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Summary Background: The most important element during breast reconstruction preopera-

tive planning is determining the new position and shape of the breast. A youthful breast with 

no signs of ptosis may not necessarily be the ideal breast for women of all ages. However, in-

dicators have not been established on how breasts should be positioned depending on age. We 

investigated and reported on the proper positioning of the breasts based on age during breast 

reconstruction using mean age-based data from three-dimensional (3D) modeling. 

Methods: We photographed 110 breast cancer patients using a compact 3D scanner and calcu-

lated the measured means. Data were grouped according to age group. Three-dimensional 

simulation images from all patients were reconstructed from the data. Breasts from all age 

groups were divided into healthy and affected breasts. For each measured value, the means 

of the two groups were compared. 

Results: There were no major differences in the mean values in the 30s, 40s, and 50s age 

groups. Major changes were noted in the 60s age group compared with the 30s, 40s, and 50s 

age groups. There were no statistically significant differences between healthy and affected 

breasts. 

Conclusions: This is the first study to use a 3D method to calculate the means based on age 

group. This study showed that particular attention should be paid to age-related changes dur-

ing breast reconstruction surge付esfor women aged三60years. We believe that the method 

used in our study on mean breast shape based on age group can be used as a reference or in-

dicator to ensure that the reconstruction of natural breasts be行tsthe age of the patient. 。2017Asian Surgical ねsociationand Taiwan Robotic Surgical Association. Publishing services 

by Elsevier B. V. This is an open access article under the CC BY-NC-ND license (http: I I 

creativecommons.org/licenses/by-nc-nd/4.0/). 
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1. Introduction 

In breast reconstruction, breast reduction and mastopexy of 

the healthy side are often required to achieve bilateral 
symmetry of the breasts. The most important element 
during preoperative planning in such situations is deter-

mining the new position and shape of the breast. Textbooks 
document breast measurement data for what is considered a 

beautiful breast and can be referred to as an indicator 
during the preoperative planning of breast design. With age, 
the breasts become larger, the upper pole fullness is lost, 

and signs of ptosis appear. However, indicators have not 
been established on how breasts should be positioned 

depending on age, and, at present, surgeons are expected to 
make a decision on the basis of their expe吋ence.Several 

papers have measured breast sizes and calculated the 
means to provide some indicators for use as reference val-
ues, 1-3 but these numbers do not take age into consider-

ation. We investigated the proper positioning of the breasts 

based on age during breast reconstruction using age-based 
mean data from three-dimensional (30) modeling. 

2. Patients and methods 

This study was approved by the hospital institutional ethical 

committee, and informed consent was obtained from all 
patients. We photographed 110 breast cancer patients who 
presented to our outpatient clinic from April 2014 to Ap付1

2015. The同ghtbreast was affected in 56 patients, the left 
breast was affected in 48 patients, and both breasts were 
affected in six patients. Age ranged from 26 years to 73 
years, with a mean of 47.5 years. All patients were breast 

cancer patients of ::; Stage II and none had a history of 
preoperative chemotherapy or breast surgery, including 
partial excisional biopsy history. However, history of needle 

biopsy was not considered because it did not seem to affect 
the breast shape. 

Before their surgery, we calculated the measured means 

of the following eight items that were obtained from 30 
images: breast volume; width; height; projection; distance 
from the sternal notch to the nipple (S・N);distance from 
the sternum nipple level to the nipple (M-N); distance from 
the nipple to the inframammary fold (N-IMF); and angle 

formed by a line drawn from the sternal notch to the 
sternal notch nipple line (Angle N; Figure 1 ). Of these, S・N

and M-N were determined from the numbers derived from 

the XY plane. Because IMF is in a hidden position, N-IMF 30 
measurements were inaccurate, and linear measurements 

were conducted instead. 
Photographs were obtained using a compact 30 scanner 

KINECT (Microsoft, Redmond, WA, USA), and the data were 
processed using capture software ARTEC Studio Pro (A「tec
30, Luxembourg, Luxembourg), which was developed for 
high precision 30 scanners. The image data were analyzed 

using Breast Rugle (Medic Enginee同ng, Kyoto, Japan) 
analytical software. Du吋ngthe analysis, one doctor was 
responsible for determining which landmarks to use and 
preparing the virtual chest wall. All patients were photo-

graphed in a normal anatomic standing position. 
Measurement data were grouped on the basis of age 

group, and the respective means were calculated. For each 
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measured value, age groups were compared using the 
Steel-Dwass test. Breasts from all age groups were divided 
into healthy and affected breasts, and means of the various 
measurements were calculated. For each measured value, 
the means of two groups were compared using the Student t 
test. A p-value of ::;o.os was considered statistically sig-

nificant. All statistical analyses were performed using EZR 
(Saitama Medical Center, Jichi Medical University, Saitama, 
Japan). 

3. Results 

Data were analyzed according to standard statistical 
methods. The overall means for all patients based on age 
group are shown in Table 1.甘1emeasurements for each age 

group were compared, excluding the 20s and 70s age 
groups, where n = 1. Mean values for the 30s, 40s, and 50s 
age groups revealed no clear patterns by age, and there 

were no statistically significant differences between the 

groups. However, in the 60s age group, although height, M・ 
N, and angle N showed no statistically significant differ-

ences compared with that in the 30s, 40s, and 50s age 
groups, other measurements showed statistically significant 
differences and showed a major increase (Figure 2). 

The reconstructed 30 simulation images for the mean 
breast shapes based on age group for all patients are shown 

in Figure 3. Measured data did not reveal any major dif-

ferences among the 30s, 40s, and 50s age groups. However, 
as age increases, associated aging changes are more likely 
to appear in the breasts. Measurement results were sepa-
rated into affected and healthy breasts, and there were no 
statistically signi行cantdifferences between them (Table 2). 

4. Discussion 

During breast reconstruction, breast reduction and masto-
pexy of the healthy breast may often become necessary to 
maintain bilateral symmetry of the breasts. One of the 

most impo代antelements during preoperative planning is 
determining the new position and shape of the breast. 
There are several surgical techniques for breast reduction 

and mastopexy, such as pe付areolar,vertical, and inverted 
T incisions; some studies have repo代edon how to establish 

the nipple position, which provides an indicator for the 
preoperative design. A line is drawn from the clavicle or 
sternal notch to the nipple, a sped行cdistance is designated 
along that line,4-6 and the position is determined on the 
basis of the IMF position or midpoint of the humerus. 7-ii 

There are several other methods, 13 but, in the majority 

of these, designs are solely based on esthetically perfect 
breasts, and none of them take natural aging into account. 

In general, as breasts age, they become larger, the 

upper pole fullness is lost, and ptosis is observed. Reg-
nault’s breast ptosis classi行catio『1is typically used to 
evaluate these changes.14 Aging effects are thought to be 
caused by the weakening of the fasclal ligamentous suppo代
system of the breast and not merely by sagging skin.15 We 
believe that these aging phenomena are not necessarily 
unattractive and represent naturalness befitting the age. 
Allow us to consider what naturalness befitting the age 
should look like. 

Please cite this article in press as: Kono T, et al., Natural mastopexy repositioning based on age-related mean breast shape, Asian Journal 
of Surgery (2017), http://dx.doi.org/10.1016/j.asjsur.2016.12.005 
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Figure 1 Items measured. Volume (ml), width (cm), height (cm), projection (cm), S・N(cm), M-N (cm), N-IMF (cm), and angle N 

（。）were the eight items rneast』red.Angle N = angle formed by a perpendicular line from the sternal notch and the sternal notch to 

the nipple line; IMF= inframammary fold; M = sternum of nipple level; N = nipple; S =sternal notch. 

Table 1 Mean data based on age group for all women. 

Age, [y (n)] All 20-29 (n = 1) 30-39 (n = 15) 40-49 (n = 53) 50-59 (n = 30) 60-69 (n = 10) 70-79 (n = 1) 

ages (n = 110) 

Side Right Left Right Left Right Left Right Left Right Left Right Left Right Left 

Volume (ml) 232.92 251.15 315.40 261.00 218.53 235.14 232.29 215.54 232.01 260.09 328.34 325.06 393.50 441.00 

Width (cm) 14.47 14.64 14.50 14.60 14.62 14.69 14.32 14.12 14.49 14.70 15.70 15.84 16.90 18.10 

Height (cm) 14.44 14.56 15.50 15.20 14.04 14.11 14.38 14.31 14.43 14.68 15.59 15.55 15.60 16.00 

Projection 3.99 4.12 5.20 4.70 3.67 3.85 4.10 3.84 3.67 4.06 4.70 4.54 4.60 5.10 

(cm) 

5-N (cm) 18.95 19.32 18.32 17.81 18.97 19.11 18.99 19.15 18.74 19.38 20.97 20.88 21.49 22.61 

M-N (cm) 9.06 9.45 9.77 9.72 8.98 9.59 9.30 9.01 9.00 9.51 9.85 9.53 8.78 9.72 
N-IMF (cm) 6.41 6.41 7.00 7.50 6.43 6.60 6.21 6.23 6.20 6.29 7.56 7.50 8.50 8.00 

Angle N （。） 28.41 29.35 32.20 33.10 28.2 30.0 29.29 28.52 28.74 29.47 28.26 27.18 24.1 25.4 

Angle N = angle formed by a pe巾endicularline from the sternal notch and the sternal notch to the nipple line; M-N = distance from the 
sternum of the nipple level to the nipple; N-IMF = distance from the nipple to the IMF; S・N= distance from the sternal notch to the 
nipple. 

Based on the breast measurements of 100 topless 

models, Mallucci and Branford16 stated that an ideal breast 

should aim for the following: the ratio of the upper to lower 

pole is 45:55, the angulation of the nipple is upward with a 
mean angle of 20。fromthe nipple meridian, the upper pole 

slope is linear or slightly concave, and the lower pole is 

convex. It is true that cosmetic surgery patients who are 

looking for mammoplasty such as augmentation prefer a 
youthful breast.17・ 18 However, significant differences in 

breast shape preferences have been demonstrated be-
tween cosmetic breast surgery patients and reconstructive 

breast surgery patients.19 Reconstructive breast surgery 

patients are less concerned about superomedial fullness to 
create cleavage than cosmetic surgery patients, and they 

are more concerned about asymmetry. 19 They tend to ask 

for a more naturally shaped breast. In addition, plastic 

surgeons and patients may have drastically different images 
of breast shape.2° Furthermore, country of residence, age, 

and practice type signi行cantlyimpact breast shape pref-
erences of plastic surgeons. 21 In particular, Japanese 

women tend to be modest and do not wish to stand out 
from others, and thus, would prefer a natural breast shape 

rather than esthetically perfect breasts. Thus, a youthful 

breast with no signs of ptosis may not necessarily be the 

ideal breast for women of all ages. Obviously, it would be 

unnatural if a woman in her 60s had breasts shaped like a 

20-year-old. Therefore, the goal is not necessarily to create 

esthetically perfect breasts but to create normal, age-

approp吋atebreasts. Normally, we refer to the mean 

values for each age group. If the same method as that in our 

study is taken into consideration during the preoperative 
planning of breast reconstructions, it may be possible to 

create a more natural-looking breast. 
Breasts have been measured in the past, and some re-

searchers also calculated various mean measurements, as 
determined in our study.1-3 Breast measurements by Penn 1 

have had a major impact on subsequent designs by sur-

geons, although they only chose esthetically peげectfemale 

models as their participants. Smitt】 etal2 chose normal 
female volunteers without any esthetic judgment using a 

population similar to that of our study. However, their 

pa比icipantswere aged 18-31 years, resulting in a skewed 
age range. Compared with the results from our investiga-

tion, there was a difference in breast volume, and this was 
believed to be because of racial differences between Jap-

anese and American/European females. 

Please cite this article in press as: Kono T, et al., Natural mastopexy repositio円ingbased on age・related mean breast shape, Asian Journal 
of Surgery (2017), http://dx.doi.org/10.1016/j.asjsur.2016.12.005 



・・・E星ム己よ且三宮．．． 
T. Kono et al. 

「」正当
「ー l

「ーに旦＇
,-- Rニ竺三ーーーー「
r’... 1 

戸」旦1

「ーーーー£二旦＂・－－－－，

，－ 」二主主ー－－，

白甲日早

’‘・「一一←＇
・ー叫「一一一一ー一一一一一一1

，・.. 1 
・ー町Sr －「

・ー町Br －一ー一一司，..・ 1

r」盟主て
，．・e・s

I －一一一「

-L!!!L一一一「，・川.. .., 
「一一一一－『ーーー－，

I l 

4 

白色白己
拘

．
，
。

’

1
 

－ea
－－hv
・・‘目白白日主＋・・白＋

＠十

日
T

Z

一一一一一一回一
一一

蟹担当

開

岨

－E
E
2・〉

’d 

"" 

日日巳白

eu? ヨ3唱

加

認

渇

均三
宅、．

mε

’，.，.. 

「一立さ2

yg日ロ

悼”.l~.d 

－

－

g

－

s

a
 

－Eと
h
m

喜
三早白日早

(;).Eg 

r"'-寸
「一一一＿，＿ニ:!1.一一一寸
----L.:.主主ーーーーーーーー，
「」止に「

「一一-L:.!!!..ーー一「
「ι且「

＆日Sぬ 品

、2

。．EWE－
 

~ 

自由白己

悼 岬

r<.:!且 1
「」 却」ー「
＿＿.ニ主主！＿＿一一ー一一「
「」＂＇＂＂－－，

「一一一＿＿＿，＿ニ旦一一ー「

ー.，,. 
：‘ 

M

U

 

官

b
w
g

ご・

" " 

Figure 2 Box plots of each measured value between age groups. The solid line in the middle of the box represents the median 
value, the upper and lower extremes of the box represent 25th and 75th percentiles, and the bars represent the 5th and 95th 

percentile. Difference between each age group is indicated using p values (Steel-Dwass test; NS = not significant; pく0.05).

Volume, width, projection, S-N, and N－川Ffor women in the 60s age group were statistically significant compared with those in the 

30s, 40s, and 50s age groups. N-IMF = distance from the nipple to the IMF; S-N =distance from the sternal notch to the nipple. 
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Figure 3 Three-dimensional simulation images of mean breast shapes for each age group. The reconstructed three-dimensional 

simulation images for the mean breast shapes based on age group for all patients. As age increases, associated aging changes are 

more likely to appear in the breasts. 

modeling is the 
29 

π1easureπ1ent. 
There are many advantages of using 30 methods. The 

patient and surgeon行ndit easier to imagine the recon-
structed breast by looking at a reconstructed 30 image. 
Compared with actual measured data, the 30 method also 

enables accurate volume measurements. 29 Based on these 

measurements, excision volumes can be estimated preop-

eratively, allowing the reconstruction of a more symmet-
rical breast. 28 It is also easy to compare breasts visually 

volume for tool reliable most There has been a recent increase in the number of 

published repo代son breast measurements using 30 mod-
eling. u-ia However, ours is the行rststudy that has used 30 

methods to calculate the means by age group. Xi et al29 

reviewed 74 a代idesthat measured breast size and then 
classified and compared va付ous breast measurement 

methods to see if there were any differences between 3D 

methods and linear measurements. Shape measurements 

showed that linear measurements provided data that were 

comparable with data derived by 3D methods and that 30 

Please cite this article in press as: Kono T, et al., Natural mastopexy repositioning based on age-related mean breast shape, Asian Journal 
of Surgery (2017), http://dx.doi.org/10.1016/j.asjsur.2016.12.005 
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Table 2 Mean comparisons of healthy and affected 

breasts. 

Side 

Volt』me(ml) 
Width (cm) 

Height (cm) 

Projectior可（cm)
5-N (cm) 

M-N (cm) 
N-IMF (cm) 
Angle N （。）

Healthy 

247.65 
14.62 

14.55 
4.08 

18.91 
9.31 

6.45 
28.91 

Affected p 

237.00 0.56 

14.50 0.59 
14.45 0.70 
3.91 0.24 

18.81 0.69 
9.21 0.50 

6.35 0.58 

28.85 0.85 

Angle N = angle formed by a perpendicular line from the ster・ 
nal notch and the sternal notch to the nipple line; M-N = dis-
tance from the sternum of the nipple level to the nipple; N-
IMF = distance from the nipple to the IMF; S・N= distance from 
the sternal notch to the nipple. 

before and after reconstruction, making this an excellent 
assessment method. 

Although 3D cameras may be more expensive and 
captu吋ngimages may be difficult, the 3D KINECT scanner 

(Microsoft) that we used in our study was compact, easy to 
handle, and inexpensive compared with traditional 3D 
cameras. However, the creation of a virtual chest wall is 
still necessary, and there are practical limitations such as 
problems with reproducibility caused by error and va付－
ability among surgeons in judging margins and landmarks. 30 

Moreover, in breasts with severe ptosis, landmarks tend to 

become inaccurate and imaging ce代ainless-illuminated 
areas such as the underside of the breast may necessitate 
challenging techniques. 24·25·27•28 

Du吋ngour measurements, the distance from the nipple 
to IMF alone was inaccurate; therefore, we used actual 
linear measurements. This is one of the problems with 3D 

measurements, but we believe that technological and 
technical advances will resolve such problems. 

Surprisingly, there were no major differences in the 
mean values in the 30s, 40s, and 50s age groups. Major 
changes were noted in the 60s age group compared with the 

30s, 40s, and 50s age groups, and, based on these data, it 

appears that changes associated with aging rapidly occur in 
women in their 60s. In particular, age-related changes 

observed in this group include increases in breast volume, a 
bigger breast shape in terms of width and projection, and 

signs of ptosis. If this assumption is correct, we may need to 
be particularly careful about age-related changes during 

breast reconstruction surge付esfor women aged主60years. 
That is, it is necessary to increase the volume of the breast 

and set the position to be slightly lower compared with the 
other ages in breast reconstruction surge吋esfor women 
aged ~60 years. Similarly, when breast reduction and 

mastopexy of the healthy breast are required, excessive 
superior reposition and volume reduction should be 

avoided. 
Although there were no major changes in the measured 

data in the 30s, 40s, and 50s age groups, this was incon-
sistent with the simulated images that showed signs of 

breast aging with increasing age. Age-related changes such 
as a decrease in upper pole fullness may be the cause of 
this. The method for accurately reflecting minor age-
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related changes in breast reconstruction surgery that 

cannot be calculated on the basis of the items measured in 
this study may be a future area for research. Selecting the 
appropriate measurement to monitor age-related changes 

is thought to be a vital topic. 
Because the women in our study were breast cancer 

patients, they were predominantly in their 40s and 50s, and 
the data became skewed because very few of them were in 
their 20s, 30s, or 60s. In other words, our findings of major 

changes in the data for patients aged ~60 years may be 
lacking in precision. If we can measure more women in their 
20s and 60s, it should be possible to calculate age-related 

differences more accurately. Other study limitations 
include the fact that breast volume, height, body mass 

index (BMI), torso width, breastfeeding history, brassiere 
use history, and other factors that can potentially affect 
the shape of the breast had not been taken into consider-
ation. Further investigations are required to address these 
issues; specifically, height and B州 willaffect S-N and N州 F
and torso width has a major impact on M-N.19・31 Thus, 

grouping women on the basis of their height, BMI, and torso 

width and determining the respective means may provide 

another indicator. 
Another finding was that there were no signi行cantdif-

ferences in the measured values between affected and 
healthy breasts. However, tumor size can potentially affect 
the shape of the breast, which had not been taken into 
consideration. If this aspect was considered, we would have 
obtained more approp吋ate results. Nevertheless, we 
believe that our results reinforce the行ndingsfrom preced-
ing studies conducted in healthy volunteers. Although we 

only studied Japanese women, the same method could be 

employed in other ethnic groups, and it should be possible to 
calculate mean breast shapes by age regardless of race. 

There is a tendency for the nipple to deviate after sur-
gery, and the final nipple position is less controllable. 32 
There are also various technical restrictions involved in 

the actual surgical procedure, and it is impossible to 
reproduce the data completely in actual practice. These 
data are only for reference. In the future, we hope to apply 

these results during breast reconstruction. 
Although limited by a variable number of participants in 

each age group and possible issues in the selection of 

measurement parameters, we think that the method used 
in our study on mean breast shapes based on age group can 
be used as a reference or indicator to ensure the recon-

struction of natural breasts that be行tseach patient’s age. 
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