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Abstract

The study aims to develop a method for evaluating breast sym-
metry using profile images. This shape-based analysis assesses
differences between the two profiles with the help of simple indices,
enabling an external symmetry evaluation independent of the im-
age acquisition method. Initially, thermograms of 62 volunteers
were analyzed, leading to the proposal of four asymmetry indices
based on measurements of breast profile. Subsequently, images
from 30 additional volunteers were examined to determine whether
a multimodal pattern emerged across different imaging techniques,
including infrared (IR) cameras, three-dimensional (3D) scan mod-
els, and photographic (RGB) cameras. To validate the method and
assess the feasibility of applying the proposed indices to these imag-
ing methods, the classified images (as symmetric or asymmetric)
were evaluated by 28 specialists. The comparison between the pro-
posed indices and expert assessments resulted in an accuracy rate
of 60%.

CCS Concepts

« Computing methodologies — Computer vision tasks; « Ap-
plied computing — Health care information systems.
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1 Introduction

Beyond its biological role in breastfeeding, the breast also con-
tributes to aesthetics and self-confidence. This is evident from the
fact that breast augmentation surgery is the second most common
plastic surgery worldwide [12]. In many countries, women have
undergone plastic surgery through public health systems [2]. In
Brazil alone, 1,474 breast reconstructive surgeries after mastectomy
were performed by SUS in 2023 [3].
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Like many other parts of the human body, breasts naturally ex-
hibit counter-symmetry along the cranio-caudal axis. Under normal
conditions, the right and left breasts can be considered mirrored im-
ages; however, this symmetry is not exact, much like other human
body structures and natural forms. For instance, the right hand is
not an exact replica of the left when inverted and superimposed.
The same applies to arms, legs, and even internal organs such as
the kidneys and lungs.

However, significant asymmetry - whether external or internal
- is not considered natural. In breast examinations, pronounced
differences are often key indicators of potential abnormalities. This
concept is illustrated in Figure 1, which compares mammography,
magnetic resonance imaging (MRI), and thermography of the right
and left breasts in a patient with unilateral lobular carcinoma near

the nipple region [7].
————
C

Figure 1: (A) Craniocaudal (CC) and mediolateral oblique
(MLO) views of the right and left breasts captured through
mammography, (B) magnetic resonance imaging (MRI), and
(C) infrared (IR) thermography [7].

Examining the three imaging modalities in Figure 1, a lack of
internal symmetry is evident across all of them. Additionally, when
observing the boundary between the patient’s skin and the black
background in the first three imaging types, this asymmetry is also
externally apparent. This indicates that the internal asymmetry
caused by the retraction of mammary tissue due to carcinoma
affects the breast’s visible surface.

While this is an advanced case, similar asymmetries can also be
observed during early screening. Asymmetry should be assessed
at different evolutive levels, but accurately quantifying the "degree
of asymmetry" in early detection is challenging. For this reason,
diagnostic reports from various imaging exams often require the
evaluation of at least three radiologists. This applies to both anatom-
ical exams, such as mammography and non-contrast MRI, as well
as physiological exams, including ultrasound, thermography, and
contrast-enhanced MRI.
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Thermography is perhaps the least known imaging method for
cancer diagnosis. It utilizes infrared cameras to capture thermal
images of the body surface, detecting temperature anomalies that
may indicate the presence of tumors [6, 11, 19]. However, this
method is prone to false positives, requiring more sophisticated
symmetry analyses beyond simple statistical approaches to improve
diagnostic accuracy and minimize unnecessary alarm [18].

As a physiological imaging technique, thermography has gained
interest due to its non-invasive nature — it does not require phys-
ical contact or external agents to acquire data, relying solely on
the natural infrared radiation emitted by molecular activity. It is
suitable for women at any stage of life, including during pregnancy,
with costs limited to the acquisition of appropriate infrared cam-
eras and the expertise of a specialist or intelligent image analysis
systems for interpretation. Additionally, thermography can be used
for postoperative monitoring or as a presurgical tool in adjuvant
treatment following a malignant diagnosis confirmed by biopsy [1].

The breast is an organ present in both sexes and remains identical
in males and females until puberty. Changes in its external shape
are often visible without medical equipment and can help identify
certain rare pathologies, such as Paget’s disease. This type of cancer
affects the nipple and areola, with tumor cells typically spreading
through the mammary ducts. Diagnosis is clinical and confirmed
through a skin biopsy, and with proper treatment, the cure rate
exceeds 95% [16].

Scientific literature highlights the importance of anthropometric
features — such as body mass index (BMI), waist circumference,
and waist-hip ratio — to understand different stages of cancer de-
velopment. A recent study found that specific body silhouette traits
may indicate hormonal imbalances in women with breast cancer
[17]. These findings emphasize the importance of diagnostic meth-
ods that consider anatomical variability, enabling a more accurate
assessment of symmetry across various body types.

Another application of symmetry evaluation is in cosmetic and
reconstructive breast surgeries. A simple and efficient method that
plastic surgeons can use in their offices — or even one that indi-
viduals can utilize with a smartphone camera — would be highly
valuable in assessing the success of reconstructions or determining
the necessary volume for silicone implants.

This study aims to propose simple measurement methods and
quantitative evaluations for assessing breast symmetry (or asymme-
try). These methods were initially formulated based on infrared (IR)
images of 62 patients from the Academic Hospital, using a static
acquisition protocol capturing images from five different angles (0°,
45°, 90°, 135° and 180°). The protocol, which acquire data in the
infrared frequency range, was approved by the Hospital’s Ethics
Committee and registered with the Brazilian Ministry of Health
under CAAE number 01042812.0.0000.5243 [20].

To further validate these methods, additional imaging was per-
formed using different modalities with new volunteers. For this
phase, 30 women consented to have their breasts form captured
using 3D scanning and IR thermography. Each volunteer provided
informed consent for the use of their data and images. Among
them, 20 also had their images captured in visible light frequencies,
allowing a comparative analysis between infrared imaging and
RGB digital photography, similar to those used in contemporary
smartphone cameras.
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2 Related works on external symmetry

The first software developed for aesthetic evaluation of patients
undergoing cosmetic surgery after breast cancer treatment was the
Breast Cancer Conservative Treatment Cosmetic Result (BCCT.core),
introduced in 2007. BCCT.core provided an objective method for
assessing breast aesthetics using a classifier based on Support Vec-
tor Machine (SVM). This software analyzed a two-dimensional (2D)
frontal image, as shown in the schematic diagram in Figure 2A. It
classified outcomes into four categories: excellent, good, fair, and
poor. These categories were created based on clinical observations
to support surgical planning and guide the treatment of breast asym-
metries. The evaluation considered factors such as breast volume,
breast asymmetry, skin color differences, and scar visibility.

According to the authors, BCCT.core achieved a 70% correct clas-
sification rate [4]. However, these results were not established by
verifiable and comparable measurements. The software calculates
breast asymmetry and volume using several indices, including: the
difference in nipple position between the breasts (Breast Retraction
Assessment or BRA), the difference in the lower breast contour level
(Lower Breast Contour or LBC), the difference in nipple heights
(Upward Nipple Retraction or UNR), the difference in the distance
from the left and right nipples to the inframammary fold (Breast
Compliance Evaluation or BCE), the difference in the lengths of the
breast contours (Breast Contour Difference or BCD), the difference
in breast areas (Breast Area Difference or BAD), and the difference
between one breast overlaid onto the other after mirroring along a
vertical axis and aligning the two junction points with the thorax
(Breast Overlap Difference or BOD) [5].

/\J A3 24 AL
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Figure 2: (A) Sketch with some of the measurements used in
BCCT.core [4]; (B) Depth map displaying 3 levels and refer-
ence points [10] .

In 2016, a new method for analyzing the three-dimensional (3D)
shape of the breast was introduced. This technique involves acquir-
ing 3D breast surface data, aligning and projecting these surfaces
into a 2D plane, segmenting the region of interest (ROI) based on
anatomical points derived from a set of 17 geometric landmarks, and
validating the results using Principal Component Analysis (PCA)
[10]. To capture the 3D breast surfaces, a low-cost portable scanner
utilizing structured infrared light is used to generate a depth map
of the scanned area. Automatic alignment of the breast model is
achieved by following the normal orientations of the surface [10].
The segmentation of the ROl is performed based on four anatomical
points suggested by specialists, and the breasts are mirrored verti-
cally to standardize the dataset for both the right and left sides [10].
The 17 reference points are extracted as follows: the first reference
point is the highest original depth value, which may or may not
correspond to the nipple, and is marked in red in Figure 2B (right
side).
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The second set of eight reference points is determined by iden-
tifying the intersections of lines extending from the first point in
eight fixed directions, each separated by a 45° angle (i.e., 0°, 45°,
..., 315°), and the boundary of the highest quantization level, is
depicted in blue in Figure 2BB. The final eight landmarks are then
selected using the same strategy but based on the second quanti-
zation level. Principal Component Analysis (PCA) is subsequently
applied, reducing the number of components so that each breast
can be represented by two coordinates (x and y) of a minimal set of
points. A mastologist reviewed these points and concluded that the
principal component along the x-axis is not particularly significant,
whereas the y-axis component effectively captures breast size and
ptosis variability [10].

In 2017, a digital application was developed to detect and as-
sess breast symmetry. This method operates on the fundamental
assumption that the lower part of the breasts resembles arcs of cir-
cles. In the initial stage of the process, the Hough Transform (HT)
image analysis technique is employed to identify circular shapes
within the image. The application then compares the radii of these
detected circles to evaluate breast symmetry, as illustrated in Figure
3. The asymmetry percentage is determined by averaging the sum
of these values [15].

A

Figure 3: (A) Detection of circles using the Hough Trans-
form; (B) Measurement of distances from the nipple to the
circumferences, defining various possible radii for breast
comparison [15].

3 Materials and Methods

A total of 30 volunteers participated in this study, providing both
thermographic images and 3D scans. Among them, 21 volunteers
also provided images captured in the visible spectrum using a stan-
dard digital RGB camera. All image acquisitions were conducted
at the same time and location, specifically at the Industrial Design
Division of the National Institute of Technology (INT). Each partic-
ipant signed an informed consent form (ICF) agreeing to take part
in the research.

The acquisition process followed a protocol approved and regis-
tered with the Ministry of Health (01042812.0.0000.5243 [20]. Ther-
mographic images were captured using a Hikmicro SP60H thermo-
graphic camera, which features a thermal resolution of 640 x 480
pixels (307,200 thermal pixels) and a thermal contrast or Noise
Equivalent Temperature Difference (NETD) of 0.03°C (or 30 X 1073
degrees Kelvin). The room temperature during image acquisition
ranged from 22.1°C to 24.6°C. The lens used had a horizontal field
of view of 24.8° and a vertical field of view of 18.7°, with all images
stored in Portable Network Graphics (PNG) format.
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For each participant, five images were captured from different
angles relative to the body’s frontal axis: 0°, 45°, 90°, -45°, and -90°,
as illustrated in Figure 4.

Figure 4: Camera capture angles used in this study

The three-dimensional scanning of the 30 volunteers was per-
formed using an Artec 3D Leo portable structured white light scan-
ner. The scanning process began on the right side of the body and
progressed to the left, focusing on the regions of interest, specif-
ically from the breasts to the armpits. Artec Studio 18 software
was utilized, with HD mode for scanning and fast mode for surface
merging. This configuration, recommended by the manufacturer
for measurement applications, ensured the reliability of the col-
lected data. No scanning failures were observed, and there were no
occluded points or noise requiring removal. As a result, all origi-
nal scanned shapes and details were fully preserved. The final 3D
models were saved in Polygon File Format (PLY), generating the
3D images shown in the center of Figure 4.

In thermographic imaging, two primary protocols are used: static
and dynamic [20]. Static protocols involve capturing thermal im-
ages at five different angles while the patient remains in thermal
equilibrium with the environment (static acquisitions). Dynamic
protocols, in contrast, require a series of captures following an arti-
ficial change in body surface temperature until thermal equilibrium
is restored (dynamic acquisitions) [9]. In this study, only images
obtained using the static protocol were utilized, with the camera
positioned orthogonally to the body’s frontal axis. These breast
profile captures are illustrated in Figure 5.

Ele K8

Figure 5: Profile images of a volunteers’ breasts: (A) Infrared
(IR) or thermographic image; (B) 3D scan image, and (C) RGB
or visible spectrum image.

High-temperature regions are often found in areas of the body
with limited ventilation, leading to reduced heat exchange with the
environment. Common examples include the armpits and the infra-
mammary fold (the area beneath the breasts). However, elevated
temperatures may also indicate increased vascular activity, inflam-
mation, or internal heat caused by the proliferation of cancerous
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cells spreading through breast tissues to the surface (an underlying
principle of thermography in medical diagnostics) [13].

The first two images in Figure 5 display infrared (IR) scans us-
ing a false-color palette, where deep blue represents the ambient
temperature, while yellow, red, and white indicate progressively
warmer body regions.

3.1 Points for assessment

The proposed evaluation method consists of four stages. The first
stage, ROI segmentation, involves isolating the breast region from
the rest of the frame captured by the camera. In the second stage,
point detection, specific anatomical points are identified for the
analysis. The third stage, parameter calculation, includes measuring
various parameters such as linear distances and areas. The final
stage, comparison and calculation, evaluates absolute and relative
differences in these measurements, comparing them to breast mod-
els classified by a panel of 28 experts as symmetric, asymmetric, or
undefined.

Although the static acquisition protocol captures images from
five different angles, this study focuses solely on lateral images.
These side-view images provide clear profiles of the left and right
breasts, enabling the identification of key points for symmetry eval-
uation. In the left lateral images, the analyzed points are labeled
with the letter "L, while those in the right lateral images are marked
with "R" The points representing the nipples on each side are indi-
cated by the letter "N," defined as the farthest point horizontally to
the right or left in the image.

Another key point is the lowest part of the inframammary fold,
labeled as "I" In right and left lateral images, these points are mir-
rored along a vertical axis. The inframammary fold is represented
as RI (right inframammary) and LI (left inframammary), while the
nipples are marked as RN (right nipple) and LN (left nipple). Linear
distances from inframammary points to the nipples points are used
for analysis. Figure 6 illustrates these key points on each breast.
This analysis is applied across all profile images, regardless of the ac-
quisition technique, whether in the visible spectrum (RGB), thermal
imaging, or three-dimensional scanning.

LN RN
Ll RI

Figure 6: Evaluation points: LN (left nipple), LI (left infra-
mammary), RN (right nipple), and RI (right inframammary).

3.2 Calculations of distances and areas

By identifying the evaluation points, linear distances in pixels can
be calculated for all images. For the right breast, the measured dis-
tances include Euclidean (ER), horizontal (HR), and vertical (VR),
while the corresponding measurements for the left breast are Eu-
clidean (EL), horizontal (HL), and vertical (VL).

Using these predefined points and computed linear measure-
ments, each breast can be approximated by an ellipse (see Figure 7).
The HR and VR measurements define the ellipse in the right lateral
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view (RA), while the HL and VL measurements are used for the
left lateral view (LA). The fitted ellipses for each breast are then
compared based on their surface differences (area). This compari-
son involves analyzing the overlap between ellipses obtained from
infrared (IR) imaging and those from the 3D scanner.

For each volunteer, three linear measurements and one area
measurement are considered. The differences between the right
and left breasts are then calculated based on these measurements.
For example, the vertical difference is determined as: | VR - VL |.

~

Figure 7: Elliptical approximation of each breast: (A) thermal
image; (B) 3D scan model.

These measurements are calculated in pixels, but a higher pixel
count from one volunteer to another does not necessarily indicate
greater breast asymmetry, as the distance from the camera can vary
between volunteers. To account for this, square thermal insulating
stickers were affixed to the participants’ bodies. These stickers,
made of ethylene vinyl acetate (EVA), have a thickness of 2 mm
and a side length of 1 inch (25.4 millimeters). They were placed on
both the lateral and frontal views of the volunteers. If the square
appears smaller in the image, it indicates that the participant is
farther from the camera; if it appears larger, the participant is closer.
This effect is illustrated in Figure 8, where the volunteer on the right
is positioned closer to the camera than the one on the left. Based on
these reference stickers, four scale measurements are obtained: area
scale (as), vertical scale (vs), horizontal scale (hs), and Euclidean
scale (es).

Figure 8: (A)Examples of EVA square stickers and the four
derived scale measurements: area scale (as), vertical scale (vs),
horizontal scale (hs), and Euclidean scale (es).

To ensure independence from the distance between the patient
and the camera, the asymmetry index is calculated using the fol-
lowing formula:

Asymmetry Index = {Difference / Scale}

Difference represents the measurement of the right breast mi-
nus the corresponding measurement of the left breast, and Scale
refers to the measurement of the reference square. This approach
eliminates the impact of camera distance, allowing for a consistent
comparison of breast symmetry.

The proposed asymmetry indices include the horizontal distance
index (iH), which quantifies differences in breast positioning along
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Table 1: Calculated Asymmetry Indices: Classification in Red (Asymmetric) and Green (Symmetric) .

IR 3D RGB

Volunteer | ir_iV | ir_iH | ir_iE | ir_iA | sc_iV | sc_iH | sc_iE | sc_iA | rgb_iV | rgb_iH | rgb_iE | rgb_iA
Mo01 0.3 0.6 0.3 0.2 0.3 0.3 0.3 89 | - - - -
M002 0.3 0.1 0.2 2.5 0.4 0.1 0.2 2.1 = = = =
Mo003 0.1 0.0 0.1 1.0 0.2 0.0 0.1 1.7 0.3 0.2 0.3 53
Mo004 0.1 0.0 0.0 0.2 0.2 0.2 0.0 0.0 0.2 0.2 0.2 52
Mo005 1.4 1.5 14 27.7 1.0 0.8 0.9 21.0 0.7 0.5 0.2 1.8
MO006 0.2 0.5 0.1 54 0.4 0.6 0.0 3.1 0.0 0.9 0.3 11.8
Mo007 0.2 0.2 0.0 0.5 0.0 0.2 0.1 3.7 0.6 0.6 0.6 16.4
Mo008 0.2 0.2 0.0 0.9 0.0 0.7 0.3 7.4 0.3 0.1 0.2 3.5
Mo009 0.1 0.2 0.1 4.9 0.2 0.1 0.0 0.6 0.2 0.7 0.4 12.6
Mo10 0.0 0.4 0.1 5.5 0.0 0.3 0.2 50 | - = = =
Mo11 0.1 0.4 0.3 6.5 0.2 0.5 0.4 9.8 0.7 0.9 0.8 18.4
Mo012 0.1 0.1 0.0 0.6 0.2 0.0 0.1 1.9 0.1 0.0 0.1 1.3
Mo013 0.2 0.2 0.0 1.2 0.2 0.4 0.3 7.6 0.4 0.3 0.3 7.8
Mo14 0.2 0.2 0.2 4.4 0.0 0.3 0.1 3.8 0.2 0.1 0.2 33
Mo015 0.0 0.2 0.1 3.0 0.0 0.3 0.2 7.2 0.0 0.3 0.2 5.6
Mo016 0.2 0.1 0.1 0.1 0.2 0.2 0.1 1.2 0.3 0.4 0.3 11.5
Mo17 0.2 0.3 0.0 34 0.1 0.1 0.0 1.1 0.3 0.1 0.2 3.9
Mo18 0.0 0.2 0.1 2.7 0.2 0.0 0.1 1.3 0.0 0.3 0.1 4.2
Mo019 0.7 0.8 0.7 13.1 0.1 0.2 0.2 3.7 0.8 1.4 1.1 233
M020 0.1 0.7 0.3 9.9 0.3 0.4 0.3 10.1 0.1 0.6 0.1 9.1
Mo021 0.1 0.1 0.1 3.0 0.2 0.1 0.1 2.2 0.6 0.5 0.5 15.5
Mo022 0.3 0.2 0.3 6.0 0.2 0.3 0.1 1.3 0.3 0.6 0.4 9.6
Mo023 0.3 0.0 0.1 3.8 0.0 0.2 0.1 4.2 0.0 0.9 0.4 14.1
Mo024 0.1 0.1 0.1 2.5 0.1 0.0 0.0 0.6 0.1 0.5 0.2 6.7
Mo025 0.1 0.0 0.0 0.6 0.2 0.2 0.0 1.2 - - - -
Mo26 0.2 0.2 0.2 4.7 0.0 0.1 0.1 20 | - = = =
Mo27 0.5 0.5 0.5 12.9 0.5 0.0 0.3 9.1 - - - -
Mo028 0.2 0.5 0.3 9.3 0.1 0.4 0.2 7.0 | - = = =
Mo029 0.3 0.6 0.4 11.7 0.3 0.3 0.3 88 | - - - -
Mo030 0.7 0.1 0.4 10.9 0.4 0.1 0.3 78 | - = = =

the horizontal axis, the vertical distance index (iV), which evaluates
variations in height, the Euclidean distance index (iE), which con-
siders the total distance between the nipple and the inframammary
fold, and the area index (iA), which assesses differences in the fitted
ellipses representing each breast.

From the DMI database ([20]), a total of 34 volunteers were eval-
uated in Moura’s (2024) study, with initial segmentation performed
in Costa’s (2020) research. Breast classification into symmetrical (S),
asymmetrical (A), or doubtful (D) categories was validated by 28
breast thermography specialists. These experts completed a ques-
tionnaire, assigning left and right breast images to one of the three
categories.

After classified, images were then compared to numerical indices.
A volunteer was classified as symmetrical (S) if over 75% of evalua-
tors identified her as such, as asymmetrical (A) if more than 75%
classified her that way, and as doubtful (D) if neither classification
applied. Among the 34 volunteers, 9 were classified as symmetrical,
6 as asymmetrical, and 19 remained in the doubtful category.

Based on these results, a quantitative criterion was proposed:
breasts are considered asymmetrical if the values of the linear in-
dices ((iH), (iV), (iE)) are greater than 0.8 and symmetrical if they
are lower than 0.2. For the area index (iA), values above 4.0 indicate
asymmetry, while values below 0.3 indicate symmetry [14].

4 Results

The results obtained by computing the four proposed measures are
presented in Table 1 across the three acquisition modes: thermog-
raphy (IR), 3D scan model, and RGB (visible spectrum) imaging.
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In the table, red and green cell highlights indicate when an index
classifies a patient as asymmetric or symmetric, respectively.

Regarding the classification of symmetry, applying the same clas-
sification threshold to the 30 new volunteers allows us to conclude
that:

(1) The three linear indices successfully identified volunteers
with symmetrical breasts in both infrared (IR) and scan images.
In the IR images, 12 volunteers (M003, M004, M007, M009, M012,
Mo015, M016, M018, M021, M024, M025, and M026) were classified as
symmetrical. In the 3D scan model images, only 8 volunteers (M003,
Mo009, M012, M017, M018, M024, M025, and M026) maintained this
classification. Comparing both methods, the classification was con-
sistent for 7 volunteers. When considering the area index, only three
volunteers (M001, M004, and M016) were classified as symmetrical
in the IR images, with only M004 maintaining this classification in
the 3D scan model images.

(2) In the analysis of RGB images, volunteers classified as sym-
metrical based on linear measurements were M012 and M014, while
the area-based index did not classify any volunteer as symmetri-
cal. To validate the method, 10 specialists conducted a subjective
evaluation of volunteers M003, M005, M011, M012, M018, M020,
Mo024, M025, M026, M029, and M030. Among them, M005, M018,
and M026 were considered asymmetrical by more than 60% of the
evaluators, whereas M003, M011, M025, and M029 were classified
as symmetrical by the same percentage of specialists.

(3) Regarding asymmetry classification, only volunteer M005 was
identified as asymmetrical based on linear measurements in both
infrared (IR) and 3D scan model images. When considering area-
based measurements, the IR image analysis classified the following
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volunteers as asymmetrical: M005, M006, M009, M010, M011, M014,
M019, M020, M022, M026, M027, M028, M029, and M030. In the 3D
scan model images, the volunteers classified as asymmetrical were
Mo001, M005, M008, M010, M011, M013, M015, M020, M023, M027,
M028, M029, and M030. A comparison of both methods showed that
the classification was consistent for 8 volunteers. In the RGB images,
16 volunteers were classified as having asymmetrical breasts: M003,
Mo004, M006, M007, M009, M011, M013, M015, M016, M018, M019,
M020, M021, M022, M023, and M024.

5 Conclusion

This study supports the use of three linear classification indices for
assessing breast symmetry in infrared (IR) images. Similar proper-
ties were observed in 3D scan images, though further research is
needed to extend these findings to images in the visible spectrum,
such as RGB. For asymmetry evaluation, additional studies are nec-
essary, particularly focusing on women with breast conditions, as
most volunteers in this study had no diagnosed breast diseases.

Simple indices were proposed to evaluate breast symmetry, and
despite method’s simplicity, the results closely align with previous
studies analyzing the effects of conservative breast cancer surgery
[4]. The proposed method offers a quantitative approach to breast
evaluation and can serve as an indicator of breast shape, using
images captured by thermographic or conventional cameras, as
the results obtained in RGB images were equivalent to those of
thermographic images.

Future research should further investigate RGB images and 3D
scanning models in order to establish more precise thresholds for
different imaging techniques. The investigation of automatic seg-
mentation methods, as well as the refinement of these methods
and the definition of new evaluation points, may increase analy-
sis accuracy, especially for images captured from different angles.
Moreover, it is recommended to carry out a more robust statistical
analysis of the correlation between the proposed indices and expert
evaluations. It is also important to discuss potential practical im-
plementations in mobile device applications, as well as to address
in more detail the clinical implications of the proposed indices and
how they could be integrated into medical assessment workflows.
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