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GENERAL CONSIDERATIONS ON COMPUTER-ASSISTED DESIGN OF LASTS FOR THERAPEUTIC FOOTWEAR

ABSTRACT. Medical footwear can be classified, both in terms of its role in the treatment of foot pathomechanics and in terms of the level of customization of the
design process, into: therapeutic footwear, postoperative footwear, orthopedic footwear and diabetic footwear. Customized shoes for treatment of specific medical
conditions fall into the category of medical devices. At international level we can no longer talk about orthopedic shoes or custom product without substantial
involvement of CAD-CAM technologies. This stage of development is supported both by an effective industry and by the availability of medical and technical
professions dedicated to the conservative treatment of foot pathomechanics. This paper makes an overview of both the technological process and design
technologies for lasts of therapeutic footwear.
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CONSIDERATII GENERALE PRIVIND PROIECTAREA ASISTATA DE CALCULATOR A CALAPOADELOR PENTRU iNCAL]'I\MINTEA TERAPEUTICA

REZUMAT. inciltdmintea medicala poate fi clasificatd, atat in functie de rolul eiin cadrul tratamentului patologiilor mecanice ale piciorului, cat siin functie de nivelul
de personalizare a procesului de proiectare, in: inciltdminte terapeutic3, postoperativa, ortopedici sau pentru diabetici. Inciltdmintea individualizata destinata
tratamentului unei afectiuni medicale specifice intra in categoria dispozitivelor medicale. La nivel international nu se mai poate vorbi despre incaltdaminte
ortopedica sau produs personalizat fara implicarea substantiald a tehnologiilor CAD-CAM. Acest stadiu de dezvoltare este sustinut atat de o industrie de profil
eficientd, cat si de existenta unor profesii medicale si tehnice dedicate tratamentului conservator al patologiilor mecanice ale piciorului. Articolul de fatd face o
trecerein revistd atat a procesului tehnologic, cat sia tehnologiilor de proiectare a calapoadelor pentruincaltamintea terapeutica.

CUVINTE CHEIE: incaltaminte terapeuticd, calapoade, tehnologii

DES CONSIDERATIONS GENERALES SUR LA CONCEPTION ASSISTEE PAR ORDINATEUR DES FORMES POUR LES CHAUSSURES THERAPEUTIQUES
RESUME. Les chaussures médicaux peuvent etre classées, f la fois par leur role dans le traitement des pathologies mécaniques du pied et aussi en fonction du niveau
de la personnalisation du processus de conception, dans: des chaussures thérapeutiques, post-opératoires, orthopédiques ou pour les diabétiques. Les chaussures
personnalisées pour le traitement de conditions médicales spécifiques entrent dans la catégorie des dispositifs médicaux. Au niveau international on ne peut plus
parler de chaussures orthopédiques ou produit personnalisé sans une participation importante des technologies CAO-FAO. Ce stade de développement est
soutenu par une industrie efficace et par la disponibilité des professions médicaux et techniques dédiées au traitement conservateur des pathologies mécaniques
du pied. Ce document passe en revue f la fois le processus technologique et les technologies de conception de la forme de chaussures thérapeutiques.

MOTS CLES: chaussures thérapeutiques, formes, technologies

INTRODUCTION

Medical footwear can be classified, both in terms
of its role in the treatment of foot pathomechanics and
in terms of the level of customization of the design
process, into: therapeutic footwear, postoperative
footwear, orthopedic footwear and diabetic footwear.
When this type of footwear is customized, and is
intended for treatment of specific medical conditions,
it falls into the category of medical devices.

In accordance with Directive 93/42/EEC
concerning medical devices, transposed into national

INTRODUCERE

Inciltdmintea medicald poate fi clasificata atat in
functie de rolul ei in cadrul tratamentului patologiilor
mecanice ale piciorului, cat si in functie de nivelul de
personalizare a procesului de proiectare, in: incaltaminte
terapeuticd, postoperativd, ortopedica sau pentru
diabet. Atunci cadnd aceasta este individualizata, fiind
destinata tratamentului unei afectiuni medicale
specifice, intrd in categoria dispozitivelor medicale.

in acord cu Directiva 93/42/EEC privind
dispozitivele medicale, transpusa in legislatia nationala
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legislation by law no. 176/2000, custom-made device
means "any device specifically made in accordance
with a duly qualified medical practitioner's written
prescription which gives, under his responsibility,
specific design characteristics and is intended for the
sole use of a particular patient" [1].

In an article on medical footwear terminology, in
Orthopéadieschuhtechnik, the following types of
footwear are defined [2]:

1. Custom-made orthopedic footwear. We believe
that the term "custom-made" is more appropriate than
"personalized", "made to order" or "made to measure"
because:

- "personalized" focuses on the intervention of the
client/patient in the selection of design options,
particularly correlated with design elements such as
model, colour, materials, etc.

- "made to order" and "made to measure" are
terms accepted in practice, similar in content to
"custom-made" with the difference that the focus is on
the dimensional aspect of design. In general, "made to
order" footwear is the option chosenin the case of sizes
and morphologies that do not fall into the dimensional
standard of mass-produced footwear;

- "custom-made orthopedic" footwear
emphasizes the medical nature of footwear, namely
the active role it plays in the conservative treatment of
lower limb pathomechanics. In this situation, although
morphological aspects are most visible, it is the
pathological condition that determines the main
functional characteristics of footwear. In this respect,
establishing balance - proper posture - is the first
important step in designing the shoe last, as it
determines the position in which the shape of the foot
will be captured, regardless of the method: mold or
three-dimensional scanning.

Custom-made orthopedic footwear design takes
into account not only the morphology, but also
biomechanical gait analysis, muscle imbalance, areas
of movement of the lower limb joints, etc. For
example, heel heightis related to stress in the Achilles
tendon and forefoot pressure, while length, toe width
and toe girth are connected to the shear forces in the
forefoot area [3]. Its volume must take into account
the use of other medical devices such as partial foot
prosthetics, foot or ankle orthotics, prosthetics, etc. It

in Legea nr. 176/2000, prin dispozitiv individual la
comanda se intelege “orice dispozitiv confectionat
conform prescriptiei unui practician medical calificat
care elaboreaza sub responsabilitatea sa caracteristicile
constructive ale dispozitivului destinat pentru un pacient
anume; prescriptia poate fi, de asemenea, emisa de
oricare altd persoand autorizata in virtutea calificarii sale
profesionale” [1].

Tntr-un articol privind terminologia din domeniul
incaltamintei cu destinatie medicald, aparut in
Orthopadieschuhtechnik, sunt definite urmatoarele
tipurideincaltaminte [2]:

1. incdltdminte ortopedicd individualizats.
Consideram ca termenul “individualizat” este mult mai
adecvat decat cel de “personalizat”, “la comanda” sau
“pe masurd”, deoarece:

- “personalizat” pune accentul pe interventia
clientului/pacientului in selectarea unor optiuni de
proiectare, corelate in special cu elemente de design
precum model, culoare, materiale etc.;

- “la comanda” si “pe masura” reprezinta denumiri
acceptate in practica curentd, similare in continut cu
“personalizat” cu diferenta ca accentul cade pe aspectul
dimensional al proiectérii. Tn general, inciltdmintea “la
comanda” este optiunea aleasa in cazul unor dimensiuni
sau morfologii care nu permit incadrarea in standardul
dimensional alincaltamintei de serie;

- “ortopedic individualizat” pune accentul pe
caracterul medical al incaltamintei, respectiv pe rolul activ
pe care aceasta il arein cadrul tratamentului conservator al
patologiilor de natura mecanica ale membrelor inferioare.
in aceast3 situatie, desi aspectele morfologice au cea mai
mare vizibilitate, afectiunea patologica este cea care
determina principalele caracteristici functionale ale
incaltdmintei. in acest sens stabilirea conditiei de echilibru
— postura corecta — reprezintd primul punct important in
proiectarea calapodului, deoarece determinad pozitia in
care forma piciorului va fi capturata, indiferent de metoda:
mulajsauscanare tridimensionala.

Proiectarea incaltamintei ortopedice individualizate
tine cont nu numai de morfologie, ci si de analiza
biomecanica a mersului, dezechilibrele musculare,
domeniile de miscare din articulatile membrelor
inferioare etc. Spre exemplu, Tnaltimea tocului este
corelata cu tensiunea in tendonul Achilian si presiunea
pe antepicior, in timp ce lungimea, latimea la degete si
perimetrul la degete sunt corelate cu fortele de frecare
in zona antepiciorului [3]. Volumul acesteia trebuie sa
tind cont de utilizarea altor dispozitive medicale
precum proteze partiale de picior, orteze de picior sau
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should be noted that this type of footwear is also
known as "Custom-molded shoes" [4].

2. Orthopaedic Footwear. According to the article
cited [2], orthopedic footwear is not customized, but
mass-produced footwear that can be modified by the
specialist. This should include elements such as
removable insole cover thick enough to allow its
replacement with foot orthoses, shoe last depth of
minimum 5 mm for women and 8 mm for men; it must
be made in at least three widths; adjustable closing
with laces or Velcro; lining with a protective role,
without overlapping or prominent unevenness that
creates high local pressure; internal volume allowing
accommodation of foot morphology; stability provided
by sole geometry; rearfoot stability conferred by a
strong and expanded counter; feet width at least equal
to the width of uppers; sole with a high enough toe
spring to encourage walking; footwear must easily
allow required changes [2].

3. Diabetic footwear/Depth-inlay shoes. Diabetic
footwear is considered a stand-alone category in
medical insurance systems such as the U.S. Medicare,
and patients with diabetes are entitled to
reimbursement of 80% of the price of such a pair at a
certain time. In terms of characteristics, this category
can be equated with orthopedic footwear, described
above [4, 5].

In Romania, orthopedic footwear design and
execution is supported by state insurance system that
defines "orthopedic footwear" as the main category,
with the following sub-categories [6, 7]:

- boots, classified into deformities, with spring,
amputations of metatarsus and phalanges, amputation;

- shoes, classified the same as boots, excluding the
"boots with spring" type.

There is great medical evidence demonstrating
the efficiency of using these medical devices in the
conservative treatment of lower limb pathomechanics.
Therapeutic footwear can help improve quality of life
by reducing pain intensity manifested in the
musculoskeletal system of the lower limb and reducing
contact pressure at the interface between the foot and
the support surface. In accordance with the legal
regulations [1, 6], orthopedic footwear, lower limb
orthoses, as well as partial foot prosthetics are included
in medical devices for outpatient recovery of organic or
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de glezna, proteze etc. Trebuie mentionat ca acest tip
de Tncaltaminte mai este intalnit si sub denumirea de
“Custom-molded shoes” [4].

2.Tncéltaminte ortopedicd. in sensul articolului citat
[2], incdltamintea ortopedicd nu este o incaltaminte
individualizata, ci este o Tncaltaminte produsa in serie
care poate fi modificata de catre specialist. Aceasta
trebuie sa contind elemente precum: acoperis de brant
detasabil, avand o grosime suficienta pentru a permite
inlocuirea lui cu ortezele de picior; adancimea
calapodului de minimum 5 mm pentru femei si 8 mm
pentru barbati; trebuie sa fie fabricata pe cel putin 3
Iatimi; Tnchidere ajustabila prevazuta cu siret sau Velcro;
captuseala cu rol de protectie, fara suprapuneri sau
denivelari accentuate care sa creeze presiune locala
ridicatd; volum interior care sa permitda acomodarea
morfologiei piciorului; stabilitate conferita de geometria
talpilor; stabilitatea retropiciorului conferita de un staif
ferm si extins; lIatimea talpilor cel putin egala cu latimea
fetelor incaltamintei; talpa cu o Tnaltime la varf suficienta
pentru favorizarea mersului; incaltamintea trebuie sa
permita cu usurinta realizarea modificarilorimpuse [2].

3. Tnciltdmintea pentru diabet. inciltdmintea
pentru diabet este considerata o categorie de sine
stdtatoare in sisteme de asigurari precum sistemul
Medicare din SUA, pacientii cu diabet avand dreptul la
decontarea a 80% din pretul unei astfel de perechila o
anumitd perioadd de timp. In privinta caracteristicilor,
aceasta categorie poate fi asimilata cu incaltamintea
ortopedicad, prezentatd maisus [4, 5].

Tn Romania, proiectarea si executia incltamintei
ortopedice este sprijinita prin sistemul asigurarilor de
stat care defineste categoria principala “incaltamintea
ortopedica”, avand urmatoarele subcategorii [6, 7]:

- ghete, clasificate In: diformitati, cu arc, amputatii
de metatars si falange, scurtari;

- pantofi, clasificati ca si ghetele, cu exceptia
tipului “cuarc”.

Exista numeroase dovezi medicale care demonstreaza
eficacitatea utilizarii acestor dispozitive medicale in cadrul
tratamentului conservativ al patologiilor mecanice ale
membrelor inferioare. Inciltdmintea terapeutici poate
contribui la Imbunatatirea calitatii vietii prin reducerea
intensitatii durerii manifestate in sistemul osteo-musculo-
ligamentar al membrelor inferioare si reducerea presiunilor
la interfata de contact dintre picior si suprafata de sprijin. In
acord cu legislatia in vigoare [1, 6], atat incaltamintea
ortopedica, ortezele pentru membrul inferior, cat si
protezele partiale pentru picior sunt incluse Tn categoria
dispozitivelor medicale destinate recuperarii unor deficiente
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functional deficiencies, items D, G3 and H. The special
nature given by the status of medical device derives
from the fact that they "are granted for a definite or
indefinite period, based on the medical prescription
issued by the specialist in a contractual relationship
with health insurance agency, directly or through its
legal representative".

An estimate of the development potential for the
therapeutic footwear industry can be inferred from the
comparative analysis of the situation of diabetes in the
U.S. and Romania. In the U.S., data on diabetes in 2011
isasfollows[8]:

- total number of people with diabetes: 25.8
million, representing 8.3% of the population;

- population under 20 vyears: 215,000,
representing 0.26% of the entire population of this age;

- population over 20 years: 25.6 million or 11.3%
of the entire population of this age;

- population over 65 years: 10.9 million or 26.9%
of the entire population of this age;

- men: 13 million or 11.8% of men over 20
years;

-women: 12.6 million, or 10.8% of women over 20
years.

In Romania, in 2009, the National Diabetes
Register contained 580,131 subjects, of which
318,221 women (54.9%) and 261,910 men (45.1%). In
the age group of 0-18 years, a number of 3,139
subjects were registered [9]. In 2010, there were
68,381 new diabetes cases, resulting in a total of
648,512 patients registered. According to the WHO
[10], in 2000, there was a total of 1,092,000 people
with diabetes (estimate which includes the number of
people unregistered/undetected), and the prediction
was that, in 2030, there will be a number of 1,395,000
people with diabetes. Medical devices used in the
conservative treatment of diabetic foot have proved
their efficiency, and the results obtained are subject
of numerous scientific papers. The diabetic foot is an
area that deals with the prevention and care of lower
limb diseases of patients with diabetes. Diabetic
peripheral neuropathy, a common complication of
diabetes, associated with loss of sensation and
autonomous innervation disorders, increases the risk
of plantar ulcers. Medical studies show that clinically
encountered basic types of diabetic foot are
distributed as follows:

organice sau functionale in ambulatoriu, punctele D, G3 si H.
Caracterul special dat de statutul de dispozitiv medical
rezulta din faptul ca acestea “se acorda pentru o perioada
determinatd sau nedeterminatd, in baza prescriptiei
medicale eliberate de medicul de specialitate aflat in relatie
contractuala cu casa de asigurari de sanatate, direct sau prin
reprezentantullegal”.

O estimare a potentialului de dezvoltare al
industriei Tncaltamintei terapeutice o putem deduce
din analiza comparativa a situatiei diabetului in SUA si
Romania. Tn SUA, la nivelul anului 2011, datele privind
diabetul zaharat se prezinta in felul urmator [8]:

- numarul total de persoane cu diabet: 25,8
milioane, reprezentand 8,3% din populatie;

- populatie sub 20 de ani: 215.000, reprezentand
0,26% dinintreaga populatie avand aceasta varsta;

- populatia peste 20 de ani: 25.6 milioane sau
11,3% dinintreaga populatie avand aceasta varsta;

- populatia cu varsta peste 65 de ani: 10,9 milioane
sau 26,9% dinintreaga populatie avand aceasta varsta;

- barbati: 13 milioane sau 11,8% dintre barbatii cu
varsta maimarede 20de ani;

- femei: 12,6 milioane sau 10,8% dintre femeile
avand varsta maimare de 20 de ani.

in Romania, la nivelul anului 2009, nucleul
Registrului National de Diabet continea 580.131
subiecti, din care 318.221 (54,9%) femei si 261.910
(45,1%) béarbati. In categoria de varstad 0-18 ani erau
luati Tn evidenta un numar de 3.139 subiecti [9]. La
nivelul anului 2010 s-au inregistrat 68.381 cazuri noi de
diabet zaharat, rezultand un total de 648.512 pacienti
inregistrati. Conform OMS [10], la nivelul anului 2000
existau un numar de 1.092.000 persoane cu diabet
(estimare care include si numarul persoanelor
neinregistrate/nedepistate), predictia fiind ca la nivelul
anului 2030 sa existe un numar de 1.395.000 persoane
cu diabet. Dispozitivele medicale utilizate fin
tratamentul conservativ al piciorului diabetic si-au
dovedit eficienta, rezultatele obtinute facand obiectul
a numeroase lucrari stiintifice. Piciorul diabetic
reprezinta un domeniu care se ocupa de prevenirea si
ingrijirea afectiunilor membrelor inferioare ale
pacientilor cu diabet zaharat. Neuropatia diabetica
periferica, o complicatie frecventa a diabetului zaharat,
asociata cu pierderea sensibilitatii, precum si cu
tulburari ale inervatiei autonome, creste riscul de
aparitie a ulcerelor plantare. Studii medicale arata ca
tipurile de baza de picior diabetic Intalnite clinic sunt
repartizate dupa cum urmeaza:
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-pescavus—19.5%;

-neutralalignment—51.5%;

-pesplanus—29.0%.

By an approximation applying the above
percentages (48.5% - pes planus and pes cavus) to the
number of people officially registered as having
diabetes, namely 648,512 subjects, it is found that a
number of 321,013 subjects present foot deformations
that require the use of special footwear in the
conservative treatment. In 2030, based on the same
principle and on predictions provided by WHO, we
believe that in terms of diabetes only, an estimated
700,000 people may need therapeutic footwear. One of
the most important features of this type of therapeutic
footwear is to ensure an optimal correlation in terms of
dimension and morphology with subjects' feet, which
is actually difficult to carry out under the dimensional
standard for normal feet [3, 11]. To this statistic, data
can be added regarding the number of people with
rheumatism, people with congenital deformities,
people with amputations. Thus, in a study conducted in
1993, a total of 356 female subjects with normal feet,
aged 20-60, were evaluated in the U.S. on the effects of
wearing unsuitable footwear in terms of dimension
[12]. The results of the study revealed that
approximately 80% reported pain particularly in the
toes (58%) and/or the instep (27%). This high
percentage shows that inappropriate footwear in
terms of dimension affects comfort and may be the
cause for emergence and evolution of foot
deformations in the presence of conditions such as
diabetes or rheumatoid arthritis.

The data presented show that the industry of
footwear with medical applications is still at an early
stage in our country. Romania is the 7th country in the
EU in terms of number of inhabitants, which sets the
premises for a great development potential.

At international level, we can no longer talk about
orthopedic footwear or custom product without
substantial involvement of CAD-CAM technologies. We
believe that special attention should be paid to the
situation in Australia [13], which can be a good example
for Romania. The Australian Surgical Boot Makers
Association was founded in 1972. In the context of the
decrease in footwear production in general and the
lack of support from the above-mentioned professional
association, asharp declinein both production capacity
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- pescavus—19,5%;

-aliniament neutru—51,5%;

-pesplanus—29,0%.

Facand o aproximare aplicand procentele de mai sus
(48,5% — pes planus si pes cavus) la numarul persoanelor
oficial Tnregistrate ca avand diabet, respectiv 648.512
subiecti, rezulta ca un numar de 321.013 subiecti prezinta
deformatii ale picioarelor care necesita utilizarea
incaltamintei speciale in cadrul tratamentului conservator.
La nivelul anului 2030, pe baza aceluiasi principiu si al
predictiilor furnizate de OMS, putem considera ca, numai
in ceea ce priveste diabetul, un numar de aproximativ
700.000 de persoane pot avea nevoie de incaltaminte
terapeutica. Una din cele mai importante caracteristici ale
acestui tip de Tncaltaminte terapeutica consta in
asigurarea unei corelatii optime din punct de vedere
dimensional si morfologic cu picioarele subiectilor, fapt
dificil de realizatin cadrul standardului dimensional pentru
picioare normale [3,11]. Laaceasta statistica se potadauga
date despre numarul persoanelor cu reumatism, persoane
cu deformatii congenitale, persoane cu amputatii. Astfel,
intr-un studiu efectuat tn anul 1993, un numar de 356
subiecti de sex feminin cu picior normal, cu varsta intre 20
si 60 de ani, au fost evaluati Tn SUA cu privire la efectele
purtarii Tncaltamintei inadecvate sub aspect dimensional
[12]. Rezultatele studiului au relevat faptul ca aproximativ
80% au raportat durere in special in zona degetelor
(58%) si/sauin zona ristului (27%). Acest procent ridicat
demonstreaza faptul ca incaltamintea neadecvatd sub
raport dimensional afecteaza confortul, putand ficauza
aparitiei si evolutiei deformatiilor picioruluiin prezenta
unor afectiuni precum diabetul sau artrita reumatoida.

Datele prezentate releva faptul ca industria
incaltamintei cu aplicatii medicale este inca in faza de
inceput in tara noastrd. Romania este a 7-a tara din UE
ca numar de locuitori, ceea ce creeaza premisele unui
potential mare de dezvoltare.

La nivel international nu se mai poate vorbi despre
incaltaminte ortopedica sau produs personalizat fara
implicarea substantiala a tehnologiilor CAD-CAM. O
atentie speciala consideram ca trebuie acordata
situatiei din Australia [13], situatie care poate fi un bun
exemplu de urmat pentru Romania. Asociatia
Australiand a Producatorilor de Tncdltdminte
Chirurgicala (The Australian Surgical Boot Makers
Association) a fost fondata tn anul 1972. Pe fondul
scaderii domeniului productiei de incaltaminte in
general si a lipsei de sustinere din partea asociatiei
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and the educational system in the medical footwear
field was registered over time. This area has
recovered starting from the initiative of the Australian
Federal Government, which, in 1990, initiated a
program to develop the medical footwear industry, so
the professional association changed its name to the
Australian Medical Grade Footwear Association
(AMGFA). It is noteworthy that this segment has
consistently evolved in a positive trend, culminating
in the organization of the Congress of Orthopaedic
Shoe Technology, IVO, in 2012. Shoe Lasts Australia is
a last design and manufacturing center in close
connection with specialized medical hospitals. It
should be noted that Australia benefits from the
existence of two professions oriented towards
treatment of foot and lower limb disorders: podiatry
and pedorthics, professions which do not exist in
Romania.

USING CAD-CAM SYSTEMS IN DESIGNING
AND MANUFACTURING THERAPEUTIC
FOOTWEAR

Figure 1 illustrates the stages of last design for
therapeutic footwear. This process is the only stage in
the manufacture of therapeutic footwear that can
theoretically be performed entirely by CAD-CAM
technologies. These steps and the results obtained in
the main stages were developed for both designing
lasts for therapeutic footwear in a Centre for Design
and Manufacture of Lasts (currently nonexistent) and
for analyzing cases and sending prescription data from
facilities outside this centre, such as medical and
orthopedic centers.

profesionale mentionate mai sus, s-a inregistrat, in
timp, un declin accentuat atat al capacitatii de
productie, cat si al sistemului de educatie din domeniul
incaltamintei medicale. Acest domeniu s-a redresat
pornind de la initiativa Guvernului Federal Australian
care, in 1990, a initiat un program de dezvoltare a
industriei de incaltaminte medicala, astfel ca asociatia
profesionald si-a schimbat denumirea in Australian
Medical Grade Footwear Association (AMGFA). Demn
de mentionat ca acest segment a evoluat constant pe
un trend pozitiv, culminand cu organizarea Congresului
tehnicienilor de incaltaminte ortopedica, IVO, din anul
2012. Shoe Lasts Australia reprezinta un centru de
proiectare si fabricare a calapoadelor medicale aflat in
stransd conexiune cu spitalele de profil. Trebuie
mentionat faptul ca Australia beneficiaza de existenta a
doua profesii orientate pe tratamentul afectiunilor
piciorului si membrelor inferioare: podiatria si
pedorthica, profesii inexistente Tn Romania.

UTILIZAREA SISTEMELOR CAD-CAM IN
PROIECTAREA S| PRODUCTIA
INCALTAMINTEI TERAPEUTICE

Etapele procesului de proiectare a calapoadelor
pentru incaltamintea terapeuticd sunt prezentate in
Figura 1. Acest proces reprezinta singura faza din cadrul
procesului de fabricare a incdltamintei terapeutice
care, teoretic, poate fi efectuat integral prin tehnologii
CAD-CAM. Aceste etape, precum si rezultatele obtinute
in etapele principale, au fost elaborate atat pentru
proiectarea intr-un Centru de Proiectare si Realizare al
Calapoadelor pentru Tncdltdmintea Terapeuticd
(inexistent iIn momentul de fata), cat si pentru
evaluarea cazurilor si trimiterea datelor de prescriptie
din facilitati exterioare acestui Centru, precum
cabinete medicale sau centre de ortopedie.
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Last design
Protectares calopeadel STAGES RESULTS
! ETAPE REZULTATE
Establishing communication protocol

Stabilire protocol de comunicare

Extemal / Off-site Internal / On-site = design centre
Extern/ Off-site Intern / On-site = centru de proiectare

Balance state,
prescription sheet, etc.
Condifia de echilibru,

fisa de prescriptie etc.
Evaluation of subject, —— - N Type of foot. pathology
capturing foot shape Evaluation of sfubjecl. R | — instia] foctmear
(scanning or mold) Evaluarea subiectului Tip de picior, patologie
Evaluarea subiectului, incaltamintea initiald
prelevarea formei picioarelor Establishing the general features .
(scanare sau mulaj) of the last / footwear ) Type (modified mass-produced or
l Stabilirea caracteristicilor generale ) custom-made). purpose, shape,
Sending prescription ale calapodului / incalfamintei » heel height, inclusion of

compensatory element, etc.
Tip (serie modificat sau

individualizat), destinatie,
Jformd, indifime de toc,

and foot morphology
(mold or file)
to the design centre
Trimiterea prescripfiei

Custom-made
Tip individualizat

) prescri Modified mass-production element compensator inclus etc.
5i a morfologiei picioarelor Tip serie modificat \
(mulaj sau fisier) Mold
cdtre centrul de proieciare . Mulaj
l 100% virtual Capturing mold = 1
Virtual 100% Prelevare mulaj

On-site evaluation Anthropometric chart,
of prescription / / J virtual foot (.stl file)
and foot morphology - Figa antropometricd,

Evaluarea on-site Foot / mold scanning S ' piciorul virtual (figier tip .stl)
a prescripfiei and capturing anthropometric data
si a morfologiei picioarelor Scanarea picioarelor / mulajelor
T §i prelevarea datelor antropometrice . _ _
Girth, height, outline, shape
1 v (esthetic and functional),

amplitudes, angles, etc.
Perimetre, indlfimi, contur, formd
(estetic §i functional),
amplitudini, unghiuri etc.

Establishing initial
technical restrictions
Stabilirea restrictiilor
tehnice initiale

Selecting the closest last (physical or virtual) \‘

from the database Constructing the initial insole
Selectarea din baza de date a celui Constructia branfului inifial

mai apropiat calapod (fizic sau virtual) /

| @

Therapeutic footwear design
Proiectare incdlfdminte terapeuticd

. Transparent test wear footwear

Modifying the last chosen I | TInediliami i »
b e - - nedipdminte de probd transparentd

according to restrictions Intermediary virtual last Last rectification i o 2

Modificarea calapodului Calapod intermediar virtual Rectificare calapod

ales conform restrictiilor ‘

Virtual comparison
Intermediary physical last Last scanning Virtual last-foot a CAD-CAM last execution
Calapod intermediar fizie Scanare calapod Comparatie virtuald Executie CAD-CAM calapod

Calapod virtual-picior

Figure 1. Last design and manufacturing process
Figura 1. Procesul de proiectare-fabricare a calapoadelor

CAD-CAM technologies used in the footwear Tehnologiile CAD-CAM utilizate in industria de
industry cover all stages of last design and execution. incaltaminte acopera toate etapele de proiectare si
From the multitude of solutions available on the executare a calapoadelor. Din multitudinea de solutii
market, we present below some of the solutions we prezente pe piata prezentam in continuare cateva
consider representative. solutii pe care le consideram reprezentative.

e 3D-scanning technologies depending on the e Tehnologii de scanare 3D in functie de pozitia
position of the foot: piciorului:
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- static. Fixed scanner: INFOOT is a 3D foot
scanning system, accessible due to a lower price
compared to other systems. This system is available at
the Footwear Research and Design Department of
INCDTP-ICPI — Figure 2. The portable Shoemaster
scanner (Figure 2b) can scan the foot in various
positions, includingthe non-weightbearing position.

a)

- statica. Scanner fix: sistemul INFOOT este un
sistem de scanare 3D a piciorului, accesibil datorita unui
pret mai scazut, comparativ cu alte sisteme. Acest sistem
se afld in dotarea Departamentului de inciltdminte si
Design al INCDTP-ICPI—Figura 2. Scannerul mobil produs
de Shoemaster (Figura 2b) permite scanarea picioruluiin
diferite pozitii, inclusivin pozitia suspendata.

b)

Figure 2. Foot scanning solutions: a) fixed scanner, b) portable scanner
Image source: http://www.shoemaster.co.uk/equipment/foot-scanners/
Figura 2. Solutii de scanare a piciorului: a) scanner fix, b) scanner mobil
Sursa imaginii: http://www.shoemaster.co.uk/equipment/foot-scanners/

- dynamic. The Dynamic Foot Morphology system
(Figure 3) is a scanning system that allows dynamic
measurement of 3D foot shape deformation. It records
up to 42 frames/second and the data is provided in STL
format.

- dinamica. Sistemul Dynamic Foot Morphology
(Figura 3) este un sistem de scanare care permite
masurarea in dinamica a deformatiei formei 3D a
piciorului. Tnregistrarile sunt efectuate cu pana la 42
cadre/secunda, datele fiind furnizate in format STL.

s

Figure 3. Dynamic scanner
Image source: www.lionsystems.lu
Figura 3. Scanner dinamic
Sursa imaginilor: www.lionsystems.lu
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e Lastscanning:

Scanny 3D Colour Hi Speed, Torielli S.p.A and
Scanny3D scanners (Figure 4) can be used both for
last and footwear scanning.

e Scanarea calapoadelor:

Scannerele Scanny 3D Colour Hi Speed, Torielli
S.p.Asi Scanny3D (Figura 4) pot fi utilizate atat pentru
scanarea calapoadelor, cat si a incaltamintei.

Figure 4. Last scanner
Image source: http://www.shoemaster.co.uk/
Figura 4. Scanner pentru calapoade
Sursa imaginilor: http://www.shoemaster.co.uk/

e Software solutions for CAD-CAM last design.

In this area there are a multitude of solutions, of
which we mention:

- Delcam Ortholast - available in the Footwear
Department of INCDTP-ICPI;

-RCS 3D LAST - ROMANS CAD Software.

e CAD-CAM solutions for manufacturing
orthopedicfootwear lasts

- NL-SDF1 generation of machines for prototype
lasts from Newlast (Figure 5). It makes a single last
(not a pair) which makes it useful in orthopedic
applications where the left foot differs from the right
one.

e Solutii software pentru proiectarea CAD-CAM
a calapoadelor.

Tn acest domeniu existd o multitudine de solutii,
din care evidentiem:

- Delcam Ortholast — aflat in dotarea
Departamentului de Incdl{dminte al INCDTP-ICPI;

-RCS 3D LAST—ROMANS CAD Software.

e Solutii CAD-CAM pentru productie calapoade
pentruincdltaminte ortopedica

- Generatia de masini pentru realizarea
prototipurilor de calapoade NL-SDF1 de la NewLlast
(Figura 5). Produce un singur calapod (nu pereche),
ceea ce il face util in aplicatiile ortopedice in care
piciorul stang difera de cel drept.

Figure 5. NL-SDF1 prototype last making system, NewLast, Italy
Image source: http://www.newlast.com/prod_detail.asp?IDprodotti=23
Figura 5. Sistemul de realizare a calapoadelor prototip, NL-SDF1 de la NewLast, Italia
Sursa imaginilor: http://www.newlast.com/prod_detail.asp?IDprodotti=23
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e IDEAS-MiniLast® - 3-axis milling machine
designed specifically for small-workshop rapid
manufacture of lasts of various types of materials, such
as plastic, PE, PU, wood, etc. (Figure 6). It is a product
for last designers and orthopedic workshops. As in the
above case, it makes a single last.

e IDEAS-MiniLast® - masina de frezat in 3 axe
proiectata special pentru realizarea rapida, in ateliere
mici, a calapoadelor din diferite tipuri de materiale,
cum ar fi: plastic dur, PE, PU, lemn etc. (Figura 6). Este
un produs destinat designerilor de calapoade si
atelierelor de ortopedie. Ca si in cazul de mai sus,
produce unsingur calapod.

Figure 6. MiniLast® Automatic orthopedic shoe last milling system, Ideas, Belgium
Image source: www.ideas.be
Figura 6. Sistemul de frezare automata a calapoadelor ortopedice, MiniLast® de la Ideas, Belgia
Sursa imaginii: www.ideas.be

It should be noted that the systems presented in
this paper represent only a small part of the systems
developed worldwide for designing and manufacturing
lasts.

CONCLUSIONS

Therapeutic footwear is a challenge for last
designers because foot morphology does not fall into
the existing standards of measures.

Worldwide, CAD-CAM design of orthopedic
lasts and therapeutic footwear is in an advanced
stage, given the existence of solutions for every
important step in the design and execution process.
This stage of development is also supported by an
efficient industry. In some situations, such as the
case of Australia, the direct support of the
government has led to substantial development of
this area. Development was also favored by the
existence of medical and technical professions
dedicated to conservative treatment of foot
pathomechanics.

Trebuie mentionat faptul ca sistemele prezentate
in aceasta lucrare reprezinta doar o mica parte a
sistemelor dezvoltate la nivel mondial pentru
proiectareasifabricarea calapoadelor.

CONCLUzII

Tncaltdmintea terapeutica reprezinta o provocare
pentru proiectantii de calapoade datorita faptului ca
morfologia picioarelor nu se Tncadreaza in standardele
de masuri existente.

La nivel mondial, problematica proiectarii CAD-
CAM a calapoadelor ortopedice si incaltdmintei
terapeutice se afla intr-un stadiu avansat prin existenta
unor solutii pentru fiecare etapd importanta a
procesului de proiectare si executie. Acest stadiu de
dezvoltare este sustinut si de o industrie de profil
eficientd. Tn unele situatii, cum este cazul Australiei,
sustinerea directa a Guvernului a condus la o
dezvoltare accentuatd a acestui domeniu. Dezvoltarea
afost favorizata si de existenta unor profesii medicale si
tehnice dedicate tratamentului conservator al
patologiilor mecanice ale piciorului.
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In Romania there is little interest, combined with
low financial strength of specialized companies in
terms of investment in the use of CAD-CAM design and
manufacture of lasts for orthopedic and therapeutic

Tn Romania exist3 un interes scazut combinat cu o
putere financiara redusda a companiilor de profil in
investitii privind utilizarea sistemelor CAD-CAM 1in
proiectarea si executia calapoadelor ortopedice si a

incaltdmintei terapeutice. In opozitie cu aceastd
realitate, in Romania exista o masa critica de persoane
care au nevoie de incdltaminte individualizata. Numai
in cazul pacientilor cu diabet putem aprecia ca, la
nivelul anului 2030, un numar de 700.000 de persoane
vor avea nevoie de incaltaminte care nu se incadreaza
in standardul dimensional existent.

Proiectarea calapoadelor ortopedice reprezinta o
provocare suplimentara datorita faptului ca se impune
o intelegere a patologiilor prezente. in acest sens, o
colaborare cu cadrele medicale se impune chiar daca
acestea nu sunt familiarizate cu procesul de proiectare
al incaltamintei medicale, Tn aceeasi masura in care
specialistii din industrie nu sunt familiarizati cu
domeniul medical.

footwear. In contrast to this reality, in Romania there is
a critical mass of people who need custom-made
footwear. In the case of patients with diabetes only, we
appreciate that, in 2030, a total of 700,000 people will
require footwear that does not fit into existing
dimensional standards.

Design of orthopedic lasts raises an additional
challenge because it requires an understanding of
present pathologies. In this regard, collaboration with
health professionals is necessary even if the latter are
not familiar with the process of designing medical
footwear, just as industry specialists are not familiar
with the medical field.
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