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Evaluation of morphometric parameters calculated from
breast lesion contours at ultrasonography in the distinction
among BI-RADS categories'

Avaliagéo de pardmetros morfométricos calculados a partir do contorno de lesées de mama
em ultrassonografias na distingdo das categorias do sistema BI-RADS

Maria Julia Gregorio Calas', André Victor Alvarenga?, Bianca Gutfilen®, Wagner Coelho
de Albuquerque Pereira*

Objective: To assess the performance of morphometric parameters calculated from breast lesion contours at
ultrasonography, in the quantification of morphological features and in the distinction among BI-RADS categories 2, 3,
4 and 5. Materials and Methods: The present casuistry included 40 cases, with orthogonal imaging of patients submitted
to surgery. Based on the lesions segmentation, the following five morphometric parameters were calculated: area ratio,
overlap ratio, normalized residual value, circularity and depth-to-width ratio. Linear discriminant analysis was applied
to select the best parameters, and ROC curve was utilized as figure of merit. Results: Overlap ratio was able to statistically
distinguish breast lesions classified as BI-RADS 3 from others classified as BI-RADS 4 (a = 5%; p = 0.015). Additionally,
such parameter presented the best performance in the differentiation between malignant and benign breast lesions.
Conclusion: These results indicate that morphometric analysis of breast lesions at ultrasonography seems to be helpful
in distinguishing patients who should undergo biopsy from those to be followed-up only with imaging methods.
Keywords: Breast ultrasonography; BI-RADS; Computer-assisted image processing; Computer-assisted image
interpretation.

Objetivo: Avaliar o desempenho de parametros morfométricos, calculados a partir do contorno de lesdes de mama
em ultrassonografias, na quantificacéo de suas caracteristicas morfolégicas e na distingéo das categorias 2, 3,4 e 5
do sistema de classificacdo ecografica BI-RADS. Materiais e Métodos: A casuistica é composta por 40 casos com
registro ortogonal de pacientes submetidas a cirurgia. A partir das lesdes segmentadas, foram calculados cinco para-
metros morfométricos para quantificar o contorno e a forma das lesdes: razdo de area, razdo de superposicéo, valor
residual normalizado, circularidade e razdo entre largura e profundidade. A analise discriminante linear foi usada para
selecionar os parametros mais significativos na distingédo das caracteristicas morfologicas das lesdes, usando como
figura de mérito a curva ROC. Resultados: A razdo de superposicdo foi capaz de diferenciar estatisticamente as le-
soes classificadas como BI-RADS 3 daquelas classificadas como BI-RADS 4 (a = 5%; p = 0,015), sendo, também,
0 parametro morfométrico que apresentou melhor desempenho na diferenciagéo entre lesdes malignas e benignas.
Conclusao: Este resultado indica que a analise morfométrica de lesdes de mama em ultrassonografias tem potencial
para auxiliar na distingdo de pacientes que deveriam ser submetidas a bidpsia, daquelas que poderiam manter controle
por métodos de imagem.

Unitermos: Ultrassonografia mamaria; BI-RADS; Processamento de imagem assistido por computador; Interpretagao
de imagem assistida por computador.
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INTRODUCTION

Nowadays, mammography is still the
best method for early detection of breast
cancer, with sensitivity ranging between
89% and 95%, provenly contributing to a
24% reduction of breast cancer mortality
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amongst women in the age range between
40 and 49 years, and 30% amongst women
aged 50 yearsand over™. However, thein-
terpretation of mammograms poses a chal-
lenge for specialists, particularly in cases
of dense breasts*?. One of thewaysto in-
creasethe diagnostic accuracy mammogra-
phy, particularly the specificity, isthe com-
parison of the most recent images with the
previous ones, besides the double reading,
where a good interobserver agreement is
required. Such practiceis based on studies
published in theliterature demonstrating an
increase of 7%-15% in the number of de-
tected lesions™?.

Breast ultrasonography (US) playsarel-
evant role as acomplement to mammogra-
phy and clinical examination in the evalu-
ation of breast diseases. Besides being ca-
pable to detect some initially suspicious
lesions that might be missed at mammog-
raphy, breast US can be useful in the dif-
ferentiation between solid and cystic nod-
ules as well as between benign and malig-
nant nodules®®. Some lesion characteris-
tics, such as orientation and echogenicity,
areexclusively observed at US, and others,
such as contour and shape, arecritical inthe
image interpretation, the first one present-
ing higher sensitivity, and the second one,
high specificity®®. Despite several advan-
tages, such as absence of ionizing radia-
tion, equipment portability, easy repeatabil-
ity, and real time imaging capability, US
results depend on the image quality, pos-
sibly leading to ahigh variability inthera-
diological interpretation by radiol ogists’®
13 The literature also reports that the suc-
cess in detecting a lesion at breast USis
influenced by the operator fatigue, the
breast size and by the lesion depth®®-23),

The adoption of astandardizationinthe
description of breast lesions, such as the
BI-RADS® lexicon, is important to stan-
dardize the terminology, to assist in the
indication of the degree of malignancy sus-
picion according to the morphological
echographic findings and, consequently, to
allow a more accurate indication on the
course of action to be adopted®™.

Inter- and intraobserver studies have at-
tracted the interest of breast radiology pro-
fessionals. However, most of times, stud-
ies on agreement regarding breast images
approach mammography, probably be-

290

Evaluation of morphometric parameters in BI-RADS classification

causethe BI-RADSIexicon for suchimag-
ing modality is utilized since 1993, while
for US it has been used for approximately
eight years®¥. Recently, studies about
interobserver agreement on US presented
kappa indices ranging between 0.28 (rea-
sonable) and 0.83 (almost perfect) in adi-
agnosis essentially based on a subjective
evaluation of morphological findings of a
lesion®17, But, despite the standardiza-
tion allowed by BI-RADS, the sonographic
study and respective diagnostic report are
still operator-dependent tasks.

The study of methods based on quanti-
tative evaluations may be useful to reduce
the degree of subjectivity and operator-de-
pendence, considering that the quantifica-
tion is not dependent on the operator’s ex-
perience'®. Thus, several studieshave pro-
posed methods to help in the diagnosis of
breast cancer at US images, aiming at re-
ducing the number of biopsies for benign
solid lesionsand increasing the consistency
of diagnostic US images interpretation®®-
20, A key issue in the utilization of such
methods is the segmentation — an image
processing technique aimed at separating
the lesion under analysis from the rest of
the image elements®.

Considering medical images, the seg-
mentation of a region of interest is ex-
tremely difficult to be completed because
of restrictions placed by the image acqui-
sition process, the disease and biological
variations®. Particularly on US images,
the segmentation becomes difficult because
of their textured nature. Such afeatureisa
result of factors such as signal processing
for image formation, interaction between
the ultrasound wave and each type of bio-
logical tissue, speckle and artifacts™.

Once the lesion image is segmented,
one can determine useful parameters to
quantify morphological characteristics of
breast lesions, such as contour and texture
considered as being capable of differenti-
ating malignant and benignlesions. Itisim-
portant to note that the study of segmenta-
tion techniques, of parameters calculation
aswell asthe determination of the best pa-
rameters to distinguish malignant from be-
nign tumors, constitute complex tasks and
gtill remain under investigation929,

The present study was aimed at evalu-
ating the performance of morphometric pa-

rameters calculated from the contour of
breast lesions at US, in the quantification
of their morphological characteristics and
in the differentiation among the BI-RADS
categories 2, 3, 4 and 5.

MATERIALSAND METHODS

Images database

The present casuistry includes 40 le-
sions from 40 patients in the age range be-
tween 16 and 88 years (mean = 50.7 years),
submitted to surgery indicated by their as-
sisting physicians. The previousUSimages
were acquired in aLogic 5 (GE Medica
Systems; Wisconsin, USA) equipment with
a 12 MHz linear transducer. The lesions
size ranged between 6.0 and 27.0 mm.

The evaluation and classification of le-
sions according to the BI-RADS for US
was performed by a single observer with
15-year experience in breast radiology©Y.
Theobserver compared theimageswith the
respective histopathological reports, and
classified the lesion as the most appropri-
ate BI-RADS category. Such a procedure
was adopted to minimize the classification
variability, considering that such a classi-
fication would be the reference for evalu-
ation of the morphometric parameters. Itis
important to highlight that, despite the pre-
vious knowledge on the histopathological
results, theimages analysiswas mandatory
to define the BI-RADS classification.

In order to assure anonymity, the pa-
tients' identification was replaced by a
number previously totheanalysis. Thehis-
topathological reports of the 40 surgical
specimens were utilized asagold standard
and indicated the following malignant find-
ings: 18 invasive ductal carcinomas, 1 in-
vasivelobular carcinoma, 1 medullary car-
cinoma, and 1 carcinoma originated from
metastasis; and the following benign find-
ings: 12 fibroadenomas, 1 hyalinized fi-
broadenoma, 1 fibrocystic change, 4 cysts
and 1 hematoma.

Morphometric parameters

In order to determine the lesions con-
tour, the US images were segmented by
means of methods of segmentation and
contour determination based respectively
on Watershed transformation and Average
Radial Derivative®. Examples of malig-
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nant and benign lesions contour deter-
mined by the segmentation and contour
detection are shown on Figures 2A and 2B.

Based on the segmented lesions con-
tour, five morphometric parameters were
calculated: arearatio, circularity, depth-to-
width ratio, overlap ratio, and normalized
residual value, as defined below.

Arearatio (RA) representsthemean dis-
tance between a medium circular contour
and the pixels of the lesion contour out of
the circular contour (Figure 1). Thus, the
RA value increases proportionally to the
number of pixelsout of thecircular region.
It is expected that spiculated and lobular
lesions tend to produce higher RA values
than lesions with a regular contour®,

Circularity (C) isdefined astheratio be-
tween the square perimeter and the area of
the segmented lesion. Typically utilized to
reflect the contours complexity, C reaches
its minimum value for circular contours,
tending to increase for lesions with com-
plex shapes'®.

Depth-to-width ratio (DWR) is a spe-
cific parameter for analysis of breast le-
sions on US images. Benign lesions tend
to bewider than deepinrelationto the skin,
producing lower DWR values, in contrast
with malignant lesions that tend to be
deeper,

Overlap ratio (OR) and normalized re-
sidual value (nrv) are defined on the basis
of atechnique known as convex polygon,
that is defined as a polygon inside which a
lesion is circumscribed, where none of its

Figure 1. Example of a hypothetical circular area
with a r radius (gray circle) equivalent to the lesion
area (black outline). The radial distance between
a point on the average circle and a pixel on the
lesion contour outside the average circle is repre-
sented by d;. The RA parameter is given by the mean
value of d; distances.
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interior anglesis> 180°. Asshown on Fig-
ure 2, the more irregular the contour, the
greater the difference between the contour
and respective convex polygon. Based on
such a characteristic, the OR is defined as
theratio between the area of the segmented
lesion and its respective convex polygon.
Thus, identical contours correspond to
identical convex polygon areas, and hence
OR = 1. And for different contours, the
convex polygon areawill be alwayslarger,
OR< 109,

In Figure 2, it is noticed that thereis a
residual area between the lesion contour
and its respective convex polygon, so the
more irregular is the lesion contour, the
larger theresidual area. Thus, nrvisdefined
as the ratio between the residual area and
the convex polygon perimeter®,

Linear discriminant analysis

The calculated morphometric param-
eterswere submitted to astatistical method
caled linear discriminant analysis (LDA),
in order to distinguish breast lesions ac-
cording to the BI-RADS classification and
to the histologica diagnosis: either malig-
nant or benign.

Inasimpleway, LDA isutilized for data
classification and dimensionality reduc-
tion, and is based on the maximization of
the inter- and intraclass discrepancy, guar-
anteeing amaximum separation of data®?.

Considering the limited number of
cases, the authors have opted for analyzing
the parameters performance with basis on
the BI-RADS classification, dividing the
lesionsinto two groups as follows: lesions
classified as “BI-RADS 2 and 3", and le-

sions classified as “BI-RADS 4 and 5”.
Also, because of the limited number of
cases, the leave-one-case out method was
utilized® to give statistical validity to the
analysis. The combined parameters perfor-
mance was not studied. The hypothesis of
nonexistence of statistical difference be-
tween groups“BI-RADS 2 and 3" and “BI-
RADS4 and 5" was evaluated with at-test
(a = 1%) between the mean values of the
parameters for each group.

Theresult of the LDA applicationto the
parameters can be modeled as a random
bivariate normal variable whose probabil-
ity density functions (PDF) for the two
hypothesis present anormal distribution(®®.
Such distributions may overlap, implying
a compromise between false-positive and
false-negativeresults, sinceachangeinthe
decision making threshold affects the val-
ues for sensitivity and specificity in the
test®®. The ROC (receiver operating char-
acteristic) curveisatool that relates sensi-
tivity (S) and specificity (Sp) for each value
of the possible decision making threshold.
The areaunder the ROC curve (A,), amea-
surement usually employed, ranges from
0.5 (completely random behavior) to 1.0
(perfect discrimination). With such a defi-
nition, the most the curve approximatesthe
left upper corner of the chart (higher Sand
lower 1 — &), the best the diagnostic test
performance®?.

In the present study, the evaluation of
parameters performance in the differentia-
tion between malignant and benign lesions
was based on the area A, under the ROC
curve, aswell asonthevauesfor accuracy,
specificity and sensitivity, regarding the op-
erating point selected over the curve. It is

Figure 2. Example of regular (A) and irregular (B) lesion shapes (dark gray central area). The convex
polygon is the most exterior outline (white) surrounding the segmented lesion perimeter. Note that there
is a greater difference between the polygon perimeter and the irregular lesion.
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important to highlight that theLDA, aswell
as the parameters calculation were imple-
mented by means of software developed in
Matlab language (Mathworks, Natick,
USA).

RESULTS

The BI-RADS classification of lesions
is presented on Table 1. It is observed that
oneinvasiveductal carcinoma(Figure3A)
was classified as BI-RADS 3, and the he-
matoma (Figure 3B), as BI-RADS 4
(bolded figures on Table 1).

Table 2 presentsthe mean valuesfor the
calculated parameters and respective stan-
dard deviations for each of the BI-RADS
categories. Asthe parameters performance
in the distinction among consecutive Bl-
RADS categories was evauated, OR was
the best, being capable of statistically dif-
ferentiate between categories BI-RADS 3
and BI-RADS 4 (o = 5%; p = 0.015) and
between categories BI-RADS 4 and BI-
RADS5 (0 =5%; p=0.014). Besides OR,
the DWR parameter has demonstrated to be
capable of statistically differentiating be-
tween categories BI-RADS 3 and BI-
RADS 4 (o = 1%; p = 0.006), while C
could statistically differentiate between cat-
egories BI-RADS 4 and BI-RADS5 (a =
5%; p = 0.011).

The mean values of morphometric pa-
rameters and respective standard deviations
for lesion groups “BI-RADS 2 and 3" and
“Bl-RADS4 and 5" are presented on Table
3. Assessing the p-values (a = 1%) for the
t-test between mean values of morphomet-
ric parametersfor groups“BI-RADS 2 and
3" and “BI-RADS4 and 5", it is observed
that only RA could not differentiatethetwo
groups, while OR presented the greatest
difference between the groups averages.

ThePDF of thegroups“BI-RADS 2 and
3" and “BI-RADS 4 and 5" for the OR
parameter, aswell asthe ORvaluesfor each
lesion, are shown on Figure 4. As the dis-
tribution of values for the different groups
isanayzed, one observesthat lesions clas-
sified asBI-RADS 2 (3.1 + 1.6; asterisks
on Figure 4) are highly concentrated, indi-
cating reduced results dispersion. How-
ever, the OR value for the hyalinized fi-
broadenoma approximates 1.5 (largest
circleon Figure4), increasing the standard
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Figure 3. Sonographic image of invasive ductal carcinoma classified as BI-RADS 3 (A), and hematoma
classified as BI-RADS 4 (B).

Table 1 List of studied lesions and respective BI-RADS classification assigned by the radiologist.

BI-RADS
Histopathological 2 3 4 5 Total
Invasive ductal carcinoma - 1 9 8 18
Invasive lobular carcinoma - - 1 - 1
Medullary carcinoma - - 1 - 1
Metastatic carcinoma - - 1 - 1
Fibroadenoma 6 6 - - 12
Hyalinized fibroadenoma 1 - - - 1
Fibrocystic change 1 - - - 1
Cyst 3 1 - - 4
Hematoma - - 1 - 1

Table 2 Mean values and respective standard deviations of parameters for BI-RADS categories 2, 3, 4

and 5.
BI-RADS 2 BI-RADS 3 BI-RADS 4 BI-RADS 5
OR -3.1+1.6 -2.7 = 0.7 -0.9 + 2.3 1.5+ 1.8
DWR -1.9 *1.1 2.1 +1.3 0.1+20 1.0 =1.8
nrv -2.7 + 0.6 2.4 +1.0 -1.3 + 1.8 0.2 + 1.7
C -2.9 +0.5 -2.7 + 0.6 -2.0+1.2 03 +25
RA -0.05 = 0.52 -0.08 + 0.64 0.03 = 0.38 0.08 = 0.19

OR, overlap ratio; DWR, depth-to-width ratio; nrv, normalized residual value; C, circularity; RA, area ratio.

Table 3 Mean values and respective standard deviations of parameters for lesion groups “BI-RADS 2
and 3”, “BI-RADS 4 and 5”, and respective p values (o = 1%) for the t test among mean values.

DWR OR nrv C RA
BI-RADS 2 and 3 21=+11 -3.0+x13 -26=+08 -28=x05 -0.1 £ 0.6
BI-RADS 4 and 5 04 =+19 0024 -0.7+x19 -11x21 0.1+03
p-value (o = 1%) < 0.0001 < 0.0001 < 0.0003 < 0.002 0.201

DWR, depth-to-width ratio; OR, overlap ratio; nrv, normalized residual value; C, circularity; RA, area ratio.

deviation for the group BI-RADS 2. Le-
sionsclassified asBI-RADS 3 (-2.7+ 0.7,
smallest circles on Figure 4) present a
subtle concentration at the right side of
those classified as BI-RADS 2, but alittle
more scattered. Lesions classified as Bl-
RADS 4 (-0.9 + 2.3; diamonds on Figure

4) are more scattered, with three carcino-
mas (US images on Figure 5), and a med-
ullary carcinoma clearly occupying the re-
gion of the group “BI-RADS 2 and 3" (el-
lipse on Figure 4). Finaly, lesions classi-
fied as BIRADS 5 (1.5 + 1.8; squares on
Figure 4), despite their OR mean values

Radiol Bras. 2011 Set/Out;44(5):289-296
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Figure 4. Density probability function of “BI-RADS 2 and 3” and “BI-RADS 4 and 5” groups for the OR
parameter, as well as the OR values for each studied lesion.

higher than the values for those classified
as BI-RADS 4, overlap the latter because
of the scattering observed for both groups.

The result from the application of lin-
ear discriminant analysisto the parameters
in the differentiation between benign and
malignant lesions is presented on Table 4.
Amongst the studied morphometric param-
eters, OR presented the best performance

(A, = 0.86). Based on the OR parameter,
four carcinomas were classified as benign
lesions (S = 81.0%), while two fibroad-
enomas were classified as malignant le-
sions (S = 89.5%). It isimportant to note
that one of thefour carcinomas erroneously
classified by the OR parameter istheinva-
sive ductal carcinoma classified as Bl-
RADS 3 (Figure 3A; bolded figures on

Table 4 Accuracy, sensitivity and specificity val-
ues based on the application of discriminant analy-
sis to the morphometric parameters in the differ-
entiation between malignant and benign lesions.

A, Ac (%) S (%) Sp (%)
OR 086 850 810 895
DWR 0.85 825 857 789
nv 083 8.5 762 895
cC 081 8.0 810 895
RA 062 725 762 684

OR, overlap ratio; DWR, depth-to-width ratio; nrv, nor-
malized residual value; C, circularity; RA, area ratio; A,,
area under the ROC curve; Ac, accuracy; S, sensitivity;
Sp, specificity.

Table 1). The other three carcinomas clas-
sified as benign by the OR parameter are
shown on Figure 5. The PDF of both be-
nign and malignant lesions for OR, aswell
as their values for each studied lesion, are
shown on Figure 6.

The DWR parameter presented the sec-
ond best performance (A, = 0.85), with
three carcinomas (US images on Figures
3A, 7A and 7B) classified asbenignlesions
(S=85.7%); and threefibroadenomas (two
examples on Figures 7C and 7D), and one
cyst classified as malignant lesions (§p =
78.9%).

The C parameter, despite the lower
value for A, (0.81) as compared with the
OR, demonstrated accuracy, sensitivity and
specificity equivalent to ones of the best
parameter. Figure 8, with ROC curves of

Figure 5. Sonographic images of the two invasive ductal carcinomas (A,B), and of the medullary carcinoma (C) classified as benign lesions by the OR param-
eter. These same lesions were correctly classified by RA and DWR.

Radiol Bras. 2011 Set/Out;44(5):289-296
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the parameterswith A, values > 0.80, dem-
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X Benignas || ating point with the OR curve (arrow on
O Mslignas Figure 8).
YT Thelowest vauefor specificity (76.2%6)
P resulted from the nrv and RA parameters,
which classified five carcinomas as benign
lesions. However, nrv presented higher
specificity (89.5%) than RA (68.4%), con-
sidering that only two fibroadenomaswere
classified as malignant lesions by nrv, as
compared with five fibroadenomas and one
cyst equivocally classified by RA.

Finally, theworst performancewas pre-
sented by the RA, with values < 80% for
accuracy (72.5%), sensitivity (76.2%) and
specificity (68.4%).
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Figure 6. Density probability function of benign and malignant lesions for the OR parameter, as well as
OR values for each studied lesion.
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Figure 7. Sonographic images of two invasive ductal carcinomas (A,B) classified as benign lesions by DWR. These same lesions were correctly classified by the
OR parameter. Sonographic images of two of the fibroadenomas (C,D) classified as malignant lesions by DWR. These same lesions were correctly classified by
the OR parameter.
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Figure 8. ROC curves of parameters with A, values > 0.80. The arrow indicates the coincidental operat-

ing point between the OR and C ROC curves.
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DISCUSSION

Ultrasonography has demonstrated to
play arelevant role as an adjuvant to mam-
mography inthe diagnosis of breast cancer,
and the BI-RADS |exicon has aided in the
consolidation of such arole®®. The main
objective of the BI-RADS lexicon for US
isto standardize the assessment and report-
ing of breast lesions identified on US im-
ages, which tends to facilitate the
sonographic finding follow-up through the
comparison with subsequent reports. How-
ever, despitethe standardization alowed by
the BI-RADS, the sonographic examina-
tion as well as the respective reporting is
still an operator-dependent task. Addition-
aly, reports in the literature demonstrate
that, as the BI-RADS lexicon for US is

Radiol Bras. 2011 Set/Out;44(5):289-296



Calas MJG et al.

adopted, moderate to substantial levels of
agreement have been found in inter- and
intraohserver studies®1214-17),

In the present study, five morphometric
parameters were calculated and their per-
formances were evaluated in the differen-
tiation of breast lesions classified as Bl-
RADS 2, 3, 4 and 5 at US, with basis on
the results of respective histopathological
reports. Amongst the five studied param-
eters, four of them could statisticaly dif-
ferentiate the groups “BI-RADS 2 and 3"
and “BI-RADS 4 and 5”. The RA param-
eter was the sole exception, and, amongst
the other four parameter, OR presented the
greatest difference betweenitsmean values
for the two groups.

According to theliterature, asignificant
interobserver variability may be observed
in the classification between BI-RADS
categories 3 and 4", The excessive clas-
sification of BI-RADS 3 lesions as BI-
RADS 4 would lead to a decrease in the
biopsiesspecificity and to anincreaseinthe
number of unnecessary invasive proce-
dures. On the other hand, the excessive
classification of BI-RADS4 lesionsasBI-
RADS 3 would lead to |ate diagnosis of a
certain number of malignant lesions.

In the present study, BI-RADS catego-
ries 3 and 4 were differentiated by the OR
and DWR parameters, suggesting that such
parameters might be useful to distinguish
between lesions in these two categories.
Also, OR and DWR were the morphomet-
ric parameterswith best performancein the
differentiation between benign and malig-
nant lesions (Table 4).

Amongst thefour carcinomas classified
as benign lesions by OR, one presented
characteristics typical of fibroadenomas
(Figure 3A), and was also classified as Bl -
RADS 3. The other three carcinomas pre-
sented heterogeneous echotexture and
lobulated contour at US (Figure 5). Such a
finding indicates that OR is not the better
parameter to quantify irregularities and
lobulations of alesion contour. Despite its
underperformance (Table4), the RA param-
eter could quantify such characteristics,
correctly classifying these lesions.

The DWR parameter presented the sec-
ond best performance in terms of A,, cor-
rectly identifying three of the four carcino-
mas equivocally classified as benign le-
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sions by the OR parameter (Figure 5), as
well asthetwo benign lesions (onefibroad-
enoma and the hyalinized fibroadenoma)
classified as malignant lesions by the OR
parameter.

On the other hand, other three malignant
lesions (carcinomas) wereequivocally clas-
sified asbenign lesionsby the DWR param-
eter, one of them being thelesion classified
as BI-RADS 3 by the radiologist and as
benign by the OR parameter (Figure 3A).
The other two malignant lesions presented
echographic characteristics corresponding
to BI-RADS 4 and 5, but, because of their
horizontal orientation, the DWR parameter
classified them as benign lesions (Figure
7). It isimportant to note that these same
two lesionswere correctly classified by the
OR parameter. The four benign lesions
classified as malignant by DWR presented
echographic characteristics corresponding
to benign lesions. However, the quantita-
tive analysis of the DWR parameter indi-
cates asubtle verticalization of thelesions,
according examples shown on Figures 7C
and 7D. Nevertheless, in acomplementary
role, the OR parameter correctly classify
these four lesions.

The C parameter, despite its lower A,
value, presented a performance equivalent
to ORin terms of accuracy, sensitivity and
specificity. Additionally, C wastheonly pa-
rameter that has classified as malignant le-
sion, the carcinomaindicated asBI-RADS
3 (Figure 3A). It is important to highlight
that the literature indicates C as arelevant
parameter in the differentiation between
malignant and benign lesions!?®39),

Finaly, the hematoma classified as Bl -
RADS4 was correctly classified asbenign
by all the studied parameters.

Theanalysisof the ORand DWR param-
eters performance suggeststhat acombina
tion of different parameters might add rel-
evant information to the quantification of
morphometric characteristics of lesions,
improving the performance achieved with
individual parameters. Additionally, it cor-
roboratestheresultsreported by other stud-
iesdemonstrating that irregularity inlesion
contour, as well as the depth-to-width ra-
tio constitute relevant characteristicsin the
differentiation between malignant and be-
nign lesions at US images®>?%2” and can
be quantified by morphometric parameters.

CONCLUSION

Amongst the studied morphometric pa-
rameters, OR could statistically differenti-
ate BI-RADS categories 3 and 4 and BI-
RADS 4 and 5, suggesting that the evalua-
tion of morphometric parameters calcu-
lated on the basis of breast |esions contour
at US may be useful in the differentiation
of BI-RADS categories. Additionally, the
OR parameter presented the best perfor-
mance in the differentiation between ma-
lignant and benign lesions. Such results
demonstrate the potentiality of the morpho-
metric analysis to aid in the distinction of
patients who should be submitted to inva-
sive procedures from those who otherwise
could safely be followed-up with imaging
methods, reducing both financia and emo-
tional burdensin specific cases. Itisimpor-
tant to highlight that considering the
present casuistry limitation, a further and
more comprehensive study is planned by
the authors. As a future proposal, the au-
thors suggest an analysis of the present
parameters in combination with others,
such astexture, besides a higher number of
imagesfor an appropriate eval uation of the
correlation between quantitative param-
etersextracted from sonographi cimages of
breast lesions and their respective Bl-
RADS categories.
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