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Abstract 
Innovations in the scientific and technological field have allowed the influx of a multitude of novel 

orthodontic products at an increasing rate starting in the 1980s, and such unavoidably brought about the imperative 

for the orthodontic specialist to have a thorough knowledge of the dental materials properties and science. 

Nowadays, the advancement of research in this field has conveyed the implementation of several new products that 

are distinguishable from their precursors and are based on contemporary compositions and it is increasingly difficult 

for the practitioner to keep up the pace with the rapid developments in this field. 

Despite the abundance of information there is a glaring lack of consensus regarding the bracket-wire 

complex such as fluctuations of friction during sliding mechanics of wires on the surfaces of slots of different sizes 

of brackets and with different prescriptions. This inconsistency may stem from the various research protocols 

adopted by different study groups and researchers for the study of the phenomenon.  

The objective of this paper is to analyze and summarize the novel wires and compare them to existing ones 

in order to assess the clinical relevance and possible chair side applications.  
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Introduction 

Nowadays it is a real challenge to 

navigate between the plethora of wire 

options relative to materials, shapes, and 

sizes. Since the debut of the edgewise 

appliance in 1928, researchers and 

commercial firms have tried to discern and 

understand the biomechanics of tooth 

movement, particularly the interplay 

between the orthodontic wire and the 

periodontal tissues which support the tooth. 

Essentially, the appliance used for moving 

the tooth in the desired position initiates a 

force system that generates compressive and 

tensile stresses and strains in the periodontal 

tissues surrounding the teeth [1]. As such, 

the optimal culling of material, shape, and 

size to offer a suitable force to the tooth is a 

critical biological facet of ensuring a precise 

orthodontic treatment protocol [2]. Current 

advances in materials science have offered 

even more options than up to now. 

Orthodontic specialists are demanded to 

discern the mechanical properties and 

responses of these novel materials or be 

stuck in the old days of orthodontic past. 

The aim of this paper is to describe 

modern additions in the field of orthodontic 

materials for implementing and distributing 

forces through wires and other related 

technology. A concise synopsis is presented 

of noteworthy historic contributions that led 

to the development and progression of 

biomaterials that exhibit favorable 

mechanical properties. 
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Optimum orthodontic forces  

 When discussing the problematic of 

optimum orthodontic treatment, it has long 

been considered that constant light forces 

are preferred for advantageous tooth 

movement [3]. Different biological of other 

factors such as type of movement, tooth size 

are the important aspects that should be 

taken into account during application of 

force, but it is difficult to precisely 

determine the ideal force value, however, 

orthodontic/orthopedic forces usually range 

from 01.5-5 N [4]. When the utilized force is 

exceedingly low and/or intermittent, there is 

inadequate stress in the periodontal ligament 

that can generate tooth movement. 

Contrarily, when forces are excessive they 

surpass vascular blood pressure and reduce 

cellular activity in periodontal tissues. This 

causes compressive stress in the 

desmodontium and thus produces 

hyalinization and even the necrosis of 

tissues, hence impeding tooth movement [5]. 

Some researchers proposed that there is an 

ideal force range which can be applied to the 

dental structures in order to exert an 

efficient tooth movement by a process called 

―bone remodeling‖ [6]. A more present-day 

view states that tooth movement de facto 

comprises of three different mechanically 

caused osseous effects: formation - anabolic 

modeling, resorption - catabolic modeling, 

and turnover – remodeling [7]. 

Due to the fact that the load-

deflection rate is correlated to the 

mechanical properties of the wire, new 

alloys have been developed since the 

beginning of modern edgewise orthodontics. 

Stainless steel replaced the noble metals due 

to a lower manufacturing cost, an increased 

resistance to corrosion, and a favorable; 

however, this substitution came at a cost of 

relatively high load-deflection rate. It is 

necessary to frequently change the wire to 

re-energize the archwire after short tooth 

movements. To overcome this deficiency, 

cobalt-chromium-based super alloys that 

have a much lower load-deflection rate were 

employed for orthodontic use as an 

alternative to stainless steel [8]. 

 

Various metals and alloys utilized 

in orthodontics 

Stainless steel (FeCrNi; SS) alloys 

Up until 1930 the only material used 

for manufacturing orthodontic wires was 

gold, after that, austenitic SS was 

implemented because of its superior 

strength, higher modulus of elasticity, good 

resistance to corrosion, and moderate costs, 

SS soon gained the upper hand over 

gold. SS wires have good biocompatibility, 

good corrosion resistance, excellent 

formability, high yield strength, and high 

modulus of elasticity [9].  

Cobalt–chromium (CoCr) alloys 

Consisting of cobalt (40%), 

chromium (20%), silver (16%) and nickel 

(15%), this alloy was first developed in the 

1940s for the manufacture of watch springs 

and found its place in orthodontics in the 

1960s. They have a higher resistance to 

tarnish and corrosion, are inexpensive and 

can be soldered and welded, however the 

mechanical properties of these archwires are 

very similar to those of stainless steel [10].  

Nickel–titanium (NiTi) alloys  

Nickel–titanium (NiTi) alloys were 

implemented in orthodontics in 1972 having 

a composition of 55% nickel and 45% of 

titanium. Several brands of NiTi wires were 

launched but none exhibited thermal 

activation, memory of shape, or 

superelasticity. In 1985, a new superelastic 

NiTi alloy was developed particularly for 

application in orthodontics. NiTi alloys have 

good springback and flexibility that allow 

large elastic deflections. When these 

materials are thermally treated a change in 

their crystallographic arrangement occurs, 

https://www.sciencedirect.com/topics/medicine-and-dentistry/cobalt
https://www.sciencedirect.com/topics/medicine-and-dentistry/nickel-titanium
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generating the so-called ―shape memory‖. 

This phenomenon results from a crystalline 

phase change known as ―thermoelastic 

martensitic transformation‖ and describes 

the effect of restoring the original shape of a 

deformed wire by heating it through its 

transitional temperature range. This 

transformation from the distorted to the 

original shape involves a transformation of 

nitinol from the martensitic to the austenitic 

phase. That being said, these materials have 

weak formability, and bending of these 

wired affects their springback property [2].  

Copper–nickel–titanium alloys 

(CuNiTi) 

Copper–nickel–titanium (CuNiTi) 

alloys consist of nickel, titanium, copper, 

and chromium. These wires became 

available on the market in the mid-1990s. 

The addition of copper to the alloy enhances 

the thermal-reactive properties of the wire 

and makes it highly resistant to permanent 

deformation [11].  

Beta-titanium alloys (β-Ti) 

Beta-titanium (β-Ti) alloy was 

introduced for the first time by Goldberg 

and Burstone for orthodontic usage. It is 

commercially available as ―TMA‖ 

(titanium–molybdenum alloy) and it is 

currently marketed by a wide diversity of 

commercial brands. β-Ti wires have an 

exceptional balance of properties favorable 

for many orthodontic applications such as 

adequate corrosion resistance, 

low hypersensitivity, stiffness, high 

springback, superior formability, 

weldability, even compared with SS and 

cobalt–chromium–nickel wires. The 

modulus of elasticity of β-Ti is about twice 

that of NiTi and less than one-half that of 

SS, making it optimal for situations in which 

less force than the one from steel is 

necessary, but in which a lower modulus 

alloy like NiTi would be insufficient to 

generate the requested force magnitude. This 

permits a more easy and clear-

cut design that can offer optimal force 

without necessitating the inclusion of loops 

and helices. In the beginning, they were 

used for specific applications in a segmented 

arch technique however now are applied as 

intrusion arches, for uprighting molars, and 

cantilevers for intrusion or extrusion [12].  

Recently, a new class of beta-

titanium alloys has been introduced, known 

as GumMetal®, Chang and Tseng described 

the alloy as having a super-low load-

deflection rate and classifying it as 

superelastic. The authors compare this new 

alloy to titanium-molybdenum, 

pseudoelastic copper NiTi, and cold-worked 

Nitinol and it highlights that at minor 

deflections, the load-deflection rate is the 

lowest of any material [13]. Unfortunately, 

the study does not compare the load-

deflection rate at higher strains where 

copper NiTi would express pseudoelastic 

properties and the load-deflection rate would 

drop to zero. The activation range of NiTi 

alloys is higher than that of Gum Metal; 

however, GumMetal archwires have a far 

superior ability to bend with minutiae detail 

and thus grants an unique edge [3]. That 

being said, doubleblind randomized clinical 

trial did not find any significant difference 

in tooth movement between GumMetal and 

NiTi wires [14]. 

Multistranded wires  

These types of wires are composed 

of multiple stainless steel wire strands 

coaxially placed or coiled around each other 

in various configurations. The most 

noteworthy attributes are the implementation 

of low forces, low stiffness and resilience, a 

lower price point compared to titanium 

alloys [15]. Friction at bracket-wire interface 

is higher when compared to NiTi wires and 

single-stranded SS wires [16].  

 

Esthetic wires  

https://www.sciencedirect.com/topics/medicine-and-dentistry/beta-titanium
https://www.sciencedirect.com/topics/medicine-and-dentistry/hypersensitivity
https://www.sciencedirect.com/topics/medicine-and-dentistry/appliance-design
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Fiber-reinforced composite arch 

wires  

The main advantage of these types of 

wires is their highly esthetic appearance, 

biocompatibility, hydrolytic stability, less 

water sorption [17]. Regarding the aspect of 

stiffness it is similar to metallic wires, post 

processing formability and sliding 

mechanics are favorable. However, there is a 

chance of wearing of these arch wires at the 

interface, chances of leaching of glass fibers 

within the oral cavity [18].  

Teflon coated stainless steel arch 

wires  

Teflon is applied on stainless steel 

wire by an atomic process that forms a layer 

that conveys a hue which is similar to that of 

natural teeth. By coating with Teflon it 

protects the underlying wire from the 

process of corrosion, however, this is still 

likely to take place if it is used for a longer 

period of time in the oral cavity since this 

coating is subject to flaws that may occur 

during clinical use [19].  

Bioforce wires  

Bioforce archwires were introduced 

by GAC and claim to apply low, lighter 

forces to the anterior teeth and it increases in 

strength as it reaches the posterior teeth 

having a maximum of delivered force at the 

molar level. The level of force applied is 

graded throughout the arch length according 

to tooth size [20].  

 

Nanotechnology in Orthodontics 

The application of nanotechnology in 

the orthodontic field has been described in 

the literature over the past few years. With 

the advent of nanotechnology and 

nanoparticles biomaterial scientists were 

offered the opportunity to create materials 

with enhanced physical and mechanical 

properties. By adding these nanoparticles to 

readily available materials it improves their 

properties and expands their clinical use.  

Friction at the archwire-bracket slot 

has always been a concern of orthodontists 

when using the friction mechanics for 

retraction. Even at the phase of leveling and 

aligning there is a need for the minimum 

amount of friction to be present in order to 

accelerate tooth movement by preventing 

binding of the archwire and the bracket slot. 

Minimizing friction at this interface has the 

ability to accelerate the desired tooth 

movement and thus ensues less treatment 

time. Recently, nanoparticles have been 

used as a component of dry lubricants [21]. 

Effect of different lubricants on 

orthodontic brackets and archwires have 

been evaluated and recorded in the literature 

and some researchers concluded that 

lubrication plays a role in friction forces 

between self-ligating brackets and CuNiTi 

wires, with mucin and CMC-based artificial 

saliva providing a reliable alternative to 

natural human saliva [22]. 

 

Conclusions 

Dental biomaterials are a constantly 

evolving field and researchers expect an 

even greater increase in the quantity and 

quality of materials but also a heightened 

interest from the orthodontic practitioner. 

The applications of nanotechnology and 

nanoparticles have offered biomaterial 

scientists the opportunity to fabricate 

materials with improved physical and 

mechanical properties. The addition of such 

nanoparticles to currently available materials 

enhances their properties and clinical use. 

That being said, there is an undeniably low 

number of studies specifically focusing on 

orthodontics and nanotechnology however, 

the next decade will bring an increase in the 

amount and quality of research that will help 

drive the field forward. 
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