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Abstract

Background Breast reconstruction is an important coping

tool for patients undergoing a mastectomy. There are

numerous surgical techniques in breast reconstruction

surgery (BRS). Regardless of the technique used, creating a

symmetric outcome is crucial for patients and plastic sur-

geons. Three-dimensional surface imaging enables sur-

geons and patients to assess the outcome’s symmetry in

BRS. To discriminate between autologous and alloplastic

techniques, we analyzed both techniques using objective

optical computerized symmetry analysis. Software was

developed that enables clinicians to assess optical breast

symmetry using three-dimensional surface imaging.

Methods Twenty-seven patients who had undergone

autologous (n = 12) or alloplastic (n = 15) BRS received

three-dimensional surface imaging. Anthropomorphic data

were collected digitally using semiautomatic measure-

ments and automatic measurements. Automatic measure-

ments were taken using the newly developed software. To

quantify symmetry, a Symmetry Index is proposed.

Results Statistical analysis revealed that there is no dif-

ference in the outcome symmetry between the two groups

(t test for independent samples; p = 0.48, two-tailed).

Conclusion This study’s findings provide a foundation for

qualitative symmetry assessment in BRS using automa-

tized digital anthropometry. In the present trial, no differ-

ence in the outcomes’ optical symmetry was detected

between autologous and alloplastic approaches. Level of

evidence Level IV.

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.

Keywords Three-dimensional imaging � Breast

reconstruction � Breast symmetry � Digital anthropometry

Introduction

Breast cancer remains the most common malignant neo-

plasm in women [1]. In 2020, an estimated 77 600 new

diagnoses are expected in Germany [2]. Almost thirty

percent of newly diagnosed patients require a mastectomy,

and approximately a third of these patients receive breast

reconstruction surgery (BRS) [3].

Given this scenario, BRS has become an indispensable

tool for patients undergoing a mastectomy [4]. In BRS,

securing symmetry is a primary goal for both patients and

plastic surgeons [5].

Prior investigations have already demonstrated the

critical psychosocial importance of optical breast symme-

try for patients [6–8]. Due to rapid progress in technology,

a three-dimensional (3D) assessment has become feasible
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in assessing optical symmetry outcomes using digital

anthropometry [9–11]. Nonetheless, most of the software

provided to perform digital anthropometry is either cus-

tom-made and its use is often product-related or very time-

consuming due to a lack of automatization.

This trial’s primary objective was to develop an inde-

pendent piece of software, using standard 3D file formats,

to assess breast symmetry by digital anthropometry auto-

matically. The software was then used to compare out-

comes in successful autologous and alloplastic BRS.

Materials and Methods

Study Design and Patients

The study was designed as a retrospective cohort study. All

patients who had undergone BRS at our institution between

January 2015 and January 2018 were included. Out of an

initial cohort of 183 patients, 118 who had undergone

either autologous or alloplastic BRS were selected. Patients

with a history of flap-loss or implant-loss were excluded.

One hundred and eighteen patients were invited to a spe-

cially arranged interview, and 27 agreed to be physically

examined.

The alloplastic group (n = 15) included 12 patients who

had received a successful immediate implant reconstruc-

tion and three patients who had received a successful two-

stage reconstruction. Among these women, 13 had under-

gone bilateral and two unilateral BRS. Within this sub-

group, ten patients had received a nipple-sparing

mastectomy, while five patients received a skin-sparing

subcutaneous mastectomy.

All implants were placed subpectorally using an acel-

lular matrix in eight cases. In seven cases, the silicone gel

breast implant was placed subpectorally without using a

matrix.

The mean implant volume was 363 cc.

The autologous group (n = 12) included 12 patients who

had undergone successful BRS with immediate Deep

Inferior Epigastric Perforator Flap (DIEP-Flap). Within

this group, 11 patients had undergone unilateral, while one

had bilateral BRS. Within this subgroup, all patients had

received a skin-sparing subcutaneous mastectomy.

Four patients had received consecutive contralateral

mastopexy. The remaining patients did not receive an

additional mastopexy.

The mean age was M = 48 years (SD = ± 11), the

mean height M = 167 cm (SD = ± 6 cm), the mean

weight M = 65.1 kg (SD = ± 10.18 kg), and the mean

BMI M = 23.1 (SD = ± 4.1).

Before recruitment, the local ethics review board

approval was obtained.

Objective Symmetry Analysis

Two different anthropomorphic measurement methods

were used to assess the outcomes’ symmetry. Both were

performed digitally. The results were then rated using a

Symmetry Index (SI).

Before examining the patient, nine landmarks as shown

in Fig. 1 were defined to increase inter-rater reliability

using yellow and blue-colored noncoded circular stickers.

The following landmarks were defined: (1) sternal notch

(SN), (2) medial upper breast pole (MUBP), (3) lateral

upper breast pole (LUBP), (4) coracoid process (CP), (5)

lateral breast pole (LaBP), (6) xiphoid (Xi), (7) lower

breast pole (LBP), (8) nipple (N), and (9) vertebra promi-

nens (VP).

Landmarks (1), (4), (6), (8), (9) are static points. The

remaining landmarks are defined in relation to (1), (4), (6),

(8), (9). The MUBP is set 3 cm caudally and 2.5 cm lat-

erally from the SN and the LUBP as the orthogonal

intersection between a line through both MUBPs and the

PC. The LBP is defined as the orthogonal intersection

between the anterior axillary line and the nipple. The LBP

marks the most caudal aspect of the inframammary fold

(IMF).

If a patient had not received a Nipple-Areola-Complex

(NAC) reconstruction, an ideal prospective NAC position

was assumed by determining any missing NAC positions

situated in the approximate middle of the breast gland

vertically and slightly lateral to the midpoint horizontally

[12] using yellow circular stickers.

Positions (1), (4), (7), (9) were labeled blue. The

remaining landmarks were labeled yellow.

3D Assessment

The Artec EVA (Artec 3D, Luxembourg) was used for 3D

assessment.

It is a handheld 3D scanner using structured light tech-

nique to create a virtual 3D model from the patient’s body

surface information. According to the Artec Group (Artec

3D, Luxembourg), it measures 261.5 mm 9 158.2 mm 9

63.7 mm and weighs 850 g and reproduces the patient’s

surface information with a reported accuracy of 0.5 mm

[13].

It has shown high reproducibility in assessing 3D sur-

faces of the human body [14] and has been validated in a

variety of studies for assessing breast morphology and

shape [15–17].

Initially, the scanner creates a point cloud representing

the patient’s body surface. By triangulation of the point

cloud, a 3D mesh is generated, which is then used for

further anthropomorphic measurements. For point cloud

processing (such as noise reduction and outlier removal)
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and triangulation, Artec Studio 14 (Artec 3D, Luxembourg)

was used. Finally, the mesh was exported as a Wavefront

OBJ (obj) file. Since the scanner used is able to capture

color information as well, the resulting texture atlas is also

saved.

The secondary editing was performed manually by

cropping the virtual model above the elbow joints, at the

thyroid cartilage and the abdomen through both anterior

superior iliac spines.

Semiautomatic Measurements

The Artec Studio measurement tool (Artec 3D, Luxem-

bourg) was used to perform semiautomatic anthropomor-

phic measurements on an input mesh. The geodesic

distances between the landmarks were calculated by

detecting the colored landmarks manually. Seven anthro-

pomorphic measurements were taken: (1) sternal notch to

nipple, (2) inframammary fold to nipple, (3) upper breast to

nipple, (4) xiphoid to nipple, (5) lateral breast pole to

nipple, (6) breast width, and (7) inframammary fold length

(Figs. 2, 3, 4, 5).

Automatic Measurements

For automatic measurements, the standardized primary and

secondary post-processing was performed as previously

described. Landmarks were detected automatically on a

textured input mesh using colored stickers and a sticker-

detection algorithm (Fig. 6).

Sticker-Detection Algorithm

The proposed algorithm consists of three stages:

First, a per-vertex color-thresholding is applied to select

all vertices representing a sticker.

The selection is then split into independent sets of

connected vertices, each one representing an individual

sticker. Finally, midpoints are calculated for each sticker.

Digital Anthropomorphic Measurements

The overall process is illustrated in Fig. 6.

Primarily, blue stickers were detected on the input mesh

using the proposed sticker-detection algorithm. Subse-

quently, the stickers were used to transform the input mesh

(Fig. 6a) into a global coordinate system (Fig. 6, blue) by

registration with a pre-defined template (Fig. 6a, top right

Fig. 1 Landmarks. Appearance of a 54-year-old patient one year

after DIEP-flap reconstruction R and mastopexy L; (1) sternal notch

(SN), (2) medial upper breast pole (MUBP), (3) lateral upper breast

pole (LUBP), (4) coracoid process (CP), (5) lateral breast pole

(LaBP), (6) xiphoid (Xi), (7) lower breast pole (LBP), (8) nipple (N),

and vertebra prominens (VP) (9); Artec Studio 14 was used to create

the illustration

Fig. 2 Semiautomatic measurements. Appearance of a 54-year-old

patient one year after DIEP-flap reconstruction R and mastopexy L

(1) sternal notch to nipple, (2) inframammary fold to nipple, (3) upper

breast pole to nipple, (4) xiphoid to nipple, (5) lateral breast pole to

nipple, (6) breast width (4 ? 5), (7) inframammary fold length;

Symmetry Index (SI); landmarks were detected manually; Artec
Studio 14 was used to create the illustration
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corner). The template consists of the anatomical landmarks

(1), (4) (left and right), (6) and (9). The result of the global

alignment is shown in Fig. 6b. The patient’s individual

breast coordinate system (Fig. 6, red) defined through the

three anatomical main planes (sagittal, coronal, and

transversal) and centered at xiphoid is not well aligned with

the global coordinate system. Therefore, the algorithm

further refines the initial global alignment of the input mesh

by aligning global and breast coordinate system (Fig. 6c).

Both alignment steps are crucial for further processing

since handheld 3D scanners create meshes of unknown

orientation.

Step three included the detection of the yellow stickers

using the previously described sticker-detection algorithm.

Then, all detected stickers were labeled using a priori

knowledge about the relative positions of the defined

landmarks combined with a plane-sweep technique.

Finally, measurements were taken using the labeled targets

(Fig. 6d).

For the geodesic distance calculation, the algorithm

proposed by Mitchell et al. [18] was used. After the cal-

culation was performed, the algorithm outputted the mea-

surements previously described as well as the SI.

Symmetry Index

The SI is an instrument designed to evaluate outcomes

among women undergoing different types of breast sur-

gery. The idea behind the SI is to ensure robust breast

symmetry analysis. The described standardized protocol

for anthropomorphic measurements combines N anthro-

pomorphic measurements into one indicative value, given

N anthropomorphic measurements for the left and right

mamma, where dLi (dRi Þ denotes the ith measurement of the

left (right) mamma (i 2 f1; 2; . . .; ng). The SI is then

defined as the mean value of the ratios of N anthropo-

morphic measurements of both breasts:

SI: ¼ 1

N

XN

i¼1

min dLi ; d
R
i

� �

max dLi ; d
R
ið Þ

The SI is scored metrically with scores from 0 (worst) to

1 (best). It can be presented as a percentage by multiplying

it by 100.

It is worth noting that prior symmetry indices have

achieved statistically relevant results comparing seven

parameters [19]. In this trial, seven anthropomorphic

measurements were compared using the SI (N = 7).

Fig. 3 Semiautomatic measurements. Appearance of a 54-year-old

patient one year after DIEP-flap reconstruction R and mastopexy L;

lateral view; Artec Studio 14 was used to create the illustration

Fig. 4 Semiautomatic measurements. Appearance of a 47-year-old

patient three years after breast reconstruction using bilateral perma-

nent silicone gel breast implant 350 cc R ? L (1) sternal notch to

nipple, (2) inframammary fold to nipple, (3) upper breast pole to

nipple, (4) xiphoid to nipple, (5) lateral breast pole to nipple, (6)

breast width (4 ? 5), and (7) inframammary fold length; Symmetry

Index (SI); landmarks were detected manually; Artec Studio 14 was

used to create the illustration

Fig. 5 Semiautomatic measurements. Appearance of a 47-year-old

patient three years after breast reconstruction using bilateral perma-

nent silicone gel breast implant 350 cc R ? L; lateral view; Artec
Studio 14 was used to create the illustration
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For semiautomatic measurements, Microsoft Excel was

used to calculate the SI. For automatic measurements, each

obj file was processed using the developed software to

determine its SI.

Statistical Analysis

IBM SPSS 25 was used to perform statistical analysis.

A Wilcoxon–Mann–Whitney two-sample rank-sum test

was used to compare the ages of the autologous and allo-

plastic groups. Median age for the alloplastic group was

M = 39 (n = 15; SD = ± 10.5) and M = 57.5 for the

autologous group (n = 12; SD = ± 8); the distributions in

the two groups differed significantly (Mann–Whitney

U = 22.0; p = 0.009).

The mean BMIs of the two groups were compared using

Welch’s t test for equality of means. The mean BMI was

M = 21.2 for the alloplastic group (n = 15; SD = ± 2)

and M = 25.5 for the autologous group (n = 12; SD = ±

4.8); the distributions in the two groups differed signifi-

cantly (Welch’s t test for independent samples; p = 0.01,

two-tailed).

To compare the optical symmetry outcomes between the

two techniques, SI scores of patients who had undergone

successful autologous and alloplastic BRS were compared

using the t test for equality of means.

The mean SI for semiautomatic measurements was

M = 0.92 for the alloplastic group (n = 15; SD = ± 0.02)

and M = 0.91 for the autologous group (n = 12; SD = ±

0.04) (Table 1); the distributions in the two groups did not

differ significantly (t test for independent samples;

p = 0.48, two-tailed) (Table 2).

The mean SI for automatic measurements was M = 0.93

for the alloplastic group (n = 15; SD = ± 0.03) and

M = 0.91 for the autologous group (n = 12; SD = ± 0.03)

(Table 1); the distributions in the two groups did not differ

significantly (t test for independent samples; p = 0.08, two-

tailed) (Table 2).

Results

Successful autologous and alloplastic BRS outcomes were

compared concerning optical symmetry. Statistical analysis

revealed no difference in the optical symmetry of outcomes

between the two groups (t test for independent samples;

p = 0.48, two-tailed).

Patients in the alloplastic group were significantly

younger than patients in the autologous group (Mann–

Whitney U = 22.0; p = 0.009). Additionally, the BMI of

patients in the alloplastic group was significantly lower

(Welch’s t test for independent samples; p = 0.01) than

those in the autologous group.

Discussion

A limitation of this study is its small sample size. This was

primarily due to the selection process. To obtain the

comparable results for the two treatment groups, only

similarly successful surgical outcomes were included.

Consequently, patients with major complications, defined

as flap- or implant-loss, were excluded from the investi-

gation. This may on the one hand limit the reliability of the

proposed symmetry assessment model.

On the other hand, the inclusion criteria guarantee the

comparable results, as flap- or implant-loss inevitably

affects an outcome’s symmetry. Besides, the response rate

was relatively low since patients did not gain any financial

benefit or any other profit from participating in this study.

Fig. 6 Authors proposed entirely automatized method for digital

anthropomorphic measurements. a Textured input mesh with previ-

ously pasted stickers; top right corner: pre-defined template (green)

used for global alignment. The template consists of landmarks 1, 4

(left and right), 6 and 9. b Input mesh after transformation into the

global coordinate system (blue). The coordinate system (red) depicts

the individual breast coordinate system. It is defined through the three

anatomic main planes (sagittal, coronal, and transversal) and centered

at xiphoid. c Input mesh after refining the initial global alignment,

d labeled stickers and resulting anthropomorphic measurements
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Furthermore, the additional examination may be an

excessive psychosocial burden for a patient upon being

confronted with her disease. However, the data were col-

lected for patients and surgeons in the most suitable man-

ner. Despite the small sample size, the present study may

provide a foundation for utilizing three-dimensional anal-

ysis to compare distinct surgical approaches in BRS.

Other limitations involve the SI. Anthropomorphic

measurements have been used widely in assessing the

symmetry of outcomes [9, 10, 20, 21], and numerous for-

mulae have been defined to evaluate such an outcome

[8, 10]. Prior symmetry indices achieved the statistically

relevant results comparing seven parameters [19]. Seven

anthropomorphic measurements were used to create a

reliable tool.

While the proposed data do provide a foundation for

assessing the outcomes of BRS qualitatively, more studies

need to be performed for further validation. In particular,

further studies should investigate the impact of SI on dif-

ferent breast surgery procedures such as classic breast

augmentation.

Another drawback of the proposed method may be the

repositioning of the NAC. By assuming a prospective ideal

position, the symmetry assessment may be biased.

Nonetheless, the NAC is positioned in accordance with

the procedure commonly used when reconstructing a NAC

[12]. This study includes successful BRS outcomes only.

Therefore, the repositioning is an appropriate approxima-

tion used in this trial.

The authors’ findings on outcome symmetry are in

concordance with previous investigations [11].

Evaluation of optical breast symmetry in patients is

relevant in clinical practice. Nevertheless, various studies

indicate that breast asymmetry occurs in most healthy

women [22, 23]. Moreover, optical symmetry may not be

as crucial to patients with a history of a potentially lethal

disease.

Further studies should investigate patients’ desire for

cosmetic factors when they are undergoing different breast

surgery procedures. The SI must be classified as a tool to

evaluate an outcome and must not be mistaken for an

instrument to assess beauty or patients’ satisfaction.

In addition, factors that could bias the results must be

considered. For instance, the diverse periods between the

reconstruction and the follow-up examination might affect

a patient’s satisfaction as well as the outcome symmetry. It

is worth noting that more women who received bilateral

reconstruction underwent alloplastic BRS, while more

women undergoing unilateral reconstruction underwent

autologous procedures. Bilateral reconstruction might have

an impact on the outcome symmetry as it simplifies intra-

operative symmetry adjustments. Conversely, in women

with unilateral reconstruction, a secondary contralateral

correction was observed more often. This may explain why

Table 1 Group statistics;

autologous and alloplastic

groups compared by Symmetry

Index

Operative technique N Mean SD SE mean

Symmetry Index (semiautomatic measurements)

Autologous group 12 .91 .037 .011

Alloplastic group 15 .92 .022 .006

Symmetry Index (automatic measurements)

Autologous group 12 .91 .033 .009

Alloplastic group 15 .93 .026 .007

The Symmetry Index was calculated for semiautomatic and automatic measurements; IBM SPSS 25 was

used for data analysis

Table 2 T test for independent samples; comparison of SI-means between autologous and alloplastic group

t test for equality of means

Sig. (2-tailed) Mean difference SE difference 95% confidence interval of the difference

Lower Upper

Symmetry Index (semiautomatic measurements)

Equal variances assumed .478 - .008 .012 25.000 .015

Symmetry Index (automatic measurements)

Equal variances assumed .082 - .021 .011 25.000 .003

Semiautomatic and automatic indices were tested separately; IBM SPSS 25 was used for data analysis
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no significant differences in the outcome symmetry could

be detected between the two therapeutic approaches. The

trial sample size did not allow stratification for laterality.

In this investigation, patients in the alloplastic group

were significantly younger (p = 0.009) than patients in the

autologous group. Additionally, patients in the alloplastic

group had a significantly lower BMI (p = 0.01). Age and

BMI affect the breast morphology. This might have an

effect on postoperative symmetry.

The study’s sample size did not allow stratification for

age or BMI. However, larger studies may entail difficulties

in measuring the SI in a subgroup of similar patients of the

same age/BMI, as these factors determine the therapeutic

options.

Microvascular autologous reconstruction requires a

sufficient donor site. Patients with a smaller amount of skin

and subcutaneous fat (average to thin body habitus) are

often advised to undergo alloplastic BRS. Previous studies

show that younger women are more likely to undergo

alloplastic BRS [24, 25]. Consequently, stratification for

age and BMI is problematic to realize.

Unlike in previous approaches to sufficient breast mor-

phology and symmetry analysis [8, 9, 26–28], a fully

automatized method based on portable 3D scanning devi-

ces is introduced here. In contrast to the scan systems used

in previous studies, handheld devices created a mesh of

unknown orientation for the present study. The novel

software allows clinicians to make use of meshes generated

by handheld devices, decreasing errors by fully automa-

tizing the measurements.

Moreover, the proposed method is aimed at contributing

to the advancement of postoperative outcome evaluation in

successful BRS by introducing a reproducible method to

assess breast symmetry. Additionally, the SI can be applied

also to semiautomatic and analogous measurements,

guaranteeing its universal use.

Nonetheless, primary landmark detection still depends

on the examiner’s accuracy. Accordingly, the improvement

in automatic anatomical landmark detection is required.

Finally, this work aims to draw attention to the lack of

postoperative evaluation in BRS. By developing a new

method to quantify symmetry objectively, this trial aspires

to contribute to the advancement of postoperative outcome

evaluation in BRS.

Conclusion

The proposed data does provide a foundation for beginning

to qualitatively assess the outcomes in BRS using autom-

atized digital anthropometry. In the present trial, no dif-

ference in the outcomes’ optical symmetry was detected

between autologous and alloplastic BRS.

Breast reconstruction surgery is more than an operative

technique and therefore requires a plastic surgeon’s ability

to provide information concerning the procedure. It is with

this belief that we developed an innovative tool to assess

outcomes objectively.
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