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CHANGE OF THE FOOT MORPHOLOGY DEPENDING ON THE PLANTAR SURFACE 3D CAPTURE METHOD

ABSTRACT. Conservative treatment of foot pathomechanics implies the use of the medical devices such as orthopedic footwear and foot orthoses, based on medical
prescription. Medical prescription is not so elaborated, leaving the decision regarding the choice of most design elements up to the pedorthist. Clinical gait analysis
provides a number of essential data in designing process of these devices. An important element of the biomechanical examination is the determination of
structural deformations of the foot and how these affect the gait. Foot morphology is determined by structural deformations that occur and may be influenced by
the manner in which it is captured. Since the design process of medical devices starts from foot surface it is obvious that it will be influenced by how this surface will
be captured. This paper represents a preliminary study on how the three-dimensional foot surface capturing method influences its morphology. The results show
that foot morphology isinfluenced by the capture method used, this fact influencing the design process of medical devices. Continued research is necessary in order
to quantify how much the foot morphology is influenced by the foot surface capture method.
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MODIFICAREA MORFOLOGIEI PICIORULUI IN FUNCTIE DE METODA DE CAPTURA 3D A SUPRAFETEI PLANTARE

REZUMAT. Tratamentul conservativ al afectiunilor de naturd mecanicad ale piciorului implica utilizarea dispozitivelor medicale pe baza de prescriptie medicala —
incaltamintea ortopedica si ortezele pentru picior. Prescriptia medicald este sumard, lasand la latitudinea tehnicianului decizia privind alegerea majoritatii
elementelor de proiectare. Analiza clinica a mersului furnizeaza o serie de date esentiale in proiectarea acestor dispozitive. Un element important al examenului
biomecanic il constituie determinarea deformatiilor structurale ale piciorului si modul in care acestea influenteaza mersul. Morfologia piciorului este determinata
de deformatiile structurale care apar si poate fi influentatd de modul in care este ea captata. Deoarece proiectarea dispozitivelor medicale porneste de la forma
piciorului, este evident faptul ca ea va fiinfluentata de modul in care este captata aceasta forma. Articolul de fata reprezintd un studiu preliminar asupra modului in
care metoda de capturd a suprafetei tridimensionale a piciorului influenteaza morfologia acestuia. Rezultatele demonstreaza faptul ca morfologia piciorului este
influentata de metoda de captura utilizata, acest fapt influentand procesul de proiectare al dispozitivelor medicale. Continuarea cercetarilor se impune pentru a se
putea cuantifica modulin care morfologia piciorului este influentata de metoda de capturd a formei suprafetei plantare.

CUVINTE CHEIE: morfologia piciorului, captura suprafetei, incdltaminte ortopedicd, orteze.

CHANGEMENTS DANS LA MORPHOLOGIE DU PIED, SELON LA METHODE DE CAPTURE 3D DE LA SURFACE PLANTAIRE

RESUME. Le traitement conservateur des maladies mécaniques du pied implique l'utilisation des dispositifs médicaux sur ordonnance — les chaussures
orthopédiques et les orthéses pour pied. L'ordonnance est bréve, laissant la plupart d'éléments de conception au choix des techniciens. L'analyse clinique de la
démarche fournit des données essentielles dans la conception de ces dispositifs. Un élément important de I'examen biomécanique est la détermination des
déformations structurelles du pied et comment ils affectent la marche. La morphologie du pied est déterminée par des déformations structurelles qui se produisent
et peut étre influencée par la fagon dont elle est saisie. Puisque la conception des dispositifs médicaux commence de la forme du pied, il est clair qu'elle sera
influencée par la fagon dont elle est capturée. Cet article est une étude préliminaire sur la fagon dont la méthode de capture de la surface tridimensionnelle du pied
influence son morphologie. Les résultats montrent que la morphologie du pied est influencée par la méthode de capture utilisée, ce qui influence le processus
d'élaboration des dispositifs médicaux. D'autres recherches sont nécessaires pour quantifier la fagon dont la morphologie du pied est influencée par la méthode de
capture de la surface plantaire.

MOTS CLES: morphologie du pied, capture de la surface, chaussures orthopédiques, orthéses.

INTRODUCTION

Biomechanics represents the science that
studies structure, evolution and functions of the
human locomotor system based on general mechanics
laws [1]. Pathomecanics can be defined as those
deviations from normal biomechanics resulting in
imbalances of the movement and support apparatus

INTRODUCERE

Biomecanica reprezinta stiinta care studiaza,
pe baza mecanicii generale, structura, evolutia si
functiile aparatului motor ale omului [1]. Patologiile de
natura mecanica (,pathomecanics”) pot fi definite ca
fiind acele deviatii de la biomecanica normala avand ca
rezultat dezechilibre ale aparatului de sustinere si
miscare (sistemele osteoarticular si muscular)
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(joint, muscular and osseous systems) manifested by
locomotor deficiencies [2]. An important role in the
treatment of foot pathomechanics is played by the so-
called “special devices”, which means “therapeutic
shoes, shoe modifications made for therapeutic
purposes, partial foot prostheses, foot orthoses and
orthoses for subtalar-joint control” [3]. “Specialized”
devices or “therapeutic” devices are based on the
individual medical prescription, designed according to
morphological and biomechanical analysis of the foot,
according to the foot's functioning paradigms (Figure
1). In this sense, quality and efficacy of specialized
devices depends directly on the quality and accuracy of
the 3D capturing method of the foot surface.

manifestate prin deficiente locomotorii [2]. Un rol
important in tratamentul patologiilor de natura
mecanicd ale piciorului 1l joacd asa numitele
»dispozitive specializate” prin care se intelege
»incaltaminte terapeutica, modificari ale incaltamintei
executate pentru scopuri terapeutice, proteze partiale
de picior, orteze de picior si orteze pentru controlul
articulatiei subastragaliene” [3]. Dispozitivele
,Specializate” sau ,terapeutice” sunt dispozitive
individualizate pe baza de prescriptie medicala,
construite in functie de analiza biomecanica si
morfologica a piciorului, Tn acord cu paradigmele de
functionare ale piciorului (Figura 1). Tn acest sens,
calitatea si eficacitatea dispozitivelor specializate
depinde Tn mod direct de calitatea si acuratetea
modului Tn care este realizata captura suprafetei
tridimensionale a piciorului.

Foot's functioning paradigms
Paradigmele de functionare a piciorului

e

Biomechanical analysis
Analiza biomecanica

Foot's morphology

Morfologia piciorului

Figure 1. Conceptual framework for developing a medical prescription for specialized devices
Figura 1. Cadrul conceptual de elaborare a prescriptiei medicale pentru dispozitivele specializate

This paper aims to review different systems of
classification methods to capture the 3D plantar
surface of the foot involved in designing and
manufacturing foot orthoses as a base element of
orthopedic footwear and to highlight the qualitative
differences that arise because of these methods.

Understanding the importance of 3D plantar
foot surface capturing technique cannot be fully
achieved without specifying the type of special device
designed based on this capture. In this sense it is
necessary to draw a parallel between the types of
special devices used in treatment of foot
pathomecanics. According to official classification from

Lucrarea de fata isi propune sa treaca in revista
diferite sisteme de clasificare a metodelor de captura
3D a suprafetei piciorului implicate n obtinerea
ortezelor pentru picior ca elemente de baza ale
incdltamintei ortopedice si sa evidentieze calitativ
diferentele calitative care apar prin utilizarea acestora.

Intelegerea importantei tehnicii de capturd 3D a
suprafetei plantare a piciorului nu poate fi pe deplin
realizata fara a preciza tipul de dispozitiv special
construit pe baza acestei capturi. in acest sens, este
necesar a se face o paralela intre tipurile de dispozitive
speciale utilizate in tratamentul patologiilor de natura
mecanica ale piciorului. Conform ,Normelor
metodologice de aplicare a Contractului-cadru privind
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the documentation of health insurance system [4], in
the case of “lower limb orthoses” there are two types of
orthoses related only to the foot:
- foot orthoses,
- foot orthoses for correcting the foot orthosis
statics, classified as:
- Archsupport,
- Pesvar/valg,
- Hallux-valgus.
The Romanian literature offers some definitions

of the notion of arch support. Thus, according to A.
Denischi, “the arch support represents an orthopedical
device with the purpose of treating small foot
deformities for the situations in which orthopedic
footwear is not indicated. Their aim is to: stabilize the
longitudinal arch of the foot, correct reducible
deformities and balance the foot through a more
harmonious distribution of static pressure” [5].
According to I. Stroescu [6]: “related to the foot static
we have to understand that human balance in standing
is not completely static, but has also an important
dynamical component”, while “it is impossible to
prevent, correct or compensate a static disorder other
way than restoring the normal anatomic axis of the foot
and physiological balance of plantar foot pressures,
using for this purpose foot surgery, foot orthoses and

rehabilitation programs”.
In the countries with an advanced foot care

system, in the treatment of foot pathomecanics, foot
orthoses play an important role. According to K. Kirby
[7], “a foot orthose is a medical device inserted into the
shoe, designed to change the size and time evolution of
reaction forces acting on the foot in order to allow, as
much as possible, a normal functioning of the lower
legs and to reduce the pathological loads on structural
components of the lower limb in dynamics”.

American Board for Certification in Orthotics,
Prosthetics and Pedorthics defines “Subtalar-Control
Foot-Orthoses” (SCFO) [3] as “lower leg orthoses
designed to facilitate the functionality of the
anatomical elements distal from the ankle joint
through the movement control of the subtalar joint.
These do not include the orthoses designed to be
above the ankle joint”.
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conditiile acordarii asistentei medicale in cadrul
sistemului de asigurari sociale de sanatate” [4] in cazul
,ortezelor pentru membru inferior” existda doua
categorii de orteze a caror denumire se refera strict la
picior:
- orteze pentru picior,
- orteze corectoare de statica a piciorului,
clasificatein:
- sustinatoriplantari,
- Pesvar/valg,
- Hallux-valgus.

Din literatura medicala roméana retinem
urmatoarele abordari ale notiunii de sustinator plantar.
Astfel, dupa A. Denischi, ,sustinatorul plantar,
impropriu numit taloneta, constituie un mijloc
ortopedic in combaterea unor diformitati mai simple
ale piciorului, in care gheata ortopedicd nu mai este
indicata. Ele urmadresc stabilizarea boltii plantare,
corectarea diformitatii Tnca reductibile si echilibrarea
piciorului printr-o mai armonioasda repartizare a
presiunilor statice” [5]. in conformitate cu I. Stroescu
[6]: ,vorbind despre statica piciorului trebuie sa
intelegem ca de fapt echilibrul omului Tn ortostatism nu
este perfect static, ci are si o0 componenta dinamica
importanta”, in timp ce ,,nu este posibil a preveni, corija
sau compensa o tulburare statica decat restabilind
axele anatomice normale ale piciorului si echilibrul
fiziologic al presiunilor plantare, utilizand in acest scop
chirurgia piciorului, ortezele plantare si tratamentele
reeducative”.

Atat in literatura de specialitate, cat si in practica
din statele cu un sistem avansat pentru ingrijirea
piciorului, in tratarea patologiilor de natura mecanica,
un rol important revine ortezelor pentru picior. Dupa K.
Kirby [7]: , 0 orteza pentru picior este un dispozitiv
medical introdus in Tncaltaminte, proiectat pentru a
modifica marimea si evolutia in timp a fortelor de
reactiune ce actioneaza asupra piciorului cu scopulde a
permite o functionare cat mai normalda a membrelor
inferioare si de a micsora incarcarile patologice pe
componentele structurale ale membrelor inferioare in
dinamica”.

Comisia Americana pentru Certificare in
Ortezare, Protezare si Pedortica (,pedorthics”)
defineste ,ortezele pentru picior pentru controlul
articulatiei subastragaliene” (“Subtalar-Control Foot
Orthosis — SCFO”) [7, 3] ca fiind ,orteze pentru
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Given that the static pressure distribution is
different from that generated by dynamics, we can say
that the foot orthoses definition, as it is presented in
the podiatric literature, is more elaborate and more
appropriate for the purpose for which these devices are
prescribed compared with arch support definition from
our medical literature.

Foot orthoses based on medical prescription are
divided into three categories: functional orthoses,
accommodative orthoses and functional-

accommodative orthoses.
Functional foot orthoses have the role of

facilitating the structural integrity of joints of the feet
and lower limbs by changing the reaction forces of the
supporting surface which cause abnormal movements
of osseous system of the foot in the stance phase of gait
[7, 13]. They prevent the compensation movements
from midtarsal, subtalar and lower limb joints.
Accommodative foot orthoses are designed in
order to redistribute the pressure acting on the

affected areas of the foot in stance [7].
Accommodative-functional foot orthoses are

designed both for their functional role and for the
accommodative one [7].

According to R. Valmassy [9], functional foot
orthoses are “biomechanical devices that are not, in
any way, analogous to arch support because they do
not support the longitudinal arch but try to restore
normal functioning of the foot”.

The basic question to which the specialist who
prescribes the foot orthoses must have an answer is
related to the type of device requested by foot
pathomecanics: functional, accommodative or
functional-accommodative. From the above
definitions it results that, in order to achieve the
functional goal, the functional orthoses have to be
made from rigid or semi-rigid material able to alter the
action of the forces of reaction, while for the
accommodative ones, more flexible materials need to
be used. The analysis of correlations between the
change of foot morphology and gait cycle phases is
necessary when rigid materials are used for functional
purposes.

membrul inferior, proiectate pentru a facilita
functionalitatea elementelor anatomice distale fata de
articulatia gleznei, prin controlul domeniului de
miscare al articulatiei subastragaliene. Aceste orteze
nuinclud ortezele supramaleolare”.

Avand in vedere faptul ca distributia presiunilor
in statica este diferita de cea in dinamica [8], putem
spune ca definitia ortezelor pentru picior, asa cum este
ea prezentata in literatura podiatricd/podologica, este
mult mai elaborata si mai adecvata scopului pentru
care aceste dispozitive sunt prescrise comparativ cu
definitia sustinatoarelor plantare (,,arch supports”).

Ortezele pentru picior pe baza de prescriptie
medicala sunt divizate Tn trei categorii: orteze
functionale, orteze acomodative si orteze functional-
acomodative.

Ortezele functionale au rolul de a facilita
integritatea structurala a articulatiilor picioarelor si
membrelor inferioare prin modificarea fortelor de
reactie ale suprafetei de sprijin care cauzeaza
producerea miscarilor anormale ale sistemului osos in
timpul fazeide sprijinamersului[7, 13].

Ortezele acomodative sunt proiectate cu scopul
de a redistribui presiunile ce actioneaza in diferite zone
afectate ale piciorului aflat sub sarcina [7].

Ortezele functional-acomodative sunt proiectate
atat pentru rolul lor functional, cat si pentru cel
acomodativ [7].

Dupa R. Valmassy [9], ortezele functionale sunt
,dispozitive biomecanice care sub nicio forma nu sunt
analoge cu sustinatoarele plantare (arch support) prin
aceea ca ele nu sustin bolta plantara, ci incearca sa
restabileasca functionarea normala a piciorului”.

intrebarea de bazd la care specialistul care
prescrie orteza trebuie sa aiba un raspuns este legata
de tipul de dispozitiv pe care tratamentul patologiei il
reclama: orteza functionalda, acomodativa sau
acomodativ-functionald. Din definitile de mai sus
rezulta ca, pentru a-si atinge scopul, ortezele
functionale trebuie realizate din materiale semirigide
sau rigide capabile sa modifice modul de actiune al
fortelor de reactie, in timp ce, la cele acomodative se
utilizeazda materiale mult mai flexibile. Utilizarea
materialelor rigide la realizarea ortezelor functionale
presupune analiza corelatiilor dintre modificarea
morfologiei piciorului si fazele ciclului de mers.
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The importance of studying the changes in foot's
plantar morphology depending on the 3D method of
capture is underscored by the fact that foot orthoses
and orthopedicfootwear represent a unitary system.

METHODS TO CAPTURE THE 3D PLANTAR FOOT
SURFACE

There are several ways to achieve the capture of
3Dimage of the foot.

I. In relation to the foot position, there are two
main categories [10]:

1) foot under stress:

o Weightbearing position (Figure 2a) or

o Semi-weightbearing position — with

the subject in sitting position (Figure 2b);

Importanta studierii modificarilor morfologiei
suprafetei plantare a piciorului in functie de metoda de
captura 3D este subliniata de faptul ca ortezele pentru picior
si incaltamintea ortopedica formeaza un sistem unitar.

METODE DE CAPTURA 3D A SUPRAFETEI PLANTARE A
PICIORULUI

Exista mai multe metode prin care se poate
realiza captura imaginii 3D a suprafetei plantare a
piciorului.

I. Tn raport cu sarcina aplicatd pe picior [10],
exista doua categorii:

1) cu piciorul aflat Tn sarcina: sarcina aplicata
poate fi totald — sprijin ortostatic bilateral (Figura 2a)
sau partiala —cu subiectul in pozitia sezand (Figura 2b);

o b

Figure 2. a —the subject in weightbearing position, b — the subject in sitting position
Figura 2. a — subiectul in sprijin ortostatic bilateral, b — subiectul in pozitia sezand

2) non-weightbearing position (Figure 3).

2) cupiciorul degrevat de sarcina, sau suspendat

Figure 3. Manual casting of the foot in the non-weightbearing position
Figura 3. Captura manuala a suprafetei 3D cu piciorul in pozitie suspendata
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IIl. Inrelation to the position of subtalar joint axis:

1) — with the subtalar joint axis as close as
possible to neutral position;

2) — foot position does not relate to the neutral

position of subtalar joint, but is described depending
on the position of the femur, tibia and foot towards the
shin.

Ill. Inrelation to the type of technology involved:

1) — 3D scanner —the 3D foot surface is obtained
by scanning the foot. There are two types of scanners:
through direct contact (Figure 4a) or optical system
(Figure 4b);

II.Tn raport cu pozitia axei subastragaliene:

1) — piciorul pozitionat astfel incat axa
subastragaliand sa fie cat mai aproape de pozitia
neutra;

2) — pozitia piciorului nu se raporteaza la pozitia
neutra a axei subastragaliene, ci este descrisa in functie
de pozitia femurului, tibiei si a piciorului fata de tibie.

1. Tn raport cu tipul de tehnologie implicat:

1) — scanare 3D — suprafata tridimensionald a
piciorului este obtinuta prin scanarea piciorului. Exista
doua tipuri de scanner: de contact (Figura 4a) sau optic
(Figura 4b);

Figure 4. Foot scanners: a — contact, b — optical
Figura 4. Tipuri de scanner 3D: a — contact, b — optic

2) — manual — through using plaster of Paris
splint, foam box and plaster (Figures 2 and 3).

The reference position in which the foot is placed
represents one of the most important aspects of
capturing 3D surface. In terms of weightbearing
method of capturing 3D surface of the foot, literature
shows no clear biomechanical argumentsin the favor of
this method. Itis remarkable that this technique is used
especially in computerized methods that provide two-
dimensionalimages of plantar area. Orthoses surface is
generated automatically based on mathematical
algorithms and with the possibility for the specialist to
perform some operations. The essential problem is to
explain and understand the underlying algorithm
which is the base of generated surface and the

2) — manual — prin utilizarea fesilor gipsate sau a
spumelor speciale pentru mulaj si a gipsului (Figurile 2 si 3).

Foarte importanta in metoda de captura a
suprafetei 3D a suprafetei plantare a piciorului devine
pozitia de referintd Tn care este plasat piciorul. Din
punctul de vedere al metodei de captura a suprafetei
3D a piciorului in conditia de sprijin total, literatura
consultatd nu prezinta clar argumentele de natura
biomecanica pentru care aceastd metoda este
preferata. Se remarca faptul ca aceasta tehnica este
folosita in special Tn metodele computerizate care
furnizeaza imagini bi-dimensionale ale suprafetei
plantare. Suprafata ortezei este generata atat automat,
pe baza unor algoritmi matematici, cat si prin
posibilitatea executarii unor operatii de catre specialist.
Problema esentiala Tn aceasta situatie consta in
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correlation between the involved pathology and
algorithm.

Subtalar neutral joint position capturing
methods are:

- non-weightbearing - which is standard in the
podiatric literature. This implies the use plaster of Paris
splint.

- semi weightbearing — which implies the use of
foam box.

In agreement with Root [9, 11, 12], these
methods involve subtalar neutral joint positioning, i.e.
in a position where it is neither supinated nor pronated
with the midtarsal joint being blocked in a position of
maximum pronation. Subtalar neutral joint position is
determined by palpation of talus-navicular joint
congruence, confirmed by the similar form of the
curves from above and below the lateral malleolus or
absence of skin folds in the same areas. The absence of
these details may be the sign that the foot is in
pronation or supination. Midtarsal joint is locked
through grasping the fourth and fifth toes, distal to the
correspondent metatarsal heads and inducing a
dorsiflexion movement of the forefoot up to
“resistance”. This casting method will allow capturing
the hindfoot-forefoot relationship. In Root's
acceptance, the concept of subtalar joint neutral
position is one of the criteria that define the ideal
normal foot function. The foot being in this position will
support body weight efficiently and will provide
stability of the osseous and muscular systems due to
increasing joint compression forces that resist
rotational forces assuring the joint's rotational
equilibrium. Change of compressive forces, especially
from the midtarsal joint, influences the stability of the
joint in the frontal plane of the foot by reducing the
effect of reaction forces generated by the support
surface. Therefore, it is desirable that the foot should
be in a position of maximum stability before the onset
of the propulsion phase of gait cycle phase in which the
footisunderthe greatesttension[11,13].

Methods which are used for the 3D capture of
the foot without positioning the subtalar joint in its
neutral position could also be non-weightbearing,
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explicarea si intelegerea algoritmului care sta la baza
generarii suprafetelor precum si a corelatiilor dintre
patologiaimplicata sialgoritm.

Metodele care implica utilizarea ca pozitie de
referinta a pozitiei neutre a articulatiei subastragaliene
sunt:

- metoda cu piciorul degrevat de sarcini sau
suspendat — care reprezinta standardul in literatura
podiatrica. Implica utilizarea fesilor gipsate;

- metoda cu piciorul aflat partial sub sarcina cu
ajutorul spumei pentru mulaj.

in acord cu Root [9, 11, 12], aceste metode
presupun pozitionarea articulatiei subastragaliene in
pozitia neutra, adica, intr-o pozitie in care ea nu este
nici in pronatie, nici in supinatie, in timp ce articulatia
mediotarsiana este blocata prin pozitionare in pronatie
maxima. Pozitia neutra este determinata prin palparea
congruentei articulatiei astragalo-naviculare,
confirmata si de congruenta concavitatilor de
dedesubtul si deasupra maleolei laterale sau absenta
cutelor pe piele in aceleasi zone. Absenta acestor indicii
poate reprezenta semnul ca piciorul se afla in pronatie
sau supinatie. Blocarea articulatiei mediotarsiene se
face prin fixarea degetelor 4 si 5 distal capetelor
metatarsienelor corespondente si inducerea unei
miscari de dorsiflexie a antepiciorului, ,pana Ia
rezistentda”. Mulajul capturat dupa aceasta tehnica va
permite captura relatiei antepicior-postpicior. in
acceptiunea lui Root, conceptul de pozitie neutra a
articulatiei subastragaliene reprezinta unul din
criteriile care definesc functionarea piciorului normal
ideal. Piciorul aflat Tn aceastd pozitie va suporta eficient
greutatea corpului si va permite asigurarea stabilitatii
sistemelor osos si muscular datorita cresterii fortelor
de compresiune in articulatii, care se opun fortelor de
rotatie, asigurand astfel echilibrul rotational al
articulatiei. Modificarea fortelor de compresiune, in
special din articulatia mediotarsiana, influenteaza
stabilitatea Tn plan frontal a piciorului prin reducerea
efectului pronator al fortelor de reactiune generate de
suprafata de sprijin. De aceea, este de dorit ca piciorul
sa se afle intr-o pozitie de maxima stabilitate inainte de
debutul fazei de propulsie a ciclului de mers, fazain care
piciorul este supus celor mai maritensiuni[11, 13].

Metodele folosite pentru captura 3D a piciorului,
fara utilizarea pozitiei neutre a articulatiei
subastragaliene, sunt metode in care piciorul se afla in
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weightbearing or semi-weightbearing. Thus, in a semi-
weghtbearing situation, the subject is seated on a chair,
so that the femur is parallel to the ground, the tibia is
perpendicular to the support surface, while the foot
makes an angle of 90 degrees with the tibia. The plaster
of Paris splint is wrapped over the foot which will be
positioned as in the position described above. The
technician grasps the forefoot in the metatarsal area
with one hand meanwhile with the other hand slightly
rotates the tibia outwards which determines a slight

inversion of the foot and arise of longitudinal arch [14].
In the semi-weigthbearing subtalar joint neutral

position method, when the foam box is used, the lower
limb is positioned as in the precedent method; the
congruence of talo-navicular joint is palpated with one
hand meanwhile with the other hand a pressure is
applied above the knee joint (Figure 2b) in order to
allow the foot to equally go into the foam, the forefoot

and hindfoot being at the same level [9, 14, 15].
It should be noted that Denischi had presented a

non-weightbearing casting method, which, in our
knowledge is not applied in practice. Thus, after
applying plaster of Paris splint on the foot which has
flexible deformations, before the plaster splints
harden, the foot's arches are modeled, the forefoot is
rotated in a valgus position at the same time with the
hindfoot, which is rotated in varus in order to rise the
longitudinal arch. When the longitudinal arch is
modeled, the navicular is pushed in the upside and
lateral directions. After that, the forefoot area is
modeled especially in the area of second and third
metatarsal heads. In the last moment, the forefoot is
tightened in the transversal plane in order to
accentuate the anterior arch [5].

The computerized methods can be used in the
case when the 3D surface of the foot was initially
captured by a manual method, casts thus obtained
being scanned, and then the result file is processed in
accordance with the algorithm scheme.

EXPERIMENTAL METHOD

sarcina, total sau partial. Astfel, pentru situatia Tn care
piciorul se afla partial sub sarcina, subiectul este asezat
pe un scaun, astfel incat femurul sa fie paralel cu solul,
tibia sa fie perpendiculara pe suprafata de sprijin, in
timp ce piciorul face un unghide 90 grade cu tibia. Peste
picior se aplica fasa gipsata, se pozitioneaza piciorul
conform descrierii de mai sus, dupa care o mana a
tehnicianului fixeaza antepiciorul in zona articulatiilor
metatarsofalangiene, in timp ce, cu cealalta, roteste
usor tibia catre exterior, producand o usoara inversie a
piciorului, precum si o ridicare a arcului longitudinal
[14].

n cazul in care se utilizeazd spuma pentru mulaj,
pozitia neutra a articulatiei subastragaliene si piciorul
descarcat partial, se pozitioneaza membrul inferior ca
in descrierea anterioard, se palpeaza congruenta
articulatiei astragalo-naviculare cu o mana, urmand ca,
dupa fixarea piciorului in aceasta pozitie, cu cealalta
mana sa se exercite o presiune verticalda asupra
genunchiului (Figura 2b), astfel Tncat piciorul sa se
afunde in mod egal in spuma, calcaiul si antepiciorul
fiind situate la acelasinivel [9, 14, 15].

Este de remarcat faptul ca Denischi a prezentat o
metoda de prelevare a mulajului cu piciorul suspendat,
metoda care, dupa cunostintele noastre, nu este
aplicata in practica. Astfel, dupa aplicarea fesilor
gipsate pe picior, in cazul piciorului reductibil, inainte ca
gipsul sa se intareascd, se muleaza boltile picioruluisi se
torsioneaza antepiciorul in valgus si postpiciorul in
varus, pentru accentuarea boltii longitudinale. Tn
modelarea acestei bolti, scafoidul se impinge in sus siin
afara. Se completeaza apoi cu modelarea boltii
anterioare, insistandu-se numai in regiunea dinapoi a
capetelor metatarsienelor al ll-lea si al lll-lea. Tn ultimul
moment, se strange transversal antepiciorul, pentru a
accentua bolta anterioara [5].

Metodele computerizate pot fi utilizate si in
situatia Tn care suprafata 3D a piciorului a fost capturata
printr-o metoda manuala, mulajul astfel obtinut fiind
scanat, dupa care fisierul rezultat este prelucrat in
acord cu algoritmul sistemului.
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Advantages and disadvantages of different
techniques for capturing 3D surface of the foot are
discussed in numerous articles. The main issues under
which different methods are compared include: the
accuracy of forefoot to rearfoot relationship capture
[16, 17, 18], intra and inter reliability of the method
[21], correlations with foot pathomecanics [9, 10], the
efficiency of devices manufactured on the 3D image of
the foot in foot pathomecanics treatment [19], the
costs of different methods [20] and the efficiency of
computerized methods [22]. The aim of this study was a
preliminary assessment of the differences of forms
generated by different methods of capture in the case
of anormal foot and arigid flat foot. Both subjects were
informed in detail about the nature of the study and

they have agreed to take partinit.
Although the small number of subjects who

participated in this study represents a limitation of it, it
has been considered that medical devices based on
medical prescription are individualized devices which
must take into account the specifics of each subject.
Thus, Kirby showed that although the average angular
values which define the subtalar joint axis orientation
are of 16 in the sagittal plane and 42 in the transverse
plane, most of the subjects show different orientations
of this axis, which differ from the average values. The
subtalar joint axis position being an essential
component of diagnosis and prescription, the assessing
of these particularities must be done individually and
not generally treated according to the average values
presented in literature. This is even more important if
we consider that there is no consensus in the literature
related to the average orientation of the subtalar joint
axis [24].

In the case of normal foot, the sections
perpendicular to the longitudinal axis of the foot were
compared, which were obtained based on the three-
dimensional image capture of foot using three
methods: Sc — scanned foot, NW — non-weightbearing,
subtalar neutral joint position, SW — semi-
weightbearing position with subtalar joint neutral
position. Plantar surface of the two casts taken by the
two methods (NW, SW) is shownin Figure 5.
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PARTEA EXPERIMENTALA

Avantajele si dezavantajele diferitelor tehnici de
captura a suprafetei 3D a piciorului sunt dezbatute in
numeroase articole. Principalele aspecte sub care sunt
comparate diferitele metode cuprind: acuratetea
capturii relatiei antepicior-postpicior [16, 17, 18],
reproductibilitatea metodei de catre acelasi specialist
sau intre diferiti specialisti [21], corelatiile cu patologia
piciorului [9, 10], eficienta dispozitivelor construite pe
baza mulajului Tn tratarea patologiilor de natura
mecanica ale piciorului [19], costurile implicate de
diferitele metode [20], precum si eficienta utilizarii
metodelor computerizate [22]. Tn articolul de fatd ne-
am propus evaluarea preliminara a diferentelor de
forma generate de metoda de captura in cazul unui
picior normal si al unuia plat rigid. Ambii subiecti au fost
informati detaliat despre natura studiului consimtind
saiapartelael.

Desi numarul mic al subiectilor care au participat
la acest studiu reprezinta o limitare a sa, s-a luat in
considerare faptul ca dispozitivele medicale bazate pe
prescriptie sunt dispozitive individualizate care trebuie
sa tina cont de specificul fiecarui subiect. Astfel, Kirby
arata ca, desi valorile medii unghiulare care definesc
orientarea axei subastragaliene sunt de 16 fata de
planul sagital si 42 fata de planul transversal,
majoritatea subiectilor prezinta orientari diferite ale
acestei axe fata de orientarea medie [23]. Cum pozitia
axei subastragaliene reprezintd un element de
diagnostic si prescriptie esential, abordarea acestei
particularitati trebuie facuta individual si nu trebuie
tratatd generalin functie de valorile medii prezentate in
literaturd. Acest aspect este cu atat mai important daca
ludm Tn considerare ca si asupra orientdrii medii a axei
subastragaliene nu exista un consens in literatura de
specialitate [24].

in cazul piciorului normal, s-au comparat
sectiunile perpendiculare pe axul longitudinal al
piciorului, obtinute pe baza capturii imaginii
tridimensionale a piciorului prin trei metode: Sc —
piciorul scanat, Nw — piciorul suspendat cu articulatia
subastragaliand plasata in pozitia neutra, Sw — cu
spuma pentru mulaj, pozitia neutra a articulatiei
subastragaliene si piciorul partial incarcat. Suprafata
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plantara a mulajelor prelevata prin cele doua metode
(Nw, Sw) este prezentatain Figura 5.

Figure 5. Foot casts obtained by the semi-weightbearing (SW — left) and non-weightbearing (NW — right) methods;
the sections are marked by red line and the correspondent number of the section
Figura 5. Mulajele obtinute prin metodele: piciorul aflat partial sub sarcina (Sw — stanga) si piciorul suspendat (Nw — dreapta);

In Figure 6 seseigivnibbirsintate myurthe afisHeanrg linia rosie si numarul corespunzator sectiunii

areas are superimposed: metatarso-phalangeal [-V
(Figure 6a), heel (Figure 6b) and halfway between the
previous sections (Figure 6b). Sections were obtained
by scanning the foot and the two casts and extraction of
the sections form the areas described above,

perpendiculartothe heel.
From Figures 6a, 6b, 6¢ significant qualitative

differences can be seen between the shape and
dimensions of the three sections corresponding to

three types of molds.
Thus, in relation to the support surface (Pt —

transverse plane from Figure 6) we can note that:
- in the forefoot area — section no. 7, Figure 6a —

there are differences between foot widths and plantar
surface form, while the surface sections are tangent to

supportsurface
- in the longitudinal arch area — section no. 13,

Figure 6b —there are differences between longitudinal
arch height and foot width. Importantly, the
longitudinal arch height will determine the form of the
orthoses in that area and will influence the pressure at

the foot-orthoses interface.
- in the rearfoot area — section no. 20, Figure 6¢

—there are differences between foot widths and
plantar surface while the surface sections are tangent
to support — second toe axis of the foot.

n Figura 6 sunt prezentate suprapuse, sectiunile
obtinute Tn urmatoarele zone: articulatia metatarso-
falangiene |-V (Figura 6a), zona calcaiului (Figura 6c)
precum si la jumatatea distantei dintre sectiunile
precedente (Figura 6b). Sectiunile au fost obtinute prin
scanarea piciorului si a celor doua mulaje si extragerea
sectiunilor din zonele descrise mai sus, perpendiculare
pe axa calcai-degetul 2 a piciorului.

Din Figurile 6a, 6b, 6¢ se pot observa diferente
calitative semnificative intre forma si dimensiunile
celor trei sectiuni corespunzatoare celor trei tipuri de
mulaje.

Astfel, in raport cu suprafata de sprijin (planul
transversal Ptdin Figura 6) se observa ca:

- Tn zona antepiciorului — sectiunea nr. 7, Figura
6a — difera latimea piciorului si forma suprafetei
plantare, in timp ce sectiunile sunt tangente la
suprafata de sprijin;

- Tn zona boltii plantare — sectiunea nr. 13, Figura
6b — difera latimea piciorului si Tnaltimea arcului
longitudinal. Foarte important, Tnaltimea arcului
longitudinal va determina conturul ortezei si va
influenta presiunile exercitate asupra piciorului in
aceastd zona;

- Tn zona postpiciorului — sectiunea nr. 20, Figura
6c — difera latimea piciorului si forma suprafetei
plantare, in timp ce sectiunile sunt tangente la
suprafata de sprijin.
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W —

\_\
Sw]L et \‘L] A

..\

e i,

Nw7-8w7-8c7

a — sections from the frontal plane no. 7
a —sectiunile din planul frontal 7

Nwl3-Swl3-Scl3

b — sections from the frontal plane no. 13
b — sectiunile din planul frontal 13

Nw 20 - Sw20 - Sc 20

¢ — sections from the frontal plane no. 20
¢ — sectiunile din planul frontal 20

Figure 6. Comparison between sections in the frontal plane of the 3D image of normal foot, captured by three different
methods; NW — non-weightbearing, SW — semi-weightbearing, SC — scanned foot,
Pt — transverse plane containing points of support surface contact
Figura 6. Comparatie intre sectiunile in planul frontal ale imaginii 3D a piciorului normal, capturate prin 3 metode diferite.;
Nw — piciorul suspendat, Sw — piciorul partial sub sarcina, Sc — piciorul scanat,
Pt — planul transversal ce contine punctele de contact cu suprafata de sprijin

In Figure 7 the major differences in the forefoot-
rearfoot relationship registered in the case of rigid flat
foot can be seen. Thus, in Figure 7b, the forefoot varus
position captured in the non-weightbearing position is
shown. Also, it can be seen that through the other two
capturing methods (Figures 7a and 7b) different forms
were obtained and even an opposite forefoot-rearfoot
relation in the case of semi-weightbearing method
(Figure 7c). These will determine the shape and
orientation of the heel cup of the orthoses which will
influence the stability of rearfootin all gait phases
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in Figura 7 se pot observa diferentele majore

inregistrate in relatia dintre antepicior si postpicior in

cazul piciorului plat rigid. Astfel, in Figura 7b este pusa

in evidenta deformatia de antepicior varus in raport cu

pozitia verticalda a calcaneului inregistrata in cazul
obtinerii mulajului cu piciorul suspendat, relatie care
nu mai este vizibild in cazul prelevarii mulajului cu
piciorul partial aflat sub sarcind. De asemenea, se
observa forma diferita, opusa ca aspect in cazul
Figurilor 7a si 7b, ce va influenta semnificativ forma
cupei ortezei in zona calcaiului si, implicit, stabilitatea
calcaneului in fazele de contact, sprijin unilateral si
propulsie ale mersului.
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a —scanned foot
a — picior scanat

b — suspended and balanced foot
casting mold

c — leg partially loaded
¢ — mulaj picior partial in sarcina

b — mulaj picior suspendat si

echilibrat

Figure 7. Comparison between three methods for the capture of the 3D surface of a rigid flat foot (left foot); through red lines are
represented: the forefoot orientation (D line = metatarso-phalangeal joint I-V), the rearfoot orientation (P line = calcaneal
bisection), the forefoot-rearfoot angle (a)

Figura 7. Comparatie intre trei metode de captura a suprafetei 3D a unui picior plat rigid (piciorul stang); prin liniile rosii sunt
reprezentate directia antepiciorului (linia articulatiilor MF) si directia postpiciorului. P — directia calcaneului, data de bisectoarea
calcaneului, D — directia antepiciorului, data de linia care uneste capetele metatarsienelor |-V

Differences of form, highlighted through visual
analysis of the plantar surface forms in all three
situations (Figure 7) and by comparing the sections
from the same region of the foot (Figure 6),
demonstrate the importance of correlation between
the type of device that is intended to be prescribed
(functional or accommodative), the type of material
used (rigid, semi rigid or flexible) and the 3D capture
method of the plantar area of the foot (according to the
classification system described in this article). If the
materials used are rigid or semi-rigid, foot function and
treatment success will be significantly influenced by
the shape of orthoses. It should be emphasized that the
limited number of subjects and limited experience in
the practice of capturing 3D surface of the foot
represent important sources of error in the objective
comparison of results from different methods. Another
source of erroris the lack of a common theoretical base
needed for effective communication between
specialists who prescribe these devices and those who
design and execute them.

Diferentele de forma, puse in evidenta atat prin
analiza vizuala a formelor suprafetei plantare in cele
trei situatii (Figura 7), cat si prin compararea sectiunilor
obtinute din aceeasi zona a piciorului, demonstreaza
importanta corelatiei intre tipul de dispozitiv ce se
doreste a fi prescris (functional sau acomodativ), tipul
de material utilizat (rigid, semirigid sau flexibil), precum
si tipul de captura a suprafetei tridimensionale a
piciorului (conform cu sistemul de clasificare descris in
acest articol). Tn cazul utilizarii materialelor rigide sau
semirigide, functionarea piciorului si succesul
tratamentului sunt influentate semnificativ de forma
ortezei. Este necesar a fi evidentiat faptul ca numarul
limitat de subiecti, precum si experienta limitata in
practica capturarii suprafetei 3D a piciorului reprezinta
surse majore de eroare in compararea cat maiobiectiva
arezultatelor diferitelor metode. O altd sursa de eroare
o constituie lipsa unei baze teoretice comune necesara
pentru o comunicare eficienta intre specialistii care
prescriu aceste dispozitive si cei care le proiecteaza sile
executa.
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CONCLUSIONS

The analysis of the importance of 3D foot plantar
surface capture methods could be done correctly only
in the context of an elaborated, biomechanically based
definition of the device which has to be prescribed and
obtained related to the existing pathology. From this
perspective we consider that the concept of functional,
accommodative and accommodative-functional foot
orthoses reflect in a more objective manner the
involvement of these devices in the treatment of foot

pathomecanics than the term “arch support”.

Methods of capturing the 3D surface of the foot
are very diverse. The major difference between them is
given by the theoretical basis on which these methods
are founded. From this point of view, the subtalar joint
neutral position, non-weightbearing method is the
most elaborate from a theoretical point of view, being
the one that requires both a deep understanding of the
theoretical basis and very well developed practical
skills.

Preliminary results obtained by using the three
methods of 3D capture of plantar foot surface
presented in this preliminary study has revealed major
differences of the obtained forms, in qualitative terms.
Because the device form has a significant influence on
its functionality, further researches on both theoretical
basis and methodology for capturing the 3D surface of
the foot are necessary. The dialogue between the
specialists involved in prescribing and designing of this
kind of devicesis an essential condition.
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trebuie prescris si obtinut in functie de patologia
existenta. Din acest punct de vedere consideram ca
notiunile de orteze functionale, acomodative si
acomodativ-functionale reflectd o abordare mult mai
obiectiva a implicarii acestor dispozitive in tratamentul
patologiilor de naturd mecanica ale piciorului decat
termenul de, sustinator plantar”.

Metodele de captura a suprafetei 3D a piciorului
sunt foarte diversificate. Diferenta majora dintre ele
este data de baza teoretica pe care aceste metode sunt
fundamentate. Din acest punct de vedere, metoda de
capturda in functie de pozitia articulatiei
subastragaliene este cea mai elaborata din punct de
vedere teoretic, fiind si cea care necesita atat o
intelegere aprofundatd a bazei teoretice, cat si o
abilitate practica dezvoltata.

Rezultatele preliminare obtinute prin utilizarea a
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