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Abstract:

The fixed orthodontic appliance consists of brackets that are
bonded to the teeth. When the wire is engaged in the slot of the brack-
ets, it generates forces for orthodontic tooth movement. The change in
periodontal blood supply provides a biological response which leads to
remodelling of the alveolar bone and the orthodontic tooth movement.
Many variables influencing orthodontic treatment cannot be controlled
fully, such as growth and tissue response to appliances. However, the
force placed on the tooth should be a controllable variable, and a care-
ful study of the physics underlying clinical applications can help in re-
ducing undesirable side effects. The properties of orthodontic wires
such as: strength, stiffness, elasticity and spring-back define their clini-
cal usefulness. The ideal orthodontic wire should exhibit the following
properties: large spring-back, low stiffness, good formability, high
stored energy, biocompatibility and environmental stability, low surface
friction, and the capability of being welded or soldered to auxiliaries.
The ideal arch wire has not been introduced yet. Once the wire is acti-
vated or bent, it is the unloading or deactivating forces that produce the
orthodontic tooth movement. For these reasons, it is necessary to
know the force level caused by each individual wire used in orthodontic
treatment. Finally, the purpose of this paper is a presentation of force
measurements which are generated by different super-elasticity NiTi
wires.
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Introduction
Dental braces

Fixed dental braces (Fig. 1) are designed to correct the false bran-
ched teeth. They are composed of brackets attached to the teeth
and the wire is usually made of NiTi shape memory alloy. The wire has a
feature which links it to the teeth so that it always acts with a force. Optimal
forces and torques move the teeth depending on the tooth type and the to-
oth direction and they are usually between 0.1-2 N and 1-50 Nmm. Insuffici-
ent forces and torques are ineffective and may extend the treatment dura-
tion. Conversely, excessive forces and torques can lead to severe pain, or
periodontal damage and large root resorption (Profitt, 2007). For these rea-
sons, it is necessary to know which forces are caused by individual wires.

Bracket

Elastomeric

Wire ligature

Figure 1 — Dental brace
Slika 1 — Zubna proteza

The force measurement of teeth began with the introduction of den-
tal braces. In the beginning, measured procedures were more simple and
imprecise. In recent years, the numbers of experimental devices that
measure the forces and torques in three dimensions have grown. In the
last five years, research has been conducted in this area that was focu-
sed on accurate measurement of the forces on the teeth as a result of
the action of orthodontic wires. For these purposes, some "real" experi-
ments have also been made to determine these forces.

Orthodontic wire

Orthodontic wires are usually made of the NiTi. These materials
belong to a group of shape memory materials which are among the
group known as functional materials. The first observation of the sha-
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pe memory behaviour of materials goes back to 1932, when Swedish
researcher Arne Olander first noticed this phenomenon on a sample of
gold and cadmium (Au-Cd). In 1962, William J. Buehler and his colle-
agues in the "Naval Ordnance Laboratory" observed the shape
memory effect in the alloy of nickel and titanium. This alloy was na-
med NiTiNOL (Nickel-Titanium Naval Ordnance Laboratory) (Lagou-
das, 2008).

The use of NiTiNOL wire in orthodontics was introduced by An-
dreasen in 1971 and is now used increasingly because of its unique
elastic properties (Their, et al, 2004, pp. 229-233). The main advanta-
ge of NiTi orthodontic wires compared to conventional (e.g. stainless
steel) is their ability to deliver constant stress to push the teeth into
the proper position. This property makes this product much more effi-
cient, thus reducing the length of orthodontic treatment for patients.
The level of stress in the wire can be controlled through their chemical
composition and its thermo-mechanical history. It can also control the
geometrical dimensions, as is the case with conventional wires (Co-
luzzi et al, 1996, pp. 197-205).

Properties of NiTi orthodontic wires

The reasons why the shape memory alloy NiTi was implemented in
medicine or orthodontic treatment are the following: they have an excel-
lent memory properties, excellent mechanical properties, good corro-
sion resistance and excellent biocompatibility. The most important cha-
racteristics for orthodontic application of NiTi alloys are super-elasticity
and biocompatibility. These two properties are described below (Profitt,
2007).

Superelasticity

Orthodontic wires use a special property of the NiTi memory alloy
and this is super-elasticity. Super-elasticity is referred to as a reversible
martensitic transformation, which is caused due the change in stress or
stress state. A sufficiently large load causes the transformation of auste-
nite into martensite (Fig. 2). Unloading returns the transformation of the
austenite and the original shape (Lagoudas, 2008).
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Figure 2 — Diagram of the stress-strain curve for the superelasticity shape memory alloy
NiTi in the tension loading
Slika 2 — Dijagram krive deformacije superelasti¢ne memorijske legure NiTi pri
opterecenju istezanjem

Biocompatibility

The generally accepted definition of biocompatibility is very
complicated. Williams (1988) described biocompatibility as “the ability of a
material to perform with appropriate host response in a specific application”.
This definition covers the fact that there are many possible interactions bet-
ween biomaterial and the host, and it does not focus solely on toxicity or in-
jurious effects to the host system. A more concrete definition was proposed
in 1998 by Wintermantel, who defined biocompatibility as the structural and
surface compatibility between a technical and a biological system, where the
structural part is governed by the mechanical properties, and the surface
compatibility by the biomaterial superficial physical, chemical, biological and
morphological properties. Today, it is necessary to evaluate biocompatibility
in accordance with the relevant Standard. Considering the multitude of new
advanced materials and devices, a general Standard has been adopted.
Using these guidelines, the Standard allows easier comparison of results,
while allowing flexibility for individual purposes/needs (Es-Souni, et al, 2004,
pp. 557-567). NiTi alloys have a high degree of biocompatibility. In the
oxidation reaction of titanium, a surface layer of harmless TiO, is formed
surrounding the sample.This layer has the high corrosion resistance of
titanium alloy and is generally harmless to the human body. Because of the
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biocompatibility and good mechanical properties of NiTi alloys, there are
many opportunities to develop and improve products for application in
biomedicine (Auricchio, Massarotti).

General principles of force activity

Fig. 3 shows the procedure of treatment, respectively tooth move-
ment in the proper position by means of force; Fig. 3a shows a settle-
ment of teeth in the arch, while Fig. 3b shows the settlement of teeth in
the plane of the teeth.

Force t
a -
7
/

Figure 3 — Presentation of needed force by treatment
Slika 3 — Prikaz zahtevane sile pri leCenju

On this basis, it will be
necessary to determine the most
optimal wire that does not cause
excessive and not too small a
stress to the periodontal ligament
(PDL).The level of stress in the
wire will be controlled through its
chemical composition and ther-
mo-mechanical history, as well as
geometric dimensions (Lagoudas,
2008).The accuracy of the results ~ Mesial _
will be verified by experiments on
a model, where we will measure —

Lingual
/ g

the actual forces and torques. Fo @ % Ot
The purpose of our study is to g

measure the forces generated by Labial

different superelasticity NiTi wi- Orthodontic .,

res. Fig. 4 shows the direction of force

the forces on the tooth (Fercec, et Figure 4 — Direction of the forces on the tooth
al, 2012). Slika 4 — Pravci delovanja sila na zub
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State of the art

In the last five years, research has been conducted in this area, fo-
cusing on accurate measurement of the forces on the teeth as a result of
the action of orthodontic wires. For these purposes, some "real" experi-
ments have also been made to determine these forces.

Since 1970, numerical methods which have been developed with a
computer programme have been used (de Weck, Yong). Research works
have been conducted by the Finite Element Method (FEM), related to the
determination of stress in the periodontal ligament (PDL) and displace-
ment of teeth under orthodontic force (Norman, et al, 2010. pp. 98-108),
(Chang, et al, 2004, pp. 339-45), (Kojimaa, Fukuib, 2010), (Qian, Fan,
Liu & Zhang, 2008, pp. 48-52), (Field, et al, 2009, pp. 174-181).

In the literature has so far worked by using force measurement
directly on the teeth by the Finite Element Method under orthodontic for-
ce. The Table below shows the articles that have been published on this
subject in various scientific journals.

The force measurement of teeth began with the introduction of den-
tal braces. In the beginning, measured procedures were more simple and
imprecise. In recent years, the numbers of experimental devices that
measure the forces and torques in three dimensions have grown. Various
experimental procedures were published in different journals (Fuck, et al,
2007, pp. 363-376), (Lapatki, Paul, 2009, 377-396), (Hisham, et al, 2009,
pp. 518-528), (Milczewski, et al, 2007), (Sifakakis, et al, 2009, pp. 305-
11), (Fuck, Drescher, 2010, pp. 6-18), (Lapatki, et al, 2007, pp. 73-78).

Examples of forces measurement
with the experiment

Example 1:

Lars-Michael Fuck, Dirk Wiechmann and Dieter Drescher were in-
volved in measuring the forces and torque applied to the teeth. In the
study they researched the forces and torques created by using a new
lingual bracket (Fig. 5) through the phase of the orthodontic treatment.
This dental brace was compared with a labial straight-wire appliance.
The samples within the mouth were scanned in 10 patients and, with the
method of "rapid prototyping-a", they made models of their teeth. Then
they measured the initial forces and moments with a robotic measuring
device (see Fig. 6). The measurements were performed at a temperature
of 37°C (Fuck, et al, 2007, pp. 363-376).
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Figure 5 — Intra-oral view of the Incognito lingual brackets
Slika 5 — Prikaz usne duplje s nevidljivom fiksnom protezom

Figure 6 — (a) Robotic-Measurement-System (b) positioned and ligated measurement
bracket (Sifakakis, et al, 2009, pp. 305-11)
Slika 6 — (a) Robotic¢ki merni sistem (b) postavljena i povezana merna proteza
(Sifakakis, et al, 2009, str. 305-11)

Forces and moments were analyzed in all models included in all te-
eth measured. The forces and torques were then presented as the length
of the corresponding vector. The statistical analysis of the average force
of all ten casts revealed no significant differences between lingual and
labial brackets in connection with the forces, while the moments were
different.

Example 2:

Bernd G. Lapatki and Oliver Paul researched by using force measu-
rements and moments through the sensor (see Figs. 7, 8). The feasibility
of this accession was demonstrated using the Finite Element Method
(FEM).The sensor was of a very small size so that it could be integrated
into the bracket (Fig. 9) (Lapatki, Paul, 2009, 377-396).
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Sensor chip Sensor with switches Sensor element

Digital control unit
I

2 mm———|

Figure 7 — Micrograph of the sensor chip (measuring 2x2.5 mmz)
Slika 7 — Mikrofotografija Cipa senzora (dimenzija 2x2,5 mm2)

The micrograph in Fig. 7 is applicable to manufacture true-scale
smart brackets. The actual sensor element (rightwards) measures only the
area of 50x50 ym?® The eight contacts permit current flow in different di-
rections (,spinning-current method*), (Hisham, et al, 2009, pp. 518-528).

Figure 8 — Miniaturized sensor system was connected: (a) electrically using flip-chip
bonding, (b) true-scale smart bracket with the adhesively-attached slot, the inserted wire
and the mounting pin (Hisham, et al, 2009, pp. 518-528).

Slika 8 — Minijaturni senzorski system je povezan (a) elektricnim putem pomocu flip-chip
veze (b) pametni breket stvarne veliine sa zalepljenim slotom, umetnutom Zicom i
nosec¢om iglom (Hisham, et al, 2009, pp. 518-528).

Printed circuit board
Sensor chip

L

L

Figure 9 — Installation of the sensor chip in the bracket (Scheid, Weiss, 2012)
Slika 9 — Instaliranje senzorskog €ipa u breketu (Scheid, Weiss, 2012)
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Example 3:

The latest, more high-profile research, discussed in articles, has
been undertaken by Hisman M. Badawi and his co-workers (Hisham, et
al, 2009, pp. 518-528). In their study, they measured forces and torques
using nanosensors. The experiment is shown in Figs. 10 and 11 (His-
ham, et al, 2009, pp. 518-528).

Figure 10 — (a) OSIM device in a temperature chamber; (b) 3D model of the device
Slika 10 — (a) OSIM uredaj u temperaturnoj komori, (b) trodimenzionalni model uredaja

Figure 11 — Load cell: A- vertical micrometer; B-horizontal micrometer; C-tooth adapter
Slika 11 — Merna ¢elija A —vertikalni mikrometar, B-horizontalni mikrometar,
C- adapter zuba
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Numerical method solution for the determination
of the orthodontic forces

Numerical methods have been used to define the force caused on
the teeth by different types of super-elasticity NiTi wires attached to the
front surface of teeth at various angles. In doing so, we hope to establish
what stress the wire causes on the periodontal ligament. With respect to
permissible stress in the ligament, we will define the characteristics of the
super-elastic wire. On the basis of the results and properties, we will give
guidance and a directive for selecting the optimal wire.

In order to confirm the numerical model successfully, we will experi-
ment "in vitro" with the most realistic conditions, using wires and brac-
kets. In this way, we will try to verify the obtained results with a numerical
simulation. We will do simplified 3D models of the orthodontic wire, the
bracket, teeth and tissues with the CATIA software. The software tool for
the numerical simulation of ABAQUS will define all load properties and
also a stress calculation, from which we can then calculate the force. The
obtained results have been analyzed.

The information on the forces and torque generated by the action of
the teeth wire in dental braces is important for the dentist - orthodontics
and especially for patients who use this device. In this way, orthodontists
obtain information about the wires placed in the mouth to assure suffici-
ent force on the tooth, to align the teeth more rationally, quickly and
painlessly for the patient who wears the dental braces. Nevertheless, the
studies which determine what should be a force on the teeth so that there
is no pain for patients and that treatment does not last too long, are
already known.

Based on clinical studies, we assume that we can identify the most
optimal force caused by wire. From the knowledge of these forces, a wire
that will have specific super-elastic properties can be chosen. This is in-
fluenced by an appropriate chemical composition (the content of Ni and
Ti) and the geometry of wires (cross section). The presented problems
are difficult, because people have different properties of the tissue in the
mouth (they change even locally) or the state of the periodontal ligament,
which is important in moving the teeth to the proper position.

The orthodontic 3D model for this study was built using CATIA V5
software. A 3D model of a crowded central incisor, lateral incisor and ca-
nine in the upper dental arch simulated real malocclusion. A fixed ortho-
dontic appliance was used to simulate the orthodontic treatment in a ca-
se with moderate crowding. Metal brackets were bonded to the teeth and
wire inserted into the slots. Data for tooth dimensions were taken from
the literature (Scheid, Weiss, 2012). The teeth crowns in the model had
the following heights and mesio-distal widths, respectively: 11.2 mm and
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8.6 mm for the central incisor, 9.8 mm and 6.6 mm for the lateral incisor
and 10.6 mm and 7.6 mm for the canine. The root lengths were: 13 mm
for the central incisor, 13.4 mm for the lateral incisor and 16.5 mm for the
canine. The position of the teeth in the model resembled moderate crow-
ding in the upper dental arch. The lateral incisor was moved 4 mm lingual
and 3 mm gingival from its normal position in the dental arch in order to
present moderate crowding. A 3D model of the upper frontal teeth was
obtained, with the periodontal ligament modelled for the length of the
whole root (0.25 mm in width) (Fig. 12). A supportive bone was modelled
in a 2 mm thick layer, with the underlying cortical bone. The orthodontic
NiTi wire was inserted into the bracket slot of each tooth in the model.
For the wire model, a diameter of 0.012"(0.305 mm) was taken into con-
sideration.

Figure 12 — CAD model of tooth position
Slika 12 — CAD model poloZaja zuba

The 3D model was based on the thesis that all materials are isotro-
pic materials, which means that there are two independent material con-
stants. In order to simplify the model, materials were considered to be
homogeneous, meaning that linear and elastic material behaviour inclu-
ded two constants: Young's modulus and a Poisson ratio. The values of
Young's modulus and Poisson ratio for the alveolar bone, periodontal li-
gament, tooth and bracket were taken from literature (Table I) (Todoro-
vi¢, et al, 2010, pp. 41-47).
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Table 1 — Young's modulus and Poisson number
Tabela 1 — Jungov modul i Poasonov broj

. . . Young's Modulus of . .
Linear-elastic material . Poisson's
arameters used for: Elasticity, ratio

P ' E [MPa]
Alveolar bone 13800 0.30"®
Teeth 20000 0.30"®
Periodontal ligament 1% 0.45%
Bracket (stainless steel) 180000 0.3

In the numerical analysis that was performed, three different NiTi ortho-
dontic wires with various modulus of elasticity (Table 1) were used. The pur-
pose of the analysis was to determine the initial force when the wire was in-
serted into the slot of the brackets and ligated. Although the behaviour of NiTi
wires in terms of superelasticity is complex, we simplified the material proper-
ties, and the modulus of austenite for numerical analysis was taken (Auric-
chio, Taylor, 1997, pp. 175-194), (Sestak, Cerny, Pokluda, 2009). The NiTi
orthodontic wires at a given stress have martensitic structure which tran-
sforms during treatment back to austenite. The data for the austenite modulus
for various wires are presented in Table Il (Proffit, 2007, pp. 359-394). In all
three wires the Poisson number was 0.3 (Proffit, 2007, pp. 359-394).

Table 2 — Material parameter of wires for the numerical model
Tabela 2 — Parametar materijala Zica za numeri¢ki model

Wire Young's.Modulus of
martensite, E [MPa]
1. 50000
2. 54000
3. 58000

The brackets and wire were meshed by hexagonal finite elements (Fig.
13). In a real orthodontic treatment, especially in the levelling stage, it is desi-
rable for the wire to slide through the slot of the bracket as freely as possible
having the least friction (Proffit, 2007, pp. 359-394). In order to choose an ort-
hodontic wire wisely, it is important to know the friction properties between the
wire and the bracket. The information about these properties in the literature
has not been consistent. It is very difficult to determine accurately the friction
characteristics between the wire and the bracket, because the contact condi-
tions between them vary widely. For the friction coefficient between the wire
(NiTi) and the bracket (stainless steel) a value of 0.3 (Noda, et al, 1993, pp.
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154-160) was taken from the literature. The
boundary conditions for load were taken from
the surface stress in the wire.

By using the ABAQUS software for
numerical simulation, a model with three
different orthodontic wires was presented.
The values of the stress on the bracket,
PDL and the lateral incisor itself produced
by different types of wires are shown in
Figs. 14a, 14b and 14c. It can be seen
that by increasing the elastic modulus of
the wire, the stresses on the bracket, PDL
and tooth became more intense.

Figure 13 — The finite-element mesh of the model
Slika 13 — Mreza konacnih elemenata modela

Fig. 15 shows Von Mises equivalent
stresses on the PDL of the lateral incisor.
We could see that on the PDL the com-
pressive stresses in the tensile stresses
zone are similar to the formatted stresses
on the lateral incisor. The maximal equiva-
lent stress after Von Mises on the PDL of
the lateral incisor is formatted on the cir-
cumference of the PDL by the contact with
the tooth crown. Bigger stresses on the
mesial side than on the distal side are
probably consequences of the smaller dis-
tance between the bracket on the lateral
incisor and the bracket on the canine. The
second reason could be also a stiff contact
between the bracket and the wire.

Figure 14 — Von Mises equivalent stresses on the

tooth lateral incisor:

(a) E = 50000 MPa; (b) E = 54000 MPa;
(c) E = 58000 MPa

Slika 14 — Ekvivalentni fon Mizesov napon na boc¢ni
sekutié¢

(a) E = 50000 MPa; (b) E = 54000 MPa;

(c) E =58000 MPa
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Figure 15 — Von Mises equivalent stresses on the periodontal ligament:
(a) E = 50000 MPa; (b) E = 54000 MPa; (c) E = 58000 MPa

Slika 15 — Ekvivalentni fon Mizesov napon na parodontalnom ligamentu
(a) E = 50000 MPa; (b) E = 54000 MPa; (c) E = 58000 MPa

Table 11l shows the average Von Mises equivalent stresses for the
separate internal force and the calculated resultant force. The force le-
vel was obtained with this simulation. The average Von Mises equiva-
lent stresses were calculated using the values on the cut plane of the
bracket-
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Table 3 — The average Von Mises equivalent stresses, internal forces on the cut plane of
the bracket and the calculated resultant forces
Tabela 3 — Prose¢ni ekvivalentni fon Mizesov napon, unutrasnje sile na ravan breketa i
izraCunate rezultujuce sile

W ; Ortho-
i Average stresses [MPa] Components of internal dontic
forces [N] f
r orce [N]
e Oxx Txy Txz Fx Fy F F
1 0.0341 -0.012 -0.0015 0.35 -0.12 -0.016 0.37
2 0.0346 | -0.0121 | -0.00152 | 0.354 | -0.124 | -0.0156 0.375
3 0.035 -0.0124 | -0.00161 | 0.358 -0.127 -0.017 0.38

The Finite Element Method (FEM) is a powerful tool for the analysis
of complex structures, but the outcome is dependent on the formulation
of the problem (Toms, Eberhardt, 2003, pp. 657-65). The acting forces in
the beginning stage of orthodontic treatment in the case with moderate
crowding were presented using the FEM. This was an attempt to quantify
and evaluate the effects of orthodontic loads applied to the bracket and
teeth in order to achieve initial tooth movement. With the intention of
simplifying the procedure, the moment of force was not taken into acco-
unt. The emphasis was put on the level of force produced by the NiTi wi-
re. It was determined that, by the smallest elastic modulus of 50,000
MPa, the calculated force on the lateral incisor was approximately 0.37N.
A bigger force was produced by the wires with a higher value of elastic
modulus. The force level was smaller than it is supposed to be optimal
for orthodontic tooth movement (0.09-0.98 N).

Conclusions

In the past, numerous studies have been carried out to determine
the actual level of force applied to the teeth, in which the initial force cau-
sed by orthodontic wires was measured by means of load cells on
specially constructed models.

In the present study, the level of the orthodontic forces caused by
the the initial NiTi wire was determined using the Finite Element Method
(FEM). For the simulation we used commercially available software for
numerical simulation by FEM - Abaqus. The numerical model with
boundary conditions similar to those in the mouth was constructed. Much
emphasis was placed on the choice of material parameters and biological
segment in the numerical model.
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Material parameters such as an elastic module and Poisson's ratio
for the bone and teeth were available. The determination of the material
parameters of the periodontal ligament was difficult due to the small spa-
ce of the ligament that surrounds the tooth. In the present 3D computer
model simulating the force system in a simple orthodontic case, we pre-
sented the stresses on the periodontal ligament. The results of simulation
showed that complex stresses were created due to various components
of the forces applied to the tooth. The calculation of individual and resul-
tant forces was done at the same time taking into consideration two
components of the force applied to the brackets on the tooth: normal and
tangential. The results indicated that the calculated force is in the range
of predicted optimal force for orthodontic tooth movement.

In this paper, a numerical simulation of a complex biological system
with applied orthodontic forces was shown. Although the numerical simu-
lation required substantial simplification of a real life situation, the results
are clinically relevant. The future of the numerical model lies in the ability
to introduce more relevant parameters into the successful simulation of
more complex orthodontic problems.
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METODE MERENJA SILA NA ZUBIMA KOD FIKSNOG
ORTODONTSKOG SISTEMA

OBLAST: materijali
VRSTA CLANKA: pregledni ¢lanak

Sazetak:

Fiksni ortodontski aparat sastoji se od bravica (breketa) poveza-
nih zubima. Nakon provlacenja kroz otvore na breketima, Zica generiSe
silu koja uti¢e na ortodontsko pomeranje zuba. Promena u parodontal-
nom dotoku krvi predstavlja bioloSki odgovor koji dovodi do preobliko-
vanja alveolarne kosti i ortodontskog pomeranja zuba. Mnoge promen-
ljive koje uti¢u na ortodontsko pomeranje zuba, poput rasta i odgovora
tkiva na aparat, ne mogu da se kontroliSu u potpunosti. Medutim, sila
kojom se deluje na zub treba da bude promenljiva i na nju se moze uti-
cati, a paZzljivo izvedeno ispitivanje fizicke osnove klinickih primena mo-
Ze da bude od pomodi pri smanjivanju nezeljenih sporednih efekata.
Osobine ortodontskih Zica, kao Sto su jacina, krutost, elasti¢nost i
spring-back efekat definiSu njihovu klinicku primenljivost. Idealna orto-
dontska Zica treba da poseduje sledece osobine: izrazen spring-back
efekat, nisku krutost, dobru obradivost, visok nivo uskladiStene energi-
je, biokompatibilnost i stabilnost u okruZenju, malo povrsinsko trenje,
kao i sposobnost zavarivanja i lemljenja s pomocnim delovima. Idealna
Zica za luk joS nije pronadena. Kada se Zica aktivira ili savije, ortodont-
sko pomeranje zuba vrSi se pod uticajem rasterecenja ili deaktiviranja
sila. Stoga je potrebno znati nivo sile koju proizvodi svaka Zica pojedi-
nacno pri ortodontskom lec¢enju. Cilj ovog rada je da izmeri sile nastale
dejstvom razlicitih superelasti¢nih NiTi Zica.

Klju€ne recdi: merenje sila, ortodonski sistem, zubi, legure bazirane na
niklu i titanu
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