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Abstract:

Introduction:  The  metallic  materials  used  in  orthodontic  brackets,  such  as  stainless  steel,  cobalt-chromium,

titanium,  and  precious  metal  alloys,  exhibit  varying  mechanical  and  biological  properties.  This  review  aims  to

evaluate  the  characteristics  of  these  materials  and  examine  the  manufacturing  methods  employed  in  bracket

production.

Methods: This study was designed as a narrative review. A comprehensive literature search was conducted using

PubMed,  Scopus,  and  Google  Scholar.  Keywords  such  as  “metal  brackets,”  “stainless  steel,”  “cobalt-chromium,”

“titanium,”  “casting,”  “sintering,”  and  “metal  injection  molding”  were  used.  Articles  focusing  on  material

composition,  mechanical  performance,  and  manufacturing  techniques  were  selected  for  synthesis.

Results: Stainless steel brackets, especially those made from austenitic and precipitation-hardened types, are widely

used due to their cost-efficiency and strength. Cobalt-chromium and titanium brackets offer superior biocompatibility

and corrosion resistance. Metal Injection Molding (MIM) allows for precise and efficient bracket production, reducing

material waste and minimizing cytotoxicity concerns.

Conclusion: Advancements in materials and manufacturing techniques have significantly improved the performance

of orthodontic brackets. MIM, titanium alloys, and biocompatible alternatives offer promising pathways for reducing

allergic reactions and improving clinical outcomes.

Keywords:  Bracket  production,  Stainless  steel  brackets,  Titanium  alloys,  Corrosion  resistance,  Metal  injection
molding.
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1. INTRODUCTION

1.1.  Characteristics  of  Different  Components  in
Metal Brackets

The  evolution  and  modifications  of  orthodontic
brackets over the years are fundamentally driven by the
need for  these  brackets  to  exhibit  a  range of  conflicting
characteristics. From a mechanical standpoint, the wing of
the bracket, which interfaces with the archwire, requires a
high  modulus  of  elasticity  to  resist  undesirable  plastic
deformation,  necessitating  rigidity.  Meanwhile,  the  slot
should  be  fabricated  from  a  hard  alloy  that  minimizes
wear  during  the  movement  of  the  wire  within  it.  In
contrast,  the  base  of  the  bracket,  which  adheres  to  the
enamel surface of the tooth, must be designed to permit
adequate deformation to facilitate easy removal upon the
completion of treatment [1].

Initially,  metal  brackets  were  crafted  from  various
stainless  steel  alloys  through  casting  and  machining
techniques.  The  base  and  wings  of  the  bracket  were
produced  either  by  casting  or  machining,  and  these
components  were  assembled  through  soldering.  More
recently,  advancements  in  manufacturing  technologies,
such  as  laser  processing  and  Metal  Injection  Molding
(MIM), have expanded the variety of orthodontic materials
available,  including  titanium  alloys,  cobalt-chromium
alloys,  and  gold  alloys  [2].

2. METHODOLOGY
This  study  was  designed  as  a  narrative  review.  A

comprehensive  literature  search  was  conducted  using
electronic  databases,  including  PubMed,  Scopus,  and
Google  Scholar,  to  identify  relevant  articles  related  to
metal  brackets  used  in  orthodontics.  The  search  terms
included combinations of “metal brackets,” “orthodontics,”
“stainless steel,” “cobalt-chromium,” “titanium,” “casting,”
“sintering,” “metal injection molding,” and “manufacturing
techniques.” Publications in English up to December 2024
were  considered.  Studies  focusing  on  material  com-
position,  biomechanical  properties,  and  manufacturing
processes were included,  while  case reports  and studies
lacking detailed methodology were excluded. The selected
articles  were  synthesized  to  provide  a  comprehensive
overview  of  the  materials  and  manufacturing  methods
used  in  metal  orthodontic  brackets.

2.1. Manufacturing Techniques

2.1.1. Casting Method
In  the  casting  process,  the  components  are  melted.

The  molten  alloy  is  poured  into  an  appropriate  mold,
where  it  is  allowed  to  solidify.  Casting  can  be  used  for
single-piece  orthodontic  brackets  and  for  individually
customized brackets. This method is particularly suited for
creating intricate parts, such as the grids on the bracket
base  and  the  wings  [3].  However,  casting  is  a  relatively
expensive  process  because  approximately  90%  of  the
metal is lost as waste. Similarly, during machining, up to
75% of the alloy material can be wasted [4].

2.1.2. Milling Method
Milling,  or  machining,  involves  shaping  a  material

using rotating cutting tools. This method is well-suited for
the  economical  production  of  geometrically  simple
components,  such  as  hooks  on  brackets.  However,
manufacturing orthodontic brackets through machining is
more expensive  than the  Metal  Injection Molding (MIM)
process,  as  it  results  in  50%  to  75%  of  the  material
becoming  unusable  during  the  shaping  process  [3].
Additionally,  machining  carries  the  potential  for  human
error.  Contemporary  orthodontic  metal  brackets  are
manufactured using Computer  Numerical  Control  (CNC)
milling processes, where a single piece of metal is shaped
by a computer-operated machine.

2.1.3. Sintering Method
Sintering is based on the principle of atomic diffusion.

It  is  a  method  used  to  manufacture  various  components
from powdered particles. In this technique, the powdered
material is placed into a mold and heated to a temperature
just below its melting point. This heating allows the atoms
within  the  particles  to  diffuse  along  the  boundaries,
enabling  them  to  bond  together  and  become  durable.
Sintering is used in the production of brackets made from
both metal and ceramic materials.

2.1.4. Soldering Method
After  both  components  are  manufactured,  the  wings

are  attached  to  the  bracket  base  through  a  soldering
process (Figs. 1 and 2) [5-7]. In this process, an additional
alloy is applied at the junction between the base and the
wings. The ability to solder stainless steel is influenced by
the specific elements present in the alloy. Initially, silver-
based  alloys  were  widely  used  for  producing  brackets.
Unfortunately,  these  alloys  were  negatively  impacted  by
cadmium,  which  was  added  to  improve  wettability  and
lower  melting  temperatures  [5].  However,  this  combi-
nation of  base and wings is  prone to  galvanic  corrosion.
This  corrosion  can  cause  the  release  of  copper  and  zinc
ions,  which  are  common  in  silver-based  filler  alloys.
Beyond the biocompatibility concerns, the deterioration of
the hard solder alloy may cause the wings to detach from
the  base  when  the  bracket  is  removed.  To  counter  this
issue, some manufacturers started using gold-based alloys
to solder the wings to the base. Despite this,  gold alloys
are  more  cathodic  compared  to  stainless  steel.  This
difference  results  in  intraoral  corrosion  of  the  bracket
bases  and  the  release  of  nickel,  which  poses  potential
health  risks,  such  as  allergic  reactions  and  cytotoxic
effects  [6].

Nickel-based  soldering  alloys  have  been  developed  to
address  galvanic  interaction  concerns  between  different
alloys.  In  summary,  no  soldering  alloy  available  today
completely  satisfies  all  the  requirements.  These  factors
involve  compatibility  with  stainless  steel,  adequate
mechanical strength of the components, and a decrease in
galvanic currents when used with stainless steel [4].
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2.1.5. Metal Injection Molding (MIM)
MIM  is  a  modern  technique  developed  in  the  early

1980s  for  producing  metallic  components.  It  has  been
widely adopted by orthodontic material manufacturers due
to its cost-effectiveness and material savings compared to
traditional methods [1]. In metal injection molding, metal
powders are combined with organic binders to produce a
consistent  mixture.  It  is  then  injected  into  a  mold  to
achieve the required final shape. The initial mold is about
20% larger to account for shrinkage during the sintering
stage. After molding, the debinding process removes over
90% of the organic binders using solvents, heat, or both.
The final  sintering step at high temperatures causes the
brackets to shrink by up to 22%, achieving the desired size
and over 97% of the theoretical density of the material [1].
Metal  injection  molding  is  particularly  beneficial  for
producing orthodontic brackets, as it offers precise control
over complex shapes and reduces material waste.

Fig. (1). Brackets with base parts joined by the soldering method
[7].

Fig.  (2).  Cross-sectional  illustration  of  a  soldered  orthodontic
bracket  (left)  and  a  single-piece  MIM-manufactured  bracket
(right).

Orthodontic  brackets  traditionally  manufactured  from
two types of  stainless steel  alloys (type 316 and 17-4 PH)
have  also  been  produced  using  the  MIM  method  [8].
Additionally, other (iron-cobalt) chromium alloys have been
utilized. MIM brackets are produced as single-piece units,
eliminating the issue of galvanic current formation that is

associated  with  soldering  alloys  (Figs.  2  and  3)  [7].
However,  despite  having  similar  compositions,  different
alloys  can  exhibit  considerable  variations  in  their
electrochemical  properties  and  biocompatibility.

Advantages of the MIM Method:

Single-piece production with high precision.
Since  metal  injection  molding  brackets  do  not  require
soldering, the risk of cytotoxicity is reduced.
Wing  detachment  from  the  brackets  during  debonding
does not occur with MIM brackets.
The cost of MIM brackets is low due to minimal material
waste during production.
MIM  brackets  are  resistant  to  corrosion,  making  them
suitable for patients with nickel allergies.

Fig. (3). Metal bracket produced by the MIM method [7].

MIM  brackets  that  undergo  secondary  surface
treatments have smooth surfaces, resulting in low friction
resistance. However, internal porosity has been observed
in  all  commercially  available  metal  injection  molding
brackets, which is believed to be related to the shrinkage
that  occurs  in  the  final  production  stage.  Porosity
development  is  a  recognized  issue  for  metal  injection
molding products, negatively impacting their mechanical
properties.  A  study  has  found that  the  hardness  of  MIM
brackets  is  significantly  lower  than  that  of  conventional
brackets  [9].  This  disparity  may  increase  the  degree  of
wear  during  the  activation  of  the  archwire,  particularly
when  using  very  hard  stainless  steel  archwires.  This
method may also result in subtle surface irregularities that
can contribute to plaque retention and localized corrosion
on  bracket  surfaces.  On  the  other  hand,  under  identical
bonding  protocols,  welded-base  stainless-steel  brackets
showed  significantly  higher  shear  bond  strength  than
MIM-base  brackets,  indicating  that  base  manufacturing
method can influence adhesion performance [10]. Across
brands, most commercially available brackets exhibit slot
oversizing relative to nominal dimensions, with variability
attributable to manufacturing technique (casting, milling,
MIM), measurement position, and batch effects [11].
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3. MATERIALS USED IN METAL BRACKETS
The  four  primary  alloys  commonly  employed  are

Stainless  Steel  (SS),  Cobalt-Chromium (Co-Cr),  Titanium
(Ti), and Precious Metal alloys (PM) [12].

3.1.  Effects  of  Some  Elements  in  Stainless  Steel
Alloys

3.1.1. Chromium
Chromium  is  the  most  critical  alloying  element  in

stainless steel, providing fundamental corrosion resistance.
As  the  chromium  content  increases,  so  does  the  steel's
resistance to corrosion and oxidation,  particularly at  high
temperatures. Chromium also promotes a ferritic structure.
In  a  case-control  study,  patients  with  fixed  appliances
showed significantly higher urinary chromium levels in the
stainless-steel  archwire  group  compared  to  controls  and
NiTi,  while  nickel  levels  were  low  and  not  significantly
different,  suggesting  that  prolonged  treatment  may
increase  systemic  Cr  exposure  [13].

3.1.2. Carbon
Incorporated into stainless steel to enhance hardness

and durability. While a higher carbon content can increase
hardness,  it  also  poses  the  risk  of  forming  chromium
carbides,  which  may  lead  to  localized  corrosion  in  the
presence  of  oral  fluids.

3.1.3. Nickel
Stabilizes  the  austenitic  phases  of  stainless  steel.

Enhances  its  resistance  to  oxidation  and  corrosion.  In
Precipitation-Hardened (PH) steels, nickel also contributes
to forming intermetallic compounds that improve durability.
Due  to  the  weak  bonding  of  nickel  atoms,  there  is  a
potential risk of nickel ions being released when exposed to
oral fluids. To reduce the risk of nickel hypersensitivity, it is
essential  to  enhance  the  corrosion  resistance  of  stainless
steel to minimize the release of nickel ions.

3.1.4. Manganese
It is an austenite-forming element. Mn has been used

as a substitute for nickel.

3.1.5. Nitrogen
Enhances the austenitic  stability  of  stainless steel-an

austenite-forming element.

3.1.6. Molybdenum
Added  to  increase  the  steel's  resistance  to  pitting

corrosion,  especially  from  chlorides.

3.1.7. Titanium
Utilized  for  stabilization  of  carbide.  Enhances  the

corrosion  resistance.

3.1.8. Phosphorus
Helps enhance durability and corrosion resistance and

lowers the sintering temperature.

3.1.9. Niobium
Added to stabilize carbon in the steel and increase its

corrosion resistance.

3.1.10. Copper
Incorporated into stainless steel to impart precipitation

hardening properties.

3.1.11. Selenium
Added to improve the machinability of the steel, though

it reduces hardness and durability [3].

3.2. Stainless Steel Alloy
Stainless steel alloys are classified into five categories

according to their microstructure and chemical composition
[14]:

Ferritic.
Martensitic.
Austenitic.
Duplex (Austenitic-Ferritic).
Precipitation-Hardening (PH).

3.2.1. Ferritic Stainless Steel
According  to  the  American  Iron  and  Steel  Institute

(AISI), ferritic stainless steels are classified under the 400
series  [15].  These  alloys  generally  contain  12%  to  29%
chromium and have very low nickel content, usually less
than 2% (Table 1). Due to their low nickel content, ferritic
stainless  steels  are  cost-effective.  They  are  known  for
being magnetic, easy to shape, and resistant to corrosion.
However,  they  cannot  be  hardened  through  heat
treatment. Their limitations in welding and machinability
reduce  their  applicability  in  dental  uses.  The  most
commonly known ferritic alloy,  AISI 430, has about 17%
chromium [16].

Table 1. Nickel (Ni) content in various stainless steel
alloys commonly used in orthodontic brackets.

Alloy Type AISI Series Ni (%)

Ferritic 4** Series <2
Martensitic 4** Series >0,75

Austenic 3** Series 8-12
Dublex 2205 Series 4,5-6,5

Precipitation-Hardening (PH) 630(17-4) Series 3-5

3.2.2. Martensitic Stainless Steels
Martensitic stainless steels, like ferritic types, are part

of  the  400  series.  These  alloys  are  valued  for  their  high
strength and hardness, which is why they are often used in
surgical instruments due to their ability to undergo heat
treatment.  However,  their  resistance  to  corrosion  is
generally  lower,  and  it  can  further  decline  after  heat
treatment. Their workability also tends to decrease after
treatment [15]. The carbon content in these alloys ranges
from  0.15%  to  1%,  while  the  chromium  content  varies
from 12% to 18%. Martensitic alloys, such as AISI 420 and
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440, are commonly employed in the production of knives
and cutters [16].

3.2.3. Austenitic Stainless Steels
Austenitic  stainless  steels  are  the  primary  materials

used in the production of orthodontic brackets and wires,
representing the most common type among stainless steels
[15-17]. The austenitic phase is achieved when the alloy is
heated  above  912°C  [18].  In  the  AISI  300  series,  the
addition  of  nickel  is  crucial  to  stabilize  the  face-centered
cubic  structure  at  room  temperature  [15,  16,  19,  20].  A
minimum of 8% nickel content is required to maintain this
structure, ensuring both the strength and formability of the
alloy [21].

AISI  302  is  a  key  alloy  containing  17%  to  19%
chromium, 8% to 10% nickel (Table 1), and 0.15% carbon.
AISI 304, similarly, consists of 18% to 20% chromium, 8%
to 12% nickel, and up to 0.08% carbon, and is often called
18/8  stainless  steel  due  to  its  chromium  and  nickel
composition [15]. The 316 alloy is another version of 18/8
stainless  steel,  with  added  molybdenum  to  enhance
resistance to pitting corrosion. Later, the carbon content in
316 alloy  was reduced to  a  maximum of  0.03% to  further
improve  corrosion  resistance  and  reduce  sensitivity.  This
low-carbon  version  is  known  as  316L,  where  “L”  denotes
low  carbon.  Similarly,  304L  contains  18%  to  20%
chromium, 8% to 10% nickel, less than 0.03% carbon, and
small amounts of manganese and silicon [18]. Other types
of  austenitic  stainless  steels  are  mostly  not  utilized  in
orthodontic  applications.

Austenitic stainless steels are well-known for their high
resistance  to  corrosion.  They  also  offer  good  formability,
weldability,  and  resistance  to  wear  [16].  However,  these
alloys cannot be hardened through heat treatment. This is
because  their  phase  transitions  occur  at  temperatures
lower  than  what  is  required  for  atomic  diffusion.
Consequently,  austenitic  stainless  steels  are  suitable  for
applications that do not need heat hardening, such as wires
and non-cutting instruments [19]. Despite their advantages,
these alloys can still suffer from intergranular corrosion and
stress corrosion cracking [22].

The 200 series, developed in the 1930s in response to
nickel  shortages  and  high  prices,  contains  low  nickel
content.  To  maintain  an  austenitic  structure,  the  nickel
content was reduced, and manganese and nitrogen were
added, although these alloys still contain some nickel. The
chromium  content  was  also  reduced,  leading  to  lower
corrosion  resistance  than  the  standard  300  series  17.
Despite  being  cheaper  than  the  300  series,  the  use  of
these  alloys  in  dentistry  has  not  been  reported  [15].

3.2.4. Duplex Stainless Steels (Austenitic-Ferritic)
The  microstructure  of  this  alloy  comprises  a

combination of austenitic and delta-ferritic phases [23, 24].
It  features  a  high  chromium content  (18% to  26%)  and  a
low nickel content (4% to 7%) (Table 1), with most variants
containing  2%  to  3%  molybdenum.  The  most  commonly
used  grade  is  AISI  2205  [24].

Duplex  stainless  steels  are  known  for  their  good
weldability,  as  well  as  their  higher  tensile  strength  and

resistance to plastic deformation compared to austenitic or
ferritic stainless steels [25]. They are harder than austenitic
types while being more formable than ferritic types. Due to
the presence of the austenitic phase, duplex stainless steels
exhibit good corrosion resistance [24]. Studies have shown
that  duplex  alloys  offer  superior  corrosion  resistance
compared  to  austenitic  types  [22].

3.2.5. Precipitation-Hardening (PH) Stainless Steels
The  development  and  use  of  this  type  of  alloy  have

been ongoing since 1946 [26]. It typically contains 15.50%
to  17.50%  chromium,  3%  to  5%  nickel  (Table  1),  and
0.07%  carbon.  It  also  includes  3%  to  5%  copper,  along
with smaller quantities of manganese, silicon, phosphorus,
and sulfur [27]. A well-known example is AISI 630, or 17-4
PH,  which  is  a  martensitic  alloy.  This  alloy  is  enhanced
through precipitation hardening and is commonly applied
in various industries, such as medicine and dentistry [28].
This semi-austenitic stainless steel is highly formable and
can  be  hardened  by  transforming  from  the  austenitic
phase  to  the  martensitic  phase  [26].  It  offers  corrosion
resistance equal to or better than type 304 stainless steel
and has high strength, but its significant hardness makes
it challenging to machine [28].

3.2.6. Super Stainless Steels
While  austenitic  stainless  steels  are  the  preferred

alloys  for  orthodontic  applications,  there  are  concerns
within the orthodontic community regarding the potential
for nickel-induced allergic reactions. Additionally, there is
a  growing  demand  from  clinicians  for  alloys  that  offer
superior  corrosion  resistance,  enhanced  strength,  and
better formability. To meet these needs, super austenitic
stainless steel, known as SR-50a, has been developed. This
alloy creates a passive film layer due to its high nitrogen
(0.331%)  and  molybdenum  (6.77%)  content,  providing
corrosion resistance that is comparable to that of titanium
components  [18,  29].  SR-50a  has  been  experimentally
tested in the production of orthodontic brackets and wires,
showing promising results [18, 29, 30].

Several metal alloys, including 303, 304, 316, and 17-4
PH,  are  utilized  in  manufacturing  the  wing  and  base
components of stainless steel brackets. Among these, 17-4
PH stainless steel is preferred for orthodontic brackets due
to its significantly superior mechanical properties compared
to  303,  304,  and  316/316L  austenitic  stainless  steels,
making it more effective in controlling tooth movement [4].
However, both 304 and 17-4 PH stainless steels are known
to have low corrosion resistance when exposed to chloride
solutions [18].

Biocompatibility  is  closely  associated  with  corrosion
properties,  which  is  why  the  corrosion  behavior  of  ortho-
dontic  alloys  in  the  oral  environment  and  the  potential
allergic  reactions  to  nickel  in  some  patients  have  been
extensively  studied  [31,  32].  The  nickel-free  AISI  2205
stainless steel alloy, featuring both austenite and ferrite in
its microstructure, has also been used in the production of
brackets. In materials engineering, AISI 2205 is valued for
its  greater  hardness  and  improved  corrosion  resistance
compared  to  conventional  austenitic  stainless  steels  [24].
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Table 2. Summary of metal bracket materials, manufacturing techniques, advantages, and disadvantages.

Bracket Material Key Properties & Advantages Limitations / Disadvantages

Stainless Steel (e.g., 304L, 316L,
17-4 PH)

High strength and form stability; corrosion resistance
(especially 316L); cost-effective; easily machinable; PH types

offer superior strength.

Nickel ion release (in austenitic types); potential for
galvanic corrosion with soldering; PH types are difficult

to machine.

Cobalt-Chromium Alloys
Excellent biocompatibility; reduced nickel content; high wear

and corrosion resistance; preferred for nickel-sensitive
patients.

Higher friction than titanium against certain wires; more
expensive than stainless steel; limited availability; alloy

variability.

Titanium & Titanium Alloys (e.g.,
Ti-6Al-4V, Grade 2/4 CP)

Superior biocompatibility and corrosion resistance; low
allergic potential; alpha-beta alloys offer greater durability;

CP titanium ensures a safe bonding base.

Lower hardness (especially Grade 2 CP); vanadium ion
release (Ti-6Al-4V); internal porosity with MIM; costlier

than SS.

Precious Metal-Coated Alloys
(e.g., Gold-Plated Steel)

High aesthetic value; biologically inert surfaces (e.g., gold);
traditionally used in lingual systems; reduced surface

reactivity.
Very high cost; limited mechanical benefits over modern
SS; may require special handling; not widely available.

The  300  series  (304L,  316,  and  316L)  austenitic
stainless  steels  are  frequently  chosen  for  orthodontic
bracket manufacturing due to their low cost, ductility, and
corrosion  resistance(Table  2).  The  316  series  stainless
steel, in particular, is often used for bracket bases because
of  its  high  corrosion  resistance  and  low  nickel  release
properties  [33].

17-4 PH stainless steel is commonly used for the wing
parts  of  brackets  and  mini  brackets  due  to  its  harder
structure compared to austenitic stainless steels. Although
it  contains  a  small  amount  of  nickel,  its  relatively  low
corrosion  resistance  can lead  to  nickel  release,  which  is
considered a disadvantage [34].

Notably,  2205  stainless  steels  are  twice  as  strong,
more  corrosion-resistant,  and  contain  less  nickel  than
austenitic  stainless  steels.  Therefore,  these  types  of
brackets may be preferred for patients who are sensitive
to nickel.

In an appliance-level model immersed in artificial saliva,
neutral  pH  conditions  resulted  in  minimal  nickel  release,
whereas  acidic  conditions  (pH  5)  caused  the  highest
cumulative nickel release over 168 hours, highlighting the
importance of controlling dietary and chemical acidity [35].

Today,  brackets  produced  by  major  companies  are
coded based on their content and often according to the
country  in  which they  are  manufactured.  While  the  AISI
code  is  generally  used  for  American-made  brackets,  the
DIN  (German  Institute  for  Standardization;  Deutsches
Institut für Normung) reference is used for German-made
brackets.

3.3. Chromium-cobalt Alloy
Chromium-cobalt  brackets  were  introduced  as  an

alternative  to  stainless  steel  brackets  in  the  mid-1990s.
These brackets can be manufactured using casting or metal
injection molding techniques [36]. Cobalt-based alloys are
categorized  into  three  types:  wear-resistant  alloys,  high-
temperature alloys, and corrosion-resistant alloys [37].

Currently,  cobalt-based  wear-resistant  alloys  are
utilized in the production of orthodontic brackets. In these
alloys,  the  nickel  content  is  kept  low,  typically  up  to  a
maximum of 0.5% [37], while the chromium content ranges
from 25% to  30% [3].  Cobalt-chromium brackets  produce
lower friction than stainless steel brackets when used with

stainless steel wires. On the other hand, when paired with
either  stainless  steel  or  beta  titanium  wires,  cobalt-
chromium brackets  result  in  higher  friction than titanium
brackets  (Table  2).  An  increase  in  chromium  content  in
cobalt-chromium  brackets  reduces  the  risk  of  corrosion
[38].

3.4. Titanium Alloy
In  recent  years,  concerns  have  grown  within

orthodontics  and  the  biomedical  literature  regarding  the
release of metal ions from orthodontic appliances and the
potential biological impacts of this release [39]. Particular
attention has been paid to the biocompatibility of materials.
In response, some manufacturers have developed brackets
made from Commercially Pure (CP) titanium and titanium
alloys,  known  for  their  proven  biocompatibility,  excellent
corrosion  resistance  (Table  2),  and  favorable  mechanical
properties [40, 41].

From  a  materials  science  perspective,  titanium  is
classified  into  three  types:

α  Titanium:  Represents  commercially  pure  (CP)
unalloyed  titanium.

β Titanium: Contains the Ti-15V-3Cr-3Sn-3Al alloy.
α and β Titanium: Includes the Ti-6Al-4V alloy.
Alloyed  titanium  typically  provides  greater  durability

compared to pure titanium. Commercially pure titanium is
categorized into four different grades, which depend on its
level  of  purity  and  the  oxygen  content  present  in  the
titanium. Grade 1 CP titanium possesses the highest purity,
excellent  corrosion  resistance,  and  great  formability.
However,  it  also  has  the  lowest  durability  among  the  CP
titanium grades. In contrast, Grade 4 CP titanium offers the
highest level of durability but has only moderate formability
[3].

Currently,  titanium brackets  are  manufactured using
either  Grade  2  or  Grade  4  alpha  titanium,  or  alpha-beta
titanium alloy (Ti-6Al-4V). Grade 2 CP titanium, known for
its lower durability, is typically used for creating the base
of the bracket. On the other hand, the wing component is
constructed  from  the  much  harder  alpha-beta  titanium
alloy, Ti-6Al-4V [40, 42]. These two parts are then joined
using laser technology to create a single bracket unit. In
clinical  practice,  it  is  crucial  to  combine  the  harder  slot
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and wing parts with a softer base, similar to the method
used with stainless steel brackets. The softer base makes
it easier to remove the bracket from the tooth at the end of
treatment.  The  harder  slot  and  wing  components  are
important for effectively transferring torque forces to the
tooth. Due to potential biological concerns related to the
release  of  vanadium from Ti-6Al-4V titanium alloy,  some
manufacturers have started using Grade 4 CP titanium for
brackets.  These  brackets  are  made  through  milling  or
metal  injection  molding  processes  [42].

3.5. Precious Metal Alloy
Brackets  made  from precious  metals  are  usually  steel

brackets  coated  with  metals  such  as  gold,  platinum,  or
palladium  [43].  Among  these,  gold-plated  brackets  in  16,
18,  and  24  carats  are  commonly  used  in  lingual
orthodontics. Gold has been a preferred material in various
dental applications due to its inert properties. Initially, the
first  edgewise  brackets  were  constructed  from  gold.
However, as time passed, stainless steel brackets became
more favored due to the high cost of gold (Table 2).

3.6. Customized Orthodontic Brackets
A recent comprehensive review suggests CAD/CAM and

3D-printed  customized  bracket  systems  can  improve  slot
precision and may reduce treatment time and cost, although
current  evidence  remains  heterogeneous  and  material-
dependent  [44].  Despite  the  growing  interest  in  in-office
designing  and  3D  printing  of  customized  orthodontic
brackets,  using  either  bracket  resin  or  ceramic  materials
such as zirconia, the clinical reality still presents consider-
able  limitations.  As  Panayi  (2023)  pointed  out,  while  the
mechanical  customization  of  such  brackets  is  rapidly
evolving, their biological behavior remains largely unpredict-
able [45]. Furthermore, concerns about long-term durability,
stress-handling,  and  biocompatibility  under  intraoral
conditions  persist.  In  contrast,  metal  brackets-especially
those  produced  using  advanced  manufacturing  techniques
like  metal  injection  molding  or  CNC  milling-continue  to
demonstrate superior mechanical stability, consistent force
delivery, and well-documented biological response (Table 2).
Comparative testing found the lowest friction with stainless-
steel  bracket  +  stainless-steel  wire  combinations,  and  the
highest with ceramic brackets paired with NiTi wires; self-
ligating brackets showed intermediate values [46]. For these
reasons,  metal  brackets  remain  the  gold  standard in  fixed
orthodontic treatment, particularly in cases where efficiency
and reliability are paramount.

4. RESULTS
The development  and production  of  metal  orthodontic

brackets  involve  a  diverse  range  of  materials  and  manu-
facturing techniques, each offering specific advantages and
limitations. Stainless steel remains the most commonly used
material due to its favorable balance of cost, strength, and
corrosion resistance. However, advancements in materials
such  as  titanium  and  cobalt-chromium  alloys  have
introduced alternatives  that  respond to  growing concerns
about biocompatibility and nickel hypersensitivity. Likewise,
manufacturing innovations such as metal injection molding
(MIM) have revolutionized bracket  fabrication by offering

greater  precision,  reduced  material  waste,  and  improved
structural integrity.

CONCLUSION
In  summary,  both  material  selection  and  production

methods play a pivotal role in the clinical performance and
biocompatibility  of  orthodontic  brackets.  The  continued
evolution  of  bracket  systems  depends  not  only  on
enhancing mechanical  properties but also on minimizing
adverse  biological  reactions.  Emerging technologies  and
material  science  will  likely  drive  further  improvements,
contributing to safer, more effective, and patient-specific
orthodontic solutions.
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