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INTRODUCTION
Breast reconstruction is a critical part of the compre-

hensive care following mastectomy in patients diagnosed 
with breast cancer. The discussion of breast reconstruc-
tion revolves around type and candidacy of reconstruc-
tion, such as autologous versus implants, as well as desired 
breast size postreconstruction. It is important to address 
goals of desired postreconstruction breast size with 
patients as it is difficult to guarantee any one size.

One of the issues that arises for breast size determi-
nation is breast cup size discrepancy. There have been 
various studies citing that up to 70%–100% of women 
wear the incorrect bra size.1–3 This is typically due to the 
nonstandard method of measuring breasts to acquire the 
proper bra that adequately supports and provides comfort. 
Another issue that can occur is due to brazier garment 
manufacturer sizing discrepancy. A study that measured 
breast size via hemicircumference (HC) correlated HC 
with breast cup size and noted that a sizing discrepancy 
often occurred with various garment manufacturers. For 
example, a B cup in manufacturer A bras filled 20.0-cm 
HC, whereas manufacturer B filled 19.1-cm HC.4

Physiological factors, such as variance of breast 
shape, tissue density, and degree of ptosis, can also make 
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ABSTRACT

Background: Breast cup sizing irregularities exist due to discrepancy between gar-
ment manufacturers and patient reported measurements making it difficult to assess 
true preoperative and definitive postoperative breast cup size. This study aims to 
evaluate the association between patient self-reported breast cup size and mastec-
tomy specimen weight as a way to determine postreconstruction breast cup size. 
Methods: This is a retrospective study that evaluated patients who underwent bilat-
eral mastectomy at an academic center between 2019–2021. Cup size and mas-
tectomy weight were our only independent and dependent variables, respectively. 
Covariates that were assessed included chest circumference, surgical oncologist, 
BMI, race, and age.
Results: 243 patients were evaluated as a part of this study who underwent either 
total-simple (TS; 29), skin-sparing (SS; 146), or nipple-sparing (NS; 68) bilateral 
mastectomy. There were positively weak correlations using nonparametric correla-
tion analysis for breast cup size to mastectomy weight in patients who underwent 
TS (r = 0.375; p = 0.004), SS (r = 0.353; p <0.001), and NS (r = 0.246; p = 0.004) 
mastectomy. The multivariate linear regression for TS (R2=0.520; p < 0.001), SS 
(R2=0.573; p < 0.001) and NS (R2=0.396; p < 0.001) mastectomy were significant. 
Covariates assessed in the regression showed BMI significant for all types, age for 
TS type, and SS type for breast surgeon and chest circumference.
Conclusions: There is a positively weak correlation between preoperative breast 
cup size and mastectomy weight, providing evidence for the difficulty of estimating 
postoperative breast cup size. Thus, the conversation with the patient should focus 
on breast appearance and quality of life rather than postreconstruction breast size. 
(Plast Reconstr Surg Glob Open 2022;10:e4401; doi: 10.1097/GOX.0000000000004401; 
Published online 11 July 2022.)
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it difficult to accurately measure breast size. There has 
been much debate on how to standardize breast size 
measurement that can take into account these factors 
such as anthropomorphic measurements, measurement 
algorithms, computer imaging software, clinic tools 
such as cups, and patient-reported breast cup size.5–8 
The results are the same in that these tools only offer a 
best estimate for postreconstruction breast size. Patients 
will often require revisions to reach aesthetic and breast 
size goals, and so, final breast size can be a continued 
discussion.

The difficulty of acquiring appropriate measurements 
of breast size postoperatively is highlighted by the same 
difficulty in the preoperative setting. This then creates 
an issue of being able to provide the patient with any one 
guaranteed size. The aim of this study was to explore the 
association of patient-reported preoperative breast cup 
size and mastectomy weight to show that current meth-
ods of clinical assessment do not provide adequate mea-
surements of breast size. We then hope that this study 
will be able to provide information to patients to improve 
discussion about expectations for postoperative breast 
size as well as provide further insight to reconstructive 
surgeons.

METHODS

Study Design
The present study was approved by our institutional 

review board. The study retrospectively evaluated patients 
of two reconstructive surgeons who underwent bilateral 
breast reconstruction following mastectomy at an aca-
demic institution between January 2018 and June 2021. 
Mastectomy types included total-simple (TSM), skin-spar-
ing (SSM), and nipple-sparing (NSM). Patients were not 
included in this study if they had undergone mastecto-
mies at outside hospitals, undergone bilateral mastecto-
mies asynchronously, or had a history of a previous breast 
procedure. Patients were referred by either of the four 
surgical oncologists included in this study to our plastic 
surgery clinic for preoperative evaluation. Evaluation at 
clinic included patient-reported breast cup size and chest 
circumference.

Mastectomy Specimen Weight
Mastectomy was performed by one of four surgical 

oncologists and was performed either as a total-simple, 
skin-sparing, or nipple-sparing mastectomy. Once the 
specimen was removed from the patient, it was weighed 
intraoperatively on an operating room scale.

Statistical Analysis
Scatter plots with linear regressions were performed 

to visualize the data. Nonparametric correlations were 
conducted on the primary outcome against the depen-
dent variable. Analysis of variance (ANOVA) was con-
ducted to compare means among groups on continuous 
variables. Univariate linear regressions on covariates 
were performed to show any association with the primary 

outcome. Covariates that showed a P value less than 0.15 
were then assessed in a multivariate linear regression for 
statistical significance. Descriptive statistics were reported 
as mean ± standard deviation. A two-sided P value of less 
than 0.05 was considered statistically significant. Data 
were collected, stored, and managed using the Research 
Electronic Data Capture (REDcap) electronic data cap-
ture tools.9,10 Statistical analyses were performed using 
SPSS Version for Mac, version 28.0.11

RESULTS
In this retrospective study, 243 patients were evaluated. 

From this population, the average age was 50.57 ± 11.22 
with an average body mass index (BMI) of 27.13 ± 5.71. The 
most common race was White (77.4%) and showed that 
cup size C (30.5%) and chest circumference 34 (36.6%) 
were the most frequent in patients. As for mastectomy 
types, 29 (11.9%) TSM, 146 (60.1%) SSM, and 68 (28%) 
NSM were performed. The average mastectomy weight 
was 644.76 ± 276.56 grams for TSM, 802.35 ± 354.08 grams 
for SSM, and 387.13 ± 188.33 grams for NSM. The remain-
ing demographics and breast assessments of patients can 
be seen in Tables 1 and 2.

When comparing left to right mastectomy speci-
men weights, there was no significant difference noted 
(P = 0.747); thus, laterality of mastectomy was ignored, 
and each mastectomy was counted and analyzed inde-
pendently. There was a statistically significant differ-
ence between mastectomy type and age (P < 0.001), BMI  
(P < 0.001), and mastectomy weight (P < 0.001) as deter-
mined by one-way ANOVA.

A Tukey post hoc test revealed that age was signifi-
cantly lower in NSM (45.56 ± 12.03) compared with 
TSM (54.86 ± 11.36, P < 0.001) and NSM (52.05 ± 10.00,  
P < 0.001). No significant difference was noted between 
TSM and NSM. The Tukey post hoc test also exhibited 
that BMI was significantly lower in NSM (23.90 ± 3.75) 
compared with TSM (28.74 ± 6.68, P < 0.001) and SSM 
(28.30 ± 5.69, P < 0.001). No significant difference was 
noted between TSM and SSM. Mastectomy weight was 
significantly lower in NSM (387.13 ± 188.33, P < 0.001) 
compared with TSM (644.76 ± 276.56, P < 0.001) and SSM 
(802.35 ± 354.081, P < 0.001). It was also noted that mas-
tectomy weight was significantly lower in TSM when com-
pared with SSM (P = 0.001).

Takeaways
Question: Is preoperative breast cup measurement a reli-
able way to determine true breast size, and is it able to be 
used to determine postoperative breast size?

Findings: Preoperative breast cup size is weakly correlated 
with mastectomy specimen weight with other patient fac-
tors, such as BMI and chest circumference, playing a large 
role in mastectomy specimen weight.

Meaning: The focus of postoperative breast reconstruc-
tion should be aesthetics and quality of life, rather than 
breast size.
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A scatter plot was then performed for each type of 
mastectomy that plotted breast cup size against mastec-
tomy weight, shown in Supplemental Digital Content 1.  
(See graph, Supplemental Digital Content 1, which 
displays scatter plots of the different mastectomy types 
comparing mastectomy weight against breast cup size 
with linear regressions. Scatter plots were created com-
paring patient-reported breast cup size on the x-axis 
and mastectomy weight on the y-axis based on mastec-
tomy type to visualize and assess the data for the proper 
correlation analysis. A linear regression was generated 
with R2 > 0.15 being suitable for a parametric correla-
tion model. Considering that all linear regressions were  
R2 < 0.15, Spearman’s rank-order nonparametric correla-
tion was run to determine a relationship between breast 
mastectomy weight and breast cup size. Cup sizes: 1 = A,  
2 = B, 3 = C, 4 = D, 5 = DD, 6 = DDD, http://links.lww.
com/PRSGO/C77.) Linear regression for all mastecto-
mies was performed and displayed R2 = 0.245. Due to 
R2 less than  0.15 in each mastectomy type, a nonpara-
metric correlation was used to assess for any correlation 

between breast cup size and mastectomy weight, which 
showed a positively weak correlation for TSM (ρ = 0.375; 
P = 0.004), SSM (ρ = 0.353; P < 0.001), and NSM (ρ = 
0.246; P = 0.004).

Covariate analysis for mastectomy weight using a uni-
variate linear regression showed statistical significance 
for age, BMI, and chest circumference in patients who 
received TSM. As for SSM race, BMI, chest circumfer-
ence, and surgical oncologist were shown to be signifi-
cant. In NSM, only BMI and chest circumference were 
significant; all values from the univariate analysis can be 
seen in Table 3. The multivariate linear regression for 
TSM was significant (R2 = 0.520; P < 0.001) for age and 
BMI as significant covariates. As for SSM, the multivariate 
linear regression was noted to be significant (R2 = 0.573;  
P < 0.001) for surgical oncologist, BMI, and chest cir-
cumference being significant covariates. The multi-
variate linear regression was significant (R2 = 0.411; P < 
0.001) in NSM with BMI being the only significant vari-
able; all values from the multivariate analysis can be seen 
in Table 4.

Table 1. Demographics of Patients

Demographics

Total-simple Skin-sparing Nipple-sparing Total

Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range

Age 54.86 ± 11.36 35–80 52.05 ± 10.00 25–80 45.56 ± 12.03 22–70 50.57 ± 11.22 11–80
BMI 28.74 ± 6.68 18.26–46.77 28.30 ± 5.69 17.57–51.57 23.90 ± 3.75 17.30–37.70 27.13 ± 5.71 17.30–51.57
Race Frequency Percentage Frequency Percentage Frequency Percentage Frequency Percentage
  Asian 0 0 6 2.1 8 5.9 14 2.9
  Black 6 10.3 48 16.4 6 4.4 60 12.3
  Hispanic 4 6.9 10 3.4 8 5.9 22 4.5
  White 46 79.3 216 74 114 8.4 376 77.4
  Other 2 3.4 8 2.7 0 0 10 2.1
  Unknown 0 0 4 1.4 0 0 4 8.2
Total 58 11.9 292 60.1 136 38 486 100
All recorded patient information that was included in this study for demographics was age, BMI, and race (total patients, n = 486). Age and BMI had listed mean 
and ±SD with range. Race was reported using frequency and percentage within mastectomy type.

Table 2. Assessment of Breast Size and Mastectomy Weights

Breast Size

Total-simple Skin-sparing Nipple-sparing Total

Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range

Mastectomy weight 644.76 ± 276.56 198–1134 802.35 ± 354.08 156–1840 387.13 ± 188.33 34–1142 667.35 ± 356.56 34–184
Cup size Frequency Percentage Frequency Percentage Frequency Percentage Frequency Percentage
  A 2 3.4 2 0.7 16 11.8 20 4.1
  B 6 10.3 24 8.2 46 33.8 76 15.6
  C 22 37.9 78 26.7 48 35.3 148 30.5
  D 14 24.1 80 27.4 18 13.2 112 23
  DD/E 10 17.2 74 25.3 6 4.4 90 18.5
  DDD/F 4 6.9 16 5.5 2 1.5 22 4.5
  DDDD/G 0 0 18 6.2 0 0 18 3.7
Total 58 11.9 292 60.1 136 28 486 100
Preoperative chest  

  circumference
Frequency Percentage Frequency Percentage Frequency Percentage Frequency Percentage

  28 0 0 2 0.7 0 0 2 0.4
  30 0 0 2 0.7 0 0 2 0.4
  32 2 3.4 14 4.8 18 13.2 34 7
  34 12 20.7 84 28.8 82 60.3 178 36.6
  36 16 27.6 76 26 28 20.6 120 24.7
  38 20 22.2 64 21.9 6 4.4 90 18.5
  40 4 6.9 26 8.9 0 0 30 6.2
  42 4 6.9 16 5.5 2 1.5 22 4.5
  44 0 0 8 2.7 0 0 8 1.6
Total 58 11.9 292 60.1 136 28 486 100
Patient-reported breast cup size and chest circumference were recorded using frequency and percentage within mastectomy type. Mastectomy weight was recorded 
using mean ± SD with range of mastectomy weight within mastectomy type.

http://links.lww.com/PRSGO/C77
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DISCUSSION
As a part of breast reconstruction, patients require clini-

cal evaluation to gather baseline measurements of their 
preoperative breast size and discuss reconstruction options. 
Most often, measurement of breast size defaults to asking 
patients about their breast cup size and chest circumfer-
ence. The issue with patient-reported breast cup size is that 
most often patients are wearing incorrect sizes or there is 
bra-sizing discrepancy from garment manufacturers (1–4). 
There have been attempts in standardizing this process 
such as anthropomorphic measurements, algorithms, and 
computer imaging software, but these have only been able 
to provide estimations at best.5–7 Three-dimensional evalua-
tion has been able to overcome some of these estimations, 
producing highly accurate models that are able to reduce 
operative time and provide better estimations for postop-
erative breast sizing.12,13

Estimation of breast size is a crucial part of the evalu-
ation as the discussion of postreconstruction breast size is 
based on their preoperative size and desired postrecon-
struction breast size. Ultimately, postreconstruction breast 
size will depend on the mastectomy type, reconstruction 
choice, and revisions to ultimately reach desired aesthetic 
and size goals. Some studies have tried to provide algo-
rithms for estimating postreconstruction breast size based 
on preoperative imaging. The current body of literature 
heavily revolves around patient postoperative satisfac-
tion that focuses on quality of life and breast appearance 

rather than solely breast size.14–18

Our study showed that there is a positive correlation 
between breast cup size and mastectomy weight, though 
weak, in total-simple (TSM; ρ = 0.375; P = 0.004), skin-spar-
ing (SSM; ρ = 0.353; P < 0.001), and nipple-sparing (NSM; 
ρ = 0.246; P = 0.004) mastectomies. Similar correlation was 
noted when combining all mastectomies. This correlation 
falls in line with the discrepancy of breast cup sizing due 
to incorrectly fitted bras and brazier garment manufactur-
ers. Other physiological factors should then be considered 
such as breast shape, tissue density, and ptosis that breast 
cup size is unable to consider.

Mastectomy type also showed a statistical difference in 
mastectomy specimen weight, showing that nipple-sparing 
mastectomy had lower mastectomy specimen weights when 
compared with total-simple and skin-sparing. This signifi-
cant difference is noted to be associated with the standard 
of care for patients who undergo NSM. The ideal candi-
date for NSM is a patient with a low BMI, small breasts, and 
absence of ptosis, which would result in smaller mastec-
tomy specimen weights.19 Based on this type of approach 
for candidacy of mastectomy type, there should have been a 
noted difference in patient BMI when comparing TSM ver-
sus NSM. These two groups had similar BMIs but resulted 
in a significant difference in mastectomy specimen weights 
showing NSM was larger than TSM. Mastectomy weight 
difference could potentially play a role in reconstruction 
since it may be a consideration the reconstructive surgeon 
takes into account for the final breast size.

Table 3. Contribution of Variables to Mastectomy Weight in Univariate Logistic Regression

 Total-simple Skin-sparing Nipple-sparing

Covariate R2 β R2 β R2 β

Age 0.100§* -7.686 0.000 -0.240 0.000 0.205
Race 0.000 3.028 0.022§‡ -59.013 0.026 37.025
BMI 0.487§‡ 28.918 0.481§‡ 43.168 0.384§ 31.153
Chest circumference 0.342§‡ 67.436 0.362§‡ 73.419 0.209§ 51.242
Surgical oncologist 0.002 -12.434 0.027§‡ -42.948 0.005 9.893

The covariates age, race, BMI, chest circumference, and surgical oncologist were evaluated in a univariate linear regression to assess for individual associations with 
mastectomy specimen weight based on mastectomy type. A P < 0.15 was deemed significant in the univariate model to be used in the multivariate linear regression 
analysis.
*P < 0.05; 
†P < 0.01; 
‡P < 0.001.
§Variable is noted to be P < 0.15 and is used in the multivariate analysis.
β is coefficient for regression.
R2 is the proportion of variance.

Table 4. Contribution of Variables to Mastectomy Weight in Multivariate Logistic Regression

 Total-simple Skin-sparing Nipple-sparing

Covariate R2 β R2 β R2 β

Regression 0.52*  0.573*  0.411*  
Age  -1.194     
Race    -13.756   
BMI  32.119*  29.727*  27.077*
Chest circumference  32.82*  37.677*  15.236
Surgical oncologist    -53.438*   

The covariates that were analyzed in the univariate linear regression model and were deemed significant were then run in a multivariable linear regression model.
*P < 0.001.
β is coefficient for regression.
R2 is the proportion of variance.
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Several covariates were studied to see how they may 
play a role in mastectomy weight. It was noted that all of 
the covariates we analyzed in our univariate linear regres-
sion were significant in at least one type of mastectomy 
(Table 3). When we analyzed the covariates in a multivari-
ate linear regression that were significant in the univariate 
linear regression, BMI was seen to be significantly associ-
ated with all mastectomy types while chest circumference 
was only significant in TSM and SSM (Table 3). Breast sur-
geon also played a role in SSM. This analysis shows how 
mastectomy specimen weight can be affected by various 
factors besides breast cup size.

There are limitations to this study that should be 
addressed. One limitation is patient-reported breast cup 
size, as breast cup size can vary based on garment manufac-
turer. Having a standardized and peer-reviewed method of 
measuring breast size preoperatively can allow for a more 
robust correlation between preoperative breast size and 
mastectomy weight, which, in turn, can allow for better 
expectations of postreconstruction breast size. Another 
limitation is comparison of other methods of breast size 
measurements to provide a consensus for best use.

Future directions of this project include looking at 
other physiological variables such as ptosis degree, breast 
tissue density, and breast shape to provide a more stan-
dard approach at preoperative breast measurement to 
ensure a satisfied patient. Longitudinal follow-up for 
patients to assess satisfaction with breast size as well as pro-
viding a standardized method in assessing breast size may 
be another future direction of this project. Finally, we can 
also look into the quality of life and satisfaction of breast 
aesthetics in patients in this cohort.

We plan on using the information in the study to 
enhance our discussion with our patients on managing 
expectations for postoperative breast size. Considering 
that we found a weakly positive correlation between 
patient-reported breast cup size and mastectomy weight, 
we would emphasize to our patients that the focus of 
reconstruction should be on aesthetics and quality of life.

CONCLUSIONS
There is a positively weak correlation between preoper-

ative breast cup size and mastectomy weight, providing evi-
dence for the difficulty of estimating postoperative breast 
cup size. Thus, the conversation with the patient should 
focus on breast appearance and quality of life rather than 
postreconstruction breast size.
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