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Abstract

Background In addition to symptom relief, the crucial

objective of reduction mammoplasty is to achieve a

stable and esthetically pleasing postoperative breast shape.

However, the morphological changes in breasts following

reduction mammoplasty have not been comprehensively

understood. In this study, we applied three-dimensional

(3D) scanning technology for long-term follow-up moni-

toring of breast morphological changes to discern their

changing trends. Our goal was to provide a reliable basis

for assessing postoperative effects and determining follow-

up time points.

Methods This prospective study included patients under-

going vertical-scar reduction mammoplasty. We utilized a

combination of linear measurements and 3D scanning to

measure various parameters, including breast volume,

breast volume distribution, nipple position, and scar length

at various time points: pre-surgery, immediately post-sur-

gery, 3-month postoperative, 6-month postoperative, and

1-year postoperative.

Results A total of 115 patients were enrolled in this study.

Throughout the initial 3 months of postoperative follow-up,

there was a gradual reduction in breast volume, which

tended to stabilize from 3 to 12 months. The nipple posi-

tion showed a gradual shift both laterally, inferiorly, and

posteriorly. The volume of the lower and lateral part of the

breast increased gradually. Notably, at 1 year after surgery,

the scar length was approximately 6.3% shorter compared

to the immediate postoperative measurement.

Conclusions Our 3D analysis unveiled comprehensive

changes in breast morphology: The overall breast volume

shifted laterally and inferiorly, the nipple position moved

laterally, inferiorly, and posteriorly, and there was a sig-

nificant reduction in scar length. Concurrently, breast vol-

ume exhibited a gradual decrease and stabilization after

3 months, establishing it as a suitable follow-up point for

assessing postoperative results. Additionally, surgical plans

can be formulated based on the overall trend of changes in

breast volume and distribution, combined with methods

such as three-dimensional scanning, to enhance surgical

outcomes and patient satisfaction.

Level of Evidence IV This journal requires that authors

assign a level of evidence to each article. For a full

description of these Evidence-Based Medicine ratings,

please refer to the Table of Contents or the online

Instructions to authors www.springer.com/00266.
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Introduction

Breast hypertrophy or macromastia not only leads to

physical discomfort among patients but also has a profound

impact on their psychological well-being. Consequently, an

increasing number of patients are choosing reduction

mammoplasty to improve breast shaping and simultane-

ously alleviate clinical symptoms [1, 2]. In 2020, the

American Society of Plastic Surgeons (ASPS) reported a

total of 115,895 reduction mammoplasties performed

worldwide [3]. Reduction mammoplasty involves various
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techniques based on different incision and flap choices,

including vertical-scar, inverted-T-scar, and the round

block technique [4–6]. Among them, vertical-scar reduc-

tion mammoplasty is currently the most widely used inci-

sion method, as it is applicable to the majority of patients

with breast hypertrophy. What’s more, the vertical-scar

technique results in less scarring than the traditional

inverted-T and is favored for its ability to provide good lift

and shape with fewer incisions. Presently, the assessment

of postoperative breast morphology often depends on

subjective perceptions from both doctors and patients

[7, 8]. However, postoperative breast morphology under-

goes dynamic changes, such as edema and redistribution of

breast volume. Hence, accurate measurements of breast

diameters, volume, and other parameters are crucial to

recognize trends in postoperative breast morphological

changes. This precision is pivotal for clinical evaluations of

postoperative outcomes and for determining optimal fol-

low-up time points.

Over recent years, the field of breast plastic surgery has

increasingly adopted three-dimensional (3D) scanning

technology due to its exceptional precision and specificity,

particularly in assessing morphological changes in breasts

following breast augmentation with implants [9–15]. 3D

scanning technology captures multiple images of the breast

from various angles and collects data points based on the

distortions in projected patterns caused by the breast’s

surface. These data points are then utilized to generate a

point cloud, which serves as the foundation for creating a

3D model of the breast. Subsequently, specialized software

is applied to measure the breast volume [16–18]. In this

study, we applied 3D scanning technology in combination

with linear measurements to analyze the morphological

changes in breasts following vertical-scar breast reduction

surgery. Our analysis encompassed various parameters,

including breast surface diameters, breast volume, distri-

bution of breast volume, nipple position, and scar length.

These parameters are essential for identifying the trends in

postoperative breast morphological changes that result

from reduction mammoplasty.

Materials and Methods

Patient Enrollment

This study was conducted as a prospective clinical inves-

tigation, and each aspect of the experimental design had

undergone thorough review and approved by the Institu-

tional Review Board of Plastic Surgery Hospital, Chinese

Academy of Medical Sciences, and Peking Union Medical

College. The prospective study enrolled patients who

underwent vertical-scar reduction mammoplasty at our

hospital between January 2016 and December 2022. Prior

to their surgeries, the patients were provided with a com-

prehensive explanation regarding the study’s purpose and

the utilization of 3D scan data. All surgical procedures

were carried out by the same surgeon.

The inclusion criteria were as follows: (1) underwent

vertical-scar reduction mammoplasty; (2) no history of

significant systemic illness or prior breast-related surgeries;

(3) completion of preoperative 3D scans; and (4) a mini-

mum of 1 year of postoperative follow-up.

The exclusion criteria were as follows: (1) postoperative

complications such as hematoma, nipple-areolar complex

necrosis, and infections that impact breast shape and (2)

failure to complete postoperative follow-up within the

specified timeframe. Within this timeframe, we performed

380 vertical-scar reduction mammoplasties, of which 115

cases met the inclusion and exclusion criteria. We gathered

preoperative and postoperative demographic data, includ-

ing age, weight, height, and 3D scanning data. The details

of patient enrollment are depicted in Fig. 1.

Surgical Procedure

Every patient underwent vertical incision superior pedicle

reduction mammoplasty. These surgical procedures were

exclusively carried out by the same experienced senior

surgeon, who is the corresponding author of this study.

During the surgery, drainage tubes were placed, and the

patient received dressing change and extubation after

operation. Following discharge, the patient was instructed

to attend regular follow-up appointments. Postoperatively,

Fig. 1 The details of patient enrollment

123

Aesth Plast Surg



it measured the average weight of the excised breast tissue

in patients. The preoperative and postoperative outcomes

of the patients are shown in Figs. 2, 3, and 4.

Three-dimensional (3D) Scanning Technology

We collect preoperative and postoperative (3 day, post-3D;

3 months, post-3M; 6 months, post-6M; 1 year, and post-

1Y) 3D scans of the enrolled patients using a noncontact

3D body scanner (JRCB-D; Jirui, Beijing, China; accuracy

B 0.1 mm) (Fig 5). The 3D data were subsequently

imported into Geomagic Wrap 2021 software (3-D Sys-

tems, South Carolina, USA). We established a 3D coordi-

nate system (X-, Y-, and Z-axes) in accordance with a

previously published study [19]. This method was used to

establish a coordinate system for each patient, ensuring

precise positioning.

Breast Volume Measurement

In the Geomagic Wrap software, our methodology

involved several steps. First, following established meth-

ods, we used the ‘‘lasso selection tool’’ to outline the breast

region, then deleted the selected breast region, and used the

‘‘Filling Individual Holes’’ to create a simulated chest wall.

Secondly, using the ‘‘Trim with Sheet’’ function within the

original image, we selected the breast area alongside the

simulated chest wall. We then generated extrusions, inter-

sect extrusion, and implemented reverse selection to create

a cylindrical shape with the breast surface. The ‘‘Filling

Individual Holes’’ function was used to seal the bottom

surface of the cylinder. To ensure proper alignment of the

undersurface of the cylinder model with the simulated

chest wall, we fine-tuned it using the ‘‘Object Mover’’ tool.

The cylinder model with simulated chest wall surface was

obtained by ‘‘Intersect’’ of ‘‘Boolean’’. The breast volume

Fig. 2 Preoperative (a, b) and
postoperative photos of patients

at 1 year (c, d) of patient A
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on this side was determined by calculating the volume

difference between the cylinder with the breast surface and

the cylinder with the simulated chest wall surface, as

depicted in Fig. 6 [20].

Distribution of Breast Volume

We used the ‘‘Trim with Plane’’ function to trim the model

of Fig. 6d by adjusting the XZ and YZ plane to the level of

the nipple. We then removed either the lower or upper half

or the lateral or medial portions of the selection and

seamlessly closed the intersecting surfaces, as illustrated in

Fig. 7. Subsequently, we calculated the volumes of various

sections of the breast model, including the breast volume of

the upper polar (BVUP), breast volume of the lower pole

(BVIP), breast volume of the lateral pole (BVLP), and

breast volume of the medial pole (BVMP). Following these

calculations, we determined the ratios of the upper pole to

lower pole breast volume (BVUP/BVIP) and the ratios of

the lateral pole to medial pole breast volume (BVLP/

BVMP).

Nipple Position

With the measurement function available in the analysis

software, we recorded the coordinate position of the nipple

in alignment with the established X-, Y- and Z-axis. We

then conducted an analysis of the changes in nipple posi-

tion at different time points (post-3D, post-3M, post-6M,

and post-1Y).

Scar Length

Since the length of the scar can be measured directly with a

ruler, we adopted both two-dimensional and three-dimen-

sional methods to measure the scar length, making the

Fig. 3 Preoperative (a, b) and
postoperative photos of patients

at 1 year (c, d) of patient B
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results more precise. We analyzed the changes in scar

length for patients at different times after the operation

(post-3D, post-3M, post-6M, and post-1Y).

Statistical Analysis

The data were subjected to analysis using SPSS Statistics

for Windows, Version 26.0 (SPSS Inc., Chicago, IL).

Measurement data were expressed as mean ± standard

Fig. 4 Preoperative (a, b) and
postoperative photos of patients

at 1 year (c, d) of patient C

Fig. 5 3D scan models of preoperative and postoperative follow-up time points: a preoperative 3D scan model; b post-3D, the 3rd day after

operation; c post-3M, the 3rd month after operation; d post-6M, the 6th month after operation; and e post-1Y, the 1 year after operation
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deviation (SD). We used a polynomial method to compare

the trends of variation at different postoperative time

intervals. An paired sample T-test was used to compare

changes in breast at different time points after operation. A

p-value of less than 0.05 was considered statistically

significant.

Results

Study Population

Between January 2016 and December 2022, a total of 115

female patients (230 breasts) underwent reduction

mammoplasty were included in this study. The patients’

demographic details are shown in Table 1. The average age

of the patients was 35 years old, ranging from 17 to 55. The

average BMI of the patients was 23.9 kg/m2, ranging from

18.65 to 37.58 kg/m2. The average weight of the excised

breast tissue was 445.5 ± 214.3 g. None of the patients

had a history of systematic disease or prior breast-related

surgeries. Furthermore, there were no significant differ-

ences in the BMI values of patients at each follow-up time

point.

Fig. 6 The process of breast volume measurement: a a selected breast
region, b the simulated chest wall was created by deleted the selected

breast region, c selected the breast region by using ‘‘Trim with

Sheet’’, d created a cylindrical shape with the breast as the surface,

e the cylinder model was fine-tuned to achieve adequate alignment

with the simulated chest wall, f obtained the cylinder model with

simulated chest wall surface by ‘‘Intersect’’ of ‘‘Boolean’’, and g the

breast volume was obtained by calculating the difference between the

two cylinders

Fig. 7 Used the ‘‘Trim with

Plane’’ function to divided the

cylindrical models to two parts:

a BVUP breast volume of upper

polar, BVIP breast volume of

inferior polar and b BVIP breast

volume of inferior polar, BVLP
breast volume of lateral polar,

BVMP breast volume of medial

polar
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Total Breast Volume (BV)

The mean preoperative BV was 816.1 ± 301.3 cm3, which

decreased to 461.3 ± 129.9 cm3 after reduction mammo-

plasty. Over the follow-up period, there was a progressive

reduction in breast volume, with the BV at post-3M

decreasing by 54.3 cm3 (11.8%) compared to post-3D.

Notably, there were no significant changes in breast vol-

ume from 3 to 6 months and from 6-month to 1-year post-

surgery (Fig. 8). Changes in breast volume at various time

points are presented in Table 2.

Percentage Volumetric Distribution

The reduction in breast volume was accompanied by a

redistribution of breast volume. Specifically, in the upper

and lower parts of the breast, the BVUP was gradually

decreased, while the BVIP showed a gradual increase,

signifying a downward redistribution of breast volume. For

the lateral and medial parts of the breast, the BVMP

gradually decreased, while the BVLP exhibited a gradual

increase, indicating a redistribution of breast volume

toward the lateral regions (Figs. 9, 10).

Nipple Position

Compared with the preoperative coordinate values, the X-

axis and the Y-axis values of the nipple position decreased,

and the Z-axis value increased, suggesting medially,

superiorly, and anteriorly displacement of the nipple.

During the postoperative follow-up period, we observed a

gradual increase in the coordinates of the X- and Y- axis,

and a decrease in the Z-axis coordinates. This indicates that

postoperatively, the position of the nipple gradually shifted

laterally, inferiorly and posteriorly. (Table 3, Fig. 11).

Scar Length

The mean scar length, measured at post-3D, post-3M, post-

6M, and post-1Y was 12.6 ± 1.5 cm, 12.2 ± 1.7 cm,

11.9 ± 1.2 cm, and 11.8 ± 1.1 cm, respectively (Table 4).

Scar length reduced by an average of 6.3% at 1 year

compared to immediately after surgery.

Discussion

Reduction mammoplasty, as the current preferred method

for solving breast hypertrophy, yields postoperative out-

comes and changes in breast morphology that are pivotal in

influencing both patient selection and the decisions made

by doctors. It is widely recognized that breast morphology

undergoes significantly transformations after surgery [21].

Thus, assessing the evolving trends in breast morphology

Table 1 Demographic data of the patients

Items Mean ± SD or N (%)

Total patients 115 (100)

Age (years)a 35.0 ± 8.2

Range 17-55

BMI (kg/m2)a 23.9 ± 3.9

Underweight (\ 18.5) 0

Normal (18.5 B BMI\ 25) 79 (68.7)

Overweight (25 B BMI\ 30) 26 (22.6)

Obesity (C 30) 10 (8.7)

Systematic disease 0

Breast-related surgery 0

Resection weight (g) 445.5 ± 214.3

aMeans ± Standard deviation

Fig. 8 The breast volume at different follow-up periods

Table 2 Changes in breast volume at various time points

Paired groups Mean (Group 1) Mean (Group 2) SD (Group 1) SD (Group 2) N t-value p-value Mean difference

Pre- versus Post-3D 816.1 461.3 301.3 129.9 230 17.173 0.000 354.8

Post-3D versus Pose-3M 461.3 407.1 129.9 117.1 230 4.613 0.000 54.3

Post-3M versus Pose-6M 407.1 388.8 117.1 94.7 230 1.771 0.078 18.2

Post-6M versus Pose-1Y 388.8 375.0 94.7 99.7 230 1.473 0.142 13.8
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after surgery will contribute to offering valuable clinical

guidance.

The introduction of 3D scanning technology has pro-

vided a novel approach to breast morphology research, and

this technology has been widespread utilization in clinical

practice in recent years [9–13]. In this study, we used 3D

scanning technology to conduct comprehensively mea-

surements of breast shape, enabling an anlysis of the

dynamic changes in breast shape following breast reduc-

tion. This analysis encompassed various parameters,

including breast volume, breast volume distribution, nipple

position, scar length, and more.

Breast volume is a pivotal parameter for assessing the

effectiveness of breast reduction surgery. Within the sys-

tem of breast measurement parameters, volume can be

regarded as the outcome of specific measurement

indicators. As breast reduction surgery is performed, it is

expected that postoperative breast volume will significantly

decrease compared to the preoperative state. However, the

primary focus should be on observing further changes in

postoperative breast volume. Our findings revealed that in

the initial 3 months, there was a gradual reduction in breast

volume, with an average decrease of 54.3 cm3 (11.8%) by

the 3rd-month post-surgery. This is mainly because in the

short time after surgery, there will still be edema and other

conditions in the breast, resulting in relatively large vol-

ume, but as time progresses, this edema gradually subsides,

leading to a further reduction in breast volume. From

3 months to 1 year after the surgery, although the breast

volume continued to decrease, the overall downward trend

was relatively stable, with no significant statistical differ-

ences observed. This suggests that postoperative conditions

such as edema may have been largely resolved before

3-month post-surgery.

Furthermore, our investigation delved into the distribu-

tion of breast volume. The breast volume was divided into

upper/lower and lateral/medial parts. The results showed a

gradual increase in volume in the lower and lateral parts of

the breast over time, particularly within the first 3 months

following surgery. This suggests that breast tissue redis-

tributes to the lower and lateral parts. Under the influence

of gravity, breast volume gradually accumulates down-

ward, leading to an increased proportion of lower breast

volume. Additionally, we observed that the progressive

increase in the proportion of lateral breast volume might be

attributed to the influence of gravity, as well as other fac-

tors like clothing or sleeping positions. Further exploration

is required to better understand these factors.

Fig. 9 The volume distribution of the upper and lower parts of the

breast

Fig. 10 The volume distribution of the lateral and medial parts of the

breast

Table 3 Preoperative and

postoperative nipple position

coordinates at each follow-up

timepoint (mean ± SD)

Coordinates Preoperative Postoperative

3D 3M 6M 1Y

X-axis 9.8 ± 0.9 9.0 ± 0.6 9.2 ± 0.6 9.2 ± 0.7 9.3 ± 0.5

Y-axis 16.8 ± 2.2 13.3 ± 1.4 13.5 ± 1.4 13.7 ± 1.4 13.8 ± 1.3

Z-axis 4.6 ± 0.5 6.1 ± 0.6 6.0 ± 0.5 5.8 ± 0.5 5.7 ± 0.6

Fig. 11 Variation trend of nipple position over the follow-up period
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Nipple position is also a significant indicator of breast

esthetics, and thus, evaluating its trend is crucial. To assess

changes in nipple position, we analyzed coordinate changes

post-surgery. The X-, Y-, and Z-axis represent the lat-

eral/medial, superior/inferior, and anterior/posterior

movements of the nipple, respectively [22, 23]. Our study

found that, compared to preoperative measurements, the

coordinates of the nipple on the X- and Y-axis decreased,

while the Z-axis coordinates increased, indicating a post-

operative shift of the nipple position medially, superiorly,

and anteriorly. Patients with breast hypertrophy often

experience breast ptosis; thus, the preoperative position of

the nipple is generally lateral and inferior, and the nipple is

not at the highest point of the breast. During surgery, along

with the excision of excess mammary tissue and skin, there

is also an elevation of the breast, resulting in a postoper-

ative shift of the nipple position medially, superiorly, and

anteriorly. Over time, within our 1-year follow-up period,

we observed that the coordinates of the nipple on the X-

and Y-axis gradually increased, while the Z-axis coordi-

nates gradually decreased. This indicates a gradual shift of

the nipple position laterally, inferiorly, and posteriorly.

However, the overall trend in the nipple position changes

was relatively stable, with no significant statistical differ-

ences. This trend may be related to the redistribution of

breast volume. The gradual lateral distribution of breast

volume leads to a lateral shift in the nipple position.

Although the breast volume gradually distributes down-

ward, over time, the skin above the breast tends to relax,

and coupled with the contraction of the scar from the

vertical incision below, this results in a lowering of the

nipple position, gradually shifting inferiorly and posteriorly

[24].

Nonetheless, one of the most important factors impact-

ing the surgical outcomes and a primary concern for

patients before surgery is scar length. The extent of scar-

ring is influenced by various factors, including factors such

as race, the patient’s constitution, suture technique, and

postoperative care [25, 26]. Understanding the overall

trend of postoperative scar changes can provide a rational

explanation to patients, which is beneficial in alleviating

their concerns and can further assist in guiding the selec-

tion of incision techniques to enhance surgical outcomes.

Our results revealed that scar length gradually decreased

over time, with an average reduction of 6.3% compared to

the immediate postoperative length after 1 year. This

reduction may be attributed to the overall quality of

suturing as well as the effective postoperative care

provided.

This study presents several limitations, with the most

notable being the small sample size. The limited number of

participants may affect the generalizability of the findings.

In addition, having all procedures carried out by the same

surgeon is a kind of limitation. Another limitation pertains

to the short follow-up period, which might result from

reduced follow-up needs after the surgery due to the

improved patient outcomes. Consequently, many patients

may have missed follow-up appointments. Additionally,

our study exclusively included cases of breast reduction

with vertical incisions and superior pedicles. Further vali-

dation and investigation are required to understand the

postoperative morphological changes associated with other

types of incisions or pedicles.

Conclusion

Following reduction mammoplasty, the breast volume

gradually decreases and redistributes downward and later-

ally, while the nipple position gradually moves laterally,

inferiorly, and posteriorly. The length of the scar signifi-

cantly shortened within 1 year post-surgery. The overall

morphological changes in the breast tend to stabilize 3-

month post-surgery, which can be considered a follow-up

time point. Additionally, surgical plans can be formulated

based on the overall trend of changes in breast volume and

distribution, combined with methods such as three-di-

mensional scanning, to enhance surgical outcomes and

patient satisfaction.
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