57], and abdominal adipose tissue 
[58], can be measured with CT- and MRI-assisted manual 
organ segmentation. To the best of our knowledge, there are 
few publications in the literature on manual BV measurement 
utilizing the “organ segmentation method” over axial sections 
and coronal-sagittal reformat images in multislice CT. We 
preferred this method for TBV because it is objective and easily 
measurable. The comparison of these values with TKA values 
(measured using the objective Cobb method), allowed for an 
accurate assessment of the relationships between breast size and 
thoracic kyphosis.

Our study has some limitations. The retrospective and single-
center design of our study limited the addition of new data and 
the generalizability of the results. The fact that the proposed 
BV measurement method requires CT imaging means both 
radiation exposure and additional cost. In addition, the manual 
measurement of BV with organ segmentation requires a 
relatively long time. 

In conclusion, our results showed that TKA was correlated 
with TBV and TBV was an independent risk factor associated 
with higher TKA. It was observed that the increase in TBV and 
TKA values was especially evident in the 50-69 age group. The 
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manual organ segmentation method we used was found to be 
reliable and easy to apply, but time-consuming technique for 
calculating BV. 
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