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ABSTRACT
MICROSTRUCTURE AND MECHANICAL PROPERTIES OF NICKEEREE AND
NICKEL-CONTAINING STAINLESS STEEL ORTHODONTIC WIRES

Amanda Olejniczak, D.D.S.

Marquette University, 2014

Introduction: In orthodontics, contact dermatitis caused bkeliallergy should be of
concern with the number of nickel-containing appt@s and wires used. Stainless steel
archwires are commonly used throughout orthoddrestment. With the release of
nickel from these wires, some manufacturers hawestlto nickel-free stainless steel
alternatives. The goal of this research was to @mpickel-free stainless steel with
traditional stainless steel archwires with regarchechanical properties and
microstructure.

Materialsand Methods: Nickel-free stainless steel and regular stainééss| archwires
from four companies were included. Five random dampf each wire, vertically
mounted in fast-set acrylic, were indented threms to determine their Vickers
microhardness. Force deflection properties werestigated with the three point bending
test in which fifteen random samples of each wiesentested. Wire samples were
horizontally mounted in fast-set acrylic, acid-etdHor variable amounts of time, and
then analyzed with a metallurgical microscope s&eas microstructure. All quantitative
data were compared using one-way analysis of vegigAiNOVA) at a 0.05 significance
level with a Tukey's HSD (honest significant diface) test post hoc analysis, when
necessary.

Results: Vickers microhardness number, activation stiffnesastic recovery, and
activation bending force values were calculatecetrh sample. Activation modulus
showed no significant differences between Dentausimes. All wires were statistically
different when considering percent recovery. Sclredi Dentaurum stainless steel wires
were statistically similar to the respective nickele alternatives when investigating
activation stiffness. Scheu Chromium bending faraleies were always greater than
Scheu Menzanium. Acme Monaco’s nickel-free alteweabad force values greater than
Acme stainless steel. Force values for Dentaururasithrough 1.0 mm of deflection
showed no significant differences. Nickel-free altgives and stainless steel wires
manufactured by Scheu, Acme-Monaco, and Pozzi/Leboeed no statistical
significant difference with regards to microhardnealues. Microstructure analysis
revealed differences between grain structure arebdietween all wires.

Conclusions: Dentaurum Remanium and Noninium archwires appehave the most
similarities with regards to the mechanical androstructure properties investigated in
this study. With regards to the mechanical propertiested, nickel-free stainless steel
may be a viable alternative to traditional staislsteel archwires.
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CHAPTER 1
INTRODUCTION

Orthodontics is the dental specialty focusing orvemeent of the dentition and
alteration of the dentofacial complex as a wholadky et al., 2003). Treatment goals for
orthodontists include achieving a stable, esthatid, functional occlusion while still
maintaining, or possibly improving, the facial bata. Archwires play a critical role
throughout treatment, delivering force to move ahghn the dentition, transmit forces
within the dentofacial complex, and even preventamed movements. The first step
often involves aligning the dentition (Nikolai, 199 In order to achieve this tooth
movement, a series of archwires can be utilizetpasne archwire is ideal to progress
solely through treatment in its entirety (Kusy, I99nitial stages of orthodontics rely
mainly on flexible wires composed of nickel-titamyNiTi) or multistranded stainless
steel (Kusy, 1997; Nikolai, 1997). Once teeth dignad, a stiffer wire can be used, very
commonly composed of stainless steel (Kusy, 1984ffiE 2013). For those patients
with nickel hypersensitivity issues, using mateyistich as NiTi or stainless steel may be
a potential cause for concern with regards to oheath.

Nickel sensitivity continues to be a health conadémoughout the population with
the increased awareness of allergic reactions (K2@34). It has been reported that the
prevalence of nickel sensitivity among the genpogdulation has increased from about
10% to 20% (Bass et al., 1993; Menezes et al., R@htact dermatitis, an adverse
allergic reaction, is most frequently caused bkeli¢Rahilly & Price, 2003). In
orthodontics, nickel is readily found in NiTi anthmless steel wires, stainless steel

brackets, as well as other fixed and removableiapges. Few studies have investigated



the prevalence of nickel sensitivity in orthodorgatients specifically; however, reports
have ranged from 17.2% to 21.2% (Bass et al., 10@8iezes et al., 2004). For those
with severe nickel allergies, orthodontists maydmguired to find alternative materials
for providing the patient with treatment of the sagtandards (Kolokitha et al., 2008). As
long as the allergy to nickel remains a worldwidaaern, nickel-free alternatives will be
a necessity, especially in the area of orthodontics

As mentioned above, metal orthodontic bracketsvanes are commonly made of
stainless steel or nickel-titanium, materials tt@itain nickel. For example, the
austenitic stainless steel used to make orthodbrdickets and archwires contains
approximately eight percent nickel (Barrett et 8093; Daems et al., 2009). It is possible
for stainless steel archwires to contain up to I28kel (Kerosuo & Dahl, 2007).
Alternatives to nickel-containing materials in atlontics include ceramic or polymer-
based brackets and wires, beta-titanium wires, aictel-free” stainless steel brackets
and wires (Kolokitha et al., 2008). As differentteraals are being introduced for the
fabrication of wires and brackets in orthodontmse can expect significant variability in
physical and mechanical properties as comparedthatiraditional stainless steel. In
orthodontics, it is important that materials have proper composition and properties to
withstand the physical, mechanical, and biologicades within the oral cavity (Kusy,
2004; Daems et al., 2009). Early in orthodontiatingent, nickel-titanium archwires are
frequently used. With such qualities as high resdy, high yield strength and
springback, and low elastic modulus these wiresdsa& for beginning the leveling and
aligning phase of treatment (Ballard et al., 2082ainless steel is more traditionally an

archwire utilized later in treatment when low fitet, good formability, but greater



stiffness and lower springback compared to nickafitum are typically desired
(Verstrynge et al., 2006%tudying the properties of nickel-free orthodontices will
provide orthodontists with the information to det@ne if these are acceptable for clinical
use during treatment.

A study comparing one nickel-free stainless staed to conventional stainless
steel wires found no difference between them wetiard to elastic modulus, hardness,
ductility, and yield strength (Verstrynge et aD0B). In addition, stainless steel is
frequently used for medical applications. Incorpioraof nickel-free stainless steel
implants within the medical field has been donswsaessfully (Zardiackas et al., 2003;
Zardiackas et al., 2003)owever, with limited research on the propertiegd simucture of
nickel-free stainless steel alternatives, littl&n®wn about how these materials would
behave as archwires in orthodontics. The goaliefstudy was to determine if the nickel-
free stainless steels exhibit these propertiescanttl, therefore, be viable alternatives for

orthodontists treating patients with nickel hypesstvity concerns.



CHAPTER 2
LITERATURE REVIEW

I ntroduction to Orthodontics

Orthodontics relies on light, continuous forcesider to produce the most
efficient biologic response and, therefore, thécgmdated tooth movement (Kusy, 1997;
Proffit et al. 2013). A critical component in fixeghpliance orthodontic tooth movement
is the wire. Wires can be used in a number of fixed removable appliances utilized by
the orthodontist. In addition, ligature wires canused to engage the archwire into
brackets or join individual teeth together as “aelge” (Nikolai, 1997). Wire can also
be shaped into open and closed coil helices to gespace concerns while moving the
surrounding dentition (Nikolai, 1997). Still, theost utilized wire in orthodontics
remains to be the archwire. By engaging the arahimiio brackets adhered to the
crowns, the orthodontist is able to activate theewtransmitting its mechanical properties
to the dentition (Nikolai, 1997). The forces detie@ by the archwires causes controlled
orthodontic tooth movement in all three planespzice. The edgewise appliance
introduced by Dr. Edward Angle in the 1920s marttexlbeginning of the archwire era
in orthodontics (Nikolai, 1997). Initially, archveis were composed of precious metals,
such as gold (Kapila & Sachdeva, 1989; Nikolai, 198y the 1930s, alternative alloys
were being considered due to the cost of gold wassvell as the need for more
springiness and less fracturing under tension iarahwire (Kusy, 2002). This is when
stainless steel archwires were introduced to odhbtids; however, it was not until the
1960s when stainless steel archwires became wageklypted, replacing the gold wires

previously utilized (Kusy, 2002). While there amdytwo different cross-sectional



geometries of orthodontic wires, there are numesies, introduction of new materials,
and a variety of preformed archforms availableitbiraproviding the proper treatment
(Nikolai, 1997). As the field of orthodontics evelrand goals of treatment change, the

demand for still different archwire alloys contiisue

Development of the Ideal Archwire

Development of orthodontic archwires involves catianalysis of a number of
characteristics, including springback, resiliengeldability, friction, formability,
esthetics, and biocompatibility (Kusy, 1997). THeal archwire would have a large
springback, low stiffness, good formability, lowface friction, high stored energy,
biocompatibility, stability, and have the ability be welded and soldered (Kapila &
Sachdeva, 1989). Another characteristic importaain orthodontic archwire would be
for it to be heat treatable to reduce brittlendter dends are placed (Kapila & Sachdeva,
1989; Nikolai, 1997). In fact, there is no one avihk that is ideal for use through all
stages of orthodontic treatment (Kusy, 1997). Assalt, different archwires are utilized
in order to fulfill the varying goals of each stagfdreatment. The different archwire
alloys utilized offer different mechanical propediand structural composition (Kusy,
1997). Currently, the available materials for odbntic archwires include stainless steel,
nickel-titanium, beta-titanium more commonly knoastitanium-molybdenum alloy,
cobalt-chromium, and, more recently, esthetic casitpdNikolai, 1997; Verstrynge et
al., 2006; Spendlove, 2013). Beta-titanium wiresvpte the orthodontists with average
stiffness, good formability and weldability, andestive springback. Cobalt-chromium

archwires behave similarly to stainless steel dféat treatment; however, manipulation



of the wires can only occur prior to the heat tmeait. Nickel-titanium archwires provide
high springback, low stiffness, and flexibility. @e archwires are time tested, show
resistance to plastic deformation, as well as bigyto maintain a continuous light
force over a long range of time, regardless ofatm@unt of deflection (Kapila &
Sachdeva, 1989; Verstrynge et al., 2006). Initieh@ires, used for alignment of the
dentition, need to be flexible and resilient. Niek&nium archwires display

characteristics ideal for the initial stages ohodontic treatment.

Stainless Steel Archwiresin Orthodontics

Since its introduction to orthodontics in 192%jskess steel has become one of
the most common materials used for orthodonticwiregls. When compared with the
previously utilized precious metals, stainlesslgteaved to impose less cost to the
orthodontist, as well as provide greater strengthahigher modulus of elasticity
(Kapila & Sachdeva, 1989; Nikolai, 1997). Thesedfmmal characteristics led to
eventual replacement of gold, and other preciousisiavith stainless steel archwires in
orthodontics (Kusy, 2002). Although stainless stgehwires have many favorable
properties, the force levels may be higher thaalidad the amount of springback is very
low (Valiathan & Dhar, 2006). In order to overcoseh forces, wires of smaller
diameter or longer lengths by incorporating loomsild be required clinically.

A typical composition of stainless steel wireonthodontics ranges from 17-25
wt% chromium, 8-25 wt% nickel, 0.20 wt% carbon, dinel remainder being iron. Most
commonly used is 18-8 stainless steel which is amag of 8 wt% nickel and 18 wt%

chromium (Proffit et al., 2012). Each element citmttes important qualities to the



traditional stainless steel wire used in orthodmtihe percent by weight of chromium
creates an increased corrosion resistance whenasethpiith carbon steel. Chromium
forms a thin passivating oxide layer which blodks diffusion of oxygen to the stainless
steel alloy underneath (Verstrynge et al., 2006uierdo et al., 2010). The incorporation
of nickel is critical to ensure the stabilized amstic nature, as well as to help improve
the corrosion resistance of orthodontic stainléssl archwires (Kusy, 1997). It is known
that the austenitic structure is metastable andraalrking can induce phase
transformation. Low temperature heat treatmentesmageduction in internal stresses in
stainless steel wires (Asgharnia & Brantley, 198&intaining austenite stabilization in
orthodontic wires increases the strength of thimlstss steel (Izquierdo et al., 2010).

A distinctive type of steel wire, known as Ausi@alwire, is incorporated into a
number of orthodontic techniques and mechanisgast developed to provide
orthodontists with a light, flexible stainless $t@&e that demonstrated high resiliency
and toughness. While this wire provides benefitdlie practitioner, it also poses a
number of disadvantages, including brittlenessdeuteased formability for some
tempers of Australian wire. An increased carbont@atncompared with traditional
stainless steel may account for the rough, irreggplarous nature of the surface of
Australian wires. Such characteristics may be dasan for these wires to not readily
accept bends. In addition, the increased carbotenbmay contribute to an increase in
hardness and brittleness. These qualities makea\ast wire an inadequate option
during sliding mechanics as there is an increasiding. The aforementioned
characteristics, along with the fact that nickedtil used in manufacturing, make

Australian wire not a viable option in those wiikkel sensitivity (Pelsue et al., 2009).



Austenitic Stainless Stedl

As mentioned previously, in orthodontics it is iong@ant for the stainless steel
archwires to remain in the austenite stabilizedsphén fabrication of stainless steels,
there are three major types based on phase, orytbil structures the iron forms. These
are the ferritic, martensitic, and austenitic d&sa steels. The most commonly used
stainless steel in orthodontics is the austenraclg. The main structure of austenitic
stainless steels is face-centered-cubic. Whilerahum acts as a ferrite-stabilizing
element, carbon, nickel, nitrogen, and manganesebmancluded at sufficient
concentrations to maintain austenite stable at rwonperature (Davis, 1994). Extensive
plastic deformation or rapidly cooling the metalviry low temperatures can readily
transform the austenitic stainless steel to maitee(idavis, 1994). Transformation to
martensite stainless steel can alter the propegtidee archwire. It has been suggested
that this transformation can decrease the ductlily, thus, increase the tendency to
fracture. In addition, the martensite phase oh#as steel has an increased hardness
when compared with the austenite phase, thus,asirg the torque resistance (Izquierdo
et al., 2010). As demonstrated, altering the plo&siee stainless steel wires could lead to
the development of undesirable properties. Maintgithe austenitic nature during the
fabrication of nickel-free orthodontic wires istaal to preserving the desirable

properties observed in traditional stainless steel.

Nickel Allergiesin Orthodontics

Nickel allergies and sensitivities continue teeris prevalence throughout the

population. It is estimated that nickel hypersewisjt affects 4.5% to 28.5% of the



population, with females being affected ten timeserfrequently than males (Kolokitha
& Chatzistavrou, 2009). Nickel is the most commoetahassociated with contact
dermatitis in orthodontics (Rahilly & Price, 2008)ne study has indicated a nickel
sensitivity prevalence of 17.2% among orthodonsétignts (Pazzini et al., 2009). This
reaction is a Type IV delayed hypersensitivity masge occurring at least one day after
introduction of the nickel-containing applianceselleached nickel ions are capable of
binding to proteins eliciting the formation of aggns that then go on to activate T
lymphocytes. It is the Langerhans cells presetiténoral mucosa which present the
nickel allergen to memory cells, eliciting the adjie response (Bakula et al., 2011). The
tissue damage or irritation noted in such a readg8@aused by activated specialized T-
cells circulating in the patient’s circulatory ssist (Kolokitha & Chatzistavrou, 2009). In
patients, it typically presents itself as rednssgllen tissues, rashes, sores, or ulcers
within the oral cavity (Eliades & Athanasiou, 206)sy, 2004). The impact of nickel on
gingival hyperplasia and periodontal health appealse caused by the release of the
cytokines, interferofr and interleukins, IL-2, IL-5, and IL-10, induceg B lymphocytes
(Pazzini et al., 2009). However, it is also impott remember that extraoral metal
appliances may contain nickel. Studies conducteNdoyvegian orthodontists have
shown dermal reactions such as redness, eczemagitand desquamation due to these
extraoral appliances may be observed more frequengatients (Hensten-Pettersen,
1989; Eliades & Athanasiou, 2002).

The concern may be amplified in patients previggshsitized to nickel, most
frequently due to body piercings. In these instanoae may be more likely to have an

allergic response to nickel-containing orthodomiterials (Rahilly & Price, 2003). The
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reason for the delay in allergic response is dubddwo distinct phases of the immune
response. The first, or sensitization, phase igwthe allergen enters the body and is
recognized for the first time by the immune syst&he second, or elicitation, phase is
when the affected person is exposed to the alleigyes second time. It is during the
latter phase in which the clinical allergic reantis readily observed (Kolokitha &
Chatzistavrou, 2009). For these reasons, staistest brackets and nickel-containing
archwires and appliances have been of concernrlooaontists when treating patients
with known nickel allergies. As long as nickel hygensitivity issues remain prevalent in
the population, orthodontists will need to provadeernative archwires and appliances for

patients with known nickel allergies.

Biocompatibility Concernswith Nickel

Nickel-containing products have been utilizeddorumber of medical and
implant procedures. These products have undergdeasve testing to ensure
biocompatibility standards were achieved. Howerakel alloys in orthodontics pose a
unique situation when compared with these implahithough invasive, implanted
materials form a connective tissue capsule surrnogritiis newly introduced foreign
body. When nickel-containing stainless steel isluseorthodontic patients, the
environment of the oral cavity is free to reacthwthese wires in a continuous nature.
Saliva and acidic substances increase the risgxfi@nsive corrosion of orthodontic wires
and appliances, posing a potential for more harthase with nickel allergies (Eliades &
Athanasiou, 2002). The oral environment is favagdbl activity of microorganisms. In

combination with hindered oral hygiene, dental imed accumulate in thick layers on the
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orthodontic appliances. This can increase the abaeactivity of oral bacteria,
stimulating further corrosion of the metal appliasa¢Pazzini et al., 2009). As stated
previously, one of the biocompatibility concernghmstainless steel archwires is the
potential of nickel release intraorally. Due to fhet that the nickel atoms are not bound
strongly to form an intermetallic compound, theslikood of slow nickel ion release over
time in vivo is increased. In vitro studies havendastrated about 40 pg of nickel ion
can be released per day (Eliades & Athanasiou, 2008kel ions, when tested in vitro,
have been implicated as a potential cause in piogtite inflammatory response. Such
processes including chemotaxis of leukocytes afwlura ion-dependent contractile
activity both have been shown to be inhibited kel ions (Torgersen et al., 1995;
Eliades & Athanasiou, 2002).

Studies have drawn varying conclusions with resfmenickel content in the
saliva after the introduction of fixed appliancesrthodontic patients (Eliades &
Athanasiou, 2002). For instance, in vivo invesiiyat have revealed an increased nickel
concentration in saliva after three weeks; howeweliyidual variation and variability in
number and type of fixed appliances can contribwtgatistically significant differences
in observed salivary nickel concentrations (Gjeetedl., 1991). Conversely, one day to
one month after insertion of orthodontic appliandelsnot demonstrate increased
concentrations of nickel in patient’s saliva in ey study (Kerosuo et al., 1997). Still,
other studies have concluded that nickel released brthodontic fixed appliances
cannot be detected in saliva or blood after onekBeshara et al., 1993). In many
studies, salivary nickel concentrations are ingasgéd over short time periods, as well as,

early on in orthodontic treatment. In additionsidifficult to use these short-term release
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patterns as a way to predict long-term nickel sgaotential. One study investigating

the periodontal health in nickel allergic patiehés indicated a possible cumulative effect
of the nickel ions throughout orthodontic treatm@dzzini et al., 2009). As a result, it is
difficult to draw accurate conclusions about thease of nickel from appliances during
orthodontic treatment (Eliades & Athanasiou, 206®)wever, nickel release from
orthodontic archwires and appliances should reraaia concern for orthodontists today.
It is still recommended that nickel-free alloy stitioges or nickel alternatives be used in

those orthodontic patients that have a historyickel hypersensitivity.

Alternativesto Nickel-Containing Appliances

During the initial stages of orthodontic treatmeitTi is the most commonly
utilized archwire. Due to the very high contennafkel in these archwires, they are not
recommended in patient with nickel hypersensitivitgere are limited alternatives to the
NiTi archwire. However, there are a number of alé¢ives that can be used in the later
stages of orthodontic treatment to replace theofistainless steel. These alternatives
may decrease the patient’s exposure to nickel.9Dok alternative is a nickel-free
stainless steel archwire. In some instances, #aesdescribed as “nickel-lite” as the
nickel content is less than 0.2% but still preshintkel-free stainless steel variants, such
as Dentaurum Noninium, mainly use manganese, mehinat, and chromium as
substitute elements (Verstrynge et al., 2006). Gmeern of replacing nickel is the
introduction ofo—ferrite because of the ferrite-stabilizing infleercaused by the
elements, such as molybdenum (Davis, 1994). Rdséax suggested that in order to

maintain the austenitic structure, nickel-lite skass steels contain high levels of
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nitrogen. Introduction of nitrogen has the potdribancrease the strength of these
austenitic alloys (Davis, 1994). In the study cartdd by Verstrynge et al., properties of
stainless steel wires were investigated, includimmples of the nickel-free variant by
Dentaurum. Dentaurum Noninium was found to be ndoictile than the traditional
stainless steel wires, as well as having the loWestiral Young’'s modulus (Verstrynge
et al., 2006).

Currently, there is limited research availabletloe mechanical properties,
structure, and efficacy of the nickel-free or niekie stainless steel archwires available
to orthodontists. It was the goal of this studgdonpare the nickel-free stainless steel
wires offered by four manufacturers with traditibstainless steel wires containing
nickel offered by the same manufacturers by ingasitng bending force values,

activation modulus, activation stiffness, perce&tovery, microstructure, and hardness.
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CHAPTER 3
MATERIALSAND METHODS
For each test, nickel-free and nickel-containingewiwere utilized for
comparison. Round archwires of similar size weilezat for the samples. The preferred
specimens were straight pieces of round laboratings or archwires. However, if
straight wires were not available, then preformethaires or spools of wire were used
for comparison. The nickel-free and nickel-contagwires received from the same
company were of the same size and shape in ord@hieve the best possible
comparison. Acme Monaco (New Britain, CT, USA) slass steel archwires measuring
0.018” in diameter were compared against the Ubnanickel stainless steel of the same
diameter. Noninium straight wires by Dentaurum ghnsgen, Baden-Wirttemberg,
Germany) with 0.2% trace nickel were tested agdahestompany’s Remanium stainless
steel archwire. Both Dentaurum wires measured O.Dl@&ameter. Pozzi/Leone
(Florence, Tuscany, Italy) offered Biosteel laborgtwires which consisted of 0.2%
nickel traces. These were compared with Leowighramium stainless steel laboratory
wire, manufactured by the same company. The Leoreswere received on spools and
straightened prior to three-point testing. FinaBgheu (Iserlohn, North Rhine-
Westphalia, Germany) offered Menzanium, nickel-Btenless steel straight wires
which were compared against the company’s Chronsitammless steel. Leone and Scheu

laboratory wires were 0.024” in diameter (Table 1).
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Table 1. Manufacturers and characteristics of the orthodontic wir es tested.

Company Wire Nickel Presence | Size (inches)
Acme Monaco Nickel-Free No 0.018
Acme Monacgo Stainless Steegl Yes 0.018

Scheu Menzanium No 0.024
Scheu Chromium Yes 0.024
Pozzi/Leone Biosteel No 0.024
Pozzi/Leone Leowire Yes 0.024
Dentaurum Noninium No 0.016

Dentaurum Remanium Yes 0.016

Three tests were conducted in order to deternm@ertechanical properties and
microstructure of the nickel-free and nickel-contag stainless steel wires under
investigation in this study. The investigation umbd the three-point bend test, Vickers
microhardness test, as well as microstructure arsabjppropriate statistical analyses
were utilized for each test when indicated.

The three-point bending test allows one to analyedbending forces for a given
deflection for the eight wire products utilized.€Ttest was conducted at room
temperature. A sample size of 15 wires made up gamip. A 25 mm segment of each
wire was utilized. Materials were tested in thediban they were received from the
manufacturer, with the exception of the Acme Monard Pozzi/Leone wires. In order
to test the straightest portion from the preforrAedhe Monaco archwires, segments
were taken from the most distal segment of 15 diffearchwires. The two Pozzi/Leone
wires were straightened by hand to straight pitcesisure adequate placement on the
testing apparatus and avoid errors. Fifteen coatialsegments were cut from the spools
for testing. Segments for the Scheu wires werentéan 15 different wires. A random

sampling of 25 mm segments were taken from a numiiie Dentaurum straight wires.
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Wires were deflected with the universal testing nae (Instron, Canton, MA) at
a rate of 2 mm/min to a midspan deflection of 3rh (Figure 1) and then reversed. The
space between lower supports was 14 mm, with tperupember being centered at 7
mm (Figure 2). Force was monitored during loadingd anloading (Figure 3). Loading
slope was measured from the collected data andectuvto bending modulus (Segal et
al., 2009; Ballard et al., 2012). In addition, @lasecovery was calculated and activation
bending force values at 0.25, 0.5, 0.75, 1.0,A2,and 3.0 mm were obtained from the
test for comparison. Data were compared using ceneamalysis of variance (ANOVA)
at a 0.05 significance level with a Tukey's HSDn(gst significant difference) test post

hoc analysis, where required. Statistical analysis performed using SAS software

(SAS Institute Inc., Cary, NC).
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Figure 1. Instron 5500R utilized for data coIIcinﬁ r'lm@
three-point bending test.
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Figure 2. Testing set-up for three-point bending. A 14 mm
span length between lower supports was used with
the upper beam centered at 7 mm.
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Figure 3. Three-point bending test in progress.
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The Vickers microhardness test was conductedsorceived wires to determine
their abilities to resist plastic deformation. FR® mm segments of each wire group were
randomly selected for testing. The cylindrical wsamples were mounted vertically in
acrylic resin and prepared under standard metajdgc procedures (Figure 4). A
Vickers microhardness tester (Kentron; Torsion BedaCo., Clifton, NJ) was used with
a 500 g load lasting 15 seconds (Figure 5). Poandentation, each sample was ground
with SiC paper at 240, 400, 600, and 1200 gritd adequate surface smoothness was
achieved (Figure 6). Each mounted wire was indetiitexk separate times, which
allowed for an average of indentations per sampleetcalculated. Then, an average of
all samples was generated. A Vickers microhardnassber was calculated via the
formula:

VHN=2*F*sin(136°/2)/d
Where F is the force applied in kilograms and thescalculated average of indentations
in millimeters. Data were compared using ANOVA itegtat a 0.05 significance level. A
Tukey's HSD (honest significant difference) tesstguwc analysis was used, when

necessary. Statistical analysis was performed 848 software.



Figure 4. Sample segment of wire placed
vertically in quick-set acrylic for
Vickers microhardness test.

Figure5. Kentron Vickers microhardness tester with
acrylic block mounted.
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Figure 6. Polished acrylic block with wire vertically
positioned for Vickers microhardness test.

The final test investigated the microstructurerabeeristics of the sampled wires.
Analysis of the microstructure of the nickel-frdeematives could provide valuable
information about mechanical properties needeceterchine the efficacy of these wires
in orthodontic treatment. Two of the vertically nmbed wires used for the microhardness
testing and two randomly selected wires mountedzbptally in the same acrylic resin
were prepared under standard metallurgic procedGmsding of the samples utilized
for the microhardness test began with 120 grit @g@er, followed by 240, 400, 600, and
1200 grits. The horizontally mounted samples, hawiot undergone previous testing,
were prepared with 240, 400, 600, and 1200 grit@i@ers. Polishing procedures
utilized a microcloth and 1.0 micron, 0.3 micronda@.05 micron suspensions of alumina
(Figure 6). Each sample was then etched in dilgteaegia (HCI:HN@H»0::3:1:20)

solution for progressive time periods until the rogtructure of each wire was revealed.
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After grinding, polishing, and etching the vertigahounted samples used previously for
the Vickers microhardness test, it was determihattiorizontally mounted wires would
provide more effective results for the microstruetanalysis (Figure 7). A metallurgical
microscope (Olympus PME3; LECO Corp., St. Joseph with a digital image
acquisition device (SPOT Insight 2MP FirewireMomeagnostic Instruments Inc.,
Sterling Heights, MI) and software (SPOT Softwai® HDiagnostic Instruments Inc.)
was utilized to evaluate the specimens. Digitalrogcaphs were obtained to display
data. Magnifications using 10x, 20x, and 50x olbyeckenses were used for obtaining

micrographs.

Figure 7. Acrylic block curing. Wire horizontally
placed inside PVC mold, not visible in
photograph.
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CHAPTER 4
RESULTS
Three tests were conducted to investigate the sticrcture and mechanical
properties of a number of nickel-free and nickataming stainless steel wires. For data
that were extrinsic measures, i.e. those diffebaged on the size of the wires,
differences between stainless steel and nickeldt@aless steel wires were most
effectively only compared against wires manufaatuyg the same company. In the case
of this investigation, data for percent recovetifreess, and force values were compared
in this manner. In contrast, data classified asnsic measures, those that do not differ
with size of the wire due to normalization, couldompared amongst all eight of the
stainless steel and nickel-free stainless ste@ samples. Activation modulus and
hardness values were analyzed as intrinsic measures
A number of measures were analyzed from the ddlacted during the three
point bending test. Force values from various défbe points, percent recovery,
stiffness values, and activation modulus were d¢aled for each of the wire products.
Each of the wires was compared against each oth&NOVA and Tukey's HSD
(honest significant difference) test for the anislys activation modulus. The Dentaurum
wires of Noninium and Remanium showed no statilyicagnificant (p>0.05) difference
with regards to activation modulus, while all othesnufacturers showed statistically
significant (p<0.05) differences between their eickee and stainless steel wires. There
was no statistically significant difference betwe&aheu Chromium and Pozzi/Leone
Biosteel and Leowire; however, there was a staéillyi significant (p<0.05) difference

between the two Pozzi/Leone samples. The highésation modulus at 209.6 GPa was



23

noted for Dentaurum Noninium, while the lowest waserved for Pozzi/Leone Leowire
(154.1 GPa). With regards to activation moduluskei-free stainless steel wires
produced by 3 of the 4 manufacturers included im study showed significantly
(p<0.05) higher values than the stainless stealteoparts (Table 2).

Activation stiffness and percent recovery were gtiggated by comparing the
nickel-free alternative with the traditional stas$ steel manufactured by each company.
Analyses did not investigate comparisons betwelegigiit wires. The stainless steel
wires produced by Pozzi/Leone and Scheu had tgedaactivation stiffness values
because they were the largest diameter wires, whéhe Dentaurum wires had the
lowest activation stiffness due to their smallaattketer. Pozzi/Leone and Acme
Monaco nickel-free stainless steel wires all shosigdificantly (p<0.05) higher
activation stiffness values than their respecttaengess steel counterpart. Percent
recovery is similarly affected by cross-sectionalaaof the wires. Each of the
manufacturers showed statistically significant (9§80 differences between the nickel-
free alternatives and the traditional stainlesslstéres. For Acme Monaco and Scheu
samples, the nickel-free stainless steel altereatnad slightly higher percent recovery
values. Findings for Dentaurum and Pozzi/Leone $@snpere opposite with stainless
steel wires have higher values for percent recovery

Force deflection values were calculated at 0.25 mgmm, 0.75 mm, 1.0 mm,
1.5 mm, 2.0 mm, and 3.0 mm (Table 3). Nickel-frikeraatives were compared with
their stainless steel counterpart manufacturedhbyséme company. In addition, a
comparison was made of all eight wires and thapeetive force deflection curves.

Dentaurum wires showed no significant differencetl .5 mm of deflection at which
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Table 2. Activation stiffness and elastic recovery during bending for the stainless steel wires.

. Activation Stiffness Activation Modulus . 0
Wire (g/mm) (GPa) Elastic Recovery (%)
Acme Monaco Nickel-Free 703+12 * 195.7+3.3 B 5209 *
Acme Mosntggf Stainless 642414 * 178.644.0 C 54.9+0.7 *
Scheu Menzanium 1766+15 166.4+1.4 D 44.1+0.7 *
Scheu Chromium 1786+11 157.3x1.0 EF 43.2+04 *
Pozzi/Leone Biosteel 1819482 * 160.2+7.3 E 238.4 *
Pozzi/Leone Leowire 1749+81 * 154.1+7.2 F 404 *
Dentaurum Noninium 47012 209.6x0.9 A 59.7+0%2
Dentaurum Remanium 464+6 206.9+2.8 A 65.5+*.0

For intrinsic measures, within each parameterffarént letter denotes significant differences (J908) exist between the
wires. For extrinsic measures, within each paramé&tenotes significant differences (p<0.05) ekistween nickel-free and
nickel-containing stainless steel wires from theeananufacturer.



Table 3. Activation bending force values at various deflections for the stainless steel wires.

25

) Force at | Force at 0.5 Force at Force at 1.0 Force at 1.5 Force at 2.0 Force at 3.0
Wire 0.75 mm
0.25mm (g)) mm (Q) ) mm (g) mm (g) mm (g) mm (g)
Acme Monaco 16945 * | 34246 * | 52029 *| 67111 % 869+10 K 95047 * | 93621 *
Nickel-Free
Acme Monaco | 15a.90 % | 311412 *| 475320 4 62033 t 81150 | 883+34 * | 890+19 *
Stainless Steel
Scheu Menzanium 461+9 * 896+10 |* 1264+12| * 28510 *| 1841+12 * 195448 * 1883+16 |*
Scheu Chromium 475+10 7 915+9 1 1316+7 |* 1684 * | 1968+7 * | 205548 *| 1983+19 ¢
Pozzi/Leone Biostee] 467+9 * 915+25 |* 1314+54 554+44 1779+20 % 1861+13 * 1855+26 |*
Pozzi/Leone Leowirg 43449 * 865+25 [ 1282+55 86561 1899+23 * 1988+13 F* 1961+36 |*
Dentaurum Noniniumj 113+2 22942 34242 43543 573+4 641+4 ¢ 643+6
Dentaurum 11342 22743 343+4 44916 62348 * 72249 F  752+16
Remanium

Within each parameter, * denotes significant déferes (p<0.05) exist between nickel-free and nickataining stainless
steel wires from the same manufacturer
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point the difference in force values between Nammiand Remanium were statistically
significant. Data for Pozzi/Leone wires at 0.75 rana 1.0 mm of deflection were the
only other instances of nickel-free stainless st@el stainless steel wires produced by the
same manufacturer to show no significant differesic®rce values. At all deflection
points, the stainless steel samples from Scheudngelr force values than the nickel-free
stainless steel samples. The opposite trend was\aabwith the Acme Monaco wires,
with the nickel-free stainless steel demonstratiigiper force values. Data collected for
Pozzi/Leone wires showed a transition at 0.75 mdhla@ mm whereby the nickel-free
stainless steel wires initially demonstrated hidioece values but at larger deflection
values, the stainless steel wires demonstratedd&ogce values. For Dentaurum, no
difference in force values was found between tekelifree and stainless steel wires
until the 1.5 mm deflection mark whereupon therdésis steel delivered more force. In
general, the nickel-free alternative illustratesirailar force deflection curve as the
stainless steel produced by each company; howevergst instances, there was a

statistically significant difference between thenpared wires (Figures 8-12).
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Figure 8. Comparison of typical for-deflection curves of AcmklonacoNickel-free
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nickel-containing (Chromium) wir¢ manufactured by Scheu.
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Figure 12. Comparison of typicéforce-deflection curves for all wires.

Mean lardness values from the Vickers microhardnesswere compare
amongst all eight samples, as previously stated. AMOVA tes was conducted for ear
calculated mean hardness vaand the Tukey's HS[honest significant difference) t
post hoc analysiwas conducted when necessDentaurim Remanium, stainless steel
wire, was found to bthe hardest wire testeThere was a statistically significa
difference in hardnedsetweerDentaurum Remanm and the other sevisampled
wires. The nickefree stainless steel wires produced by Scheu andifReonewere
numericallythe softest wires tested, with statistically sigraiht differences in hardne
compared only withhe stainless steel wire frcAcme Monacand Dentaurun

RemaniumFor the four manufacturers included in this stublg, stainless steel samp
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demonstrated larger hardness values than theiectge nickel-free stainless steel
counterparts, although as mentioned it was onlyiogint for the Dentaurum wires.
Refer to Table 4 for further analysis of the testags and their calculated mean

hardness values.

Table4. Vickersmicrohardness valuesfor the stainless steal wires.

Wire Hardness Value (kg/mfin

Acme Monaco Nickel-Free 51418 BC

Acme Monaco Stainless Steel 52547 B
Scheu Menzanium 503+18 C
Scheu Chromium 524+11 BC
Pozzi/Leone Biosteel 50315 C
Pozzi/Leone Leowire 5045 BC
Dentaurum Noninium 51547 BC
Dentaurum Remanium 568+14 A

Different letters denote significant differences@m5) exist between the wires.

The results from the microstructure investigatiodgicate different grain
structures and sizes for the stainless steel ak@lriree stainless steel wires produced
by each manufacturer. The stainless steel archwi#cme Monaco had flat, elongated
grains whereas the nickel-free alternative hadagstructure closer to equiaxed, being
roughly equal in all dimensions (Figures 13-16hé&cstainless steel and nickel-free
stainless steel wires differed mostly by grain s&eth Scheu Chromium and
Menzanium wires had elongated grain structures thighstainless steel wire
demonstrating grains smaller in size (Figures 1)12@ Pozzi/Leone wires differed
significantly by grain structure. Biosteel, the Bidizeone nickel-free stainless steel wire,
had a coarse grain structure with internal textyaxident, whereas Leowire, the same

company’s stainless steel, had more elongatedg(kigures 21-24). Comparison of
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Dentaurum Noninium and Remanium wires revealed ralamegated grains in the nickel-
free stainless steel (Figure 25-28). With the ekoepf the stainless steel wire from
Acme Monaco and the nickel-free stainless steehfRwzzi/Leone, elongated grains

were observed, consistent with the structure oleseirv wrought orthodontic wires.



Figure 13. Optical micrograph of Acme Monaco Nickel-freefandre surface at 20x
magnification

ot T

Figur 14. Otical micrograh of Acme Monaco Nickel-freetasire surface at 50x
magnification
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Figure 15. Optical micrograph of Acme Monaco Stainless Saeehwire surface
at 20x magnification
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Figure 16. Optical micrograph of Acme Monaco Stainless Saeehwire surface
at 50x magnification
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Figure 17. Optical micrograph of Scheu Menzanium wire surface0x
magnification
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Figure 18. Optical micrograph of Scheu Menzanium wire surfacB0x
magnification

34



Y T s S

0.2 mm

Figure 19. Optical micrograph of Scheu Chromium wire surfat@0x
magnification
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Figure 20. Optical micrograph of Scheu Chromium wire surfat&0x
magnification
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Figure 21. Optical micrograph of Pozzi/Leone Biosteel wineface at 20x
magnification
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Figure 22. Optical micrograph of Pozzi/Leone Biosteel wingface at 50x
magnification

36



e po g T Y g A e AR

0.2 mm
Figure 23. Optical micrograph of Pozzi/Leone Leowire wirgfage at 20x
magnification
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Figure 24. Optical micrograph of Pozzi/Leone Leowire wirgfage at 50x
magnification
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Figure 25. Optical micrograph of Dentaurum Noninium wirefaige at 20x
magnification
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Figure 26. Optical micrograph of Dentaurum Noninium wirefage at 50x
magnification
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Figure 27. Optical micrograph of Dentaurum Remanium wirdate at 20x
magnification

magnification
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CHAPTER 5
DISCUSSION

The increasing prevalence of nickel allergies neguorthodontists to utilize
nickel-free alternatives throughout treatment toid\nypersensitivity reactions in nickel-
sensitive patients. Since its introduction to odiratics in 1977, beta-titanium alloy has
been commonly utilized for patients with nickeleatjies due to its excellent clinical
properties and nickel-free composition (Kapila &Baeva, 1989; Kusy, 2002; Kolokitha
et al., 2008). However, depending on the mechanwsdved in treatment, the
practitioner may require an archwire with differ@nbperties. For example, beta-titanium
archwires have a rough surface compared with stssrdteel, posing potential problems
with certain sliding mechanics. Nickel-free stagdesteel archwires could provide an
alternative for orthodontists when treating pasenith nickel allergies. In order for
orthodontists to incorporate this alternative desia steel archwire into treatment, the
nickel-free stainless steel archwires must providecally effective mechanical
properties. Another critical component in determinihe properties and efficacy of
nickel-free stainless steel archwires in orthodmnis to investigate the microstructure in
comparison to traditional stainless steel.

In this study, the bending properties were sinblaiveen nickel-free stainless
steel and traditional stainless steel orthodontibwires. For example, the ratio of the
activation stiffness between the two wires fromhegspective manufacturer ranged
between 91 and 99%. For all of the bending foadeeas displayed in Table 3, the ratio
of forces at a given deflection between the tweewirom each respective manufacturer

averaged 94% and in only two instances did this fatl below 90% (for the Dentaurum
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wires at 2 and 3 mm deflections). The reasontersimilarity in stiffness and applied
force values between the nickel-free and reguanigtss steel wires most likely involves
what element was used in place of nickel in th&elifree stainless steel. A concurrent
investigation into the composition of the wireséelsshowed manganese (Mn) was the
main element used to replace nickel. Additiondtg nickel-free wires had a few wt%
more Cr and Mo, but less Fe. Manganese does fiet dppreciably from nickel in
atomic radius (Fe = 140 pm, Mn = 140 pm, Ni = 189 pthus alloy strengthening via
substitutional solid solution strengthening woutd he expected to be that different.
Further, the Young's modulus of nickel is 200 GRd ®In is 198 GPa, further limiting
any difference in strengthening.

Despite the overall similarities in bending propest statistical significance was
frequently observed when comparing the nickel-&eé regular stainless steel wires. In
addition, a few general trends were noticeableth\fie exception of the Acme Monaco
wires, the nickel-free stainless steel, in genelgivered lower force levels than their
respective stainless steel counterparts. As seEigure 12, wires with similar cross-
sections exhibit comparable bending profiles. Ageeted, orthodontic archwires with
smaller cross-sections deliver lower force levetsiighout the entirety of deflection.
Dentaurum archwires showed higher activation magludues indicating more
inherently rigid materials. Larger diameter wirgsguced by Scheu and Pozzi/Leone
demonstrated lower modulus values. All manufactusbiowed higher modulus values
for their nickel-free stainless steel archwirese Téason this may not be consistent with
the activation stiffness for the Scheu wires isdose the Chromium wire measured 0.60

mm in diameter whereas the Menzanium wire meadiis2imm in diameter. Thus, the
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activation stiffness was greater but, when nornedlitor size as in the modulus
determination, the nickel-free variety (Menzaniwanjually had a slightly greater
activation modulus. Although minimal as mentioned\, the different modulus values
for the nickel-free stainless steel archwires cdadda result of different composition and
different processing, such as heat treatment opeeature during fabrication. In general,
the nickel-free wires exhibited slightly greatetiaation stiffness and modulus but
typically had lower force values at larger deflens. Although contradictory at first
glance, it should be reiterated that the stiffmasslulus were measured between
deflections of 0.25 and 0.5 mm, which lie in thasgic region of the bending curve
whereas many of the forces beyond 0.75-1.25 mnerdkpg on wire size, resided in the
plastic region. Elastic deformation and force ealuesult from stretching of interatomic
bonds whereas force levels during plastic deforonadire influenced by the ease of
dislocation movement. From Figure 12, it is appatkat the nickel-free wires generally
experience less work hardening which shows as dseteamounts of force required to
continue deflecting the wire in the plastic defotimaregion (greater than 0.75-1.25 mm
deflections). Once again, although the effeceiatively small, it could be caused by the
different composition and different processing lkesw wires.

As would be expected with stainless steel, thhvaires included in this study
showed minimal percent recovery values. Scheu azdiReone wires demonstrated
less recovery than Acme Monaco and Dentaurum. WAalae Monaco and Dentaurum
wires showed elastic recovery beyond 1.5 mm dedlecthe larger wires by Scheu and
Pozzi/Leone were permanently deformed with no grr#pringback after returning to a

deflection of 1.75 mm on deactivation. This datendestrates the stiffer nature of larger
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diameter archwires and the corresponding greatengreent deformation. Less
springback, as demonstrated by Scheu and Pozzéla@hwires, correlate to an
expected increased force on teeth during orthoddr@atment for these wires. However,
definitive conclusions are difficult to draw witkgards to nickel-free compared with
traditional stainless steel wires. Pozzi/Leone Redtaurum stainless steel archwires had
larger observed percent recovery when comparedtidtin nickel-free counterparts,

while Acme Monaco and Scheu nickel-free stainléssls demonstrated higher
springback than stainless steel wires manufactoydtie same companies.

Load deflection properties provide valuable infatimn about the wires effect on
biologic tooth movement during orthodontic treattméower values required for
deflection of the wire indicate more controlledjhier forces to the tooth, as well as the
surrounding tissues. Scheu Chromium, a traditistahless steel archwire, consistently
demonstrated the largest forces at all deflectelnes, indicating more force applied to
the dentition compared with Scheu Menzanium. Asatestrated with stiffness, the
larger wires in this study demonstrated greaterefmalues reliably at all deflection
values. It would be expected that these largenlsiss steel wires would provide greater
force to the teeth and surrounding tissues. Thighig smaller stainless steel archwires
are utilized when lesser forces are required. Abfoaaco nickel-free stainless steel
showed significantly greater force levels than Addenaco stainless steel at all
deflection points. However, similar definitive rétsicannot be drawn for Dentaurum or
Pozzi/Leone samples. It can be pointed out thatutjint 1.0 mm of deflection, no

significant difference was observed between DentauXoninium and Remanium
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suggesting minimal difference between the stairdéssl and nickel-free alternative
produced by this manufacturer.

Hardness, with regards to surface characterisfiosetals, refers to the
“resistance to indentation”. The Vickers microhasisitest investigates the surface
hardness of very small areas, such as stainlesisosthodontic archwires. The data
obtained from the bending and Vickers microhardnests provides a measure for being
able to compare the nickel-free stainless steedsmio the nickel-containing stainless
steel wires. Mechanical properties that contrikatsurface hardness include strength,
ductility, malleability, and resistance (Anuradheharya & Jayade, 2005). In
orthodontics, hardness refers to the wear patteanchwires. Typically, stainless steel
archwires have the hardest surface, followed bg-b&tnium, suggesting less wear of
stainless steel during treatment (Yu et al., 20Thjs study found that three of the
traditional stainless steel wires had statisticaiigilar Vickers microhardness values
compared to the nickel-free stainless steel wiredyxced by their corresponding
manufacturers. The only nickel-free alternative teated significantly softer than its
nickel-containing stainless steel counterpart wastBurum Noninium. Dentaurum
Remanium, a traditional stainless steel, was samtly harder when compared with all
other samples included in this study.

Microstructure investigation revealed differenaeprocessing for stainless steel
and nickel-free stainless steel wires producedlaypanufacturers included in this study.
In addition, the difference observed in grain sind shape amongst the Scheu samples
could be due to a difference in laboratory progegssAll wires, except the Acme Monaco

and Pozzi/Leone nickel-free stainless steel ar@syshowed elongated grains aligning
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parallel to the long axis of the wire. These firghirare consistent with a wrought
orthodontic wire having undergone mechanical radacteps during processing. The
Pozzi/Leone Biosteel and Acme Monaco nickel-fregngtss steel archwires
microstructures, differing from the typical wroughire characteristics, indicate different
intermediate manufacturing processes, such adieaaments. As a result of these
inconsistencies, no significant observations cdeadanade from the data gathered during
the microstructure analysis of the tested stairdessl and nickel-free stainless steel
archwires.

While the results demonstrated by this study danecessarily reflect the clinical
situations to which orthodontic archwires are scitgié intraorally, they do provide a
comprehensive basis of mechanical properties iardmicompare stainless steel and
nickel-free stainless steel archwires. The resulyg provide the necessary information
needed for orthodontists to assess the potentiaéfdacing traditional stainless steel
archwires with nickel-free stainless steel altauestin those patients with known nickel
allergies. The nickel-free alternative wire, betartium, is currently readily available to
orthodontists, providing adequate properties taaaca good archwire for intermediate
and finishing stages of treatment. Beta-titaniumnadestrates higher springback and
lower forces than stainless steel; however, thedenares still provide clinically
sufficient strength and formability (Kapila & Sa@h@, 1989; Gurgel et al., 2011; Proffit
et al., 2012). One of the major disadvantages ta-b@&nium archwires is the cost
(Gurgel et al., 2011). For nickel-free stainlegekto become more commonplace in
orthodontic offices, the characteristics of thesdaires would need to be more similar

yet remain as cost-effective as traditional stamigteel.
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There remains debate whether nickel is released $tainless steel archwires in
sufficient concentrations to cause hypersensitiggctions in the oral cavity. Some
research suggests that the way nickel is bounccmysal lattice within stainless steel it
would be unlikely that significant reactions woualevelop during typical orthodontic
treatment (Rahilly & Price, 2003). It may be neeggdo continue nickel allergy research
to determine conclusively the detrimental effedtstainless steel archwires during
orthodontic treatment. In those patients presemtiriig known nickel allergy, it would be
necessary to replace all nickel-containing appksndhe archwire alone may not be
deemed the major contributing factor to a hypeiseritg reaction in a patient with
nickel allergies. While it is critical to find niek-free replacements for the traditional
stainless steel archwire, it is also imperativértd alternatives to brackets, bands, and
other orthodontic appliances containing nickel.ddetining the efficacy of nickel-free
stainless steel archwires in orthodontic treatmejust one step towards providing

satisfactory treatment for patients with nickeégdies.
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CHAPTER 6
CONCLUSION

This study investigated the mechanical propegies microstructure of nickel-
free stainless steel and traditional stainlesd sté@odontic archwires produced by the
same manufacturers. In general, the three-poirdibgriest revealed nickel-free stainless
steel archwires are stiffer with higher activatrondulus values. With the exception of
Acme Monaco, nickel-free stainless steel archwdewonstrated lower force levels than
their stainless steel counterparts during deflectirce deflection values for Acme
Monaco nickel-free stainless steel were consisteatyer than the corresponding
stainless steel. Scheu Chromium displayed the dafgece deflection values and the
most similarity was noted between the two wires afiactured by Dentaurum. With
regards to percent recovery, all archwires testesved significant differences with the
larger diameter archwires by Scheu and Pozzi/Leboging earlier permanent
deformation during deflection. Dentaurum Remaniuas the hardest archwire tested,
demonstrating significant differences when compavitd all other archwires. The
stainless steel wire from each manufacturer wasdda be harder than its respective
nickel-free stainless steel counterpart, with thly gtatistically significant difference
found for the Dentaurum samples. The data gathart#hds study suggests that, with
mechanical similarities to stainless steel, nidke¢ stainless steel archwires may be an
adequate alternative for treatment in patients witkel allergies. However, in order to
draw more definitive conclusions about the efficatyickel-free stainless steel wires
during orthodontic treatment, a comprehensive cihstudy would need to be

conducted.
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