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A FINITE ELEMENT ANALYSIS STUDY OF FOOTWEAR LOWER ENSEMBLE INFLUENCE ON THE PLANTAR PRESSURE DISTRIBUTION

ABSTRACT. The plantar pressure distribution has a complex influence on the kinetics and kinematics of the lower limbs. The foot bed-outsole ensemble must
provide the correct support of the foot and add corrections if necessary, in order to adjust the pressure distribution on the foot plantar surface. A poorly designed
outsole, afeeble midsole or the incorrect care and use of the footwear product will lead to the deterioration of the foot bed functionality. The degree of the foot bed
deterioration can be determined using in-shoe plantar pressure measuring devices. This loss of functionality must be prevented as much as possible in the design
stage. Footwear prototyping and wearing tests are very expensive and time consuming and do not represent a viable method in economic terms. The fastest and
less expensive testing method suitable for footwear production in design stages is the Finite Element Analysis. To use this method we developed a 3D CAD model of
the human foot using as model a real 3D scanned foot. The scanned foot was processed in various 3D CAD systems in order to obtain a FEA usable 3D part. The
developed model was used to determine how the ensemble of a specific sole design and a midsole with wear characteristics modify the plantar pressure
distribution.
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ANALIZA IN ELEMENT FINIT A INFLUENTEI STRUCTURII ANSAMBLULUI INFERIOR AL fNCAL]'I\MINTEI ASUPRA DISTRIBUTIEI PRESIUNILOR PLANTARE
ABSTRACT. Distributia presiunilor plantare influenteaza intr-un mod complex cinetica si cinematica membrelor inferioare. Ansamblul inferior al incaltamintei
trebuie sa asigure sustinerea corectd a piciorului si sd aducd ajustari, dacd este necesar, pentru a corecta distributia presiunilor pe suprafata plantara. O talpa
incorect proiectatd, un brant defectuos sau incorecta ingrijire si utilizare a produsului de incaltaminte va duce la deteriorarea functionalitatii ansamblului inferior.
Gradul de deteriorare poate fi determinat prin utilizarea sistemelor de masurare a presiunilor plantare in incdltaminte. Aceasta pierdere a functionalitatii trebuie
prevenita pe cat posibil in faza de proiectare. Prototiparea si testele in utilizare sunt foarte scumpe, necesita mult timp si nu reprezintd o metoda viabild din punct de
vedere economic. Cea mai rapidd si necostisitoare metodad de testare potrivita pentru productia de incaltaminte in faza de proiectare este Analiza in Element Finit.
Pentru utilizarea acestei metode am proiectat un model 3D CAD al piciorului uman utilizind ca model un picior real, scanat 3D. Piciorul scanat a fost procesat intr-o
serie de sisteme 3D CAD pentru a obtine o piesa tridimensionald, utilizabila in AEF. Modelul proiectat a fost utilizat pentru a determina modul in care ansamblul
format dintr-un anumit model de talpd si un brant cu proprietatile fizice ale unui brant uzat; modifica distributia presiunilor plantare.

CUVINTE CHEIE: incaltdminte, talp3, CAD, AEF

L'ANALYSE PAR ELEMENTS FINIS DE L'INFLUENCE DE LA STRUCTURE DU DESSOUS DE LA CHAUSSURE SUR LA REPARTITION DES PRESSIONS PLANTAIRES
RESUME. La répartition des pressions plantaires influence dans une maniére complexe la cinétique et la cinématique des membres inférieurs. Le dessous de la
chaussure doit offrir un soutien adéquat pour le pied et faire les ajustements nécessaires pour corriger la répartition des pressions sur la surface plantaire. Une
semelle mal congue, une semelle intermédiaire défectueuse ou I'utilisation et soin erronées de la chaussure endommageront le fonctionnement du dessous de la
chaussure. Le degré d'altération peut étre déterminé au moyen du systéeme de mesure des pressions plantaires dans la chaussure. Cette perte de fonctionnalité doit
étre évitée autant que possible dans la phase de conception. Le prototypage et les tests d'utilisation sont colteux, longs et ne représentent pas une méthode viable
du point de vue économique. La plus rapide et peu coliteuse méthode de test appropriée pour la production de la chaussure dans la phase de conception est
I'analyse par éléments finis. Pour utiliser cette méthode, nous avons congu un modeéle de CAO 3D du pied humain en utilisant le modeéle de pied réel 3D numérisé. Le
pied a analyser a été passé dans un nombre de systéemes de CAO 3D afin d'obtenir une piéce en trois dimensions utilisée dans la FEA. Le modéle congu a été utilisé
pour déterminer la maniéere dont le dessous de la chaussure, formé d'un modele particulier de semelle et une semelle intermédiaire ayant les propriétés physiques
d'une semelleintermédiaire usée, change la répartition des pressions plantaires.

MOTS CLES: semelles, chaussure, CAO, FEA

INTRODUCTION INTRODUCERE

The footwear sole weight removal cavities Structura golurilor de usurare ale talpii si
structure and the materials used for the midsole have a materialele utilizate Tn productia brantului au o
major influence on the distribution of the plantar influentd semnificativa asupra distributiei presiunilor
surface pressures [1, 2]. The midsole deteriorates over plantare [1, 2]. Brantul se deterioreaza cu timpul sub
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time under the influence of a set of factors. These
factors include the characteristics of the material used
for the midsole, but also the usage of the footwear
product [3-6]. An improper maintenance of the
product, correlated with the midsole structure and
materials, will lead to changes of the physical
properties and the loss of functional features of the
footwear lower ensemble. The functional losses render
the product unusable. However, the deteriorated
product is still used by individuals with peripheral
neuropathy, leading to short and long term lower limb
injuries.

To determine the deterioration degree and to
prevent foot injuries, wearing tests on prototype
products should be performed. This method is very
expensive and time consuming and is not economically
viable.

This paper describes a method developed by the
authors to estimate the changes of the plantar
pressures distribution according to the physical
characteristics of the midsole and the weight removal
cavities structure.

MATERIALS AND METHODS

The method used to estimate the plantar pressure
changes consists in the development of a 3D CAD
(Three Dimensional Computer Aided Design) model
andthe use of FEA (Finite Element Analysis).

To accomplish this, the three parts interacting in
the model were designed. The industry uses CAD as the
method of choice for sole and midsole design [7],
therefore the sole and midsole used in the analysis
were completely developed and defined in a CAD
system. However, to obtain estimation results as close
toreality as possible, a real human foot was the starting
pointinthe 3D part development.

The INFOOT three dimensional foot scanner,
presented in Figure 1, was used to digitize the foot
surface [8].

This system uses the optical laser scanning
method to scan the foot form. The raw data is
presented as point cloud and can be converted in
various scalar file formats. The scanning step accuracy
is 0.5mm, the scanning speed is up to 30mm/sec, the
full scanning and data processing takes about 10

influenta unui cumul de factori. Acesti factori includ
caracteristicile materialului utilizat pentru productia
brantului, dar si modul de utilizare a produsului de
incaltdminte [3-6]. O fingrijire incorectd a produsului,
corelata cu structura si materialele ansamblului inferior, duc
la schimbari ale proprietatilor fizice si la pierderea
caracteristicilor functionale ale acestui ansamblu. Pierderea
caracteristicilor functionale conduce la un produs care nu se
preteaza utilizarii. Cu toate acestea, produsul deteriorat este
utilizat de catre persoane cu neuropatie periferica, ceea ce
cauzeaza afectiuni pe termen scurt si pe termen lung la
nivelulmembrelorinferioare.

Pentru a determina gradul de deteriorare si
pentru a preveni afectiunile la nivelul piciorului, sunt
necesare o serie de teste pe produse prototip. Aceasta
metoda este foarte scumpa si necesitda mult timp,
nefiind viabila din punct de vedere economic.

Tn aceastd lucrare este descrisd o metod
dezvoltata de autori pentru a estima modificarile
distributiei presiunilor plantare in corelatie cu
caracteristicile fizice ale brantului si cu structura
golurilor de usurare.

MATERIALE S| METODE

Metoda utilizatd pentru estimarea schimbarilor
presiunilor plantare consta in dezvoltarea unui model
CAD 3D (Three Dimensional Computer Aided Design —
proiectarea tridimensionald cu ajutorul calculatorului)
siutilizarea AEF (Analiza in Element Finit).

Pentru realizarea studiului se proiecteaza cele trei
componente care interactioneaza. Industrial, se
utilizeaza metoda CAD ca metoda de proiectare a
talpilor si a branturilor [7], astfel talpa si brantul
utilizate Tn analiza sunt complet proiectate si definite
intr-un sistem CAD. Pentru a obtine rezultate cat mai
precise s-a utilizat modelul real al unui picior pentru
proiectarea modelului 3D.

Digitizarea suprafetei piciorului s-a realizat prin
intermediul unuiscanner INFOOT prezentatin Figura 1.

Acest sistem utilizeaza scanarea optica pe baza de
laser pentru scanarea formei piciorului [8]. Datele brute
sunt prezentate sub forma de nor de puncte si pot fi
convertite in diferite formate de fisiere scalare. Scanarea
se realizeaza cu o precizie a pasului de 0.5mm, cu o viteza
de 30mm/sec, iar intreg procesul de scanare dureaza
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sec/foot. A model of the raw data, processed
polygon mesh and surface model are presented in
the Figure 2.

aproximativ 10 secunde pentrufiecare picior. Reprezentarea
datelor brute, reteaua poligonald procesata si suprafata
modeluluisunt prezentatein Figura 2.

Figure 1. INFOOT laser scanner
Figura 1. Scanner laser INFOOT

Figure 2. Scanned data
Figura 2. Date scanate

The 3D CAD systems are using vectorial data.
Even if these systems are able to import scalar data,
this data can be used only as reference. In order to
obtain a usable mesh, the raw data is processed in a
mesh processing application. The MeshlLab v1.3.2
64bit was used to import, analyse and process the raw
data. The imported scanned foot is presented in
Figure 3.
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Sistemele de proiectare tridimensionala CAD
utilizeazd date vectoriale. In cazul in care aceste
sisteme pot importa date scalare, respectivele date pot
fi utilizate numai ca referinta. Pentru a obtine o
structurd utilizabila, datele de intrare sunt procesate
initial Tntr-o aplicatie de procesare a structurilor
scalare. Pentru importul, analiza si procesarea datelor
de intrare s-a utilizat aplicatia MeshlLab v1.3.2 64bit.
Piciorul scanat si importat in aplicatie este prezentat in
Figura 3.
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Figure 3. MeshLab imported raw data
Figura 3. Date importate in MeshLab

Laser scanning point clouds are usually high
density clouds. For the purpose of obtaining a 3D
usable part, the point density must be down sampled.
The Mesh Element Subsampling function is used to
reduce the number of vertices, edges or faces. As the
scanned model is defined by points, the option used is
vertex subsampling. The processed model, presented
in Figure 4, did not lose definition quality through the
subsampling process because the scanned model is
over defined.

Norul de puncte obtinut prin scanarea laser este in
general de densitate mare. Pentru a obtine un model 3D
utilizabil in analiza, trebuie redusa densitatea norului de
puncte. Functia Mesh Element Subsampling este utilizata
pentru reducerea numadrului de puncte, muchii sau
suprafete. Deoarece modelul scanat este definit prin
puncte, optiunea utilizata este cea de reducere a numarului
de puncte. Modelul procesat, prezentat in Figura 4, nu a
pierdut in calitatea definitiei prin procesul de reducere a
punctelor, deoarece modelul scanat este supra definit.

Figure 4. Processed mesh
Figura 4. Retea procesata

The subsampling degree should be tuned to not
deteriorate the mesh quality. Once the optimum vertex
density is obtained, the mesh is used to create the 3D
part. SolidWorks 2013 64bit [9] was used for the part
modelling. The mesh is imported in the application
workspace. The import process uses high computing

Gradul de reducere a numarului de noduri trebuie
ajustat pentru a nu deteriora calitatea retelei. Dupa
obtinerea densitatii optime de noduri, reteaua poate fi
utilizatd pentru crearea unei componente 3D. Pentru
modelarea componentei 3D s-a utilizat SolidWorks 2013
64bit [9]. Reteaua este initial importata in spatiul de
lucru al aplicatiei. Procesul de import utilizeaza o
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resources. A high speed quad processor computer will
need about five hours to import the model and the
imported model will use about 4GB of the available
RAM. The result is a set of surfaces, presented in
Figure5.

cantitate semnificativda de resurse computationale. O
unitate cu procesor de mare viteza, cu patru nuclee, va
necesita aproximativ cinci ore pentru a importa modelul
si va utiliza aproximativ 4GB din memoria RAM
disponibild. Rezultatul consta intr-un set de suprafete,
prezentatin Figura 5.

Figure 5. Imported mesh
Figura 5. Structura importata

By processing this mesh, a solid body is obtained.
This solid part, presented in Figure 6, is the vectorial
representation of the scanned foot.

Prin procesarea acestei retele se obtine un corp
solid. Acest corp solid, prezentat in Figura 6, este
reprezentarea vectoriala a piciorului scanat.

Figure 6. Solid part defined
Figura 6. Corp solid

Once the solid part is defined, it is fully usable for
FEA.

The next step consists in defining the midsole
and the sole. These two parts are designed directly in
the CAD system, obtaining fully defined vectorial
parts.

While designing the sole, the emphasis was put on
the structure of the weight removal cavities. This is one
of the multiple possible patterns. The wireframe
representation of the soleis presented in Figure 7.
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Odata definit corpul solid, acesta poate fi utilizat
in AEF.

Urmatorul pas consta in definirea brantului si a
talpii. Aceste doud componente sunt proiectate direct
in sistemul CAD, obtinand astfel componente
vectoriale complet definite.

Tn proiectarea talpii s-a pus accentul pe structura
golurilor de usurare. Modelul realizat este unul dintr-o
gama larga de modele posibile. Reprezentarea
structurala a talpii este prezentatain Figura 7.
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Figure 7. The wireframe representation of the sole
Figura 7. Reprezentarea structurala a talpii

The midsole is designed starting from the top Brantul este proiectat pornind de la suprafata
surface of the sole, as it has to fit as precisely as possible superioara a talpii, deoarece brantul trebuie sa se
to this surface. The designed midsole is presented in imbine cat mai precis cu talpa. Brantul proiectat este
Figure 8 in wireframe configuration. prezentatin configuratie structuralain Figura 8.

Figure 8. The wireframe representation of the midsole
Figura 8. Reprezentarea structurala a brantului

Using the designed parts, an assembly is designed Utilizand componentele proiectate se configureaza
in order to perform the analysis [10]. This assembly is ansamblul care va fi utilizat in analiza [10]. Acest
presentedin Figure9. ansamblu este prezentatin Figura9.

Figure 9. Assembly model
Figura 9. Model ansamblu
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RESULTS AND DISCUSSIONS

The FEA process is executed for a sample
individual with the following characteristics: weight =
80kg, foot size = EU41. Using both new and worn
midsole physical characteristics, the plantar pressure
distribution is obtained for both cases. Figure 10
presents the result for the new midsole.

REZULTATE SI DISCUTII

Procesul AEF este realizat pentru cazul concret al
unei persoane cu urmatoarele caracteristici: greutate =
80kg, numdr marime = EU41. Utilizdnd atat
caracteristicile fizice ale unui brant nou, cat si pe cele
ale unui brant uzat, se obtine distributia presiunilor
plantare pentru ambele cazuri. In Figura 10 este
prezentat rezultatul pentru analiza brantuluinou.

Figure 10. FEA results for new midsole
Figura 10. Rezultate AEF pentru brant nou

The plantar pressure distribution is close enough
tothe average foot onaflat surface.

After running the FEA process on the used
midsole, the result obtained shows a significant
modification of the plantar pressure distribution as
presentedin Figure 11.

The pressures concentrate on the ribs of the
weight removal cavities. The highest pressure is on the
ribs located in the heel region. However, there is
significant pressure concentrated on the ribs in the
metatarsophalangeal joints area also.
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Distributia presiunilor plantare este foarte
asemanatoare cu distributia presiunilor plantare ale
unui picior comun in contact cu o suprafata plana.

Dupa analiza Tn cazul brantului uzat, rezultatul
obtinut prezinta modificari semnificative ale
distributiei presiunilor plantare, dupa cum este
prezentatin Figura11.

Figure 11. FEA results for the worn midsole
Figura 11. Rezultate AEF pentru brantul uzat

Presiunile sunt concentrate pe nervurile golurilor
de usurare. Cea mai mare presiune este localizata la
nivelul nervurilor din zona célcaiului. Tn zona
articulatiilor metatarsofalangiene se observa, de
asemenea, o concentratie a presiunii la nivelul
nervurilor.
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CONCLUSIONS

By using the method developed in this paper, the
footwear product functionality can be estimated in a
short time with minimum financial costs. This enables
the analysis of different materials used for the midsole
fabrication and choosing the optimal material without
prototype fabrication and time consuming wearing
tests.
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