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ABSTRACT 
Although a positive cosmetic outcome is an important goal of breast cancer reconstruction, 
the objective analysis of breast aesthetics has yet to reach a gold standard or unified method 
to quantify breast symmetry. Several scoring systems, both subjective and objective, have 
been developed over the years to ensure the desirable outcome in breast symmetry, but these 
methods have yet to reach the unanimous acceptance in terms of accuracy, value and ease of 
use to be implemented in the clinical setting. By assessing several existing symmetry scores, 
most of which are based on 2D imaging, along with our own set of symmetry parameters 
applied to 3D patient images, the goal of this study is to determine if there is an advantage 
of 3D imaging in formulating an accurate objective breast aesthetic score over the existing 
objective scores. A reliable breast aesthetic score would improve the decision-making in sur-
gery as well as improve patient satisfaction. Additionally, knowing the quantity and degree 
of breast asymmetry objectively will improve outcome and reduce revision rates, mini-
mizing patient suffering and improving the overall quality of patient life and body image. 

 

1. INTRODUCTION 
With the goal to restore the sense of wholeness and femininity as well as to erase the constant physical 

reminder of their battle with breast cancer, a large number of post mastectomy patients choose to un-
dergo reconstructive breast surgery, either by TRAM (transverse rectus abdominis) flap or expander/ 
implant procedures to repair the breast deformities. Patient satisfaction with breast reconstructive sur-
gery, whether be it breast cancer conservation therapy or aesthetic alteration, affects the quality of life 
and self-esteem of the patient [1]. While patients frequently indicate positive satisfaction with breast re-
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construction-either with breast cancer conservation therapy or aesthetic alteration-there are many cases 
where the patients are dissatisfied with the alterations that render the final aesthetic appearance of the sur-
gical procedure [2]. 

There are certain aspects that influence patient satisfaction with the cosmesis. The dominant parame-
ters in determining the overall breast symmetry include volume of the breast, shape and size, skin changes 
and scarring and the contour, as well as the position of the breasts. In order to determine the breast sym-
metry, subjective evaluation based on visual assessment is widely used. In the past, breast surgery outcome 
was analyzed subjectively by one or more observers, including radiation oncologists, plastic surgeons and 
even the patients themselves. Pusic et al. [3] proposed a conceptual framework (Breast-Q) using a list of 
questionnaires to measure surgery outcomes based on patient responses. It has shown its effectiveness in 
quantifying post-surgery satisfaction from the patients’ perspective. However, subjective analyses has also 
been reported to be poorly reproducible and fail to adequately capture the degree of aesthetic difference 
between the breasts [4, 5]. In order to reduce this inter-observer variability, multiple reviewers with differing 
backgrounds created scoring scales [4, 6-9]. 

A number of objective methods based on landmark measurements or volume measurements have been 
developed over the years. Pezner et al. [9, 10] initiated an objective assessment measure of breast aesthetic 
results by using an objective parameter: the breast retraction index which measures nipple location, based 
on the location of the mid-clavicle and sternal notch, and compares both sides to obtain a difference value. 
Though this index compares only nipple symmetry, a good correlation was demonstrated with subjective 
votes of breast symmetry. Van Limbergen et al. [11] furthered the use of nipple retraction in assessing 
breast shape by additionally measuring the distance to the breast borders. Noguchi [12] used a Moire to-
pography camera to measure the breasts’ asymmetry objectively which was followed by a subjective as-
sessment of breast atrophy, skin change and surgical scarring. This introduced the idea of an overall aesthetic 
assessment, which was expressed by the combination of the individual subjective and objective scores. Glener 
[13] recently showed that volumetric symmetry is attainable after unilateral autologous breast reconstruction 
despite the natural fluctuations in the patients’ BMI. A symmetry score has been used here where the ratio 
between the volumes of reconstructed and non-reconstructed breasts at a given time is calculated. 

Using a method similar to Noguchi [12], Al-Ghazal [14, 15] performed an overall assessment by com-
paring the subjective evaluation of a six member panel and the patients with the objective scores which 
were based on the measures of breast retraction, nipple deviation as well as subjective factors such as skin 
atrophy, skin changes and surgical scars. This method was further developed by Krishnan [16] who added 
four individual ratings—volume difference, breast asymmetry, fibrosis and telangiectasia—to create an 
overall cosmetic index which later had a pioneering role in the development of two objective scoring sys-
tems using frontal 2D images: the Breast Analyzing Tool (BAT) [7, 8, 17, 18] and the Breast Cancer Con-
servative Treatment Cosmetic Result (BCCT.core) [4, 19]. In addition to the main three parameters— 
breast area, breast circumference and nipple position-which are evaluated in the BAT score, BCCT.core 
also analyzes the color differences and surgical scars along with asymmetry and has been used following a 
wide variety of procedures including breast conserving surgery [19] and other therapeutic mammoplasty 
[20, 21]. Up until this point, most of the development in the objective evaluation of breast asymmetry was 
based on 2-D images of the patient.  

Moyer [22] first introduced an objective technique that proposed a breast asymmetry score based on 
3D surface scans and volume differences using a 3dMD digital camera and 3dMD patient software. Eder et 
al. [23] superimposed the mirrored breast images to quantify the mean 3D contour difference by using 
eight anatomical landmarks which showed better precision than BCCT.core software. Using a portable 
Artec Eva Scanner, three-dimensional surface images (3D-SI) were recorded for the analysis of breast vo-
lumes, and changes in skin appearances for patients receiving radiation treatment [24]. Since both the 
breast volume and shape symmetry correlated strongly with the subjective assessment scores, the 3D-SI 
technique was proven to be fast and reliable in determining the breast aesthetic outcome [25].  

Further development in the objective assessment of breast asymmetry came to light with the applica-
tion of convolutional neural network architecture for asymmetry recognition in mammography breast 
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imaging data [26]. Another novel visual breast assessment method uses an optical flow algorithm in 
MATLAB which objectively classifies and numerically scores breast asymmetry [27]. Considering all the 
statistical data, 3D objective assessment has been proven to be more consistent and accurate, leading it to 
be a prospective replacement of subjective panel assessment in terms of aesthetic evaluation after breast 
conserving treatment [28].  

In this study, 3D surface scans of sixty patients were taken into account, each of whom was photo-
graphed using a Canfield 3D Imager both before and after undergoing various surgical procedures (in-
cluding BCCT, TRAM flap reconstruction, implant reconstruction or aesthetic alteration). Certain aspects 
of breast asymmetry parameters were excluded in this score such as: nipple location and distance to the 
breast border. Future scopes involve the inclusion of breast texture in determining the overall breast sym-
metry score. 

2. MATERIALS AND METHODS 

2.1. Subjective Evaluation 

Based on visually detectable differences between the two breasts assessed using 2D and 3D images, the 
patients were stratified into one of three cohorts by subjective analysis of their breast symmetry: excellent— 
nearly identical breasts, fair—detectable differences between breasts but no serious distortion, poor—de- 
tectable asymmetry and distortion of breasts. The images were then further analyzed using the subjective 
Breast Asymmetry Score (BAS) developed by Bajaj et al. [29] as an additional means of subjectively classi-
fying the patients by symmetry score. The BAS score is determined using a seven-step asymmetry evalua-
tion that grades nipple position, breast shape and ptosis as well as the presence or absence of size asymme-
try, skin changes and scarring. The individual breast scores can range from −3 to +6 points, and the final 
score for each patient is determined by calculating the difference between the two breasts. Scores lie be-
tween 0 and 9 with higher scores indicating more asymmetry between the breasts. 

2.2. Objective Evaluation 

The objective symmetry measurements we conducted included the BRA (breast retraction assess-
ment) developed by Pezner [10], the BSI (Breast Symmetry Index) score by Krois et al. [7], the BCCT score 
by Cardoso et al. [4] and the 3dMD score by Losken et al. [30]. Each of the above scores was calculated for 
each subject in the study according to the steps outlined in the respective papers. 

The BRA is calculated by the formula ( ) ( )2 2
1 2 1 2X X Y Y − + −   where X is the distance from  

mid-clavicular line to sternum and Y is the distance from mid-clavicular line to nipple. Although this 
measure does not afford a global measure of breast similarity, it has been found to correlate fairly well with 
the degree of asymmetry in a given pair of breasts. The calculation of the BSI score involves the measure-
ment of breast circumference and area along with the distance from the nipple to sternal notch in both the 
frontal and side planes using 2D images (Figure 1(a) and Figure 1(b)). The difference factor (dF—how 
many times larger one breast is than the other) and % difference (%d—how much bigger in the amount 
one breast is than the other) between the right and left breasts (in each of the three planes) are determined 
and these values are averaged to find the total dF and %d between the two breasts. For calculation of the 
total %d, we used a weighted average (weight = area) to give us a more representative indication of sym-
metry. Figure 1: c illustrates the symmetry measurements that are performed for the calculation of the 
BCCT score. These measurements include: BRA measurement, the difference in the breast contours as 
well as the difference between the levels of the lower breast contours, nipple retraction in the upward di-
rection, differences in breast area and breast overlap along with the evaluation of breast compliance— 
which indicates the difference between the left and right nipple-inframammary fold distances—all of 
which are taken into account in terms of 2D images. The difference in measurements between the two 
breasts was converted into a % difference, representing the symmetry score. The BCCT score also includes 
color difference and scar visibility, two important but more complicated parameters that we chose not to 
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Figure 1. (a) Front and (b) Lateral 2D Images with BSI Measurements, (c) 2D Image with BCCT 
Measurements. 
 
include in this particular study. Losken’s [30] 3dMD score is calculated by finding the color volume dif-
ference between the right and left breasts using 3D images. Using this method, a mirror image of the 
breast is superimposed over the original breast and the volume difference between the two surfaces is cal-
culated using the Vectra 3D software. The RMS (root mean squared) value is used as the symmetry score 
(referred as 3D volume diff). 

In addition to these three pre-existing objective scores, a new set of measurements was calculated on 
3D photographs of the patients, named the BRAS (Breast Retraction Assessment Symmetry) score. This new 
symmetry score measures the mid-clavicle-sternal notch, mid-clavicle-nipple, sternal notch-nipple, upper 
breast contour-inframammary fold, lateral mammary fold-medial mammary fold and nipple-inframammary 
fold distances. The difference in measurements between the two breasts was converted into a % difference, 
representing the patient’s symmetry score. 

These symmetry scores were then compared across individual patients and descriptive statistics were 
performed to see if the scores were consistent, whether certain parameters were more or less indicative of 
breast symmetry and whether 3D imaging is necessary to obtain an accurate assessment of breast symmetry. 
The statistical analysis included calculation of mean, standard deviation, % differences and Pearson Correla-
tion to show statistically significant differences and correlations. Correlations were plotted as linear regression. 

3. RESULTS AND DISCUSSION 

3.1. Correlation between Scores 

The BSI score was evaluated for the three cohorts of patients with good, fair and poor symmetry con-
sidering the frontal, side and total % difference (Table 1) and dF (ratio between the breasts) in Figure 2. 
The correlation between different symmetry scores analyzed is demonstrated in Figure 3. There was a 
strong positive correlation between all of the objective symmetry scores (r values ranging from 0.85 - 0.95, 
p < 0.001). The intra-patient score correlation was strongest in patients with good symmetry, while pa-
tients with poor symmetry had a weaker correlation between scores. Numerous factors contribute to the 
aesthetic differences between the breasts, which create asymmetry. The weight of these factors determining 
symmetry differs from one score to another and large differences in these measures will have a greater 
impact on symmetry scores that put more weight on these parameters. There was a statistically significant 
correlation amongst the mean symmetry scores for each cohort of patients (Figure 4). The mean % dif-
ference between right and left breast (the different symmetry scores) in the patients with “good” symmetry 
fell between 2.01% - 3.59%, a range of ≈1.5% difference points. For the “fair” patient cohort, this score fell 
between 5.84% - 6.97% and for the “poor” symmetry patient cohort, the mean score fell between 16.0% - 
27.53% (Figure 5). There was also a statistically significant correlation between symmetry scores within 
each patient (Figure 6). 
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Table 1. Analysis of BSI scoring considering the front, lateral and total % difference for the three 
cohorts (Poor, Fair and Good) of patients. 

Symmetry Cohort Frontal (%) Lateral (%) BSI Score (%) 

Poor 22.55 31.02 27.11 

Fair 4.41 6.63 5.84 

Good 1.95 3.14 2.01 
 

 
Figure 2. BSI dF scoring for frontal, lateral and total analysis for three co-
horts of patients. 

 

 
Figure 3. Pearson correlation between different scores (a) BCCT vs BSI and 
(b) BRAS vs BSI. 

3.2. Correlation between Objective and Subjective Scores 

There was no strong correlation between the four different objective symmetry scores and the subjective  
BAS score (r = 0.50). However, the mean BAS score for each patient cohort still correlated with the mean 
objective symmetry scores (good = 0.45, fair = 2.8, poor = 4.05). 

3.3. Discussion 

Cosmetic outcome after breast reconstructive surgery has been found to affect the patients’ quality of 
life and psychosomatic wellbeing [14]. As modern treatments have ensured excellent survival rates of  
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Figure 4. Mean symmetry scores for each patient cohort. 

 

 
Figure 5. Comparison among different scoring system based on levels of breast symmetry for three 
cohorts of patients. 
 
breast cancer patients, the aesthetic outcome of the surgical procedure demands more attention in addi-
tion to disease control [28]. Subjective evaluation based on a visual assessment by one or more observers, 
including radiation oncologists and plastic surgeons, are employed frequently. But as the focus is shifting 
more towards cosmesis, it is crucial to have a reliable, fast and accurate objective assessment criteria for  
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Figure 6. Comparison of symmetry score among the patient population. 
 
evaluating breast symmetry that could correlate with the panel assessment scores. Since assessment of 
breast aesthetics is a complex procedure, a simple, reproducible and ideal breast symmetry assessment 
technique that is clinically valid is yet to be developed.  

For the purpose of this study of determining the advantage of this proposed new score over the 
preexisting ones, 60 patients were divided into three cohorts: good, fair and poor. Subjective assessment 
was performed, reaching the conclusion that despite not having a strong correlation, the mean objective 
scores were comparable to the subjective scores. The objective symmetry scores were studied for each pa-
tient and the correlation among the objective scores was consistent for good symmetry.  

In this study, we sought to evaluate the existing breast symmetry scores against a new, 3D image-based 
BRAS score to determine whether there is a need for 3D imaging in the objective evaluation of breast aesthetics. 
We found that all scores, including our own, correlated for many of the patients in our study. However, for 
some of the more asymmetrical breasts, where parameters such as nipple position and breast shape were the 
main factors, several of the preexisting symmetry scores failed to capture the extent of the asymmetry.  

Defining the most valid assessment method for cosmetic outcome following breast surgeries still re-
mains challenging due to the need for consideration of different elements. Based on our study, we would 
propose that certain aesthetic elements dictate the need for 3D imaging to accurately objectify a breast sym-
metry score. 

4. CONCLUSION 
Over the years, studies have been performed to objectively assess breast aesthetics accurately that can 

be a reliable alternative to panel assessment. To ensure better scoring, both 2D and 3D imaging techniques 
have been implemented in the objective scoring systems that work with different key measurements. In 
order to reach the decision regarding the implications of using 3D imaging in objective scoring, further 
research can be conducted that might include breast texture, biomechanical properties of breast [31] and 
breast skin [32], scar, and other parameters for a complete breast aesthetic analysis that could eventually 
replace subjective aesthetic scores especially for post-mastectomy patients. 
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