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ABSTRACT

There is no specific age when the vault of the feet is completely formed. The objective of this study was to analyze the
footprint morphology and obtain the Chippaux-Smirak Index in a Mexican population to identify the type of feet and
its prevalence. A database of images of the soles of both feet was analyzed. The database contained images of 1,014
persons between 2 and 73 years old from Guanajuato state, Mexico. Moreover, a literature review was performed to
identify the type of feet in the Mexican population. It was observed that less than 17 % of the population have cavus
foot (p= 0.018). Furthermore, less than 25 % of the population between 17 and 73 years have flatfoot 3 (p= 0.0079)
in the left foot. Also, only nine articles related to the type of foot in the Mexican population were found, but most of
them were performed on young population. The formation of the medial arc could be beyond the first decade of life
and the relatively high prevalence of flatfoot in adult life should be studied. Finally, the results found can be useful
for orthopedists, physiotherapists, clinicians, and parents who are concerned about the foot health of their childre.
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RESUMEN

No hay una edad especifica en la que la béveda de los pies esté completamente formada. El objetivo de este estudio
fue analizar la morfologia de la huella de los pies y obtener el indice de Chippaux-Smirak en una poblacién mexicana
para identificar el tipo de pie y su prevalencia. Se analizé una base de datos de imagenes de las plantas de ambos
pies. La base de datos contenia imagenes de 1,014 personas de entre 2 y 73 anos del estado de Guanajuato, México.
Ademas, se realiz6 una revision bibliografica para identificar el tipo de pie en la poblacién mexicana. Se observé que
menos del 17 % de la poblacion tiene pie cavo (p= 0,018). Ademas, menos del 25 % de la poblacion entre 17 y 73
anos tiene pie plano 3 (p= 0,0079) en el pie izquierdo. Ademas, se encontraron 9 articulos relacionados con el tipo
de pie en poblaciéon mexicana, pero la mayoria de ellos fueron desarrollados en poblacién joven. La formacion del
arco medial podria estar mas alla de la primera década de vida. Se encontr6 una prevalencia relativamente alta de
pie plano en la vida adulta que debe ser estudiada. Finalmente, los resultados encontrados pueden ser utiles para
ortopedistas, fisioterapeutas, médicos y padres preocupados por la salud de los pies de sus hijos.

PALABRAS CLAVE: Pie plano, pie cavo, pie normal, huella plantar, Indice Chippaux-Smirak
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INTRODUCTION

The foot is one of the most complex parts of the
human body, its structure integrated by ligaments,
tendons, muscles, and bones, allows it to meet the
demands of support and locomotion of the human ™.
The vault of the feet plays an important role in gait
biomechanics, it reduces the impact loads from the
ground to the body and keeps the correct alinement of
the foot. Therefore, the modification to this structure
will modify these functions . The collapse of this
vault is known as flatfoot. All children are born with
flat feet B!, the formation of the medial plantar arc
occurs naturally and it is generally until 5 or 6 years of
age when the medial arch is adequately defined .
However, in some cases, the flatfoot deformity can stay
until the first decade of life or after 2 5'16], The etiology
or the specific causes that produce flatfoot are
unknown, and it is still a topic of debate nowadays 15!
61171, Tt has not been found a specific age when the vault
of the feet is completely formed. In addition, when the
formation of the vault of the feet in children is delayed
becomes a common concern of parents.

On the other hand, the cavus foot (hollow foot) is the
enlargement of the vault of the feet, increasing the
contact on the anterior and posterior regions of the
foot. This deformity is not a common pathology in the
population. However, it has been reported an increment
in the prevalence of cavus foot in athletes, especially in
women 891 0] [11],

Although there are different studies about the
morphology of the soles of the feet 21121031041 11061071 10
the best of our knowledge there is no research about
the type of feet in a Mexican population from an early
stage to adulthood. The true prevalence of the
morphology of the feet in a Mexican population of all
ages is unknown. It is known that the modification of
any part of the structure of the foot will modify its
biomechanics and generate injuries in the same
structure and other parts of the body 21809, Therefore,
the objective of this study is to analyze the morphology

of the soles of the feet and obtain the Chippaux-Smirak
Index (CSI) in a Mexican population to identify the
type of feet and the prevalence of musculoskeletal
disorders of the foot.

Literature review of the type of foot in the
Mexican population

In order to validate the lack of knowledge about the
type of feet in the Mexican population from the early
stage to adulthood, a search of information related to
the type of feet in a Mexican population was conducted.
Search engines such as, Google scholar (n= 157), Scopus
(n= 0), ScienceDirect (n= 6), and Scielo (n= 0) were used
with the following search equation in English and
Spanish: "Type of foot" AND "Footprint" AND
"Mexican". The literature review was performed up to
the 11th of January 2023. The equation gave a total of
163 studies, but not all of them related to the analysis
of the soles of the feet to detect the morphology of the
foot in a Mexican population. After reviewing the
articles, duplicated manuscripts, theses, books, studies
from different countries, and conference proceedings
were excluded from the analysis, having a final number
of 9 articles, P B8 ol 04l 051 201 2112221 Most of the studies
are performed in a limited period of time and most of
them are performed in young population [ (3! [10] (14] 15]

[20]

It is known that the increase or reduction of the
medial arch of the foot could affect the biomechanics
of the foot. The maturation of the vault of the foot
occurs naturally and most of the time this happens in
the first decade of life. Moreover, it is a common
concern of parents when they notice that the medial
longitudinal arch of the foot remains collapsed after
the first decade of life. In Mexico, different studies
have been performed to identify the type of foot, but
most of them were developed in a young population,
2-5 and 6-12 years B, 6-14 years 4, 9-11 years ?9, 6-15
years 5, 6-13 years 1'%, and 3-6 years . Although there
are different studies of the type of foot in the Mexican
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population, most of them are performed when the
vault of the foot seems to be not completely matured.
There were just two studies performed on athletes with
a larger range of ages from 9 to 20 years old 22, In the
study performed by Miguel et al., it was found a high
prevalence of cavus foot in women !,

MATERIALS AND METHODS
A database of images of the soles of both feet was
analyzed. The database contained images of one
thousand and fourteen persons between 2 and 73 years
old, all of them from Guanajuato state, Mexico. The
images were acquired between April 2017 and February
2022. The soles of the feet of the participants were
digitized with a 2D foot scanner (Sensormedica,
Guidonia Montecelio, Rome, Italy). There were 544
(53.6 %) females and 470 (46.4 %) malesin the database.

To classify the type of foot, the CSI was obtained in
both feet 23, as shown in Figure 1a. The digitized
images of the soles of the feet were analyzed in MATLAB
R2015a version 8.5.0.197613. Matlab specific tools
(ginput, GUI, imread) were used tolocate the coordinate
points in the image plane 8 24 25, This process was
performed manually by the same author to secure
repeatability.

Once the soles of the feet were measured (medial and
forefoot region), they were classified based on the
Chippaux-Smirak Index (CSI) into six different types of
feet, cavus foot, extreme cavus, normal foot, flatfoot
1°, flatfoot 2° and flatfoot 3°. For the cavus foot, the CSI
was 0 < CSI < 0.25, for the extreme cavus the CSIwas 0,
for the normal foot the CSI was 0.25 < CSI < 0.45, for the
flatfoot 1° the CSI was 0.45 < CSI < 0.5, for the flatfoot
2° the CSI was 0.5 =< CSI < 0.6 and for the flatfoot 3° the
CSI was CSI > 0.6 [8] [13] [23] [26] [27].

The database images were classified into groups of
three years starting from 2 years until 73 years, as
shown in Figure 1b. The minimum number of

participants per group was 22 and the maximum was
68.

Chippaux-Smirak Index
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FIGURE 1. Morphology of the soles of the feet: a) Chippaux-
Smirak Index and b) Distribution of participants by age.

RESULTS AND DISCUSSION

Footprint data analysis

The results show that the prevalence of flatfoot is
higher during the first decade of life and decreases
after that (see Figure 2). This information will be
useful for orthopedic technicians and parents who are
worried about the health of their children. Moreover,
health professionals such as orthopedists could use the
information to detect if the development of the foot
structure is normal according to the age of the patient.
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Figure 2 describes the different types of flatfoot (left
foot), being the flatfoot 3° where the contact surface is
the highest. The prevalence of the different types of
flat feet from Figure 2 shows that most of the
participants have flatfoot 3° until 10 years of age. From
that age, the medial arc begins to elevate and the
contact surface decreases. The flatfoot never completely
disappears, there was a relatively small percentage of
prevalence 10-20 % for the three types of flatfoot
between the ages of 32 and 55 years. Between the ages
of 65 and 67 years, there is a small increment of the
prevalence of flatfoot 1°.
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FIGURE 2. Prevalence of different types of flat feetina
Mexican population: Data from the left foot.

The CSI for the normal foot was considered between
0.25 and 0.45. A lower value of the CSI was considered
as cavus foot, and when the contact surface of the
medial region disappears the foot was categorized as
extreme cavus (CSI = 0). Figure 3 presents the data
distribution of the normal foot, cavus foot, and extreme
cavus for all ages (left foot). From Figure 3, it can be
seen that the normal foot begins with a low percentage
of prevalence, and increases from 10 years of age. The
cavus foot and extreme cavus stay most of the time
below 10 % for all ages.

Similarly, the analysis of the morphology of the soles
of the feet in the right foot follows a comparable trend

that the left foot. Figure 4 shows that the prevalence of
flatfoot 3° stays high until 16 years, then it decreases
until 19 years and stays close to 30 % until 40 years.
This behavior is different from the left foot.
Furthermore, flatfoot 1° and 2° stay most of the time
below 20 % for all ages, as shown in Figure 4. The data
from Figure 2 and 4 demonstrate that both feet (left
and right feet) are not completely symmetrical.
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FIGURE 3. Prevalence of population with the normal foot,
cavus foot, and extreme cavus: Data from the left foot.
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FIGURE 4. Prevalence of different types of flat feetina
Mexican population: Data from the right foot.
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Figure 5 shows the prevalence of normal foot, cavus
foot, and extreme cavus of the right foot. The normal
foot stays less than 10 % when the participants are less
than 10 years old and increases beyond 20 % when the
participants are older than 11 years old, as shown in
Figure 5. The prevalence of cavus foot and extreme
cavus is most of the time less than 10 % for all ages.
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FIGURE 5. Prevalence of population with the normal foot,
cavus foot, and extreme cavus: Data from the right foot.

Finally, in order to validate about the prevalence of
the type of foot for people over 17 and under 73 years,
a statistical analysis using a z-test for proportions was
performed for the morphologies of cavus and flat feet,
in the left foot. It was considered a confidence interval
of 95 % and a p-value of 0.05. For cavus foot, it was
observed that less than 17 % of the population have
this morphology (p = 0.018). For flatfoot 1 and flatfoot
2, the p-values were 0.0168 and 0.0065, respectively,
proving that the proportion of the population with
these two morphologies is less than 16 %. For flatfoot 3
the proportion was less than 25 %, obtaining a p-value
of 0.0079. For the right foot, it was performed the same
statistical analysis, obtaining p-values less than 0.05
for the same percentages in the cavus foot and the
three types of flatfoot.

From the results and at least for the Mexican
population, the idea that at 3-5 years !, 5-6 years 4, 10

years 2l or 12-13 years 8 the vault of the feet would
already be formed seems to be inaccurate. From the
results found in the analysis, the maturation of the
vault of the feet in a Mexican population seems to be
beyond the first decade of life. Moreover, there is a
health problem related to the morphology of the feet in
the adult Mexican population that needs to be carefully
studied. Further research needs to be done to study the
effect of these musculoskeletal disorders on the gait
biomechanics and how the quality of life of the Mexican
population is affected. It has been found that the
morphology of the soles of the feet could have an effect
on the plantar pressure distribution and this could be a
risk factor for producing musculoskeletal disorders 22,
Furthermore, it has been reported that the deformities
of flatfoot and cavus foot could negatively influence
productivity in adult life 29,

This information will be useful to clarify that the
medial arc of the foot could have a delay, and for the
Mexican population, the formation of the vault takes
more time than the already reported by other authors 2
4 151161, Therefore, parents should not be worried if
children present flatfoot pathology at an early stage
unless the pathology produces pain or discomfort.
Moreover, it has been reported that there is no
treatment, orthopedic device, external force, or insoles
that help to form the medial arc [ (281 (30,

It has been found that flatfoot is related to overweight
and obesity (31051 201, Mexico has serious problems with
overweight and obesity. According to the National
Survey of Health and Nutrition (ENSANUT Spanish
abbreviation, Guanajuato 2006-2018), it was established
that overweight and obesity in boys and girls between
5 and 11 years old have increased from 27.8 % in 2006
to 45.1 % in 2018 in the state of Guanajuato. In
adolescents, between 12 and 19 years old, overweight
and obesity increased from 34 % in 2006 to 38.1 % in
2018. Although some studies have found that the
prevalence of flatfoot is related to overweight or obesity
bsiz01 - other studies have found that body weight does
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not affect plantar footprint alterations 0%,

Although our results of the prevalence of cavus foot
(less than 10 %) were not higher than the flatfoot in
the young population, the values were similar to Aco
Luna et al., "9, However, our values of the cavus foot
were lower than the values found by Gonzalez et al., 39
and Espinoza et al., 32. Although it was found that
cavus foot is a pathology with low prevalence, some
studies have developed personalized insoles for the
treatment of cavus foot and comorbidities 33!. Contrary
to our results, other authors have found a high
prevalence in cavus foot (hollow foot) in children
between 3 to 13 years 34, It is difficult to compare our
results with other studies because they used a different
methodology and/or the anthropometric features of
the population could be different.

Theresults of flatfoot (10-20 %) in the adult population
agree with the results found by other researchers 21135
and disagrees with others 3¢, Moreover, it has been
found that the prevalence of flatfoot decreases as the
child grows 31131537 Tt is important to mention that the
classification of the foot types could be influenced by
the method employed (CSI, Arch Index, Staheli Arc
Index, so on), therefore the comparison among studies
should be carefully performed 3%, Although there are
other methods to evaluate the footprint, the SCI is one
of the most used methods to describe the type of feet.
Furthermore, although there is a good correlation
among them, it has been reported that the other
methods can produce different outcomes with slightly
less accuracy in some cases [231 1261391,

Although there are several studies related to the foot
type @ BBIDoI 4l sl 201 0 the author’s knowledge, this is
the first study developed in a Mexican population
from 2 years to 73 years old. However, although this
work is performed in a larger range of ages, the study
is performed in a specific region of the country. Further
studies should be performed in different regions of the
country considering people of all ages.

One limitation of this study is that the analysis of the
soles of the feet does not distinguish between flexible
and rigid flatfoot. It is probable that the prevalence of
flatfoot found in the first decade of life corresponds to
flexible flatfoot as this type of foot disappears in
adulthood. Moreover, most of the time the flexible
flatfoot is asymptomatic and does not produce any
pain. However, the prevalence of flatfoot that stays
during adulthood could be the rigid type as this type
of foot does not resolve with aging ! [5! 121 [40] [41]

Another limitation of this study is that the results
found cannot be generalized due to the sample
population was from a limited region of the country.
However, although there are some limitations of the
study, the results clearly show the development and
prevalence of the type of feet from the early stage to
adulthood.

CONCLUSIONS

In conclusion, the analysis presented in this work
shows that the formation of the medial arc could take
more time than the reported by other authors.
Moreover, it was found a relatively high prevalence of
flatfoot in adult life should be studied. The cavus foot
seems to be a pathology with low prevalence, lower
than 10% for both feet, but it is something that should
not be neglected.

Furthermore, as far as we know, this is the most
completed study of the analysis of the morphology of
the soles of the feet in a Mexican population from early
stage to adulthood. This procedure to obtain the type
of feet (flatfoot or cavus foot) is a secure method and
does not represent a risk factor as they are not exposed
to ionizing radiation, such as X-rays. The results found
can be useful for orthopedists, physiotherapists,
clinicians, and parents who are concerned about the
foot health of their children.

AUTHOR CONTRIBUTIONS
JLAR.F. designed and carried out experiments,
performed statistical analyses and contributed to the



Jorge Armando Ramos-Frutos et al. Type of Feet in a Mexican Population: Analysis of the Footprint Morphology and Literature Review

writing of the original draft. .LM.A. conceptualized the
project, contributed to the writing of the original
manuscript, performed data curation, organization
and carried out research. M.L.R. participated in data
curation, carried out formal analyses and validation,
and reviewed the final version of the manuscript.
L.A.O.L. provided resources, participated in the
development of the methodology, and carried out
experiments. S.L.0.V. carried out the formal analyses
and contributed to the writing of the final version of
the manuscript. AV.L. contributed to the formal
analyses, validation, and reviewed the final version of
the manuscript.

ACKNOWLEDGEMENTS
The authors would like to thank the Centro de
Innovacion Aplicada en Tecnologias Competitivas and
the Consejo Nacional de Ciencia y Tecnologia for
supporting the research.

CONFLICT OF INTEREST
The authors declare that they have no conflict of
interest.



[1

[2]

[3]

[41

[5]

[6]

[71

[8]

[9]

[10]

mi

[12]

[13]

REVISTA MEXICANA DE INGENIERIA BIOMEDICA | VOL. 44 | NO. 2 | MAY - AUGUST 2023

REFERENCES

C. Alvarez Camarena and W. Palma Villegas, “Desarrollo y
biomecanica del arco plantar”, Ortho-tips, vol. 6, no. 4, pp. 215-222,
2010. [Online] Available: https://www.medigraphic.com/pdfs/
orthotips/ot-2010/ot104c.pdf

C. E. Fuentes-Venado, A. Angeles-Ayala, M. S. Salcedo-Trejo, L. J.
Sumano-Pérez, C. Y. Viveros-del Valle, E. O. Martinez-Herrera, M. G.
Frias-de Leon, L. E. Gonzalez-Gutiérrez, I. G. Monjaras-Bernal, and
R. Pinto-Almazan, “Comparative assessment of flatfoot in pre-
school children,” Bol. Med. Hosp. Infant. Mex., vol. 77, no. 6, pp.
312-319, Nov. 2020. doi: https://doi.org/10.24875/
BMHIM.20000135

A. Arizmendi Lira, E. Pastrana Huanaco, and B. Rodriguez Lara,
“Prevalencia de pie plano en nifios de Morelia,” Rev. Mex. Pediatria,
vol. 71, no. 2, pp. 66-69, Mar. 2004. [Online]. Available: https://
www.medigraphic.com/pdfs/pediat/sp-2004/sp042c.pdf

J. Mortazavi, R. Espandar, and T. Baghdadi, “Flatfoot in children:
How to approach?,” Iran. J. Pediatr., vol. 17, no. 2, pp. 163-170, 2007.
[Online]. Available: https://www.researchgate.net/publica-
tion/26467530_Flatfoot_in_Children_ How to_Approach

A. Atik and S. Ozyurek, “Flexible flatfoot,” North. Clin. Istanbul,
vol. 1, no. 1, pp. 57-64, 2014. doi:https://doi.org/10.14744/
nci.2014.29292

V. S. Mosca, “Flexible flatfoot in children and adolescents,” J. Child.
Orthop., vol. 4, no. 2, pp. 107-121, Apr. 2010. doi: https://doi.
0rg/10.1007/s11832-010-0239-9

H. Uden, R. Scharfbillig, and R. Causby, “The typically developing
paediatric foot: How flat should it be? A systematic review,” J. Foot
Ankle Res., vol. 10, no. 37, pp. 1-17, Aug. 2017. doi: https://doi.
0rg/10.1186/s13047-017-0218-1

1. Miguel-Andrés, A. E. Rivera-Cisneros, J. J. Mayagoitia-Vazquez, S. L.

Orozco-Villasefior, and A. Rosas-Flores, “Indice de pie plano y zonas
de mayor prevalencia de alteraciones musculo-esqueléticas en

jovenes deportistas,” Fisioterapia, vol. 42, no. 1, pp. 17-23, Jan. 2020.

doi: https://doi.org/10.1016/j.ft.2019.08.002

L. Gomez Salazar, J. M. Franco Alvarez, J. J. Nathy Portilla, E. A.
Valencia Esguerra, D. V. Vargas Bonilla, and L. Jiménez Hernandez,
“Caracteristicas de la huella plantar en deportistas colombianos,”
Entramado, vol. 6, no. 2, pp. 158-167, Jul. 2010. [Online]. Available:
hitps://www.redalyc.org/pdf/2654/265419645012.pdf

J. A. Aco-Luna, F. Rodriguez-Jiménez, M. G. Guzman-Coli, M. A.
Enriquez-Guerra, and I. G. Chavarria-Bernardino, “Frequency of foot-
prints alterations in school children from a Mexican community,”
Acta Ortop. Mex., vol. 33, no. 5, pp. 289-291, Sep. 2019. [Online].
Available: https://www.medigraphic.com/pdfs/ortope/or-2019/
ori195e.pdf

L. Gomez, J. M. Franco, J. J. Nathy, E. Valencia, D. Vargas, and L.
Jiménez, “Influencia del deporte en las caracteristicas antropométri-
cas de la huella plantar femenina,” Rev. Educ. Fisica y Deport., vol.
28, no. 2, pp. 25-33, 2009. doi: https://doi.org/10.17533/udea.
efvd.3061

M. Bouchard and V. S. Mosca, “Flatfoot deformity in children and
adolescents: Surgical indications and management,” J. Am. Acad.
Orthop. Surg., vol. 22, no. 10, pp. 623-632, Oct. 2014. doi: https://

K.-C. Chen, L.-C. Tung, C.-J. Yeh, J.-F. Yang, J.-F. Kuo, and C.-H.
Wang, “Change in flatfoot of preschool-aged children: A 1-year fol-
low-up study,” Eur. J. Pediatr., vol. 172, no. 2, pp. 255-260, Feb.
2013. doi: hitps://doi.org/10.1007/s00431-012-1884-4

[14]

[15]

[16]

[17]

[18]

[191

[20]

[21]

[22]

[23]

[24]

G. Rivera-Saldivar, R. Torres-Gonzalez, M. Franco-Valencia, R. Rios-
Monroy, F. Martinez-Ramirez, E. Pérez Hernandez, and D. Duarte-
Dagnino, “Factores de riesgo asociados a la conformacion del arco
longitudinal medial y del pie plano sintomatico en una poblacién
escolar metropolitana en México,” Acta Ortop. Mex., vol. 26, no. 2,

pp. 85-90, 2012. [Online]. Available: https://www.scielo.org.mx/pdf/

L. A. Valdez Jiménez, A. D. Saucedo Campos, J. R. Jiménez Flores,

and S. Cristébal Sigrist, “Pie plano flexible y su correlacién con sin-

drome metabdlico en nifios y adolescentes,” Rev. Mex. Ortop. Ped.,

vol. 18, no. 1, pp. 31-37, Jan. 2016. [Online]. Available: http:/www.
i hi if Jiatri ] ; 51£.pdf

A. K. Reihaneh, A. Faranak, and G. Mostafa, “Prevalence of flat foot:
comparison between male and female primary school students,” Iran.
Rehabil. J., vol. 11, no. 18, pp. 22-24, 2013. [Online]. Available:
http://ixi . icle-1-300- if

H. A. Miranda C., L. A. Flores Cu, S. Camacho Lopez, H. Rostro
Gonzalez, and M. Cano Lara, “Interface for contour extraction and
determination of morphologic parameters in digital images of foot-
prints based on Hernandez-Corvo protocol,” in VIII Lat. Am. Caribb.
Conf. Eng. Technol., XLII Nat. Conf. Biomed. Eng. (IFMBE Proc.),
Cancun, Mexico, 2020, pp. 367-376. doi: https://doi.

S. N. K. Kodithuwakku Arachchige, H. Chander, and A. Knight, “Flat
feet: Biomechanical implications, assessment and management,”
Foot, vol. 38, no. 1. pp. 81-85, Mar-2019. doi: https:/doi.
01/10.1016/j.f00t.2019.02.004
S. L. Orozco-Villasefior, J. J. Mayagoitia-Vazquez, I. Miguel-Andrés, K
D. De la Cruz-Alvarado, and R. Villanueva-Salas, “Factores de riesgo
asociados a patologias musculoesqueléticas en deportistas con pie
cavo anterior a través de estudios de baropodometria,” Acta Ortop.
Mex., vol. 35, no. 4, pp. 317-321, 2021. doi: https://doi.
01g/10.35366/103310

H. L. Saldivar Cer6n, A. Garmendia Ramirez, M. A. Rocha Acevedo,
and P. Pérez Rodriguez, “Obesidad infantil: Factor de riesgo para
desarrollar pie plano,” Bol. Med. Hosp. Infant. Mex., vol. 72, no. 1, pp.

55-60, 2015. doi: hitps://doi.org/10.1016/j.bmhimx.2015.02.003

A. G. Martinez Lozano, “Pie plano en la infancia y adolescencia.
Conceptos actuales,” Rev. Mex. Ortop. Ped., vol. 11, no. 1, pp. 5-13,
Jan. 2009. [Online]. Available: hitps:/www.medigraphic.com/pdfs/
opediatria/op-2009/0p0o91b.pdf

1. Miguel-Andrés, J. J. Mayagoitia-Vazquez, S. L. Orozco-Villasefior,
M. Ledn-Rodriguez, and D. Samayoa-Ochoa, “Efecto de la morfologia
de las plantas de los pies en la distribucion de presion plantar en atle-
tas jovenes con diferentes tipos de pie,” Fisioterapia, vol. 43, no. 1,

Pp. 30-37, Jan. 2021. doi: https://doi.org/10.1016/i.ft.2020.07.003

A. N. Onodera, I. C. N. Sacco, E. H. Morioka, P. S. Souza, M. R. de Sa,
and A. C. Amadio, “What is the best method for child longitudinal
plantar arch assessment and when does arch maturation occur?,”
Foot, vol. 18, no. 3, pp. 142-149, Sept. 2008. doi: https://doi.
01g/10.1016/j.f001.2008.03.003.

L. A. Luengas C., M. F. Diaz H., and J. L. Gonzalez M.,
“Determinaci6n de tipo de pie mediante el procesamiento de ima-
genes,” Ingenium Rev. Fac. Ing., vol. 17, no. 34, pp. 147-161, Nov.
2016. [Online]. Available: hitps:/revistas.usb.edu.co/index.php/
Ingenium/article/view/2744


https://www.medigraphic.com/pdfs/orthotips/ot-2010/ot104c.pdf
https://www.medigraphic.com/pdfs/orthotips/ot-2010/ot104c.pdf
https://doi.org/10.24875/BMHIM.20000135  
https://doi.org/10.24875/BMHIM.20000135  
https://www.medigraphic.com/pdfs/pediat/sp-2004/sp042c.pdf  
https://www.medigraphic.com/pdfs/pediat/sp-2004/sp042c.pdf  
https://www.researchgate.net/publication/26467530_Flatfoot_in_Children_How_to_Approach 
https://www.researchgate.net/publication/26467530_Flatfoot_in_Children_How_to_Approach 
https://doi.org/10.14744/nci.2014.29292  
https://doi.org/10.14744/nci.2014.29292  
https://doi.org/10.1007/s11832-010-0239-9  
https://doi.org/10.1007/s11832-010-0239-9  
https://doi.org/10.1186/s13047-017-0218-1 
https://doi.org/10.1186/s13047-017-0218-1 
https://doi.org/10.1016/j.ft.2019.08.002  
https://www.redalyc.org/pdf/2654/265419645012.pdf  
https://www.medigraphic.com/pdfs/ortope/or-2019/or195e.pdf  
https://www.medigraphic.com/pdfs/ortope/or-2019/or195e.pdf  
https://doi.org/10.17533/udea.efyd.3061 
https://doi.org/10.17533/udea.efyd.3061 
https://doi.org/10.5435/JAAOS-22-10-623  
https://doi.org/10.5435/JAAOS-22-10-623  
https://doi.org/10.1007/s00431-012-1884-4  
https://www.scielo.org.mx/pdf/aom/v35n4/2306-4102-aom-35-04-317.pdf  
https://www.scielo.org.mx/pdf/aom/v35n4/2306-4102-aom-35-04-317.pdf  
http://www.medigraphic.com/pdfs/opediatria/op-2016/op161f.pdf  
http://www.medigraphic.com/pdfs/opediatria/op-2016/op161f.pdf  
http://irj.uswr.ac.ir/article-1-300-en.pdf  
https://doi.org/10.1007/978-3-030-30648-9_48  
https://doi.org/10.1007/978-3-030-30648-9_48  
https://doi.org/10.1016/j.foot.2019.02.004  
https://doi.org/10.1016/j.foot.2019.02.004  
https://doi.org/10.35366/103310  
https://doi.org/10.35366/103310  
https://doi.org/10.1016/j.bmhimx.2015.02.003  
https://www.medigraphic.com/pdfs/opediatria/op-2009/op091b.pdf  
https://www.medigraphic.com/pdfs/opediatria/op-2009/op091b.pdf  
https://doi.org/10.1016/j.ft.2020.07.003  
https://doi.org/10.1016/j.foot.2008.03.003  
https://doi.org/10.1016/j.foot.2008.03.003  
https://revistas.usb.edu.co/index.php/Ingenium/article/view/2744 
https://revistas.usb.edu.co/index.php/Ingenium/article/view/2744 

Jorge Armando Ramos-Frutos et al. Type of Feet in a Mexican Population: Analysis of the Footprint Morphology and Literature Review 15

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

M. J. Mufioz-Neira, A. S. Martinez-Parra, C. G. Ruiz-Adarme, C. H.
Triana-Castro, and J. L. Cornejo-Plata, “Disefio de un sistema de
reconocimiento de patrones en imagenes termograficas y de huella
plantar para la identificacion de pie plano en nifios con edades entre
cinco y seis afios,” Rev. Cient., vol. 36, no. 3, pp. 313-324, Aug. 2019.

doi: https://d0i.0rg/10.14483/23448350.14345

S. Pita-Fernandez, C. Gonzalez-Martin, T. Seoane-Pillado, B. Lépez-
Calvifio, S. Pértega-Diaz, and V. Gil-Guillén, “Validity of footprint
analysis to determine flatfoot using clinical diagnosis as the gold
standard in a random sample aged 40 years and older,” J. Epidemiol.,
vol. 25, no. 2, pp. 148-154, 2015. doi: htips://doi.org/10.2188/jea.
JE20140082

K.-C. Chen, C.-J. Yeh, J.-F. Kuo, C.-L. Hsieh, S.-F. Yang, and C.-H.
Wang, “Footprint analysis of flatfoot in preschool-aged children,” Eur.
J. Pediatr., vol. 170, no. 5, pp. 611-617, May 2011. doi: https://doi.

A. Garcia-Rodriguez, F. Martin-Jiménez, M. Carnero-Varo, E. Gomez-
Gracia, J. Gomez-Aracena, and J. Fernandez-Crehuet, “Flexible flat
feet in children: a real problem?,” Pediatrics, vol. 103, no. 6, art. e84,

Jun. 1999. doi: hitps://doi.org/10.1542/peds.103.6.e84

G. Troiano, N. Nante, and G. L. Citarelli, “Pes planus and pes cavus in
southern Italy: a 5 years study,” Ann. Ist. Super. Sanita, vol. 53, no. 2,

PD. 142-145, Apr. 2017. doi: https://doi.org/10.4415/ANN_17 02 10

D. Whitford and A. Esterman, “A Randomized Controlled Trial of Two
Types of In-Shoe Orthoses in Children with Flexible Excess Pronation
of the Feet,” Foot Ankle Int., vol. 28, no. 6, pp. 715-723, Jun. 2007.
doi: https://doi.org/10.3113/FAL.2007.0715

A. Gonzalez de Aledo Linos, A. Rollan Rollan, C. Bonilla Miera, A.
Montes Conde, M. C. Diego Santamaria, and M. Obeso Garcia,
“Resultados del screening con podoscopio en 948 ninos no seleccio-
nados con especial referencia al pie cavo,” An. Esp. Pediatr., vol. 45,
no. 6, pp. 579-582, 1996. [Online]. Available: https:/www.aeped.es/

0. Espinoza-Navarro, M. Olivares-Urquieta, P. Palacios-Navarrete, and
N. Robles-Flores, “Prevalencia de Anomalias de Pie en Nifios de
Ensefianza Basica de Entre 6 a 12 Afios, de Colegios de la Ciudad de
Arica-Chile,” Int. J. Morphol., vol. 31, no. 1, pp. 162-168, Mar. 2013.
doi: https://doi.org/10.4067/s0717-95022013000100027

P. Hernandez-Gandarillas, S. L. Orozco-Villaseior, J. de Jests
Mayagoitia-Vazquez, I. Miguel-Andrés, J. P. Herrera-Rangel, and K. D.
de la Cruz-Alvarado, “Results of the Use of Personalized Insoles for
the Treatment of Cavus Foot and Comorbidities,” in VIII Lat. Am.
Caribb. Conf. Eng. Technol., XLII Nat. Conf. Biomed. Eng. IFMBE
Proc.), Cancun, Mexico, 2020, pp. 921-932. doi: https://doi.

R. Wozniacka, A. Bac, S. Matusik, E. Szczygiel, and E. Ciszek, “Body
weight and the medial longitudinal foot arch: High-arched foot, a hid-
den problem?,” Eur. J. Pediatr., vol. 172, no. 5, pp. 683-691, May
2013. doi: https://doi.org/10.1007/500431-013-1943-5

S. Pita-Fernandez, C. Gonzalez-Martin, F. Alonso-Tejada, T. Sepane-
Pillado, S. Pertega-Diaz, S. Perez-Garcia, R. Seijo-Bestilleiro, V.
Balboa-Barreiro, “Flat foot in a random population and its impact on
quality of life and functionality,” J. Clin. Diagn. Res., vol. 11, no. 4,
pp. 22-27, Feb. 2017. doi: https://doi.org/10.7860/
JCDR/2017/24362.9697

T. Bhoir, D. B. Anap, and A. Diwate, “Prevalence of flat foot among
18-25 years old physiotherapy students: Cross sectional study,”
Indian J. Basic Appl. Med. Res., vol. 3, no. 4, pp. 272-278, Sep. 2014.
[Online]. Available: https://www.ijbamr.com/assets/images/issues/
pdf/September%202014%20272-278.pdf.pdf

[37]

[38]

[39]

[40]

[41]

E. Vergara Amador, R. F. Serrano Sanchez, J. R. Correa Posada, A. C.
Molano, and O. A. Guevara, “Prevalence of flatfoot in school between
3 and 10 years. Study of two different populations geographically and
socially,” Colomb. Med., vol. 43, no. 2, pp. 141-146, Jun. 2012. doi:

I J/doi i2.78

M. E. Nikolaidou and K. D. Boudolos, “A footprint-based approach for
the rational classification of foot types in young schoolchildren,”
Foot, vol. 16, no. 2, pp. 82-90, Jun. 2006. doi: https://doi.
01g/10.1016/j.f001.2006.02.001

J. C. Zuil-Escobar, C. B. Martinez-Cepa, J. A. Martin-Urrialde, and A.
Gomez-Conesa, “Medial longitudinal arch: Accuracy, reliability, and
correlation between navicular drop test and footprint parameters,” J.
Manip. Physiol. Ther., vol. 41, no. 8, pp. 672-679, Oct. 2018. doi:

I /doi S/ :

E. J. Harris, J. V. Vanore, J. L. Thomas, S. R. Kravitz, S. A. Mendelson,
R. W. Mendicino, S H. Silvani, and S. C. Gassen, “Diagnosis and treat-
ment of pediatric flatfoot,” J. Foot Ankle Surg., vol. 43, no. 6, pp. 341-
373, Nov. 2004. doi: https://doi.org/10.1053/1.jfas.2004.09.013

F. Halabchi, R. Mazaheri, M. Mirshahi, and L. Abbasian, “Pediatric
flexible flatfoot; clinical aspects and algorithmic approach,” Ira. J.
Pediatr., vol. 23, no. 3, pp. 247-60, Jun. 2013. [Online]. Available:
1 . bi.nlm.nil icles/PMC3684468


https://doi.org/10.14483/23448350.14345  
https://doi.org/10.2188/jea.JE20140082  
https://doi.org/10.2188/jea.JE20140082  
https://doi.org/10.1007/s00431-010-1330-4  
https://doi.org/10.1007/s00431-010-1330-4  
https://doi.org/10.1542/peds.103.6.e84  
https://doi.org/10.4415/ANN_17_02_10  
https://doi.org/10.3113/FAI.2007.0715  
https://www.aeped.es/sites/default/files/anales/45-6-5.pdf 
https://www.aeped.es/sites/default/files/anales/45-6-5.pdf 
 https://doi.org/10.4067/s0717-95022013000100027  
https://doi.org/10.1007/978-3-030-30648-9_119  
https://doi.org/10.1007/978-3-030-30648-9_119  
https://doi.org/10.1007/s00431-013-1943-5  
https://doi.org/10.7860/JCDR/2017/24362.9697  
https://doi.org/10.7860/JCDR/2017/24362.9697  
https://www.ijbamr.com/assets/images/issues/pdf/September%202014%20272-278.pdf.pdf  
https://www.ijbamr.com/assets/images/issues/pdf/September%202014%20272-278.pdf.pdf  
https://doi.org/10.25100/cm.v43i2.785  
https://doi.org/10.1016/j.foot.2006.02.001  
https://doi.org/10.1016/j.foot.2006.02.001  
https://doi.org/10.1016/j.jmpt.2018.04.001  
https://doi.org/10.1053/j.jfas.2004.09.013  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3684468/

