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Abstract

Introduction Measuring breast volume is important to

obtain satisfactory breast surgery results, and many tech-

niques are used for this purpose. Thus, the aim of the

present study was to compare 3 breast volume techniques:

Pessoa’s single marking technique, magnetic resonance

imaging (MRI) and Crisalix 3D software�.

Methods Fourteen patients indicated for mammoplasty

were selected. Three breast volume measurement tech-

niques were compared: Pessoa’s single marking technique,

MRI and Crisalix 3D software�. The volumes were tabu-

lated and analyzed using R software.

Results Average age was 30.93 ± 10.25 years. The breast

volume was 1554.54 ± 512.54 cm3, as measured by the

MRI technique (considered the gold standard), 1199.64 ±

403.13 cm3 using Crisalix 3D software� and 1518.04 ±

468.72 cm3 by Pessoa’s single marking technique. Com-

parison between the Crisalix 3D software� and MRI

techniques using the pairwise t test demonstrated a statis-

tically significant difference (t = 4.3957, df = 27, p value =

0001543), but no significant difference between the single

marking and MRI techniques (t = 1.3841, df = 27, p value =

0.1777).

Conclusion When compared to MRI, breast volume mea-

surement using Pessoa’s single marking technique showed

no statistically significant difference between them. How-

ever, the Crisalix 3D� technique exhibited a difference in

relation to MRI. Anthropometric measurements are useful

in measuring breast volume because they are easy to

obtain, practical and inexpensive, and should be part of a

plastic surgeon’s arsenal.

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

Reduction Mammoplasty is still a challenge to plastic

surgeons, with several techniques described in the literature

[1-6]. One of the obstacles to this procedure is the correct

measurement of breast volume, since one of the primary

aims of all breast surgeries is symmetry. Quantifying breast

volume is vital to obtaining ideal results [7].

There are a number of breast volume measurement

techniques described in the literature, including anthropo-

metric methods, 2D imaging (such as mammography and
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Costa e Silva, Mossoró, RN 57259625-900, Brazil

123

Aesth Plast Surg (2023) 47:1751–1758

https://doi.org/10.1007/s00266-023-03432-w

http://orcid.org/0000-0001-7651-2641
http://orcid.org/0000-0002-8094-5674
http://orcid.org/0000-0002-1231-3368
http://orcid.org/0000-0001-8550-685X
http://orcid.org/0000-0003-3845-2646
http://orcid.org/0000-0002-5702-1529
http://www.springer.com/00266
http://crossmark.crossref.org/dialog/?doi=10.1007/s00266-023-03432-w&amp;domain=pdf
https://doi.org/10.1007/s00266-023-03432-w


ultrasound), 3D imaging involving the summation of seg-

mented monolayers [such as computed tomography (TC)

and magnetic resonance imaging (MRI)], 3D scanners, and

more recently, 3D and 4D virtual reality human anatomy

software [7–9].

Despite being extremely useful, breast volumes are

often not measured in daily plastic surgery practice because

the techniques are impractical and costly, or due to lack of

accuracy and sometimes knowledge. [8]

Thus, the aim of the present study was to compare 3

breast volume measurement techniques: Pessoa’s single

marking [6], MRI and Crisalix 3D�.

Methods

This prospective cohort study, approved by the Research

Ethics Committee (69467517.5.0000.5045), was conducted

with patients submitted to breast reduction surgery between

January and December 2021.

Twenty-eight breasts (14 patients) were selected from

the preoperative list of the outpatient facility indicated for

mammoplasty. Three breast volume measurement tech-

niques were compared: Pessoa’s single marking [6], MRI

and Crisalix 3D�.

The inclusion criteria were female patients, aged 18

years or older; breast volume greater than 300 cm3, whose

main preoperative complaints were physical discomfort,

poor posture and spinal pain; absence of metabolic, cardiac

and other diseases, according to clinical assessment, that

could compromise the surgical result. Participant privacy

was respected, that is, their name or any other identifying

information was kept confidential. All the methodology

was explained to the participants, who were only included

if they gave informed consent.

The exclusion criteria were body mass index (BMI) C

30; psychologic disorders; patients indicated for prosthesis

with no skin and/or areola reduction; and presence of breast

disease, with tumors or not.

Breast Volumetry Using the Pessoa’s Single

Marking Technique [6]

The Pessoa’s single marking technique was created based

on a cone shape, considering breast morphology and its

anatomic relationships with the thoracic wall [6].

In order to take breast measurements that will determine

its initial volume, thoracic reference lines (TRLs) located

anthropocentrically to the breasts on the thoracic wall must

be marked.

The TLRs are marked in the following sequence

(Figs. 1, 2):

a. The chest midline (CML) is the first line traced. It is a

vertical line, traced in the cranial caudal direction from

the sternal notch, crossing the manubrial junction and

forming the angle of Louis at the level of the second

rib. Continuing in the same direction, it crosses the

sternal body, its lower portion near the xiphoid

appendix, where C6 and C7 articulate, ending in a

transverse line on the abdominal wall 5 cm above the

umbilicus.

b. Next, the supramammary folds (SMF) are traced from

right to left on the second rib (angle of Louis); they

start on the CML and go as far as the anterior axillary

lines. The right and left inframammary folds (IMF)

also start from the CML at the junction between the

sternal body and xiphoid appendix, on C6 or C7, up to

the right and left axillary lines.

c. Next are the right and left axillary lines (AAL), which

are traced after palpation in the coracoid process on the

anterior surface of the humerus, descending in the

cranial caudal direction on the anterolateral surface of

the thoracic wall to the horizontal line traced 10 cm

above the umbilicus.

d. The next line is called the midclavicular line (MCL),

which divides the breast into two parts and is used to

do all the surgical planning of the new breast. To trace

it, the surgeon centers the breast, aligning the papilla

with the midpoint of the clavicle, and traces the line

that crosses C2, the areole and the papilla (CAP) and

C6, ending 10 cm above the umbilicus. This procedure

is done right to left (RCL and LCL). The lines divide

the breast into two parts, marking the distance between

C2 and P1 and P1 and P3 with the upper and lower

generatrix, respectively.

e. The new areole is 4cm in diameter, as determined by

Lejour [10], with its upper limit at P1 and lower limit

4cm below where P2 is marked on the MCL. To

complete the marking on the new areole site, the

surgeon starts at P1 and draws an inverted U (Figs. 1,

2), whose diameter is equal to the patient’s areole. This

inverted U must be drawn accurately since it is the

pedicle area of the CAP and the site of the new areole.

Determining Breast Volume

Concluding the TRLs, two variables are measured to cal-

culate breast volume, whereby, according to Pessoa [6], the

breast in its original state is a cone that can be equilateral,

straight or oblique, and a breast in ptosis is an oblique cone,

whose volume can be determined by the expression of the

straight cone:
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V ¼ 1=3 hpr2 where V ¼ volume; h ¼ height;ð
and r ¼ breast base radiusÞ:

The volumes of both can be calculated using the

mathematical expression under study.

The radius at the base of the breast cone is obtained by

measuring the distance between C2 and C6 on the CML

and dividing it by 2, obtaining the radius, which is the

cathetus bc of the rectangular triangle that generates the

breast cone under study (Fig. 3).

The second is the distance between C2 and the papilla,

which corresponds to the ab side, rectangular triangle

hypotenuse generator and the generatrix of the breast cone

being assessed. The goal is to determine the length of the

other cathetus of the rectangular triangle, denominated ca,

and the height of both the straight and oblique cones. In

geometry, a generatrix is a point, curve or surface that,

when moved along a given path, generates a new shape. A

cone can be generated by moving a line (the generatrix)

fixed at the future apex of the cone along a closed curve

(the directrix); if that directrix is a circle perpendicular to

the line connecting its center to the apex, the motion is

rotation around a fixed axis, and the resulting shape is a

circular cone.

In the field of plane geometry, the Pythagoras Theo-

rem for right triangles states the square of the longest side

of a right triangle (called the hypotenuse) is equal to the

sum of the squares of the other two sides’’.

As mentioned earlier, the sides of a right triangle are the

following:

ab: hypotenuse, corresponding to the generatrix of the

breast cone;

bc: cathetus, corresponding to the radius of the breast

base;

ca: cathetus, corresponding to the height of the straight

or oblique cone.

From the Pythagoras Theorem, we have the following

Eq. (1):

ab ¼ bcþ ca ð1Þ

If the goal is to find the height of the cone, Eq. (2) should

be used as follows:

ca ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ab
2 � bc2

a

q

ð2Þ

Once the height of the breast cone is obtained, breast

volume was measured using the equation V = 1/3hpr2.

Fig. 1 Creating a mammary

cone

Fig. 2 Marking of thoracic reference lines (TRLs) and their

references—planning of the new breast on the MCL with points P1.

P2. P3. Reference lines. CML: Chest midline; SMF: Supramammary

folds; IMF: Inframammary folds; AAL: axillary line; A: Areole; B:

Breast; C: Intersection between the SMF and the midclavicular line

(MCL) of the breast
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Breast Volume by Magnetic Resonance

Breast volume was measured using the GE HealthcareTM

1.5 T Imaging System via volumetric acquisition in the 1

mm-thick axial plane without spacing. Subsequent multi-

planar reconstructions can be performed using the

VIBRANT (Volume Image Breast Assessment) sequence

without fat saturation, a 512 9 512 pixel matrix and no

paramagnetic contrast medium. VIBRANT is a 3D gradient

echo sequence weighted in T1 and was selected for its

physical characteristics that enable fine cuts in a short

period, exhibiting good spatial and temporal resolutions,

with the option of unsaturated fat in order to achieve even

greater tissue resolution at the borders of the breast. The

exam was performed in the prone position, with a specific

coil and lasted around two minutes.

The images were post processed and analyzed in a

workstation by two radiologists using the HorosTM pro-

gram, and the pencil tool to determine the ROIs (regions of

interest) in the axial plane of each breast for every ten

images, that is, at every 10 mm thickness in the breast, with

subsequent automatic extrapolation of the ROIs using the

software tool. Based on an ROI defined in the reconstructed

sagittal plane, at the level of the nipple, the cranial and

caudal borders were established, delimiting the convex

contour of the breast to define its lower and upper borders,

following the model proposed by Killaars et al. [11]

(Fig. 4).

The references used to draw each ROI also included

axillary extension of the breast laterally, posteriorly to the

thoracic wall (dorsal aspect of the pectoral muscles), using

reference points similar to those of Eriksen et al. [12],

Gopper et al. [13] and Kovacs et al. [7].

After the volume was calculated a 3D image of the

breasts could be seen, enabling assessment of their con-

tours and symmetry.

Breast Volume Using Crisalix 3D�

The 3D Crisalix simulator creates 3D surface images from

three 2D camera images, measurements of the distance

from the patient’s anatomy and a set of reference points.

All the participants were photographed using the Cri-

salix 3D-SI system, on the same day and by the same

surgeon (ROC).

Patients were mapped using an infrared point sensor,

coupled to an iPad�.

The patients were asked to place their hands on their

hips and the 3D infrared sensor was kept 1 m away, raised

slowly, then lowered and finally moved from side to side in

order to capture the individual’s entire torso, according to

manufacturer’s instructions. The software formed a 3D

image, markers (points) were placed on the sternal furcular,

nipples and breasts, estimating the width and loop around

the breast base. The distances between each point were

recorded to construct a standard 3D geometry according to

how the user moves the iPad� around the patient’s torso.

Nest, the surgeon takes three 2D photographs and sends

them to the Crisalix website in order to create a 3D image,

on which anthropometric measures are taken and breast

volume calculated (Fig. 5).

Statistical Analysis

The categorical and numerical variables were tabulated and

analyzed in R software, for Mac OS X GUI 1.73 (7892

Catalina build), which provided measures of central ten-

dency, percentiles and dispersion.

Data normality was verified by the Shapiro–Wilk test.

Between-group homogeneity of variance of the groups was

verified by Levene’s test. Comparison of group measures to

reject or not a null hypothesis was conducted using the

t-test for independent samples and the pairwise t-test. The

Fig. 3 Breast cone. The figure on the left shows the conical structure

of the breast with sagging due to gravitational forces (ptosis). In the

figure on the right, measuring the distance from C2 to P and from C2

to C6 and dividing it by two determines the r or cathetus. These

measurements are used to find hypotenuse h
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presence of outliers was determined by constructing box-

plots. Homoscedasticity was tested by constructing a linear

regression model between variables.

A 95% confidence level and p\ 0.05 were considered

statistically significant.

Results

Fourteen patients (all women), with a mean age of 30.93 ±

10.25 years, were assessed (Table 1).

With respect to breast volume measured by the MRI

technique (considered the gold standard), we obtained an

average volume of 1554.54 ± 512.54 cm3 (with 1555.64 ±

524.66 cm3 for the right breast and 1553.43 ± 519.93 cm3

for the left). The t test demonstrated no statistically sig-

nificant difference between right and left breast volume (t =

0.011217, df = 26, p value = 0.9911). In this assessment,

p[ 0.05 confirmed the null hypothesis (H0) of no inter-

group difference. That is, in the study, the patients exhib-

ited breasts (right and left) with similar volumes.

Fig. 4 The pencil tool was used to determine the ROIs (regions of interest) in the axial plane of each breast for every ten images. The cranial and

caudal borders of the breast were defined, delimiting the convex contour of the breast to establish its upper and lower borders

Fig. 5 3D image, on which anthropometric measures are taken and breast volume calculated by Crisalix 3D software�
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In regard to breast volume measured by Crisalix 3D

software�, we obtained an average volume of 1199.64 ±

403.13 cm3 (1183.50 ± 401.06 cm3 for the right breast and

1215.79 ± 419.15 cm3 for the left). With respect to breast

volume measured by Crisalix 3D software�, when com-

pared to MRI, the pairwise t test demonstrated a statisti-

cally significant difference between them (t = 4.3957, df =

27, p value = 0.0001543). There was an average difference

of 354.89 cm3 in breast volume between these two tech-

niques (95% CI of 189.23 to 520.55 cm3). In this assess-

ment, p \ 0.05 rejected the null hypothesis (H0) of no

intergroup difference.

In relation to breast volume measured by the Pessoa’s

single marking technique [6], we obtained an average

volume of 1518.04 ± 468.72 cm3 (1495.43 ± 489.45 cm3

for the right breast and 1540.64 ± 464.36 cm3 for the left).

With respect to breast volume measured by the Pessoa’s

single marking technique [6] when compared to MRI, the

pairwise t test demonstrated that there was no statistically

significant difference between them (t = 1.3841, df = 27,

p value = 0.1777). There was an average difference of 36.5

cm3 in breast volume between these two techniques (95%

CI of - 17.60 to 90.60 cm3). In this assessment p[ 0.05

confirmed the null hypothesis (H0) of no intergroup

difference.

Discussion

The main finding in the present article was that the Pessoa

single marking technique [6] was similar when compared

to MRI for breast volume. Postoperative prediction of

breast volume is important in breast surgery planning,

whether reconstructive or esthetic.

Itsukage et al. [14] reported that measuring breast vol-

ume using magnetic resonance is highly accurate, but very

costly and requires data analysis software. In this study, the

authors indicate mammography as an alternative to this

measurement. Breast volume measurement by mammog-

raphy requires only a simple formula and is sufficiently

accurate, albeit less so than magnetic resonance [14].

MRI is considered the gold standard for preoperative

measurement of breast volume. Reliable volumetric data

can be obtained using MRI for breast implant volume and

to optimize mammoplasty [15]. With a view to determining

breast volume accuracy using magnetic resonance, Yoo

et al. [16] assessed preoperative breast volume based on

MRI and real postmastectomy volume, demonstrating a

significant correlation with real breast volume and MRI. As

MRI calculates breast volume with the aid of software that

takes tissue density characteristics into account, similarly

to that proposed by the Archimedes’ principle, the position

of the breast will not significantly change the calculation of

volume. That is, even the prone position with the breast

hanging on the breast coil, a decidedly nonanatomic posi-

tion to look at the breast, will not change the volume

measurement, as the breast density is the same, regardless

of the position (another advantage of MRI) [15, 16].

Kayar et al. [17] studied five breast volume measure-

ments using a comparative study of volume measurements

in 30 cases of total mastectomy. In this study, preoperative

breast volume was measured by five different methods:

mammography, anatomic (anthropometric), thermoplastic

plaster, Archimedes’ principle and the Grossman–Roudner

Table 1 Breast volumes measured by MRI, Crisalix 3D software� and the Pessoa’s single marking technique [6]

Name Age MRI right breast Crisalix right breast Pessoa right breast MRI left breast Crisalix left breast Pessoa left breast

ABP 32 1416 1101 1321 1400 1232 1608

AKHA 18 1351 889 1337 1426 978 1443

ARRN 31 1483 1791 1444 1489 1808 1515

CSSP 35 866 797 928 900 721 928

FASN 39 1060 801 929 1044 752 906

LMS 33 790 1367 805 875 1453 890

LLB 32 2043 1047 1794 2073 1196 1748

LIFD 22 1711 1179 1797 1467 1146 1727

LVMP 19 1979 1429 1797 2109 1503 1832

MFGO 25 2683 1629 2514 2586 1604 2426

MGCM 19 2058 1838 2075 2250 1905 2213

MKSR 40 1780 1186 1794 1578 1065 1608

TJSR 56 1143 414 1080 1151 426 1117

ABP 32 1416 1101 1321 1400 1232 1608
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device. Kayar et al. [17] Kayar et al. [17] demonstrated that

mammography is the most accurate breast volume mea-

surement method, followed by Archimedes’ method.

However, when patient comfort, ease of application and

cost are considered, the Grossman–Roudner device and

anatomic measurements are relatively cheaper and easier to

use, with an acceptable accuracy level.

Given the issues of cost, ease of use and patient comfort,

new alternative accurate methods to MRI were investi-

gated, such as studies by Kayar et al. [17] and Bulstrode

et al. [18]. With the increasing popularity of 3D scanners

and virtual reality 3D and 4D anatomy software, new breast

volume measurements have proven to be feasible and

accessible.

Kwong et al. [19] assessed the accuracy of three-di-

mensional surface imaging in estimating breast volume,

Crisalix S.A. (Lausanne, Switzerland), when compared to

anthropometric estimates and the weight of intraoperative

specimens. In this study, the authors assessed twenty-five

patients (41 breasts) submitted to mastectomy by preop-

erative scanning with Crisalix Surface Imager, and a plastic

surgeon estimated anthropometric volume. Intraoperative

mastectomy weights were used as gold standard. Kwong

et al. [19] concluded that for breast volumes of 600 cm3 or

less, Crisalix accuracy corresponds to the anthropometric

estimates provided by experienced plastic surgeons.

Vorstenbosch and Islur [20] found an esthetic similarity

between preoperative 3D simulation by Crisalix and the

real postoperative results of augmentation mammoplasty.

The authors [20] suggested that Crisalix provides a good

overall simulated 3D image of the postoperative results of

breast augmentation, but they did not emphasize the

accuracy of the system or compare it with other methods.

Yang et al. [21] underscored that since 3D breast surface

scanning cannot scan through breast tissue or reach the

interspace between the chest and the posterior and dorsal

border of the breast, the inframammary fold in large breasts

cannot be correctly visualized. Thus, 3D digitizing is

considered inaccurate in large and or ptotic breasts.

Another fact that hinders the widespread application of 3D

digitizing is its high cost and lack of access [21].

The surface scanning devices such as Crisilix and Vectra

have both shown difficulty in accurately assessing large

volume breasts. Given the design of most surface imaging

devices, various factors may contribute to the underesti-

mation of breast volume in larger breast sizes. Firstly, the

Crisalix, Axis Three and Vectra XT systems are primarily

marketed for use in breast augmentation procedures. As a

result, these technologies are intended to be used in

patients with smaller breast sizes, which may explain their

higher accuracy in this patient group. Additionally, larger

breasts have a smaller surface area to volume ratio. Since

surface imaging attempts to determine volume from body

surface contours, the decrease in surface area relative to the

volume in larger breasts may be responsible for the

decreased accuracy of these imaging devices in these

specimens [19].

The estimation of breast volume in patients with large

droopy breasts, prominent pectoral muscles or irregularities

in the axillary region has been found to be generally more

difficult and less precise. Particularly with breast ptosis, the

lower breast pole is in close proximity to the chest wall. In

such cases, the identification of breast landmarks, espe-

cially the boundary between fatty tissue and breast tissue,

is poor, and the lower surface area of the breast is con-

cealed. These factors may contribute to the underestima-

tion of larger breast volumes by surface imaging devices

[19]. That is, unlike the measurement of breast volume by

MRI, slight variabilities in the defining landmarks can

culminate in errors in the volumetric determination of the

breast through the use of surface scanning devices and/or

through anatomic/anthropometric measurement techniques,

such as the Pessoa breast measurement [6].

In the present study, breast volume measurement by

Crisalix 3D software� showed a statistically significant

difference when compared to MRI. Unlike the study by

Kwong et al. [19], which describes good accuracy for

Crisalix for breast volumes of 600 cm3 or lower, we found

no breast measured by MRI with these volumes. A possible

solution for an improvement in the accuracy of the Crisalix

3D method could be to take the supine measurement. Thus,

in our sample, Crisalix 3D software� was not an accurate

alternative to MRI.

As mentioned above, Kayar et al. [17] studied five breast

volume methods and concluded that anatomic/anthropo-

metric measurement is relatively inexpensive and easy-to-

use, with acceptable accuracy. There are several breast

volume measurement techniques, including those that use

rulers and/or disks. In order to facilitate anthropometric

breast measurement, some authors make an analogy of the

breast based on a solid of revolution (cone) [6].

Applying this geometric concept of a breast cone, Pes-

soa et al. [6] developed a reproducible low-cost breast

volume measurement technique (Pessoa single marking

[6]) that uses only anatomic parameters and the cone

analogy to measure volume.

In the present study, the Pessoa breast measurement

technique [6] exhibited a statistically significant difference

when compared to MRI. Additionally, it is important to

note that the Pessoa technique [6] shows acceptable accu-

racy, with an average difference of 36.5 cm3 in breast

volume measurements when compared to the gold stan-

dard. As described by Kayar et al. [17], anthropometric

measurements are useful in measuring breast volume and

should be part of a plastic surgeon’s arsenal, because they

are easy to obtain, practical and inexpensive.
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Conclusion

When compared to MRI, breast volume measurement using

Pessoa’s single marking technique showed no statistically

significant difference between them. However, the Crisalix

3D� technique exhibited a difference in relation to MRI.

Anthropometric measurements are useful in measuring

breast volume because they are easy to obtain, practical

and inexpensive, and should be part of a plastic surgeon’s

arsenal.
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