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WMetallic Biomaterials

* Metal and metal alloys are used for medical
requirements include stainless steel (316L),
titanium and alloys (Cp-Ti, Ti6AI4V), cobalt
chromium alloys (CoCr), aluminum alloys,
zirconium, niobium, and tungsten heavy
alloys.

* Used as dental implants, craniofacial plates
and screws; parts of artificial hearts,
pacemakers, clips, valves, balloon catheters,
medical devices and equipments; and bone
fixation devices, dental materials, medical
radiation shielding products, prosthetic and
orthodontic devices

https:/ /wwwisciencedisect.com/science/article/pii/B9780081022054000015

—

So, now we move on to the next material Biomaterial that is your metallic biomaterial.
We all know that metals are again very commonly known well-known and we cannot
just ignore their importance mainly because of this strength which they can offer. So, this
metal and metal alloys are used for medical requirements, especially which are used are
your stainless steel. In stainless steel metallic biomaterial we use 316 L titanium and

alloys chromium alloys, aluminium alloys, zirconia, niobium, tungsten heavy alloys.

And then where are they used? They are used in dental implants craniofacial plates and
screws, artificial hearts, pacemakers, clips, valves, balloon catheters, medical devices
equipments bone fixation devices, dental materials, medical radiation shielding products,
prosthetic and orthodontic devices. So, they have a huge range of applications and all
these pictorial representations are predominantly aimed in strengthening the skeletal

system most of them.

(Refer Slide Time: 01:25)



Advantages - Metallic Biomatenials

* The main criteria in selection of metal-based
materials for biomedical applications are their
excellent biocompatibility, convenient
mechanical properties, good corrosion
resistance, and low cost.

* Mechanical propertics - load-bearing dental
and orthopedic implants - high wear
resistance such as artificial joints, (CoCrMo
alloys ) —

High tensile strength and fatigue limit of the
metals - can carry good mechanical Toads
compared with ceramics and polymeric
materials.

* In comparison to polymers, metals have
higher ultimate tensile strength and elastic
modulus but lower strains at failure. However,
in comparison to ceramics, metals have lower
strengths and elastic modulus with higher
strains to failure .

So, and we have other applications as well the advantages as well known is that they
offer a huge advantage of strength. So, the mechanical properties, which they are
offering is very high. So, they are biocompatible, the only disadvantage is they are not
bio active; they are bio compatible and there is good corrosion resistance in metallic

alloys

So, as the material becomes more stronger as the material becomes more with high
strength it can be used in applications of load bearing regions. We know that the hip jaw
bones the entire body weight is actually resting on the long bones of the legs. So, the hip
bones are the ones which require lot of strength and not only the hip bones we have the
femur the tibia the all the leg bones legs and hip are the ones which require strongest

material to be replaced.

So, metals play a very big role in that. And for load bearing regions the metals preferred
are your cobalt chromium molybdenum alloy. So, that has to be remembered. So, how

are they useful?

They are they have a very high tensile strength and fatigue limit of the metals; because
they can carry huge mechanical loads when compared to ceramics and polymer material.
So, in comparison polymer then ceramics and above all your metals are the ones which

would give very high tensile strength.
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Metallic Biomateniale - Types

* Trand T1-6AI-4V alloys and Co-Cr alloys and stainless steel, as well as
novel metallic biomatertals currently gaming increasing attention, for
example bioresorbable Mg alloys and Ni-T1 shape memory materials.

Metals/Alloys
316L stainless steel Fracture fixation, stents, surgical instruments
CP-Ti, Ti-Al-V, Ti-AI-Nb, Ti-13Nb-3Zr, Ti-Mo-Zr-Fe Bone and joint replacement, fracture fixation,
dental implants, pacemaker encapsulation
Ni-Ti Bone plates, stents, orthodontic wires
Co-Cr-Mo, Cr-Ni-Cr-Mo Bone and joint replacement, dental implants, dental

restorations, heart valves
Gold alloys Dental restorations
Silver products Antibacterial agents
Platinum and Pt-Ir Electrodes
Hg-Ag-Sn amalgam Dental restorations

—_——

And further these metal metallic biomaterials the most commonly used or the preferred
ones are your titanium alloys also in addition to cobalt chromium alloys. The advantage
of titanium based alloys is that, they are more light weighted. And as it is more light
weighted the difficulty in carrying the implant if it is going to be a larger replacement
then it becomes easier for the patient.

So, it is advised to use titanium or titanium is more preferred than even cobalt and
chromium. So, again as already mentioned in the pictorial representation, the application

of these metallic biomaterials mostly relates to bone and bone replacements mostly.

(Refer Slide Time: 03:45)

Stainless oteel

* Statnless steel, contain 10 to 30 percent chromium. In conjunction with
low carbon content, chromium imparts remarkable resistance
to corroston and heat.

* Statnless steel used for implants contains ~18wt% Cr and ~8wt’ Ni
makes it stronger than the steel and more resistant to corrosion.

* Further addition of molybdenum (Mo) has improved its corrosion
resistance, known as type 316 stainless steel. Reduced catbon (C) content
t0 0.08 to 0.03 wt% improved its corrosion resistance to chloride
solution, and named 316L.

* Steels can be categorised as austenitic, martensitic or ferritic mmlc«
steel, based on their crystallographic structure.




And again, the most common ones cannot be forgotten. So, the stainless steel metal
biomaterial has to be known. Stainless steel again is widely used. The name stainless
steel is derived because it does not it has very high corrosion resistance because of the
low carbon content and the percentage of chromium.

So, this particular composition makes stainless steel a more sought-after material more
sought after biomaterial. Addition of molybdenum to this particular alloy makes it even
stronger and more durable. And stainless steel the moment we read stainless steel we
need to quickly understand that stainless steel exits exit | mean exists in three forms;

austenite, martensite and ferritic stainless steel based on their crystallographic structures.
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Stainless osteel

Martensitic stainless steels,
Martensitic wmfn lja*.fe chro “
Stainless Steel content betwee 12 ghd
(8% yith 0.15- 0.30%
| carbon |
Ferritic-austenitic (Duplex)
Ferritic - austenitic = stainless steels, which
(Duplex) stainless conta:; chromium,
steels 3-5% nickarand up to 3%
| molybdenum |
Martensitic-austenitc steels
which ha
chromium, 5-8% nickel and
1-2% molybdenum

Martensitic -
austenitic steels

Study on metals does not get complete without reading these crystallographic structures.
So, we have the face centered cube that is austenitic face body centered cube that is your
body centered crystallographic structure that is the ferritic. And then we have the face
centered tetragon the martensitic a quick look at the tabulation over here. So, ferritic is
your body centered, austenitic is your face centered and martensitic is the face centered

tetragon.

And the these are different the crystallographic structures are different here because of
the composition present here. So, martensitic stainless steel has a content of 12 to 18
percent here it is 12 to 25 percent of chromium in ferritic and then we have martensitic

again austenitic martensitic it is 13 to 16 percent.
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Advantages Disadvantages

* Oxygen p()\m\d\ butes to the * Primary limiting h(mr: in the clinical use
evolution of agelf-he nQ protective layer of stainless stecls are the reported Ni
on the surface wmmnx‘ and

vulnerability of the z alloy to pit and crevice

.
lurrhumon surface modlm ations such as corrosion nd Stress GoTFoSIOR CrACKITE

plasma-assisted low-temperature nitriding,
Carburising and c1ﬂﬁﬁ%ﬁﬁmﬁ‘/
‘potentially enhance carrosion resistance of
medical grade austenitic stainless steels

* Most important factor governing the
medical use of steel stems from ts relative

low cost compared to Co-Cr and Ti- I)Nd

alloys.

y__*_———-———'—_l_

So, the what are the advantages of stainless steels? Stainless steel the most important
advantage is the oxygen contributes there is a self healing protective layer on the surface
of the steel. And it can also be further modified the surface can be further modified by a
variety of methods like plasma assisted, low temperature nitriding carburising

carbonitriding and so on, which will enhance the corrosion resistance.

And the other important things are it can be actually important factor is that the medical
use of stainless steel is almost similar to cobalt chromium and titanium based alloys. To

that extent though it is cost effective it is equivalent to these two alloys.

The disadvantage of stainless steel is that we know that there is a particular percentage of
nickel inside and this nickel toxicity if the host is nickel allergic then it cannot be used.
So, this makes it toxic to the host tissue. And in addition they are also vulnerable to pit

and crevice corrosion and stress corrosion cracking.
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Oo-Cr dlloye

* Cobalt-based alloys, of which Co-Cr
based alloys are most pervasive, are
superior to stamless steel i terms of their
corrosion stability

* Co-Cr alloys - modifications of the
original alloy resulted in the production of
Co-Cr-Mo, Co-Ni-Cr-Mo and Co-Ni-Cr-
Mo-Fe materials. Used in orthopaedics
and dentist implants.

* The Co-Nt-Cr-Mo has been used

extensively for fabrication of load-bearing
stems for knee and hip prostheses

https:/ /www.sciencedisect.com/science/article/pii/B9780128161371000209

And further we have the cobalt chromium alloys. So, these cobalt based alloys or your
cobalt chromium are most pervasive and superior to stainless steel and as already
mentioned it is used in load bearing areas. So, we can see that this is the hip joint and this

is the socket. So, this is the ball and socket.

And then we can see that it can also be used as a reinforcing agents in the stent tubes and
we also use it as cast partial frameworks in denture placements. So, it is got that extreme
tough extreme strength extreme tensile strength and very favourite material to be used by

orthopedicians and dental surgeons.
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% and Ti-based allogs

* The biomedical utility of T1 stems from the

relative lightness of the metal compared to the Shat
conventional steel and Co-Cr alloys.
* Tiis superior with regard to its ‘Pacemaker

biocompatibility, resistance to biocorrosion,
specific strength and elastic modulus.

* Commercially pure Ti is categorised into four
grades, where the %wt of inclusions increases
from grade I to grade IV to reach a maximum
of 0.7%.

* The levels of O (0.18-0.4 %wt), N (0.03-0.05
%wt) and Fe (0.20-0.50 %owt) are strictly
monitored, as these elements have been shown
to notably affect the ductility and strength of
the Ti.

QU Hip joint




And then we have titanium and titanium based alloys as already mentioned. Titanium is a
most sought after material because of its biocompatibility and because of its light weight.
You can see the pictorial representation there is again a huge list of applications over
there.

The most frequently represented titanium based biomaterial is used in dental implants we
know that dental implants are being very widely used; nowadays for replacement of
missing teeth and in addition it is also used as heart wave replacement it is also used as
the rib gauge replacement because they are very light.

And in case if there is a fracture it can be used as a bone a replacement agent and then it
can be used as a plate it can be used as a joint it can be used as a pacemaker as a stent.
So, because of it is light weightedness and biocompatibility resistance to biocorrosion.
So, this is the highest biocompatible material or the most sought after biomaterial in

relation to the term biocompatibility.

So, having said that, we need to understand that commercial titanium is available in four
grades. So, while choosing titanium you will have to choose between the grades of
titanium based on how much of other alloy molecules are there. So, depending on that

the characteristics of titanium would differ.

(Refer Slide Time: 08:54)

Noble metal, allogs

* A noble metal 1s a metal or alloy characterized by
it lack of chemical reactivity. These metals restst
oxidation and corrosion 1n any environment.
They differ from base metals, which more readily
oxtdize and corrode.

High noble alloys can be considered in three
groups: Au-Pt, Au-Pd and Au-Ag-Cu alloys. Au-
Ptalloys —

Provides high durability, stability and excellent
corrosion resistance, noble materials and their
alloys are widely used in restorative dentistry

Metallic biomaterials do not possess
biofunctionalities like bone conductvity and
bioactivity necessitating coating.




And then further we have the noble metal alloys, which is been there in practise from
prehistoric times. So, gold and silver have been in use for very long times as the human
mankind can remember. So, high noble alloys are your gold platinum gold palladium
gold silver copper gold platinum alloys.

They are very frequently used because of their high durability stability and excellent
corrosion resistance and they are considered noble because of this excellent corrosion
resistance. So, metallic biomaterials in general do not process bone conductivity and if
the material has to be made as a bio-functional element there has to be an additional bone

conductivity and bone activity which has to be added.
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G, aud ol allog

* Gold and gold alloys are useful metals in
dentistry as a result of their durability,
stability, and corrosion resistance.

Photo thermal therapy

* Gold fillings are introduced by two
methods: casting and malleting,

* Gold alloys are used for cast restorations, s g
since thc.\: have mechanical properties
superior to those of pure gold.

* Corroston resstance 1 retained 1n these
alloys at 75 % or more of gold and other
noble metals

-

So, these gold alloys are already known that they are very durable and they are corrosion
resistant and they are actually used as a filling material. So, when they used as a filling
material they can either be casted and then fitted onto it or there can they can be malleted
onto the defective area where they can be used as a filling material. Corrosion resistance
again is very high for gold, but if the amount of gold is below 75 percent then the

corrosion resistance decreases.
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Sier & St Aogs

* Silver (Ag) ions or salts are known to have a wide
;mnmlgr(ﬂ)@l effect and they have been used for
years, in different fields in medicine, including

wound dressings, catheters, and prostheses
* AgNPs have also been applied in several areas of
dentistry, as endodoatics , dental prostheses, @ p
implantology, and restorative dentistry. \_/.
—_— —_— \

* AgNPs incorporation aims to avoid or at least to
decrease the microbial colonization over dental
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improving life quality. @ /u
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Silver

* Silver compounds - silver nitrate used as a caries
preventing agent for permanent molars, a cavity
sterilising agent and as a dentine desensitiser.

* Silver alloys are used in dental restorations.Dental
amalgam consisting of liquid (clemental) mercury
and a powdered alloy composed of silver, tin, and

copper.

prolerative
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https:/ /www.sciencedirect.com/science/article/pii/ B9780128169605000094
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Then we further have silver and silver alloys the moment we speak of silver; the most
important agent is the antibacterial antiviral agent which is why silvers silver is more
preferred. So, silver nanoparticles are very widely used in wound dressing materials

because of this antimicrobial properties.

And in addition, it is also used in dentistry in endodontics dental prostheses implantology
and restorative dentistry. It has a very high antimicrobial effect and it is being
implemented where and where necessary. Silver compounds especially silver nitrate is
actually even used as a caries preventing agent as a solution applied on the teeth
substance teeth caries tooth.

And so, that there is no further recurrence of caries and it is used as a cavity sterilising
agent and a dentine desensitising agent. The only disadvantage of silver nitrate as for the
properties mentioned above is that it would cause severe discolouration. Otherwise for its
potent antimicrobial action it would really serve as a very good cavity sterilising agent.
And then further we have dental amalgam consisting of liquid mercury and a powdered

alloy composed of silver tin and copper.
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Stape memory alloys

* Shape memory alloys offer a favourable
combination of unique mechanical and
functional properties, namely ‘the shape
memory effect’, and their pseudo-elasticity

* Shape memory effect describes the ablity of
such a material to be plastically deformed
below its transformation temperature, and
recover its original shape once the temperature
1s increased.

* Shape memory alloys include AgCd, AuCd, — BoneddussofSibs
CuAINy, CuAIBe, CuSn, CuZn, InTl, NiAlL
FePt, FePd, MnCu and FeMnSt

And then further we have shape memory alloys. So, these shape memory alloys are very
important. So, those are the alloys which have the potency to remember their shape
memory as what was before and what was there after deformation and then quickly

coming back to its original state.

So, this shape memory describes the ability of a material to be plastically deformed
below its transformation temperature and then bounce back recover back to its original
shape. So, this particular shape memory alloys the examples of shape memory alloys the
ones which we use in dentistry is N i T i in addition there are many shape memory alloys

which are silver caladium, gold caladium.

Then you have copper aluminium nickel copper aluminium beryllium. We have copper
tin, copper zinc, copper tantalum and then we have nickel aluminium, ferrous platinum
and then we have ferrous palladium or iron palladium manganese copper ferrous

manganese silicon.
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Stape memory alloys

* SMA are characterised by two solid phases: the SAPEENORE
austenitic parent phase and the martensitic phase. .
-m}_.\w. Martensite

* The austenitic phase is stable at high ‘ \/ \ |
temperatures and characterised by high AN g
symmetry, whereas the martensitic phase is stable T Ty
at low temperatures and of low symmetry. n 7 O\ =

* The shape memory effect is related to stress— | 7 V o
temperature induced martensitic phase -
transformation, the thermo-elasticity is attributed ‘ B o
to ordering in the austenitic and martensitic
phases.

—

Shape memory alloys happen or the phenomenon of shape memory happens because of
its ability to shift between the martensitic from the austenitic to the martensitic and then
further back to the austenitic phase. We read in stainless steel that generally metals are

available in three forms.

So, we saw the crystallographic structures how we have a face centered and a body
centered and a tetragonal structure and so on. So, those are the austenitic structures and.
So, one from there if it shifts back it we can revert back to austenite. So, austenite phase
is actually stable at high temperatures whereas, martensitic phase is stable at low
temperature of low symmetry. So, when there is an again a change then it reverts back to

its austenitic phase.
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Medical field Effect: pseudoelasticity Effect: shape memory

Specific properties: mechanical Specific properties:
shape recovery, wide plateau, heat-induced shape
constrained recovery recovery/constrained
recovery
Orthodontic Wires, palatal arches, distracters, Wires
endodontic files
Orthopaedic Intraspinal implants, Staples or plates, devices
intramedullary nails for correcting scoliosis,
spinal vertebrae spacer,
intramedullary nails,
devices for physiotherapy
Vascular Venous filters, devices for closing  Venous filters, devices for
ventricular septal defects, self- closing ventricular septal
expandable vascular stents, defects
stent-graft, percutaneous devices
to treat valvular diseases
Neurosurgical  Coils, stents, microguidewires

Surgical Mini-invasive surgical
instruments

=

And where and how are these shape memory alloys are used. They are of great use in
orthodontics where we have wires which have shape memory effect. And that is of great
use to align mall align the tooth it can very quickly correct as the shape of the arch wire

and can bring it into perfect alignment.

And then we also have it in orthopaedics vascular stents. So, those where you have a
blocked artery or an arteriosclerotic plaques, if there is anything the stent which has a
shape memory alloy can be pushed into and then it can be altered accordingly where and

when required.

It also has numerical numerous efforts here neurosurgical field where it can be used as a
coil stent and micro guide wires which are very crucial for neurosurgery. Because we
know that neurosurgery is such a very critical technique sensitive procedure which
involves the most sensitive part of our human body the human brain, where the wires

have to be really small at the same time it should quickly bounce back to its normal size.
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* Ceramics are another class of materials used for
designing biomaterials.

9 s\dvanryilfcs of ceramics are their inertness,
formability into a variety of shapes ani
porositics, high compressive strength, and
excellent wear characteristics.

* Ceramics are used as parts of the
musculoskeletal system, hip prostheses, artificial
knees, bone grafts, dental and orthopedi
implants, orbital and middle ear implants,
cardiac valves, and coatings to improve the
biocompatibility of metallic implants.

* Applications of ceramics are restricted due to
brittleness and poor tensile strength.

* Bioceramics of phosphates are widely used to
manufacture ideal biomaterials duc to their high
biocompatibility and bone integration.

Bioresorbable




