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Abstract— This article presents a review of the most relevant manual techniques and technologies developed
from the field of artificial vision aimed at identifying biomechanical alterations. The purpose is to describe
the most important aspects of each technology, focused on the description of each of its stages and
experimental results, which suggest the integration of mobile devices with artificial vision techniques, in
addition to the different computer programs used for such end. Finally, the results showed that the
identification of the crook index for alterations in posture turns out to be a technique currently used by most
specialists. The great challenge is to develop portable devices through mobile applications that allow the
detection of the corvo index and the barometric analysis, as well as for other types of applications that depend
on visual analysis by experts.
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the progress and trend of the footprint gradually, due
to the increase in alterations in the foot that athletes
1. Introduction present due to their daily activity.

The analysis and diagnosis of the plantar footprint At present, the Hernandez Corvo index has proven
is a process that has been of great importance in the 0 be one of the most accurate methods, which is why
prevention and correction of postural problems of a it is one of the most used; Different procedures and
person or individual [1]. Currently there are different devices have been developed for this purpose, these
methods of obtaining and classifying the foot from devices range from the rustic, manual and delayed to
empirical and rapid methods such as visual the automated and computerized ones, in any of these
inspection, to more accurate methods such as the their operation is based mainly on the impression of
Hernandez Corvo method. Each of these procedures the plantar footprint on some surface, where later it
seeks to classify the plantar footprint into three 1S they make the corresponding strokes to find areas
possible groups, pes cavus, normal and flat, in order O the foot and thus determine their index and
to proceed with a special treatment according to the ~ classification of the footprint. Technologically, the
results obtained, such as therapies, change of Process is carried out with the use of platforms called
routines and use of special templates. podoscopes that highlight the footprint on a glass

The analysis of the plantar footprint is examined in ~ surface that is later analyzed by the doctor or
any person to identify possible alterations in posture, captured with a camera or scanner to be processed by

however, in the literature it was evidenced that software.

suffer from postural problems or are of greater advances in the identification of the corvo index,
importance such as children, people with diabetes 1dentification of alterations in posture, among others,
and athletes; In the latter, it is necessary to monitor aI¢ exposed, emphasizing novel scientific documents

E-ISSN: 2224-2678 15 Volume 20, 2021



WSEAS TRANSACTIONS on SYSTEMS
DOI: 10.37394/23202.2021.20.3

on the subject. The results found show the
importance of developing systems on mobile devices
that can support the analysis of the plantar footprint
objectively and without inter- and intra-laboratory
measurements. These challenges are faced with the
development of computational tools, based on digital
image processing to achieve a better identification of
alterations in posture, in order for the expert to make
a timely diagnosis.

2. Background

The following bibliographic review will be divided
into two parts; one from the field of statistical and
demographic studies of the footprint in different
populations and a second part will address the field
of technological development of devices for the
analysis and classification of the footprint.

e Statistical and demographic studies
Multiple studies carried out in different world
populations about foot pathologies have revealed
important advances in the technique with satisfactory
and novel results, such is the case of the study carried
out by Australian researchers in [2], which consisted
of an exhaustive review and verification Of
techniques for the correction of flat feet or cavus in
common people, the people were randomly selected,
later they underwent X-rays and the Hernandez
corvo analysis, it was evidenced that it is possible to
reliably detect abnormalities such as flat feet. Thanks
to the information that is corroborated with the use
of the two techniques, a low error rate was obtained,
but concluding that research is lacking to obtain
information with radiological methods. Finally, the
importance and help of radiological images in foot
analysis is highlighted since, despite being little
studied, the results of radiographic images extend the
analysis of anomalies such as plantagias.

The study and analysis of the plantar footprint carried
out in a community in [2] with very similar activities
or conditions, yields specialized or additional
information that allows decision-making regarding
said activity, such is the case of the podoscopic study
carried out in women with three different routines
(sedentary, hockey player and soccer player), which
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are analyzed based on the Hernandez corvo method
and the heel angle in order to observe postural
aggravations with the practice of these sports.

The Hernandez corvo method is developed after the
capture of the plantar footprint, in this footprint
strategic lines are made, such as those observed in
figure 1, which allow the calculation of said index.

(>
L]

Figure 1- Plantar footprint evaluation, corvo method Hernandez,
Taken from [3]

From the previous figure we take a distance 'x' and a
distance 'y', which are involved in the following
equation.

According to the percentage finally obtained, it is
analyzed and classified according to the type of foot
of the person where 0-34% is known as Flatfoot; 35-
39%: Flat / normal foot; 40-54%: Normal foot; 55-
59%: Normal / cavus foot; 60-74%: pes cavus; 75-
84%: strong cavus foot; 85-100%: Extreme cavus
foot.

The angle that the heel forms with the rest of the leg
is a technique that also makes it possible to classify
postural abnormalities.
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Figure 2- Angle and form of ankle, Taken from [3]

In taking this factor, it is emphasized that a normal
foot with normal posture should not exceed 7 degrees
of inclination, based on the lateral axis of the body,
as evidenced in figure 2.

After processing and tabulating the data obtained, it
is concluded that the women with the greatest
tendency to foot problems are soccer players, but
they are not alarming or significant data, since they
are due to different techniques used that do not have

.

serious problems, another point to be analyzed is the
effectiveness of the Hernandez Corvo method, since
it provides telling information

Corroborating the foregoing, Spanish researchers in
[3] carry out a comparison of multiple methods for
foot analysis, finding that the method with the
highest efficiency index is also that of Hernandez
corvo, above the other poorly documented and not
highly recommended methods.

In general, foot problems are known as plantagias in
[4], more precisely in the foot plate, these conditions
are excessively painful and affect, among other
things, the posture of the person, which leads to joint
problems that deteriorate over time, for this reason it
is very important to prevent these anomalies, through
the use of bandages or performing a plantar
fasciotomy. or when it comes to plantagias in the
middle area of the sole of the foot, corrective
templates are used.

Other groups in which the foot analysis is a necessity
are children, obese and diabetic people, since they
are more vulnerable to presenting this type of
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problems, which causes apart from social problems,
also posture difficulties, weight distribution, wear on
the knees, among others.

Countless studies have been carried out in these
groups of people, having as a common point,
aggravating factors such as overweight, nutritional
imbalances, incorrect use of footwear, among others.
In the case of overweight people, a study carried out
in Mexico in [5] leaves an impressive percentage of
almost 13% of people with flat feet, a very significant
figure considering that those evaluated were entirely
people with a mass index high.

Another point to clarify are the plantar problems and
their relationship with the type of footwear, since the
foot can be deformed by the improper use of
footwear.

The shoe that is traditionally questioned not only for
generating flat feet but also an infinity of bodily
problems is the heel type, this has inspired the study
of Brazilian researchers in [6] [7], but to the
astonishment of many, they conclude that shoes with
platform or heel do not influence or affect the foot,
compared to a possible flat foot.

Figure 3- Jack method, taken from [4].
Children are very susceptible to suffering from
plantar anomalies since they are in constant
development, for this reason it is important to detect
and prevent the appearance of flat feet, for this task
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in Brazil in [8] the way to have more truthful results
was devised, With minimal spending of money, they
finally achieved this by implementing Jack's
technique, which as seen in figure 3, consists of
placing a platform (orthosis) on the thumb of the
foot, and making an impression of it, after Remove
the platform and observe the changes in the footprint,
with this it is possible to observe more accurately and
with greater resolution the foot problems, achieving
normalize the results when using the orthosis, the
results were analyzed by implementing the Volpon
and Valentini methods.

At the national level, the study and application of the
footprint has been of great help in the sports area,
such is the case of the research carried out in the Cali
university in [9] where they implement a foot
analysis of 250 Colombian athletes implementing the
method de Hernandez corvo in the XVIII national
games, processing the information digitally, finding
that the athletes with the most frequency in flat feet
and cavities are the athletes and swimmers, with a
more direct relationship in swimmers.

Technological development

The constant increase and boom in the development
of software and image processing has allowed the
development of different processes oriented towards
different areas such as the medical one. Currently,
the development of new technologies and algorithms
of greater efficiency and speed is of great
importance; It is worth highlighting the studies
carried out by the author Geert Litjens together with
his colleagues in the Netherlands in 2017 [10] where
they managed to conclude that the use of
convolutional neural networks has quickly become a
methodology of choice to analyze medical images
achieving better results compared to other
techniques; These authors were based on the study of
308 articles all oriented to medical applications such
as analysis of neuronal, retinal, pulmonary, breast,
cardiac, abdominal and musculoskeletal pathologies.

One of the most relevant aspects when analyzing
images through the use of software is the processing
speed, so it is very important to evaluate the physical
characteristics of the implemented devices and make
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a comparison with other technologies from the point
of view of Hardware offering us better performance,
such as the use of FPGA vs a heterogeneous
multicore  processor (CELL), where FPGA
technology achieved a speed of 2.5 times higher than
CELL technology when processing the iris image. of
aperson [11]. As shown in figure 4, part of the cortex
of the iris was extracted to be subsequently processed
with the FPGA.

From another point of view, but taking as a
reference the argument presented above, the use
and use of the GPU of the different devices has
allowed obtaining higher speeds of processing
images or high-resolution video in real time [12];
This being a still underdeveloped technology, but
with great expectations, due to the qualities it
offers, it is worth highlighting a study carried out
on the use of GPUs in X-ray computed
tomography  applications, achieving the
reconstruction of high quality images from the
projections taken. at the time of the exam
application; Once the corresponding algorithms
were carried out using GPUs, they were able to
observe high efficiency and, as the main quality,
a notable cost reduction compared to current
equipment for this purpose [13].

During the bibliographic review carried out, it
was observed that the development of devices
oriented to the analysis of the plantar footprint
has been a boom in recent years due to the
importance of its analysis and the need to change
from manual and empirical to automatic
processes. The development of these devices has
been classified into two groups: Podoscopes
(Oriented to the study of the shape of the plantar
footprint) and Bar-podoscopes (Oriented to the
pressure exerted on the different parts of the
footprint).
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Figure 4, Segmentation of the Iris, Taken from [11]
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* Development of podoscopes

The measurement of the plantar footprint is
essential to know the distribution of forces on the
sole of the foot. These values are important for
the diagnosis and treatment of different
pathologies such as diabetic ulcers on the sole of
the foot and the presence of deformities in the
lower extremities, among others [14].

The basic principle of operation of a podoscope
is based on the use of a translucent surface
(generally glass), which allows it to act as a
transducer to later be taken the image with the
help of a camera. This operation is shown in
figure 5; in these devices, good lighting of the
scene is of great importance, which can be used
from different points or techniques; for example
applying structured lighting that turns out to be
efficient to characterize the surface of opaque
objects, achieving with this quality to
characterize the morphology of the footprint

[15].
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Figure 5, Basic Operation Podoscope, Taken from [14]

From the point of image processing as shown in
figure 6, once the image has been taken, a series of
steps 1s carried out that include applying filters,
segmentation, contrast adjustment, edge detection,
etc. The application of one or the other will vary
depending on the system designer and the quality of
the captured image; Most of these processes are
based on statistical techniques such as the use of the
Poisson distribution to perform an image
segmentation [16] [17]. With these techniques, an
improvement in the captured image is sought, in
order to later obtain better results through analysis
and processing.

E-ISSN: 2224-2678

-

19

Taha Ahmadi, Hernandez Cristian, Cubillos Neil

2

Pagquete de
Captura

Preprocesamiento |

i
.
i
.

Modelo de
Valoracion

. .| ________________ '

Deteccion
de Bordes

Visualizacion

Figure 6, Basic Methodology of a Podoscope, Taken from [14]

The creation and use of a podoscope allows an
analysis of the plantar footprint by analyzing its
shape and pressure area with the surface, thus
achieving a classification of it; The most famous and
currently used method is the Herndndez Corvo
plantar footprint classification method, which
consists of obtaining different areas within the
footprint and thus obtaining an index through a
specific equation as shown in figure 7 and 8, where
the different lines that must be made to later classify
the type of foot are shown with the equation
proposed in figure 8.

THC: 60 X: 109 V: 43 MF: 80 EI: 55 EE: 10 AT: 74

Figure 7, Areas within the Footprint According to Hernandez Corvo,
Taken from [14]

c=*""
X
0-34% Flat foot
35-39% Flat-normal foot
40-45% Normal foot
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55-59% Normal- cavus foot
60-74% Cavus foot
75-84% Strong cavus foot
85-100% Extreme cavus foot

Figure 8, Hernandez Corvo equation, Taken from [14]

It is very popular to find podoscopes with good
performance on the market, but at too high a price,
so much research has been directed to the design and
manufacture of low-priced podoscopes, but with
reliable results.

A group of students from the Polytechnic University
of Sinaloa in Mexico [18] decided to create a low-
cost podoscope, achieving good results. In his article,
the main problem is raised when analyzing the
footprint since, because a professional podoscope is
so expensive, most doctors perform a manual
analysis using ink and a sheet of paper like shown in
figure 9.

Figure 9, Usual Process for the Plant Footprint Analysis, Taken from
[18]

The solution developed by this group of researchers
lay in the construction of a platform that allows the
capture of the plantar footprint and with the help of a
raspberry pi3 to obtain a processing of it, the
methodology used is shown in figure 10.

USBCamem to
Raspberry Pi3

10, Footprint Processing with Raspberry Pi3, Taken from
[18]

Figure
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Figure 11, Results Obtained, Taken from [18]
Figure 11 shows the results obtained and the
corresponding segmentation stages implemented in
the system; Similarly, it is shown that an extraction
of each foot was carried out for its subsequent
analysis and the use of a static table of a specific area

as a guide to determine areas within the plantar
footprint.

Another clear example of the need for the
construction of a low-cost podoscope was presented
by a group of researchers in Ecuador [19] achieving
a capture of the plantar footprint totally different
from the previous ones, thus achieving better results
due to a simple processing of the image through the
development of a desktop-oriented application
capable of determining the X and Y dimensions of
each foot, the percentage of crook in each limb and
its classification as shown in figures 12 and 13, after
observing the results obtained, it was evident that the
same type of foot is not necessarily obtained in each
limb.

Figure 12, Implemented podoscope, Taken from [20]
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Figure 13, Results Obtained, Taken from [20]

Addressing a broader point of view, a group of
authors from the Universidade José do Rosario
Vellano in Brazil [21] presents a study in which not
only the shape of the footprint is studied, but also the
importance of studying the lower limbs (foot, heel,
ankle, tibia and fibula) when preventing and
correcting biomechanical problems of an individual.
The methodology used consisted in the detection of
different markers located in different parts of the
foot, heel, ankle, tibia and fibula to later determine
different angles for a later diagnosis as shown in
Figure 14.

Ui

Figure 14, Biomechanical Analysis of the Lower Limbs, Taken from
[21]

e Development of Baropodoscopes

The main disadvantage of podoscopes is their
limitation to only the classification of the plantar
footprint according to its shape and area, but it does
not take into account the pressures exerted in the

different areas of the human foot.
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A group of students from Ecuador [19], within their
research, decided to build a template as shown in
figure 15, which allows the capture of foot pressure
when walking with the help of an Arduino Uno for
data collection and use of strain gauges for
measurement.

=5 i
Figure 15, Bar-podoscope, Taken from [19]

By carrying out a transduction of the pressures
obtained, the authors were able to obtain an image of
the plantar footprint, but due to the use of so few
sensors, it was not possible to obtain an image of
good resolution as shown in Figure 16.

— -~

,@ |

Figure 16, Resultados Obtenidos, Tomado de [19]

In the same way, different authors in other
investigations have proposed the development of
similar devices, obtaining results with the same
resolution problems. Figures 17, 18 and 19 show the
developed device that likewise consists of a data
acquisition system together with pressure sensors.
Figure 18 shows the different pressure points
registered and the values obtained by the transducers
Or Sensors.
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Figure 17, Bar-podoscope, Taken from [22]

M Diagrostic steps [l Success steps. [J Acceptable steps W Faulty steps

Figure 18, Results Obtained, Taken from [22]

(a) (b)
Figure 19, Bar-podoscope, Taken from [23]

On the other hand, in the thesis presented by a couple
of students from the Universidad Distrital de
Colombia in 2016 [24], the manufacture of a
podoscope together with a baropodoscope is
exposed, thus achieving an interpolation of results
and arriving at a plantar analysis of Greater
precision. Figures 20, 21 and 22 show the device
developed and its operation, which consists of
acquiring a first measurement with the bar-
podoscope and subsequently taking the plantar
footprint with the podoscope.
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Figure 22, Podoscope Test, Taken from [24]

Once the corresponding measurements and image
capture have been made, and with the help of Matlab
and the development of a guide, the correlations of
the podoscope and bar-podoscope are carried out as
shown in figure 23, obtaining an image of excellent
quality for analysis and determination of the corvo
index.

[ L
voctan

Figure 23, Results Obtained, Taken from [24]
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Thanks to the use of a bar-podoscope, it is possible
to construct a 3D image with the pressures exerted
on each part of the plantar footprint as shown in

figure 24.

Figure 24, Results Obtained in 3D, Taken from [24]

3. Conclusions

The analysis of the plantar footprint is a procedure of
great importance because it is possible with it to
correct future hip or knee problems, applying the
different treatments with the result obtained.

In athletes, a constant analysis of the plantar
footprint is necessary because, depending on the
physical activity practiced, there may be alterations
in the foot causing poor sports performance; In
addition, if the different treatments are applied
properly, greater efficiency can be achieved in your
sports activities.

Current plantar footprint analysis techniques, some
tend to be empirical, taking too much time to
analyze, while processes that are carried out
automatically with software and hardware tend to be
too expensive.

4, Recomendations

At present, the study of the footprint has been
oriented towards a certain type of population,
especially children and athletes; it is necessary to
carry out studies oriented towards another type of
population, thus obtaining statistical data on the
affectations of ordinary individuals.

The development and construction of low-cost
devices for the analysis of the plantar footprint is
possible, thus achieving the possibility of offering a
diagnosis to a larger population.
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