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Abstract

When performing a sport activity there are different factors that influence the practice,
including footwear and its components. One of the main components of footwear is the
insole, which is responsible for contact with the foot, these can have different purposes,
such as: odor control, plantar arch support, reduce pain, humidity control, cushioning,
among others. Based on CAE, Finite Element Analysis (FEA) has become a very popular
tool thanks to its versatility and accuracy for modeling different footwear components.
The aim of this project is to do a numerical simulation by finite element analysis for
approve the functionality of ergonomic insoles of different materials that integrate the
anthropometric characteristics of the user. The protocols were created to evaluate the
baropodometric characteristics with a Baropodometer and a PodoScan2D (Sensor
Medica®). The insole was designed using ABAQUS CAE student version and six
materials were tested to obtain their mechanical properties using a universal testing
machine (Instron), the combination that best redistributes the plantar pressure was found
applying this methodology.

1 Introduction

There are different activities that require the use of certain orthotics to reduce or avoid different
morphological alterations, the use of ergonomic insoles allows to improve the distribution of plantar
pressure and thus avoid deterioration in the structure of the foot and in health in general.

The design and development of ergonomic insoles is a time-consuming process that requires
expertise and experience to determine the shape, material, and material thickness, which can lead to
trial and error to find a functional product that improves footwear conditions for use. This project aims
to carry out a numerical simulation by finite elements that integrates the properties of the material and
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the anthropometric characteristics of the user for the creation of ergonomic insoles. This document
details the theoretical part, experimental part and results.

2 Background

There are different sports in which the athlete puts great efforts on their physical structure, analyzing
the foot in sport is essential for the design of orthoses and sport instruments that allow the athlete to
improve the practice, the human foot consists of 26 bones and 33 joints; plus muscles and ligaments
(Drake, Vogl, Mitchell, & Gray, n.d.). Seven tarsal bones form the ankle as the connection between the
leg and the foot, five metatarsals form the medial and lateral areas of the foot, and fourteen phalanges
form the toes (Logan et al., 2012). A previous research carried out on Colombian athletes by the
biomechanics laboratory of the National Sports School, has determined that there is a tendency to cavus
foot in all subjects, regardless of the sport practiced, perhaps caused by the effort required for sports
practice (Gomez Salazar et al., 2010). The pes cavus does not absorb as much stress as the flat foot
does, but it passes to the tibia and femur. The flat foot absorbs more stress on the musculoskeletal
structure of the foot compared to the pes cavus, so the incidence of stress fractures in the foot structure
is higher in individuals with flat feet (Frey, 1997). Knowing the anthropometric dimensions allows to
create more accurate devices according to the region where they will be used. Reliable anthropometric
data and technical ergonomics procedures become powerful tools available today for the optimal
dimensional matching of designer products (Avila Chaurand Rosalio, Prado Le6n Lilia Roselia, &
Gonzélez Mufioz Elvia Luz, 2007). As Smith et al. comment, the use of biomechanics in the design of
footwear components provides the resources to know the effects on the lower extremities and find
relevant clinical and physical information in order to improve conditions in users (Smith, Wegener,
Greene, Chard, & Fong Yan, 2012). In addition to the anthropometric conditions in product engineering,
it is necessary to look for materials technology, since they allow obtaining the functional properties that
are required for the activity. In an article published by Braithwaite, the importance of materials and
their particular use in technical, functional and sensory matters is mentioned, as natural properties of
design (Braithwaite, 2017). The choice of the best material for the manufacture of the insole represents
what properties the material will provide according to its design, thickness, mechanical properties, etc.
So, it is important to define what material will be used. In an article developed by Pratt, Reese and
Rodgers analyzed five different materials used for the manufacture of insoles and these were subjected
to shock absorption tests, it was found that the viscolas (viscoelastic polymer) is the one that best
absorbs impacts (Pratt, Rees, & Rodgers, 1986). One of the problems of the project is to choose the best
material for insoles, it seeks to find a material that meets the characteristics to which the product will
be exposed during the use, for this the materials engineering allows to identify the mechanical and
physical properties of some products through different tests.

The application of the finite element method in the design of the insole will allow to simulate
different materials that are subjected to common situations, thanks to this it will be possible to determine
if the material and the design of the insole will be able to meet the conditions to which will be exposed.

Assessment different insoles represents a high cost in development, through a finite element analysis
it is possible to analyze different designs, materials and situations, different works have been developed
that analyzed plantar pressure with insoles developed with polymeric foams (Berroter et al., 2014). The
different designs of the insole can affect the way in which the plantar pressure is distributed, depending
on the needs of the patient. San Tsung et al., compared the effectiveness of different designs of insole
to redistribute the plantar pressure during gait (Tsung, Zhang, Mak, & Wong, 2005). The contact area
is important during each of the stages of the gait cycle to determine at which points the plantar pressure
is having an effect, in a study developed by Murphy the relationship between the contact area and the
plantar pressure was studied (D.F., B.D., J.D., & P.M., 2005).



3 Methodology

To optimize ergonomic design of insoles is necessary to determine the methodology to be followed,
with the intention of creating a measurable standardized process to identify key areas of interest to be
described and analyzed. The proposed methodology for designing ergonomic insoles, consists in
performing the evaluation of the anthropometric characteristics, physical tests, data analysis,
development of insoles in CAD, characterization of the material and the numerical simulation by finite
elements. Figure 1 shows the methodology for finite element analysis for insoles.
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Figure 1: Methodology for finite element analysis for insoles.

3.1 Materials

The procedures, risks and benefits were explained in order to obtain the consent for voluntary
participation in writing, in accordance with the General Health Law of Mexico, and considering the
principles of the Declaration of Helsinki.

Two equipment were used to take the measurements, a Baropodometer (Sensor Medica®, Guidonia
Montecelio, Rome, Italy) that is in charge of taking the plantar pressure tests in its different phases and
a 2D PodoScan (Sensor Medica®, Guidonia Montecelio, Rome, Italy) in charge of taking the image of
the footprint. Once the operation of the equipment had been explained and the informed consent was
signed, the tests were recorded. First, the static test was performed, the user stands at the beginning of
the platform barefoot, standing upright with his hands at his sides and the plantar pressure distribution
is recorded for 10 seconds. Then the dynamic test took place, the participant was instructed to walk
naturally, complete two round-trip cycles and start with the right foot, the execution time of the dynamic
test was 30 seconds.

After the tests with the Baropodometer, the patient took a break of 3 minutes to finally perform the
scan of the footprint with the PodoScan2D. The participant stood on the PodoScan2D platform with his
hands on his sides, the scan was started using the device and the participant was informed when it ended.



3.2 Analysis of biometric test results

Once the anthropometric tests had been done on the equipment, a test report was generated in which
important variables were obtained that are used for modeling the insole, this report is automatically
generated by the integrated Baropodometer and podoscan2D software. First, a user identification card
is generated with general data such as age, weight, height and sex, which were captured by the person
in charge at the time of recording the tests. In addition, a detailed summary is generated indicating the
main alterations that were detected in the tests. The main values obtained in the study of baropodometry
consist of: Contact surface, percentage of the applied load and geometric values. To determine the
applied loads that will be applied in the simulation, the foot was divided into six sections where the
contact surface in that area is known, as well as the percentage of the load in that area, an example is

shown in Figure 2 of the division of the foot.

Anélisis Estatica - Divisién de dreas

Antepié

Antepié
A ] B
Surf. cm*
24 ‘ 18
Carga %

s | 1
Mediopie
c [ R
Surf. cm*
13 3
Carga %

5 ‘ 1
Retropié
E | 'E
Surf. cm*
12 ‘ 14
Carga %
1 l 15

B | A
Surf. cm*
20 ‘ 23
Carga %
8 l 12
Mediopie
R [ C
Surf. cm*
2 14
Carga %

1 ‘ 4
Retropié
F | E

Surf. cm®

16‘11

Carga %

15[3

To determine the load that will be applied in the simulation, the load (mass in kilograms) is
multiplied by the distribution of the load in that area and divided by the contact surface, multiplied by
the gravity on Earth to obtain the result in Pascals, shows in Equation 1 the procedure to obtain the

Figure 2: Division of areas of the foot surface.

plantar pressure per section in the foot.

m*
Plantar Pressure = ( S ) * g

Equation 1. Determination of plantar pressure by section.

Where:
m=mass in kilograms
I=percentage of load

s=surface in square meters

g=gravity in meters / square seconds

For the acquisition of the plantar footprint, the PodoScan2D is used, where by scanning the plantar
footprint, the digitization of it is obtained, as well as other anthropometric measurements, the Figure 3

shows the acquisition of the plantar footprint as well as its measurements.




Figure 3: Plantar footprint acquisition using PodoScan2D

3.3 Choice of materials for manufacture

The literature shows that the selection of the material with which the insole is made is based on the
orthopedist's preference or their experience, the cost and the availability of resources; for the choice of
material, a literature search was done and in the current market analyzing the materials used for
redistribution of plantar pressure in different contexts. For the location of the suppliers of these
materials, ANPIC (Asociacion Nacional de Proveedores de la Industria de Calzado) was visited, the
most important supplier fair in the country for the leather-footwear sector organized by CICEG (Camara
de la Industria del Calzado del Estado de Guanajuato) attended by 350 exhibiting companies and more
than 11000 buyers and visitors. Table 1 shows the suppliers and the materials that most commercialize
for the manufacture of insoles.

Table 1: Suppliers and materials for insole manufacturing

Supplier Material Volume(cm?) Mass (9) Density (g/lcm3)
s1 EVA 2.5mm 6.25 0.518 0.083
EVA 3.0mm 7.5 0.680 0.091
Latex generic 11.25 2.131 0.189
S2 Latex antibacterial 8 3411 0.426
Latex activate carbon 8 2.629 0.329
S3 EVA 3.2mm 8 0.838 0.105

The tensile test was done on the Instron universal testing machine which measures the load
supported by the material before breaking. The tests were done under ASTM 638 (Standard Test
Method for Tensile Properties of Plastics) and to determine the Poisson’s ratio, it was performed under
ASTM E132-17 (Standard Test Method for Poisson's Ratio at Room Temperature). Table 2 shows the
main results of the tensile test.

Table 2: Results of material tests

Young’s Tension Deformation | Tenacit Tension | Poisson
Supplier Material Modulus Max Break (%) (MPa)y at break v
(MPa) (MPa) ° (MPa)

EVA 2.5mm 1.995 0.833 139.25 0.750 0.833 0.31

St EVA 3.0mm 1.650 0.916 231.55 1.383 0.916 0.29




L atex generic 0.540 0.247 227.88 0399 | 0224 | 011
Latex 0.14
. e 0.580 0.312 266.73 0574 | 0310
Latex activate 0.561 0.239 218.90 0366 | o233 | O1°
carbon
S3 EVA 3.2mm 2.458 1.060 138.45 0932 | 1060 | 036

3.4 Modeling & Simulation

For the modeling of the insole, ABAQUS CAE was used based on the measurements found in the
PodoScan2D created from the plantar footprint, in the same way the insole was divided into six sections
where the pressures found in the baropodometer will be applied, in the Figure 4 the insole model with
its divisions is shown.

Figure 4: Insole model with its divisions.

Once the insole had been modeled and the mechanical properties of the materials determined, the
insole model was meshed, using the type of element "C3D8R: An 8-node linear brick™

To make the comparisons of the deformations of each material, a reference node was created for
each foot zone that served as an initial observation point and to determine the deformation in that node.
Boundary conditions were applied to limit the displacements and rotations of the insole placed on the
ground, and the loads were applied in each of the regions according to the pressures found in the
Baropodometer. It is shown in Figure 5 the application of the boundary conditions and applied
pressures. Six simulations were done on the left foot and six simulations on the right foot, adapting the
characteristics of each material to the model and applying the loads in each region of the foot.

Figure 5: Application of the boundary conditions and applied pressures.

4 Results

Among the main results to be analyzed is the Von Mises stress, it was found that the material that
best distributes the plantar pressures is the 3.2 mm thick EVA. Overall, the EVA is superior to latex, in




Figure 6 it can be seen the comparisons of each of the materials analyzed in each foot. Figure 7 shows
the right foot insole simulation made from 3.2 mm EVA, during the stresses to which it is exposed
during the static phase under normal conditions. The material with the least displacement is the EVA
of 3.2 mm thick for the two feet and in each zone. The material with the greatest deformation is the
generic 5.5 mm thick latex for both feet and in each area. It is observed that there is a distribution of
plantar pressure on the surface of the insole, placing greater effort on the heel.
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Figure 7: Right foot insole simulation made from 3.2 mm EVA.

5 Conclusions

In relation to the finite element analysis and the mechanical test of the materials, the best material
to use is the EVA. It can be observed that EVA has better mechanical properties compared to latex in
its different formulations. It is recommended to use EVA from Supplier 3 for the manufacture of
ergonomic insoles. The design phase involved the evaluation and analysis of the anthropometric
characteristics of the participant to later make the modeling of the insole and perform simulations with
different materials, therefore, the objective of performing a numerical simulation by finite element
analysis for probing functionality of ergonomic insoles that integrates the materials and the
anthropometric characteristics of the user was done and the trial-error time in the elaboration of insoles
was minimized.



6 Acknowledgments

Thanks to the Centro de Innovacion Aplicada en Tecnologias Competitivas A.C. for the use of
spaces and equipment for the development of the project.

References

Avila Chaurand Rosalio, Prado Leon Lilia Roselia, & Gonzalez Mufioz Elvia Luz. (2007). Dimensiones
antropomeétricas de la poblacién latinoamericana. Retrieved from
https://image.slidesharecdn.com/dimantropolatinoam-140922133921-
phpapp02/95/dimensiones-antropomtricas-latinoamericanas-92-1024.jpg?ch=1411393484

Berroter, M., Bol, S., Jose, O., Monrray, P., Bol, S., Virginia, M., & Simon, C. (2014). Evaluacién
numérica por elementos finitos de la redistribucion de presiones plantares en plantillas para
calzado de personas con pie diabético. (May 2016).

Braithwaite, N. (2017). Sensing creativity: The role of materials in shoe design. Senses and Society,
12(1), 90-94. https://doi.org/10.1080/17458927.2016.1223786

D.F, M., B.D,, B, J.D.,, M., & P.M., V. (2005). Efficacy of plantar loading parameters during gait in
terms of reliability, variability, effect of gender and relationship between contact area and plantar
pressure. Foot and Ankle International, 26(2), 171-179. Retrieved from
http://mww.embase.com/search/results?subaction=viewrecord&from=export&id=1L40353994;%
5Cnhttp://sfx.ub.rug.nl:9003/sfx_local?sid=EMBASE&issn=10711007 &id=doi: &atitle=Efficac
y+of+plantar+loading+parameters+during+gait+in+terms+of+reliability, +variability, +eff

Drake, R. L. (Richard L., Vogl, W., Mitchell, A. W. M., & Gray, H. (n.d.). Gray’s anatomy for students.

Frey, C. (1997). Footwear and stress fractures. 16(2), 249-257.

Gémez Salazar, L., Franco Alvarez, J. M., Nathy Portilla, J. J., Valencia Esguerra, E. A., Vargas
Bonilla, D. V., & Jiménez Hernandez, L. (2010). Caracteristicas de la huella plantar en deportistas
colombianos. Entramado, 6(2), 158-167. Retrieved from
http://www.unilibrecali.edu.co/images2/revista-
entramado/pdf/pdf_articulos/volumen6/volumen6_2/caracteristicas_huella
plantar_deportistas_colombianos.pdf

Logan, B. M., Sardesai, A. M., Daivajna, S., Robinson, A. H. N., Hutchings, R. T., & McMinn, R. M.
H. (Robert M. H. (2012). McMinn’s color atlas of foot and ankle anatomy. Elsevier/Saunders.

Pratt, D., Rees, P., & Rodgers, C. (1986). Aassessment of some shock absorbing insoles. Prosthetics
and Orthotics International, 10, 43-45. Retrieved from
http://informahealthcare.com/doi/abs/10.3109/03093648609103079

Smith, R., Wegener, C., Greene, A., Chard, A., & Fong Yan, A. (2012). Biomechanics of footwear
design. Journal of Foot and Ankle Research, 5(S1), 1-2. https://doi.org/10.1186/1757-1146-5-
s1-il

Tsung, B. Y. S., Zhang, M., Mak, A. F. T., & Wong, M. W. N. (2005). Effectiveness of insoles on
plantar pressure redistribution. The Journal of Rehabilitation Research and Development, 41(6),
767. https://doi.org/10.1682/jrrd.2003.09.0139



