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Factors affecting mastectomy specimen density in 
direct-to-implant breast reconstruction

INTRODUCTION
In the past, radical resection, such as modified radical mastectomy, 
was preferred for breast cancer. Recently, with the development of 
implant manufacturing techniques, surgical techniques, and acel-
lular dermal matrix (ADM), direct-to-implant breast reconstruc-

tions have been performed with increasing frequency, as they can 
be completed in a single sitting, prevent donor-site morbidity, and 
enable a quick return to daily life [1,2].
 Several factors should be considered for implant selection, in-
cluding the patient’s and doctor’s preferences, ideal breast shape, 
soft-tissue texture, and match with the contralateral breast. Fur-
thermore, because the weight of the tissue resected due to breast 
cancer is comparatively easy to measure using a scale, specimen 
weight is typically used as a factor that informs implant selection 
[3]. However, since breast tissue properties may differ among pa-
tients, the implant size cannot be selected based solely on the weight 
of the tissue.
 The aim of this study was to identify the factors affecting the den-
sity of mastectomy specimens, which could help infer the tissue 
density and subsequently inform implant selection.
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Background Direct-to-implant breast reconstruction following nipple-sparing mastec-
tomy is becoming increasingly common. The weight of the breast specimen informs 
implant selection. However, specimens of the same weight may have different vol-
ume. Therefore, identifying the factors affecting the density of breast specimens may 
facilitate the selection of implants with an appropriate volume.
Methods From December 2015 to May 2018, 108 patients underwent direct-to-implant 
reconstruction following nipple-sparing mastectomy. The weight of the breast speci-
mens was measured using an electronic scale in the operating room. Furthermore, the 
volume of specimens was measured using the water displacement technique. Multiple 
regression analysis was performed on factors that can affect breast density, such as 
menopause, neoadjuvant chemotherapy (CTx), age, body mass index, and diabetes 
mellitus. 
Results The average density of breast specimens in patients older than 50 years (n=36) 
was 0.96±0.04 g/mL, which was significantly lower than the 1.01±0.08 g/mL observed 
in patients younger than 50 years (n=72) (P=0.007). The mean density of breast speci-
mens in patients who underwent neoadjuvant CTx (n=25) was 0.96±0.06 g/mL, which 
was significantly lower than the value of 1.00±0.08 g/mL in those who did not (n=83).   
Conclusions It is advisable to select an implant slightly larger than the mastectomy 
specimen weight in patients older than 50 years or in those who have undergone neo-
adjuvant CTx.
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METHODS

Patients
We studied 108 women, aged 30–64 years, who had undergone di-
rect-to-implant breast reconstruction with nipple-sparing mastec-
tomy from December 2015 to May 2018. All the patients had been 
preoperatively diagnosed with breast cancer. Mastectomy and breast 
reconstruction were performed by an expert breast surgeon and a 
plastic surgeon, respectively. The patient’s age, body mass index 
(BMI), postmenopausal status, history of neoadjuvant chemother-
apy (CTx), tumor size, histology, and diabetes mellitus status were 
recorded preoperatively. The weight and volume of specimens were 
measured in the operating room after mastectomy. Histological 
characteristics were confirmed by the pathological examination re-
sults.

Surgical techniques
The inframammary approach was used for the incision, and recon-
struction was performed by a plastic surgeon (JHP) after nipple-
sparing mastectomy. The procedure began by creating a subpecto-
ral pocket. Subsequently, a portion of the inferomedial muscle was 
elevated for implant placement. The appropriate size of the implant 
(selected by the patient during the consultation) was confirmed by 
surgical judgment, as well as by the weight of the mastectomy 
specimen. After the implant was placed beneath the muscle-matrix 
layer, ADM was continuously sutured directly to the inframamma-
ry fold at its desired position, completely covering the implant [3].

 The weight of the resected tissue was measured in the operating 
room using an electronic scale (Fig. 1), immediately after the mas-
tectomy tissue was removed from the breast. The weight of the re-
sected tissue was calculated by excluding the weight of the empty 
container from the total weight. To measure the breast volume, a 
beaker was placed on a flat surface and filled with 1,000 mL of nor-
mal saline (Fig. 2). The breast tissue was placed in the beaker, and 
the increase in the water volume was measured and recorded. This 
method is based on Archimedes’ principle of fluid buoyancy [4]. 
The density was calculated by dividing weight by volume.

Statistical analysis
Multiple regression analysis was performed to identify the factors 
affecting breast density. The Student t-test was performed using 
the selected factors. When the sample size was insufficient, the 
Mann-Whitney U-test was performed. To compare multiple groups, 
the Tukey honest significant difference test was used. The statistical 
analysis was conducted using SPSS version 18.0 (SPSS Inc., Chica-
go, IL, USA). In all the statistical comparisons, P-values of <0.05 
were considered to indicate statistical significance.

RESULTS
A total of 108 patients were studied. Their mean age was 47.5 years 
(range, 25–64 years), and their mean BMI was 23.25±2.94 kg/m2 
(range, 18.03–31.29 kg/m2). Neoadjuvant CTx was provided to 25 
patients for 6–8 cycles. The mean weight and volume of the mas-

Fig. 1. Measurement of weight by placing the breast specimen on an 
electric scale.

Fig. 2. Measurement of volume by placing the breast specimen in a 
beaker marked with scale indicators.
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Table 1. Patients’ characteristics 

Variable Value

No. of patients 108

Age (yr)  47.5±8.4 (25–64)

BMI (kg/m2)  23.25±2.94 (18.03–31.29)

Neoadjuvant chemotherapy  25 (23.1)

Diabetes mellitus  2 (1.8)

Postmenopausal status & density (g/mL)

   Premenopause 62 (57), 0.99±0.08

   Postmenopause 45 (43), 0.98±0.06

Histology

   Invasive carcinoma 70 (71)

   Ductal carcinoma in situ 18 (19)

   Lobular carcinoma in situ 4 (4)

   Microinvasive carcinoma 2 (2)

   No residual malignancy 4 (4)

Mean tumor size (mm3) 12,545.3±22,456 (0–125,000)

Mean breast specimen volume (mL)  329.8±203.4 (100–1,078)

Mean breast specimen weight (g)  325.6±196.2 (100–1,025)

Mean breast specimen density (g/mL)  0.99±0.08 (0.83–1.20)

Values are presented as mean±SD (range) or number (%).
BMI, body mass index.

Table 2. The average breast cancer specimen density according to 
age

≤50 Years (n=72) >50 Years (n=36) P-valuea)

Density (g/mL) 1.01±0.08 0.96±0.04 0.007

Values are presented as mean±SD. 
a)Student t-test.

Table 3. The average breast cancer specimen density according to 
neoadjuvant CTx

Non-neoadjuvant 
CTx (n=83)

Neoadjuvant CTx 
(n=25) P-valuea)

Density (g/mL) 1.00±0.08 0.96±0.06 0.027

Values are presented as mean±SD. 
CTx, chemotherapy.
a)Student t-test.

Table 4. The average breast cancer specimen density according to 
neoadjuvant CTx and age

≤50 Years with no 
neoadjuvant CTx 

(n=57)

>50 Years with 
neoadjuvant CTx 

(n=10)
P-valuea)

Density (g/mL) 1.01±0.09 0.95±0.05 0.012

Values are presented as mean±SD. 
CTx, chemotherapy.
a)Mann-Whitney U-test.

tectomy specimens were 325.6±196.2 g (range, 100–1,025 g) and 
329.8±203.4 mL (range, 100–1,078 mL), respectively. The mean 
breast density was 0.99±0.08 g/mL (range, 0.83–1.20 g/mL) (Table 1).

Multiple regression analysis and Tukey honest significant 
difference test
A multiple regression analysis and the Tukey honest significant dif-
ference test were performed to detect the factors affecting breast 
density with respect to age, menopause status, BMI, neoadjuvant 
CTx, tumor size, diabetes mellitus status, and histology.
 Age (P=0.015) and neoadjuvant CTx (P=0.03) were found to 
be statistically significant factors affecting breast density, while 
BMI (P =0.196), tumor size (P =0.603), menopause (P =0.443), 
and histology (P=0.4) were not. Sufficient records regarding dia-
betes mellitus were not available for a statistical analysis (n=2).

Student t-test
Breast density was lower in patients older than 50 years than in 
those aged 50 years or less. The mean density was 0.96±0.04 g/mL 
in patients who were older than 50 years (n=36) and 1.00±0.08 g/
mL in those who were aged 50 years or less (n=72), which was a 
statistically significant difference (P=0.007) (Table 2). 
 The mean density was 0.96±0.06 g/mL in patients who under-
went neoadjuvant CTx (n=25) and 1.00±0.08 g/mL in those who 
did not (n=83), which was a statistically significant difference (P= 
0.027) (Table 3).

 The mean density was 0.95±0.05 g/mL in patients who were 
older than 50 years and underwent neoadjuvant CTx (n=10) and 
1.01±0.09 g/mL in those who were 50 years of age and under and 
did not undergo neoadjuvant CTx (n=57), which was statistically 
significant according to the Mann-Whitney U-test (P=0.012) (Ta-
ble 4).
 The mean density was 0.99±0.08 g/mL for premenopausal wom-
en and 0.98±0.06 g/mL for postmenopausal women, which was 
not a statistically significant difference (P=0.443).

DISCUSSION
The density of breast cancer specimens was significantly lower in 
patients who underwent neoadjuvant CTx and in those who were 
older than 50 years. 
 Neoadjuvant systemic CTx, also known as preoperative CTx, is 
the standard of care for locally advanced and inoperable tumors 
and is commonly used to treat patients with early-stage breast can-
cer [5]. In our study, the mean density of the specimens in the non-
neoadjuvant CTx group was 1.00±0.08 g/mL, which implied that 
the weight and volume were almost the same numerically. Thus, 
for patients who did not undergo neoadjuvant CTx, the specimen 
weight can be used to determine the volume of the implant [3]. 
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However, the mean density of the specimens in the neoadjuvant 
CTx group was 0.96±0.06 g/mL, which was lower than that in the 
non-neoadjuvant group. In breast cancer, dense tissues are more 
commonly encountered than normal mammary tissue [6]. Neoad-
juvant CTx lowers the ratio of the cancer tissue to the normal tis-
sue, which is thought to lower the density of the mastectomy speci-
men. The low density implies that specimens of the same weight 
have a larger volume in cases of neoadjuvant CTx. The percent dif-
ference is approximately 4.16%. Therefore, with a mean mastecto-
my weight of 331.21 g, the volume in the neoadjuvant CTx group 
would be approximately 13.64 mL larger than would be calculated 
by equating the specimen weight measurement (g) with its volume 
(mL). This should be taken into account when selecting implants 
for patients who have undergone preoperative CTx.
 Breast density was significantly lower in patients who were older 
than 50 years. Glandular tissue begins to atrophy with age. The 
breast lobules involute, with reductions in the number and size of 
acini per lobule. Over time, the glandular elements of the breast are 
progressively replaced by fat and connective tissue [7,8]. Our study 
showed that the density in patients older than 50 years was 0.96 g/
mL, which was 4.16% lower than that of tissues of the same weight 
in patients younger than 50 years. Therefore, for elderly patients, it 
is advisable to prepare an implant slightly larger than the size that 
would be selected based on specimen weight, as is also the case for 
neoadjuvant CTx patients. Unlike Western women, in whom breast 
density does not differ with age on mammography, breast density 
rapidly decreases in Koreans when they are older than 50 years [9]. 
Our results also showed that breast density decreased after the age 
of 50 years. 
 Patients who were over 50 years old and had undergone neoad-
juvant CTx had a mean breast density of 0.95±0.05 g/mL, which 
was 5.26% lower than that of tissues of the same weight in the over-
all patient sample. This would imply that if the weight of the speci-
men is 331.21 g, it needs to be replaced with a volume of 348.63 
mL. BellaGel (Hans Biomed, Daejeon, Korea), which we mainly 
use for reconstruction, produces implants with 25-mL differences. 
Therefore, patients who are older than 50 years and have under-
gone neoadjuvant CTx should receive an implant one size bigger 
than the implant size that would be selected directly based on the 
specimen weight. 
 A study reported that there was a close association between breast 
weight and volume, regardless of menopausal status. In that study, 
pre- and post-menopausal densities were 1.07 and 1.06 g/mL, re-
spectively [10]. It was concluded that the replaced volume could be 
the same as that decided based on the specimen weight. However, 
in our study, we found that patients who were older than 50 years 
and underwent neoadjuvant CTx could be under-corrected by re-
placement with a volume equal to that determined based on the 
actual weight. We expected that since menopause most often oc-
curs around the age of 50 years, it would affect breast density, but a 

statistically significant relationship between menopausal status and 
breast density was not found in our study. This was probably be-
cause of patients aged <50 years who had early menopause, or 
those who had not undergone menopause even after the age of 50 
years. More, larger studies are needed to determine whether meno-
pause affects density.
 Several methods of measuring breast volume before surgery 
have been introduced [11-13], such as magnetic resonance imag-
ing, thermoplastic molding, anatomical measurements, preopera-
tive application of Archimedes’ principle, mammography, use of 
the Grossman-Rounder device, and three-dimensional scanning. 
However, they have the disadvantages of preoperative equipment 
availability and excessive time consumption. In this study, the spec-
imen weight could be used to easily determine the volume. 
 Our study has limitations. Breast reconstruction requires resto-
ration of both volume and symmetry with the contralateral breast 
[14,15]. Therefore, in patients with severe asymmetry, it will be dif-
ficult to use the results of this study for implant selection, which is 
performed using a sizer in the sitting position intraoperatively. In 
addition, as the breast on the side of the implant may feel heavier 
than anticipated, the weight should be discussed with the patient 
before surgery. Moreover, although tissue damage by an electro-
cautery tool, such as a Bovie knife during surgery, can also affect 
specimen density, this was not considered in our study.
 In conclusion, patients older than 50 years or those who have 
undergone neoadjuvant CTx require restoration with a volume 
larger (by approximately 5.26%) than that determined directly based 
on the specimen weight, and this should be considered when se-
lecting implants. 
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