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Abstract

Objective: To describe the texture characteristics in several anatomical structures

within fetal ultrasound images by applying an image segmentation technique through

an application developed in MATLAB mathematical processing software.

Methods: Prospective descriptive observational study with an analytical component.

2D fetal ultrasound images were acquired in patients admitted to the Maternal Fetal

Medicine Unit of the Hospital de San José, Bogotá-Colombia. These images were

loaded into the developed application to carry out the segmentation and characteri-

zation stages by means of 23 numerical texture descriptors. The data were analyzed

with central tendency measures and through an embedding process and Euclidean

distance.

Results: Forty ultrasound images were included, characterizing 54 structures of the

fetal placenta, skull, thorax, and abdomen. By embedding the descriptors, the differ-

entiation of biologically known structures as distinct was achieved, as well as the

non-differentiation of similar structures, evidenced using 2D and 3D graphs and

numerical data with statistical significance.

Conclusion: The texture characterization of the labeled structures in fetal ultrasound

images through the numerical descriptors allows the accurate discrimination of these

structures.
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1 | INTRODUCTION

An ultrasound image, in its most straightforward concept, is a two-

dimensional array of elements, where each one contains a value

related to the color or intensity level in the captured scene.1 In techni-

cal terms, this grid is a matrix, and each grid point is a pixel. The

dimensions of this matrix directly represent the resolution of

the image, that is, the greater the number of pixels, the greater the

resolution in the image.2 The intensity values of the pixels are essen-

tial information that forms the image and corresponds to its spatial

domain. Many image processing operations are defined in this domain,

in pre-processing stages, such as denoising, histogram transforma-

tions, and spatial filtering, among others.3 However, spatial domain

processing can also be applied to characterization, segmentation and

description of regions stages based on the relationship between the

intensities of adjacent pixels and their relative variation, which can be

directly related to the textures observed within the image.4 In this

case, the spatial domain processing is applied to improve the inter-

pretability of the information contained in the scene, which may not

be apparent enough to the naked eye, taking into account the
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different scenarios related to the acquisition technology or ilumination

issues. This applies to a greater extent to ultrasound images, which

are easily affected by noise due to their capture technology based on

ultrasound frequency signals, in addition to the fact that their quality

is operator dependent.5

Image segmentation is a stage included in image processing sys-

tems that allows to partition a scene between the objects that com-

pose it. In medical imaging, segmentation makes it possible to

distinguish regions associated with different anatomical structures for

more detailed analysis.6 The distinction of these regions is made by

using the information of the pixels through the analysis of high-

frequency components such as edges and lines, or by low-frequency

components such as the textures of the regions.7 In medical research,

the main objective of segmentation is the separation of different ana-

tomical structures through the extraction and classification of their

characteristics.8 Various data processing platforms could be consid-

ered for working with images, acknowledging their matrix structure,

and various programming languages that allow building algorithms to

solve problems involving images.9

In fetal ultrasound images, advances in capture technology and in

the medical interpretation of captures have opened the door to the

detection of numerous fetal and ovular abnormalities. However, some

patterns and data relationships at the pixel level remain difficult to

discover despite a high degree of experience in obstetric practice.

Therefore, certain image characteristics can be analyzed from the

application of computational processing techniques that allow

expanding the information obtained, precisely its texture, and in this

context, to make precision diagnoses in pregnancy care or even in the

planning of fetal surgeries.10

Since it is a broad field to be explored that could significantly help

prenatal diagnosis in fetal medicine units, this research proposes the

characterization of texture in fetal ultrasound images by applying a

spatial domain segmentation technique through an application devel-

oped in the mathematical processing software MATLAB.

2 | MATERIALS AND METHODS

This is a prospective descriptive observational study with an analytical

component. Forty fetal ultrasound images of women with low obstet-

ric risk pregnancies without associated comorbidities and fetuses

without known structural or infectious pathology obtained during the

second trimester of pregnancy were included. We excluded fetal

ultrasound images of women who presented technical difficulties for

image acquisition and could not meet acquisition standards due to

fetal conditions (fetal position with dorsum anterior or posterior, oli-

gohydramnios or polyhydramnios) or maternal conditions (increased

body mass index or maternal abdominal scars).

The development of the project was carried out following a meth-

odology divided into phases:

• Image selection: The images were selected from pregnant women

who attend ultrasound evaluation (outpatient or emergency) in the

Maternal Fetal Medicine Unit of the Hospital de San José Bogotá.

These images were obtained with a SAMSUNG Accuvix V10

(Seoul-Korea) ultrasound machine in the “General Obstetrics” pre-

set, with a 10 frames per second and 98 dB acoustic power, using

a convex probe working at 3.5 to 5 MHz. Images were taken in

classic standardized planes for biometry, as follows: ten axial

section images of the fetal brain in the transthalamic plane, ten

images of the fetal thorax in a four-chamber view, ten axial

section images of the fetal abdomen and ten images longitudinal

section of the placenta. Following these stablished settings and the

aforementioned acquisition protocol, our aim was to obtain

the less variability within the planes and maintain an optimal reso-

lution for the subsequent analysis. These images were downloaded

to a Universal Serial Bus (USB) 32 Gb device in a .bmp (bit maps pro-

tocol) format since it is a lossless format, which does not allow

altering the information of the pixels when storing

it. Subsequently, the images are uploaded to a cloud server from

where they are made available for processing on a computer with

permission to use the application.

• Images loading to the application created in MATLAB: The applica-

tion was developed using the MATLAB® (MATrix LABoratory) math-

ematical software version 2021a. For a better usability, a user

interface was also developed, for the specialist to perform the dif-

ferent stages of image processing, with a module for loading

images. Initially, within the applicative, the selected images are

loaded and the module is in charge of loading, and showing the

image in the interface window.

• Definition of gray level and threshold parameters: The processing is

performed in the spatial domain of the image by analyzing intensity

levels. Within the applicative, the module in charge of this stage

allows defining the initial intensity level parameters s and a com-

parison threshold T, through sliders that will enable interactive

modification of their values. The degree of intensity for the present

work is defined as the intensity of the pixels, which for the analysis

of the ultrasound image, would be represented by the power of

the echoes translated in the ultrasound system. The threshold is

the minimum or initial point to start the image analysis process. Let

f x,yð Þ be an image function at positions x,y�N, where each posi-

tion corresponds to a certain intensity level ρ� 0,255½ �. These

intensity levels will be subsequently evaluated together with the s,

T parameters to generate the segmented image, understanding

segmentation of the image as its partition until a region of interest

is achieved with an area defined at the threshold and similar inten-

sity, which allows analysis of the pixel characteristics.

• Region growing: It refers to the image region where the pixel analy-

sis began in terms of intensity and threshold. Based on the previ-

ously defined parameters, the loaded image is processed and the

regions containing pixels that meet the values represented by

the two parameters are found. For this, the application uses this

region growing strategy which proposes an algorithm as follows11:

a. An image S x,yð Þ is obtained which contains all the “seed” pixels

that meet the condition f x,yð Þ¼ s.
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b. The threshold condition is evaluated on each pixel of the image

and a certain value is assigned depending on the

result: fQ x,yð Þ¼ 1! s� f x,yð Þj j≤ T
0! s� f x,yð Þj j> T

�

c. A new image is generated g x,yð Þ in which only the pixels of

fQ x,yð Þare considerated which are found 8-connected in the vicin-

ity of each seed S x,yð Þ.
d. Each connected component of g x,yð Þ is assigned a different label.

The software assigns a colorimetric code to differentiate internal

or external connected pixels according to intensity and threshold

analysis. The color is randomly assigned and does not correlate to

the intensity of the analyzed growth area. The latter is assigned by

the software according to the specific area of interest given by the

user of the image analyzer Figure 1.

• Regions visualization: To analyze the segmented regions, the image

g x,yð Þ is presented within the application, containing from 1 to n

regions. The labels are associated with each region, as explained

above, with a particular color assigned by the function “label2rgb”.
The regions with their respective colors are presented as an addi-

tional image Figure 1.

Different regions will be obtained depending on the parameter

values in the segmentation stage. The Maternal Fetal Medicine

specialist configures the appropriate values to receive the follow-

ing structures: in skull images, segmentation and labeling of the

proximal calotte, distal calotte, interthalamic midline, anterior mid-

line, median wall of proximal and distal anterior horn, lateral wall of

proximal and distal anterior horn, insula, choroid plexus, proximal

F IGURE 1 Application interface during the segmentation process of loaded images, by means of the growing region technique, where an
intensity value and T threshold are defined, from which at least two types of regions are distinguished: those that meet or not, on condition fQ. In
a, an image of the fetal skull in transthalamic section is observed, in which with an intensity of 132 and a threshold of 24 it is possible to segment

into R2 proximal calotte, R3 choroid plexus, R6 interthalamic midline, R12 parahippocampal gyrus, R13 anterior midline, R14 lateral wall of the
distal anterior horn and R21 proximal, R19 medial wall of the proximal anterior horn and R22 distal, R20 insula. In b, an image of the fetal thorax
in a 4-chamber section is observed, with an intensity of 4 and a threshold of 4, the segmentation of R3 left ventricle, R4 right ventricle, R6 right
atrium and R8 descending aorta is performed; c shows an image of the fetal abdomen in axial section for biometry, with an intensity of 17 and a
threshold of 19, showing the segmentation of R3 gastric chamber, R4 intraabominal umbilical vein, R6 right adrenal gland, and R7 left adrenal
gland. Finally, in d a longitudinal section of the placenta is observed with an intensity of 151 and a threshold of 29 that shows the segmentation
of R2 maternal plate and R10 fetal plate.
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thalamus, distal thalamus, proximal peduncle, distal peduncle, para-

hippocampal gyrus, frontal, parietal, and occipital lobes. In the tho-

rax, we proceed to segment the proximal rib, distal rib, column,

skin, right ventricle wall, left ventricle wall, papillary muscle, intera-

trial septum, interventricular septum, mitral valve, tricuspid valve,

right atrium, left atrium, right ventricle, left ventricle, descending

aorta, upper and lower left lung, and upper and lower right lung.

On the other hand, the abdomen, proximal rib, distal rib, column,

skin, gastric wall, gastric chamber, left adrenal gland, right adrenal

gland, umbilical vein and liver were obtained. Finally, in the images

of the placenta, labeling of amniotic fluid, placenta in the medial

region, placenta in the lateral region, fetal plaque, maternal plaque

and retroplacental space is performed. Figure 1

• Region selection: From each labeled region presented in the image,

a selection is made to apply the defined descriptors that allow

quantifying the information contained in them.

• Calculation of descriptors: Shape and texture descriptors are com-

puted: Solidity, perimeter, average gray level, contrast, smoothness

of the image (smoothness), third moment, uniformity, area, cen-

troid x, centroid y, eccentricity, number Euler, entropy, Hu invari-

ant moments (from 1 to 8), gray level and threshold. This stage

results in a vector with 23 features (dimensions of each structure),

for each segmented and selected structure Mi.

• Data export: The data generated by the application is derived in

terms of quantitative variables to a .csv format, which is exported

to an Excel database and subsequent transformation to a MATLAB

statistical package for analysis.

• Data analysis: The characteristics of each image were analyzed in

terms of their statistical moments with measures of central ten-

dency: mean and standard deviation. Due to the size of the chosen

sample, represented in the number of images used that in turn are

translated into different segmented regions, the amount of data

obtained is considerably high in computational terms. In addition,

each data is represented in 23 dimensions associated with the

descriptors, which made it necessary to use a representation tech-

nique that facilitates its analysis and comparison between seg-

mented structures across all the images. This is why an embedding

process is performed in order to bring the 23 descriptors obtained

for each image (23 dimensions) to 2 or 3 dimensions (as configured

within the algorithm). This procedure uses the t-distributed Stochastic

Neighbor Embedding (tSNE) method. This method assumes Gaussian

distribution functions on each data (Mi structure) in the original

dimension (23D), and the probability that the other data Mj belong

to said distribution is calculated12:

pij ¼
exp � Mi�Mj

�� ���� ��2=2σ2� �
P

k ≠ lexp � Mk�Mlj jj j2=2σ2ð Þ

Then we proceed to create a smaller dimensional space with the

coordinates of the structures in a random way using a t-student distri-

bution in 2 or 3 dimensions. These random coordinates are fitted by

the Kullback Leibler (KL) distance, minimizing the distances between

the distributions in normal space and embedded space. The

coordinates are taken to the domain from �1 to 1 by a scale normali-

zation and, since it is a stochastic process, it is repeated 10 times each

for the statistical validity of the results. Finally, to determine the set

of morphological and statistical measurements that allow optimally

differentiating the anatomical regions evaluated, the Euclidean dis-

tance is applied D Mi,Mj

� �¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn
k¼1 Mi,k�Mj,k

� �
2

q
with k representing

each dimension of embedment from 1 to 2 or 3 depending on the

selection, between each pair of structures in the lower dimension

space. Statistical moments such as the mean and variance of said dis-

tances are obtained from this analysis, necessary to determine the

most discriminating characteristics from the greatest distances

obtained.

The Pearson correlation coefficient was applied to these data,

taking as H0 the similarity of the structures and H1 the difference

between them, considering p < 0.05 as significant.

To control selection bias, the selected images must comply the

standardized parameters for taking fetal biometrics from international

(ISUOG)13 and national (FECOPEN) guidelines.14 In order to avoid the

loss of information contained in the image, the use of the image for-

mat that loses less information is considered, which is .bmp, since in

this the pixel information is stored through a bit level without any

compression. Additionally, in the image loading process, MATLAB

asigns two-dimensional array according to the bitmap file, with which

the information of each pixel is exactly that stored in the file. When

working with an embedding process based on probability distribution

functions, there is a certain degree of randomness in the procedure,

therefore, the same procedure was carried out 10 times to ensure its

statistical validity. Despite all the uniform technical and protocol con-

ditions that are used to start the segmentation process in the applica-

tion, the definition of intensity and threshold levels, as well as the

labeling of the regions is a task performed by a human operator.

Ethical considerations: This research protocol was presented to

the institutional ethics committee where it was considered a risk-free

research.

3 | RESULTS

In total, forty fetal ultrasound images that met the indicated inclusion

and exclusion criteria were included. The mean gestational age of the

pregnancies included was 21.5 +/� 2.2 (19.3–23.7) weeks. After ana-

lyzing the data obtained from the 23 descriptors for each of the struc-

tures of the different images, the following characteristics were

obtained: for each skull image, 18 structures were considered, obtain-

ing a total of 414 texture descriptor data, with a total of 4140 data for

all fetal skull images. In each of the thorax images, 20 structures were

labeled, which generated 460 descriptor data, for a total of 4600 for

all fetal thorax images. Likewise, for the images of the fetal abdomen,

ten structures were used, obtaining 230 descriptor data per image

and a total of 2300 for the set of abdomen images. Finally, 6 structures

were labeled for the placenta images, receiving 138 descriptor numer-

ical data for each image and a total of 1380 data for all the placenta

images. In the end, raw data of the 23 descriptors were obtained for
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each of the 54 labeled structures, with a total of 12 420 pieces of

data, which were normalized by z-score and grouped in means and

variances to analyze the distance to the centroid of the model. Sub-

sequently, to achieve the analysis and representation of the data,

the 23 dimensions associated with the descriptors were taken to

the embedding process in order to be reduced to 2 and 3 dimen-

sions. The embedding of the data was carried out in 10 repetitions,

then means and variances were obtained for each of them, which

were plotted in 2D and 3D planes compared to other structures

(comparison in graphs 1 to 1 and in the same graph with all the

other structures of the section) which allows observing the discrimi-

nation that embedment makes in the search of structures that are

biologically and histologically different, as well as keeping a similar

dispersion of the data in those structures that are presumed to have

a similar macroscopic and microscopic texture (same structure on

the other side of the midline, same structure in another case or

structure with similar histology). In Figures 2–5 it is possible to

observe the 2D and 3D graphic distribution of the data derived from

the embedding process for representative structures of the skull,

thorax, abdomen and placenta respectively, showing the distribution

of the means of each case at its centroid, and the relationship of the

data of each structure with others, whether they are of biology

known to be similar or not. When the descriptors were analyzed

individually, it was striking that, in the cerebral lobes, the Hu

moments were the descriptors that consistently had a high correla-

tion with significant p values (p = 0.000).

The Euclidean distance was applied to each of the cases in all the

structures and their centroid, again obtaining means and variances,

with which a lower value is observed numerically between data

belonging to the same anatomical structure (intra-structure), and

greater distances in structures in which a biologically different texture

is known (between structure). In Tables 1–4, distance is classified into

three categories, green for distances less than 0.5, yellow for dis-

tances between 0.51 and 0.80, and orange for distances greater than

0.81. In all these tables, the intra-structure distances are consistently

observed on the diagonal, which works as a control, these being the

shortest distances found. Marked as green, but with a slightly greater

distance than the previous ones, are the homologous structures on

the other side of the midline, such as the proximal and distal calotte

(Table 1), the proximal and distal rib (Table 2), and the right adrenal

and left (Table 3). The other short distances found are when compar-

ing structures with known biological similarity, thus in Table 1, those

structures of interfaces and convolutions (anterior and interthalamic

midline, medial and lateral wall of anterior and posterior horns, insula

and parahippocampal gyrus), thalami and peduncles and grouping of

cerebral lobes. In Table 2, the grouping of structures formed by myo-

cardium (right ventricle wall, left ventricle wall, papillary muscle,

interatrial septum, interventricular septum, mitral valve, tricuspid

valve), among these also being the shortest distances between the

structures of greater similarity such as tricuspid valve versus mitral

valve, and interatrial septum versus interventricular septum; in addi-

tion to middle versus lateral placenta and maternal plaque versus fetal

F IGURE 2 2D and 3D graphs that represent the process of embedding texture descriptors in fetal skull structures, showing the centroid of
each structure in the larger colored circles and each point associated with the structure in smaller size. Mi. In a and b the distribution of
embedded data is observed for the proximal thalamus, distal thalamus, proximal calotte and distal calotte, observing a similar dispersion of the
data for the first two and also for the last two, but keeping a clear distribution difference between these pair of structures. In c and d, the data of
the distal peduncle, proximal peduncle, occipital lobe and parietal lobe are observed, again showing a similar distribution of the means of the first
two structures and their differentiation with the last two, which in turn have a related spatial distribution.
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F IGURE 4 2D and 3D graphs that represent the process of embedding texture descriptors in fetal abdomen structures, showing the centroid
in the larger colored circles and the smaller each point associated with the structure Mi. In a and b, the embedded data of the right adrenal, left
adrenal, and liver are plotted, showing a clear trend towards a similar distribution for the first two, and an evident difference with the data of the
liver structure. In c and d the data distribution of the column, gastric wall and gastric chamber are observed, observing a separation of the data of
the last structure that, unlike the first two, has an aqueous content.

F IGURE 3 2D and 3D graphs that represent the process of embedding texture descriptors in fetal thorax structures, showing the centroid in
the larger colored circles and the smaller each point associated with the structure Mi. In a and b the distribution of embedded data of the
interatrial septum, interventricular septum, mitral valve and tricuspid valve is observed; showing a similar distribution of the data for the first two
structures and for the last two. In c and d the data of proximal rib, distal rib, RV wall (Right ventricle wall) and VI wall (left ventricle wall) are
plotted, again similar distributions are observed for biologically similar structures.

6 MOLINA-GIRALDO ET AL.



plaque in Table 4. Intermediate distances, marked in yellow, were also

obtained from structures whose content is similar, such as those that

contain liquid, and is the case of the umbilical vein versus gastric

chamber in Table 3. The greatest distances obtained, marked in

orange, were those found between structures of different known his-

tology such as skull versus interface structures and gyri in Table 1; in

Table 2, ribs versus myocardial-derived structures, blood-containing

structures (right atrium, left atrium, left ventricle, and right ventricle)

versus myocardial-derived structures, and lungs versus myocardial-

derived structures; in Table 3 the grouping of osteocartilaginous

structures (proximal rib, distal rib and column), skin and muscles (gas-

tric wall) versus structures containing fluid (umbilical vein and gastric

chamber), and amniotic fluid versus placental tissue in Table 4.

Finally, comparing the Euclidean distances between structures

yielded significant p (<0.05) in multiple descriptors between structures

of different presumed textures, evidencing the differentiation of struc-

tures by texture descriptors. As well as finding a non-significant differ-

ence in the distance of structures known to be similar: proximal

thalamus versus distal thalamus (p = 0.827), mitral valve versus tricus-

pid valve (p = 0.704), left adrenal versus right adrenal (p = 0.489), and

fetal plaque versus maternal placental plaque (p = 0.407). Table 5.

4 | DISCUSSION

The use of image segmentation is motivated by the possibility of

divide or separate the image into regions with similar attributes, being

one of the first steps in analysis and scene interpretation.5 In general,

image processing applications are focused on intensity or grayscale

analysis,15 and specifically, image segmentation in medical research

seeks to separate and differentiate anatomical structures through the

extraction and classification of features.8 However, these could also

lead to a processing system that aims to improve the interpretability

of the information contained in the pixels, such as texture. Moreover,

to efficiently reflect these advantages of image processing to clinical

process, the features extracted and the segmented regions could be

presented to ultrasound specialists that are interested on fetal diagno-

sis. The use of user interface that interactively perform segmentation

of anatomical structures in fetal ultrasonography will facilitate visuali-

zation and understanding of the present information.

Our results achieved the characterization of the texture of fetal

placenta, skull, thorax, and abdomen structures (54 structures in total)

in ultrasound images by means of 23 numerical descriptors. It is note-

worthy that when loading the images of any of the four slices into the

application, after the segmentation and labeling of the structures, it is

able to recognize similar and opposite texture features, that is, echo-

graphically similar attributes (hyper, hypo, or anechoic) are recognized

by the derived methodology. This is demonstrated because when

comparing the differentiation capacity of the application, after the

segmentation of the 18 labeled structures in fetal skull images, and

application of the embedding process and Euclidean distance, there

were statistically significant graphic and numerical differences

between structures with biological known as distinct (p < 0.000).

When segmenting areas such as thalami on each side of the midline,

F IGURE 5 2D and 3D graphs that represent the process of embedding texture descriptors in placenta structures, showing the centroid in the
larger colored circles and the smaller each point associated with the structure Mi. In a and b, the distribution of means of medial placenta, lateral
placenta and amniotic fluid is observed, observing a separation of the data of the last structure which, unlike the first two, is aqueous. In c and
d the data of amniotic fluid, maternal plate and retroplacental space are observed, again observing a clear separation of the first structure from
the others, due to its nature of liquid.

MOLINA-GIRALDO ET AL. 7



T
A
B
L
E
1

M
ea

n
em

be
dm

en
t
di
st
an

ce
s
w
it
hi
n
st
ru
ct
ur
es

an
d
be

tw
ee

n
st
ru
ct
ur
es

in
th
e
im

ag
e
o
f
th
e
fe
ta
ls
ku

ll
in

tr
an

st
ha

la
m
ic
se
ct
io
n.

St
ru
ct
ur
e

IT
M

P
A
H
M

D
A
H
M

A
M
L

In
su
la

C
P

P
C

D
C

D
T

D
P

P
P

P
T

P
A
H
L

D
A
H
L

O
L

P
L

F
L

P
H
G

IT
M

0
,3
6
8

0
,3
5
1

0
,3
9
3

0
,3
6
8

0
,3
8
4

0
,8
7
4

1
5
6
1

1
4
7
7

0
,5
1
9

0
,3
8
4

0
,3
9
5

0
,5
2
8

0
,5
2
4

0
,4
3
4

0
,7
2
0

1
1
0
2

0
,9
4
6

0
,3
6
4

P
A
H
M

0
,3
9
4

0
,3
5
7

0
,3
6
3

0
,3
8
8

0
,3
9
8

1
0
6
6

1
7
4
7

1
6
6
3

0
,5
9
8

0
,3
8
2

0
,4
1
1

0
,6
1
7

0
,4
2
9

0
,3
7
9

0
,8
9
2

1
2
9
3

1
1
3
9

0
,3
6
8

D
A
H
M

0
,4
2
2

0
,3
3
4

0
,3
0
9

0
,4
0
7

0
,4
2
1

1
1
8
4

1
8
6
7

1
7
8
3

0
,6
8
3

0
,3
7
5

0
,4
3
4

0
,7
0
7

0
,3
3
8

0
,3
1
1

1
0
0
7

1
4
1
2

1
2
5
7

0
,3
5
9

A
M
L

0
,4
8
9

0
,4
8
6

0
,5
0
8

0
,4
8
7

0
,4
9
5

0
,9
2
5

1
5
9
4

1
5
1
1

0
,6
1
6

0
,4
9
1

0
,4
9
8

0
,6
2
7

0
,5
8
7

0
,5
2
8

0
,7
9
8

1
1
4
3

0
,9
9
2

0
,4
8
4

In
su
la

0
,4
1
0

0
,4
2
3

0
,4
6
8

0
,4
0
4

0
,3
9
4

0
,8
9
1

1
5
7
1

1
4
8
7

0
,4
8
6

0
,4
0
9

0
,4
0
5

0
,5
0
2

0
,5
7
6

0
,4
9
9

0
,7
2
0

1
1
1
9

0
,9
6
6

0
,4
0
9

C
P

0
,9
0
0

1
0
4
9

1
1
6
9

0
,9
1
1

0
,8
8
6

0
,4
0
9

0
,6
9
9

0
,6
2
4

0
,6
3
6

0
,9
7
2

0
,8
8
3

0
,6
1
8

1
3
4
0

1
2
2
7

0
,4
3
2

0
,4
3
3

0
,4
1
4

0
,9
8
7

P
C

1
5
5
9

1
7
3
0

1
8
5
4

1
5
7
7

1
5
5
4

0
,6
9
5

0
,1
4
1

0
,1
6
3

1
2
3
3

1
6
5
4

1
5
4
8

1
2
0
7

2
0
2
8

1
9
1
3

0
,8
8
0

0
,4
6
7

0
,6
2
4

1
6
6
8

D
C

1
5
6
3

1
7
0
2

1
8
0
9

1
5
7
6

1
5
5
4

0
,8
5
9

0
,3
6
7

0
,4
0
3

1
2
9
5

1
6
3
5

1
5
5
1

1
2
7
4

1
9
6
4

1
8
6
0

1
0
0
9

0
,6
7
7

0
,8
0
3

1
6
4
8

D
T

0
,4
6
9

0
,5
8
8

0
,6
8
8

0
,4
7
4

0
,4
7
7

0
,6
8
4

1
2
3
7

1
1
5
5

0
,4
1
9

0
,5
4
1

0
,4
5
3

0
,4
2
9

0
,8
3
8

0
,7
3
6

0
,5
7
0

0
,8
3
7

0
,7
2
3

0
,5
4
0

D
P

0
,5
0
2

0
,4
8
8

0
,5
0
1

0
,4
9
3

0
,4
9
1

0
,9
8
4

1
6
6
8

1
5
8
4

0
,5
6
1

0
,4
7
8

0
,4
9
1

0
,5
7
2

0
,5
4
5

0
,5
0
8

0
,8
0
9

1
2
1
3

1
0
5
8

0
,4
8
4

P
P

0
,4
1
6

0
,4
4
1

0
,4
9
7

0
,4
0
9

0
,4
1
2

0
,8
8
0

1
5
6
0

1
4
7
7

0
,4
7
6

0
,4
1
2

0
,3
9
9

0
,4
8
9

0
,5
9
4

0
,5
2
5

0
,7
2
9

1
1
0
5

0
,9
5
0

0
,4
1
8

P
T

0
,4
4
8

0
,5
7
8

0
,6
8
1

0
,4
5
9

0
,4
5
7

0
,5
5
1

1
2
0
9

1
1
2
8

0
,3
3
2

0
,5
2
9

0
,4
3
7

0
,3
3
1

0
,8
4
4

0
,7
3
1

0
,4
4
9

0
,7
5
2

0
,6
0
2

0
,5
3
0

P
A
H
L

0
,5
6
4

0
,4
3
6

0
,3
7
1

0
,5
4
6

0
,5
6
5

1
3
6
7

2
0
4
8

1
9
6
5

0
,8
6
2

0
,4
9
1

0
,5
7
4

0
,8
8
5

0
,3
2
5

0
,3
4
9

1
1
9
1

1
5
9
5

1
4
4
0

0
,4
7
8

D
A
H
L

0
,5
1
0

0
,4
2
5

0
,3
8
9

0
,5
0
0

0
,5
1
5

1
2
6
2

1
9
3
9

1
8
5
5

0
,7
6
8

0
,4
6
6

0
,5
2
6

0
,7
8
9

0
,3
8
4

0
,3
7
9

1
0
8
6

1
4
8
7

1
3
3
4

0
,4
5
3

O
L

0
,8
8
1

1
0
0
4

1
0
9
7

0
,8
9
6

0
,8
8
4

0
,5
9
5

0
,9
0
8

0
,8
5
3

0
,7
0
5

0
,9
5
5

0
,8
7
9

0
,6
9
0

1
2
3
9

1
1
4
3

0
,5
9
2

0
,6
6
6

0
,6
1
3

0
,9
6
1

P
L

1
1
0
1

1
2
7
1

1
3
9
5

1
1
1
8

1
0
9
6

0
,3
1
8

0
,4
6
6

0
,3
8
5

0
,7
7
2

1
1
9
5

1
0
8
8

0
,7
4
7

1
5
6
9

1
4
5
3

0
,4
5
6

0
,2
3
6

0
,2
7
2

1
2
0
8

F
L

0
,9
9
0

1
1
3
9

1
2
5
7

1
0
0
1

0
,9
8
3

0
,5
4
5

0
,6
5
4

0
,5
9
9

0
,7
5
9

1
0
6
9

0
,9
7
1

0
,7
4
7

1
4
2
6

1
3
1
4

0
,6
0
5

0
,4
9
5

0
,5
2
6

1
0
8
0

P
H
G

0
,4
1
2

0
,3
9
4

0
,4
1
6

0
,4
0
3

0
,4
0
3

0
,9
9
8

1
6
8
1

1
5
9
7

0
,5
4
3

0
,3
9
4

0
,4
0
8

0
,5
5
9

0
,4
8
7

0
,4
3
4

0
,8
2
1

1
2
2
6

1
0
7
1

0
,3
9
0

N
ot
e:
T
he

di
st
an

ce
is
cl
as
si
fi
ed

in
to

th
re
e
ca
te
go

ri
es
,g
re
en

fo
r
di
st
an

ce
s
le
ss

th
an

0
.5
,y
el
lo
w

fo
r
di
st
an

ce
s
be

tw
ee

n
0
.5
1
an

d
0
.8
0
,a
nd

o
ra
ng

e
fo
r
d
is
ta
n
ce
s
gr
ea

te
r
th
an

0
.8
1
.

A
bb

re
vi
at
io
ns
:A

M
L,
an

te
ri
o
r
m
id
lin

e;
C
P
,c
ho

ro
id

pl
ex

us
;D

A
H
L,
di
st
al
an

te
ri
o
r
ho

rn
la
te
ra
lw

al
l;
D
A
H
M
,d

is
ta
la
nt
er
io
r
ho

rn
m
ed

ia
lw

al
l;
D
C
,d

is
ta
lc
al
o
tt
e;

D
P
,d

is
ta
lp

ed
u
n
cl
;D

T
,d

is
ta
lt
h
al
am

u
s;
F
L,
fr
o
n
ta
l

lo
be

;I
T
M
,i
nt
er
th
al
am

ic
m
id
lin

e;
O
L,
o
cc
ip
it
al
lo
be

;P
A
H
L,
pr
o
xi
m
al
an

te
ri
o
r
ho

rn
la
te
ra
lw

al
l;
P
A
H
M
,p

ro
xi
m
al
an

te
ri
o
r
ho

rn
m
ed

ia
lw

al
l;
P
C
,p

ro
xi
m
al
ca
lo
tt
ee

;P
H
G
,p

ar
ah

ip
p
o
ca
m
p
al
gy

ru
s;
P
L,
p
ar
ie
ta
ll
o
b
e;

P
P
,p

ro
xi
m
al
pe

du
nc

le
;P

T
,p

ro
xi
m
al
th
al
am

us
.

8 MOLINA-GIRALDO ET AL.



T
A
B
L
E
2

M
ea

n
em

be
dm

en
t
di
st
an

ce
s
w
it
hi
n
st
ru
ct
ur
es

an
d
be

tw
ee

n
st
ru
ct
ur
es

in
th
e
fo
ur
-c
ha

m
be

r
se
ct
io
n
o
f
th
e
fe
ta
lt
ho

ra
x
im

ag
e.

St
ru
ct
ur
e

P
R

Sk
in

D
R

C
o
lu
m
n

R
V
W

LV
W

P
M

IA
S

IV
S

M
V

T
V

D
A
o

R
A

LA
LV

R
V

U
LL

LL
L

U
R
L

LR
L

P
R

0
,4
1
8

0
,4
6
3

0
,7
0
3

0
,9
3
7

1
1
7
5

0
,8
0
2

1
3
5
9

1
0
1
4

0
,8
9
7

1
3
9
6

1
4
5
1

1
0
7
6

0
,6
7
9

0
,5
1
8

0
,4
4
3

0
,5
4
7

0
,5
8
3

0
,5
5
3

0
,6
6
6

0
,6
7
4

Sk
in

0
,5
5
5

0
,5
0
1

0
,8
4
8

0
,7
9
8

1
0
1
4

0
,6
9
2

1
1
8
6

0
,8
6
5

0
,7
7
0

1
2
2
7

1
2
8
2

0
,9
3
2

0
,8
1
2

0
,5
0
5

0
,5
3
1

0
,5
1
8

0
,7
0
3

0
,5
3
1

0
,8
1
0

0
,8
1
9

D
R

0
,6
9
5

0
,8
4
0

0
,3
4
0

1
5
2
0

1
7
8
2

1
3
6
7

1
9
6
6

1
6
1
4

1
4
9
0

2
0
0
7

2
0
6
2

1
6
8
6

0
,3
6
5

0
,9
2
0

0
,7
5
5

0
,9
6
5

0
,6
3
9

0
,9
5
9

0
,4
6
3

0
,4
5
3

C
o
lu
m
n

0
,9
4
4

0
,7
7
3

1
5
4
1

0
,4
6
2

0
,5
4
5

0
,4
8
5

0
,6
2
3

0
,4
8
1

0
,4
8
5

0
,6
7
3

0
,7
1
3

0
,5
4
4

1
5
0
2

0
,7
0
0

0
,8
7
3

0
,6
6
3

1
1
5
9

0
,6
8
3

1
4
1
9

1
4
3
5

R
V
W

1
1
9
0

1
0
0
8

1
7
9
5

0
,5
0
1

0
,4
0
6

0
,5
7
1

0
,4
2
2

0
,4
4
7

0
,4
9
9

0
,4
3
9

0
,4
6
1

0
,4
4
6

1
7
5
0

0
,9
1
6

1
1
1
3

0
,8
6
9

1
4
1
0

0
,8
9
8

1
6
7
7

1
6
9
3

LV
W

0
,7
8
4

0
,6
6
6

1
3
7
1

0
,4
4
1

0
,5
3
4

0
,4
0
2

0
,6
6
5

0
,4
5
6

0
,4
2
2

0
,7
0
6

0
,7
5
5

0
,4
9
9

1
3
2
9

0
,6
0
8

0
,7
3
2

0
,5
8
2

0
,9
9
5

0
,5
9
3

1
2
4
9

1
2
6
5

P
M

1
3
6
9

1
1
8
5

1
9
7
6

0
,5
4
0

0
,3
5
4

0
,6
5
5

0
,2
9
7

0
,4
5
9

0
,5
5
0

0
,3
1
2

0
,3
1
9

0
,4
3
6

1
9
3
2

1
0
9
1

1
2
9
1

1
0
4
2

1
5
8
2

1
0
6
7

1
8
5
5

1
8
7
0

IA
S

1
0
0
2

0
,8
1
9

1
6
1
6

0
,3
2
0

0
,3
2
1

0
,3
8
0

0
,3
9
8

0
,2
9
9

0
,3
3
2

0
,4
3
9

0
,4
8
9

0
,3
4
5

1
5
7
4

0
,7
3
0

0
,9
2
7

0
,6
8
4

1
2
2
4

0
,7
1
1

1
4
9
3

1
5
0
9

IV
S

0
,8
9
3

0
,7
1
2

1
5
0
1

0
,4
5
7

0
,4
9
0

0
,4
5
5

0
,5
9
3

0
,4
5
0

0
,4
4
1

0
,6
1
1

0
,6
5
2

0
,4
7
3

1
4
5
6

0
,6
3
1

0
,8
1
8

0
,5
9
7

1
1
2
4

0
,6
3
0

1
3
8
4

1
4
0
0

M
V

1
3
9
5

1
2
0
9

2
0
0
8

0
,5
4
1

0
,2
6
5

0
,6
6
1

0
,1
7
4

0
,4
3
1

0
,5
3
4

0
,1
4
9

0
,1
5
3

0
,3
5
3

1
9
6
1

1
1
1
4

1
3
1
7

1
0
6
3

1
6
1
4

1
0
8
8

1
8
8
8

1
9
0
4

T
V

1
4
6
2

1
2
7
8

2
0
7
1

0
,6
2
5

0
,3
6
8

0
,7
4
3

0
,2
5
2

0
,5
2
1

0
,6
1
9

0
,2
2
9

0
,2
1
7

0
,4
4
3

2
0
2
4

1
1
8
4

1
3
8
5

1
1
3
4

1
6
8
0

1
1
5
9

1
9
5
3

1
9
6
9

D
A
o

1
0
8
4

0
,9
0
1

1
6
9
2

0
,4
5
3

0
,3
6
4

0
,4
9
1

0
,4
2
3

0
,4
0
2

0
,4
2
3

0
,4
3
2

0
,4
6
7

0
,3
5
6

1
6
4
5

0
,8
1
1

1
0
0
7

0
,7
6
1

1
3
1
1

0
,7
9
1

1
5
7
6

1
5
9
2

R
A

0
,5
8
5

0
,7
6
6

0
,1
7
2

1
4
8
0

1
7
3
6

1
3
2
3

1
9
2
1

1
5
7
2

1
4
4
4

1
9
6
0

2
0
1
5

1
6
3
7

0
,1
3
9

0
,8
6
0

0
,6
6
1

0
,9
0
8

0
,5
3
6

0
,9
0
5

0
,3
4
0

0
,3
3
3

LA
0
,5
6
8

0
,5
1
5

0
,9
4
6

0
,6
9
1

0
,8
8
8

0
,6
0
8

1
0
7
1

0
,7
3
2

0
,6
5
9

1
1
1
2

1
1
6
8

0
,8
1
1

0
,9
1
0

0
,4
9
8

0
,5
3
9

0
,4
9
6

0
,7
2
4

0
,5
0
6

0
,8
7
9

0
,8
8
9

LV
0
,5
1
4

0
,5
1
3

0
,7
2
0

0
,8
5
4

1
1
0
0

0
,7
2
7

1
2
7
9

0
,9
3
7

0
,8
3
2

1
3
2
2

1
3
7
7

1
0
1
7

0
,6
7
1

0
,5
2
8

0
,5
0
5

0
,5
3
9

0
,6
0
5

0
,5
4
2

0
,6
9
4

0
,7
0
2

R
V

0
,6
0
7

0
,5
3
7

0
,9
7
1

0
,7
1
8

0
,8
8
4

0
,6
2
4

1
0
3
6

0
,7
6
8

0
,6
9
4

1
0
8
2

1
1
3
5

0
,8
3
0

0
,9
1
6

0
,5
0
8

0
,5
7
5

0
,5
0
1

0
,7
6
8

0
,5
2
1

0
,9
1
3

0
,9
2
5

U
LL

0
,3
8
7

0
,4
8
8

0
,5
3
6

1
1
2
4

1
3
8
9

0
,9
7
1

1
5
6
7

1
2
1
9

1
1
0
4

1
6
1
1

1
6
6
7

1
2
9
9

0
,5
4
0

0
,5
5
3

0
,4
0
2

0
,6
0
7

0
,1
7
6

0
,5
4
2

0
,3
2
8

0
,3
4
4

LL
L

0
,6
1
2

0
,6
0
6

0
,9
9
4

0
,8
1
5

0
,9
6
8

0
,7
2
6

1
1
1
6

0
,8
6
0

0
,7
8
9

1
1
4
4

1
1
9
1

0
,8
9
6

0
,9
6
8

0
,6
1
3

0
,5
9
6

0
,6
2
6

0
,6
6
4

0
,6
0
5

0
,8
5
8

0
,8
7
1

U
R
L

0
,5
5
9

0
,7
1
8

0
,3
3
9

1
4
0
0

1
6
6
6

1
2
4
7

1
8
4
7

1
4
9
6

1
3
7
7

1
8
9
0

1
9
4
6

1
5
7
3

0
,3
6
8

0
,8
0
3

0
,6
1
6

0
,8
5
7

0
,3
3
6

0
,8
1
7

0
,2
3
0

0
,2
3
5

LR
L

0
,5
9
8

0
,7
4
0

0
,4
1
1

1
4
1
5

1
6
8
1

1
2
6
2

1
8
6
2

1
5
1
1

1
3
9
2

1
9
0
5

1
9
6
1

1
5
8
9

0
,4
4
5

0
,8
2
1

0
,6
4
2

0
,8
7
4

0
,4
0
8

0
,8
3
1

0
,3
0
8

0
,3
1
1

N
ot
e:
T
he

di
st
an

ce
is
cl
as
si
fi
ed

in
to

th
re
e
ca
te
go

ri
es
,g
re
en

fo
r
di
st
an

ce
s
le
ss

th
an

0
.5
,y
el
lo
w

fo
r
di
st
an

ce
s
be

tw
ee

n
0
.5
1
an

d
0
.8
0
,a
nd

o
ra
ng

e
fo
r
d
is
ta
n
ce
s
gr
ea

te
r
th
an

0
.8
1
.

A
bb

re
vi
at
io
ns
:D

A
o
,d

es
ce
nd

in
g
ao

rt
a;

D
R
,d

is
ta
lr
ib
;I
A
S,

in
te
ra
tr
ia
ls
ep

tu
m
;I
V
S,

in
te
rv
en

tr
ic
ul
ar

se
pt
um

;L
A
,l
ef
t
at
ri
um

;L
LL

,l
o
w
er

le
ft
lu
ng

;L
R
L,
lo
w
er

ri
gh

t
lu
n
g;

LV
,l
ef
t
ve

n
tr
ic
le
;L

V
W

,l
ef
t
ve

n
tr
ic
u
la
r
w
al
l;

M
V
,m

it
ra
lv
al
ve

;P
M
,p

ap
ill
ar
y
m
us
cl
e;

P
R
,p

ro
xi
m
al
ri
b;

R
A
,r
ig
ht

at
ri
um

;R
V
,r
ig
ht

ve
nt
ri
cl
e;

R
V
W

,r
ig
ht

ve
nt
ri
cu

la
r
w
al
l;
T
V
,t
ri
cu

sp
id

va
lv
e;

U
LL

,u
p
p
er

le
ft
lu
n
g;

U
R
L,
u
p
p
er

ri
gh

t
lu
n
g.

MOLINA-GIRALDO ET AL. 9



the application did not differentiate the texture of the segmented por-

tion with statistical significance (p = 0.827), which allows us to think

that it is a relevant application for texture discrimination, despite the

acoustic shadow consistently found in this plane by the proximal fetal

cap. On the other hand, in the images of the fetal thorax, the applica-

tion showed statistically significant differences between the distance

to the centroid of the descriptors of histologically different structures,

of the 20 labeled for this cut, including the discrimination between

structures with myocardial texture and lung texture. (p = 0.000). But

it did not show significant or visual differences for similar structures,

such as the mitral and tricuspid valve of the fetal heart (p = 0.704),

showing how structures with a similar histological appearance are

represented in this way by the application in terms of their texture. In

the images of the fetal abdomen, the results were consistent when

differentiating structures with different biological attributes in a sta-

tistically significant way, even to the point of discriminating the tex-

ture of the adrenal gland and liver (p = 0.000) and not differentiating

structures that are histologically related such as the right and left

adrenal (p = 0.067), structures whose identification in ultrasound can

represent a challenge depending on the expertise of the examiner and

the cut achieved, but which the application was able to recognize as

similar regardless of their ultrasound appearance in terms of grayscale

TABLE 3 Mean embedment distances within structures and between structures in the axial cut fetal abdomen image for standard biometry.

Structure PR Column DR Skin GW LA RA UV GC Liver

PR 0,498 0,684 0,879 0,515 0,659 0,525 0,543 0,907 1509 1401

Column 0,639 0,350 1186 0,648 0,400 0,625 0,530 1273 1918 1801

DR 1010 1211 0,624 0,883 1349 0,906 0,993 0,634 0,805 0,721

Skin 0,740 0,788 0,941 0,720 0,823 0,723 0,728 0,974 1407 1305

GW 0,575 0,265 1312 0,676 0,170 0,638 0,495 1381 2026 1915

LA 0,441 0,613 0,710 0,395 0,655 0,385 0,408 0,764 1409 1295

RA 0,565 0,568 1005 0,563 0,598 0,537 0,497 1058 1576 1484

UV 0,909 1260 0,479 0,779 1375 0,813 0,932 0,454 0,685 0,578

GC 1514 1913 0,794 1377 2029 1416 1564 0,721 0,382 0,397

Liver 1400 1792 0,645 1256 1912 1295 1444 0,568 0,380 0,345

Note: The distance is classified into three categories, green for distances less than 0.5, yellow for distances between 0.51 and 0.80, and orange for

distances greater than 0.81.

Abbreviations: CR, distal rib; GC, gastric chamber; GW, gastric wall; LA, left adrenal; PR, proximal rib; RA, right adrenal; UV, umbilical vein.

TABLE 4 Mean embedment distances within structures and
between structures in the longitudinal section of the placenta.

Structure AF MP LP MPl FPl RPS

AF 0,347 0,715 1034 1529 1437 1411

MP 0,738 0,443 0,606 1343 1210 1144

LP 1054 0,588 0,469 0,996 0,862 0,797

MPl 1514 1300 0,967 0,354 0,408 0,451

FPl 1437 1172 0,815 0,453 0,416 0,428

RPS 1415 1118 0,760 0,484 0,426 0,417

Note: The distance is classified into three categories, green for distances

less than 0.5, yellow for distances between 0.51 and 0.80, and orange for

distances greater than 0.81.

Abbreviations: AF, amniotic fluid; FPl, fetal plate; LP, lateral placenta; MP,

medial placenta; MPl, maternal plate; RPS, retroplacental space.

TABLE 5 Results of the application of Pearson's correlation
coefficient test to the means of paired Euclidean distances of selected
structures.

Image Structure 1 Structure 2 p

Skull PT DT 0.8271

0,41 887 0,42 897

ITM CP 0.0000

0,3678 0,87 394

Thorax MV TV 0.7045

0,14 932 0,1531

RVW ULL 0.0000

0,40 579 141 024

Abdomen LA RA 0.4899

0,38 482 0,4081

RA Liver 0.0000

0,49 724 148 423

Placenta MP LP 0.0000

0,44 284 0,60 556

MPl FPl 0.7499

0,41 605 0,40 792

Note: A significant p result (<0.016) is observed between structures with

presumed different biology and non-significant p in those recognized with

similar histology in the different fetal and ovular ultrasound sections.

Abbreviations: CP, choroid plexus; DT, distal thalamus; FPl, fetal plate;

ITM, interthalamic midline; LA, left adrenal; LP, lateral placenta; MP,

middle placenta; MPl, maternal plate; MV, mitral valve; PT, proximal

thalamus; RA, right adrenal; RVW, right ventricular wall; TV, tricuspid

valve; ULL, upper left lung.
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or noise. Finally, in the placenta slices, in the six labeled structures,

the ability to distinguish differences and texture similarities graphically

and numerically was preserved, being striking how consistently and

statistically significant (p = 0.000) managed to mark the differences

between the middle and lateral segments of the placenta, plausible

from the biological point of view due to the conformation and vascu-

lar distribution of this organ.

Until now, segmentation techniques in 2D fetal ultrasound images

have been applied mainly for the automation of recognition of ana-

tomical structures and standard fetal biometrics: gestational sacs or

embryos by CRL,16,17 biometry of the fetal head, abdomen and

femur.10 In fetal echocardiography its use has been for the calculation

of measures that improve the diagnosis of heart disease through tech-

niques that optimize the images, quantification and segmentation of

the same.18 In the fetal brain, segmentation techniques have been

included in intelligent training algorithms to classify a brain as normal

or abnormal in a 2D ultrasound image.19 And finally, they have also

been used to generate, in a semi-automated manner, the regions of

interest of placentas in early pregnancies and extract information from

the placental volume.20

As a strength of the study, we can determine that, within the

known state of the art, it is the first study applying segmentation

and texture characterization techniques to fetal ultrasound images

that we are aware of to date, in an interactive framework that allows

the specialist to adjust parameters and improve the segmentation, to

successfully structure differentiation. As a weakness, we recognize

that the segmentation technique used is still not an automatic proce-

dure since, at the moment it is based on the distinction by the opera-

tor of the intensity level and similarity level thresholds, which

constitutes a research work plan in the future that involves the

knowledge acquired in this publication. Finally, the descriptors can

be complemented by other characteristics that allow better quantify-

ing the texture patterns in ultrasound images. The ultrasound expo-

sure times during the study were not modified concerning standard

practice since the acquisition process corresponds to the same pro-

tocol for routine obstetric imaging evaluation. The clinical relevance

of the obtained results lies in the possibility of knowing the differ-

ences in texture of organs associated with maternal and fetal pathol-

ogies, which the human vision system cannot recognize and requires

this type of processing to be evident. Furthermore, this type of study

can be used to generate a knowledge base that can be integrated

into subsequent stages of characterization and machine learning, to

finally generate modifications in the ultrasound software that pro-

vide real-time assistance in recognition and segmentation of struc-

tures of interest at the fetal level.

In conclusion, the texture characterization of the labeled struc-

tures in the ultrasonographic images of the placenta, skull, thorax, and

fetal abdomen by means of the numerical descriptors used through

the application developed in the MATLAB mathematical processing

software allows the discrimination of structures by level of showing

similarity with the structures known biologically as similar and allow-

ing the distinction of those different. These results represent the

beginning for future works of tissue characterization in obstetric ultra-

sound that expand the information in the image and refine the accu-

racy of prenatal diagnoses.
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