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Abstract

Austenitic stainless steel like 316L is well known for its specific properties as resistance to corrosion, compatibility
as biomaterials, and minimum wear loss tendency. As a biomaterial with properties, it doesn't elicit an adverse
response while placed in the service. The combination of synergistic mechanical (wear) and chemical (Corrosion) is
termed as corrosion wear mechanism. The removal of the passive layer during the sliding contact results in wear or
when the galvanic attacks of subtracting results in blistering of coating, say corrosion. The entire spectrum of local
and systematic findings related to metal implants is incorporated concerning an adverse reaction to metal debris.
316L stainless steel implant in a human body is enormously restoring successfully, gratification, and mobility to a
mass of individuals every year. This review article analyzed in detail with reference to the possible corrosion and

wore effect of 316L stainless steel on biocompatibility.
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Introduction

Austenitic stainless steel grade 316L represents metallic biomedical
and is widely used in human body implants like orthopaedic, dentistry
and cardiovascular based on easy processing, availability, good
corrosion resistance, mechanical property, adequate biocompatibility,
and low cost [1]. Sometimes metal doesn't fail due to fracture but
instead might be caused by wear, making them valuable and loose
measurement. Stainless steel is commonly ductile, and because of
these reasons, it might get numerous regular types of wear and contact
damage. Any material is said to be biomaterial based on two essential
characteristics that are bio-functionality and bio-compatibility; bio
functionality relates to the set of properties that allow a device to
perform a required characteristic, while biocompatibility refers to the
capability of devices to hold to carry out that characteristic. It has been
observed that medical stainless steel is more robust, denser, and has a
comparatively higher modulus of elasticity than the human bones,
which causes strength incompatibility, and is responsible for the
shielding effect of stress.

The corrosion mechanism of an implant can widely lead to failure;
therefore, biomaterials must be tested to assess corrosion behaviour as
per the standard procedure. Most implant materials such as Stainless
steel, Co-Cr-alloys, Ti-alloys & Nitinol alloys are passive under a
normal environment that tends to inhibit corrosion. A wide range of
factors associated with medical devices and implants environment can
influence corrosion susceptibility [2-6]. There are inevitable wear and
corrosion of the stainless steel in fluid body environments such as
Intergranular Corrosion, pitting Corrosion, crevice corrosion, and
fretting Corrosion. These factors generally lead to a failure of the
implant or early fracture, and corrosion of implanted devices may
result in the release of harmful products into the body. Chromium and

nickel are called potentially hazardous elements in the medical
stainless steel due to this effect of Ni-ions from this austenite stainless
steel (316L) to the human body, replaced with high Nitrogen Nickel-
free austenite steel.

The biocompatibility nature of the material is determined via its
performance with host responses, which need not purpose any allergic
and immunogenic reaction. Considering that human blood plasma
blanketed protein, ions, chemical compounds, and enzymes, the
affected person wishes to be exposed to corrosion after the
implantation [7-9]. Among them, clinical-grade 316L S.S. is very
prone to localized corrosion inside the human body that causes the
discharge of metallic ions into the surrounding tissue. Specially
liberating Ni-ions into the organic surroundings ends in the allergic
reaction and the carcinogenic effect in rats. Therefore modification of
surface is a powerful method to enhance the sturdiness of material to
be used as biomedical implants.

Literature review

With the growth in longevity and life expectancy of the world's
populace through the years, the necessities for bimetallic materials are
exceedingly desired, as demand for surgical procedures related to the
implantation of a prosthesis is swiftly growing and therefore need of
required biomaterials for an orthopaedic, cardiovascular, or dental
implant is as a substitute urgent. There are mainly three types of
implants, like S.S., alloys of Ti and Co-Cr-alloys, used universally.
Austenitic Stainless steel (316L) is the maximum viable implant
material used within the early days of numerous surgeries due to its
ease of availability, ease of processing, and minimum cost. Chemical
composion of 316L stainless steel refer (Table 1).
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Material Cr Ni C

S P Si Fe

316L SS 16-18 41913 0.03

0.03 0.045 1 Balanced

Table 1. Chemical Composition of 316L stainless steel in wt. %.

Wear Studies

The impact of gas nitriding process parameters on the wear
protection of stainless steel type 316 L has been investigated by Nazy
Hassan. Surface hardness, XRD, and optical microscope measurement
were used to examine properties of nitride layer introduced during gas
nitriding by ammonia in the range of (400-600° C), nitriding
temperature (10-15hrs.), ammonia flow rate and time of (100-600L/
hrs.). This investigation shows that gas nitriding of AISI-316L SS
produces nitride layers that fluctuate in hardness, thickness, and
composition as per varying parameters.

Many experiences show usually occur within the articulation joints
'as a result of the blended lubrication regime'. The mobility of the
synthetic hip joint generates billions of microscopy debris which can
be rubbed off, cutting movement [10]. That debris is trapped inside the
tissues of the joints tablet and might result in undesirable overseas
body reactions. The substances used to make the femoral head and cup
play a significant position in tool performance. Wear is nothing but the
damage to a solid surface caused by the displacement or removal of
material by the mechanical action of a contacting gaseous, liquids, or
solidus. Wear along with friction both are simultaneous results of the
same tribological contact process that takes place between two
Surfaces (sliding) investigated by Dharanikota Harshini.

‘Wear-Mechanisms

Material removal from the surface is described by several
mechanisms of wear, and such are adhesive, abrasive, chemical wear
and fatigue. It is prevalent that in actual contact, more than one wear
mechanism is acting at the same time by Haetham G. The different
proposed wear mechanism classification schemes, as shown in Figure
1. is reviewed by P J Blau with the basic adhesive, abrasive, fatigue,
and chemical wear mechanisms by Lokeswar Patnaik.

Abrasive-wear

Plastic deformation takes vicinity in abrasive wear at some point of
asperity deformation; Abrasive takes place in contacts, where one of
the surfaces is drastically tougher than the opposite or where tough
debris is delivered into the contact. The more difficult material
asperities are pressed into; the softer material ends up in a plastic flow
of the softer material across the hard one.

When the more complex material movements tangentially,
ploughing and removal of the softer material take region with
grooves or scratches inside the resulting surface investigated by P J
Blau The effect of asperity deformation is due to the roughness and
waviness of the contacting surfaces [11-13].

A collision of two asperities results in plastic deformation of one
or both of the difficulties leading to material removal From the
asperities. The asperity deformation mechanisms have been studied
in detail by Ratner, B.D

Fatigue-wear

Fatigue crack increase is now a nicely-documented phenomenon,
which ends from the loading and unloading of a floor, at a strain
degree in the fabric that it can maintain as soon as but now not often.
Fatigue can form the origin for big-scale cracking and liberation of the
floor fabric to form wear particles.

Chemical-wear

In chemical wear, the damage system is dominated with the aid of
adverse chemical reactions within the contact, initiated by means of
the impact on the atmosphere, in aggregate with mechanical contact
mechanisms. Two feasible toxicity routes for metallic ions launched
into body fluids due to wear & corrosion refer Figure 1. Oxidation is
the maximum chemical wear system. a thin layer of oxides could be
shaped on the pinnacle of steel surfaces. That is a crucial defensive
layer because both the friction and wears in metallic contacts would be
extraordinarily excessive without it. Suppose this sediment is removed
continuously by using a rubbing movement [14]. The formation of
new layers is accelerated by using excessive humidity surrounding
which could effortlessly reach the contact. In that case, a result is an
ordinary form of oxidation put on by P J Blau (Figure 1).
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Figure 1. Two feasible toxicity routes for metallic ions launched

into body fluids due to wear & corrosion.

Sliding-Wear

Based totally on the geometry of the contact surface in the sliding
movement, the strain-precipitated on it will vary. Therefore, it ends in
trade-in wear and the wear and tear mode.

Various Mechanism of biomedical breakdown:
Mechanical: fracture, creep, wear and stress cracking.

Physiochemical: Absorption of H20 or lipid, leaching of low
molecular weight, adsorption of biomolecules(i.e. protein leading to
irreversible fouling)
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Biochemical/Chemical:
linking,

Mineralization or calcification, cross-

Electrochemical: Corrosion.

Corrosion Studies

Corrosion is a significant factor in the plan and determination of
metals and compounds for administration. Poisonous/cytotoxic,
allergenic, or cancer-causing (e.g., Cr, Co, Ni, V, Al) species might be
delivered to the bodywork during erosion measures. Likewise, other
corrosion can prompt implants to relax and be disappointed.

Subsequently, biomaterials are regularly needed to be tried for
corrosion & additionally solvency before administrative associations
endorse them. Subsequently, the corrosion mechanism of implant
materials (metallic) has been broadly considered in the structure of
value affirmation, recovery examination of implant, and fracture
investigation. Two significant components, one is temperature, and
another pH, are influencing the erosion conduct of materials. Under
typical conditions, body liquids have a temperature of 37 °C. This can
be viewed as a consistent temperature all through the life expectancy
of an implant as for corrosion. The varies Corrosion types with
common implants refer (Table 2).

Corrosion Types Materials Location of Implant Implant Shape
Pitting Co-based alloys,304 | Dental alloy/Orthopaedic
. Stainless steel
Corrosion
Crevice Screw & Bone Plates
Corrosion 316L S.S.
S.C.C. Cr-Co-Mo Vitro(Only)
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Fatigue 316L SS, Bone Cement
Corrosion Co-Cr-Ni-Fe

Fretting Ti6Al4V, Cr-Co SS Ball Joint
Corrosion

Galvanic Corrosion

304 SS/316 SS, Co-Cr,
Ti6AI4V, 316SS/TiBAI4V,
Co-Cr-Mo

Screw and nuts,

Oral implants
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Selective Leaching Mercury from gold Oral implants

AL

Table 2. Corrosion types with common implants
*SCC= Stress Corrosion Cracking, SS= Stainless Steel

Mechanical Assisted Crevice Corrosion (MACC) occurs at the

modular junction and produces scale range (1-100pm) relative motion
between implant-induced components induced by cyclic loading.

Such corrosion types occur in all modes of alloys regardless of a
material couple refer (Figure 2).

Fretting: 0.7-100um micromotion

Ceramic

' Oxide Fracture | Reformation

<+

OCP Drop M+ H O — MO + 2H + 20

*

Thin Oxide Fitm ™ Ter Joy
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Lower Oxige Film Stabiiity

Unprotected Surface & Active Comosion

Figure 2. Mechanical-Assisted-Crevice-Corrosion (MACC) or
Corrosion Fretting.

The most significant body liquids that impact the metal corrosion of
inserts are chloride, disintegrated pH levels & oxygen. Body liquids
might appear to be somewhat less forceful than seawater because of
the minimum pitting obstruction identical number (PREN) of 26 and
more prominent prescribed to forestall pitting & erosion-corrosion of
tempered steels, in contrast with the estimation of 40 typically needed
for stale seawater. It has been predicted that the broken-down level of
oxygen in the blood is lower than in fake arrangements presented to
the air environment because of the blend with haemoglobin, which is
the primary part of red platelets. The halfway weight of oxygen in the
blood differs among 40 to 100 mmHg for blood vessel & blood
venous, separately. The comparison of an incentive noticeable all
around is approx.160 mmHg. Since Maximum biomaterials depend on
oxygen for passivation, the passivation of metal surfaces is more
troublesome under states of low brake down oxygen fixation. To be
sure, the deaeration of the arrangement with high-virtue nitrogen gas

to keep up low oxygen fixation was found to more readily foresee the
exhibition of metal inserts.

Since the incomplete weight of oxygen changes broadly inside the
body, from approx. 2.67 x 102 to 1.33 x 104 Pa, an embed surface can
contact physical conditions of generally extraordinary oxygen halfway
weights, along with these lines conceivably building up air circulation
cells. Like carbon dioxide (CO2), another gas impacts consumption by
influencing the pH. Bicarbonate levels are higher in blood around
multiple times than in seawater. A precious strategy for depicting the
dependability of metals in watery arrangements is the likely pH
(Pourbaix) charts presented by Marcel Pourbaix. Dark was most likely
the first to draw the Pourbaix chart for body liquids Application of
biomaterilas refer (Figure 3).

Biological reaction parameters (As decided using histological
assessment of implants):

The amount and best of tissue ingrowth (for porous substances)
Vascularity of fibrous tablet and thickness

Presence of necrosis

Changes in tissue morphology determine-Degradation

Other parameters like material debris, granuloma, fatty infiltration,

apoptosis, dystrophic calcification, proliferation rate, thrombus
formation, biodegradation, endothelization, and biomaterials
migration.
After
Articular
Labrum. Cartilage of .
~J Acetabular \
Capsule.  /

Acetabular Cup

Polymer/
Ceramic
Metal/Ceramic

Insert
Femoral Head

Articular Surface of
Femoral Head

Figure 3. Applications of Biomaterials.

Femoral Head']

The long term performance of overall joints with implant particles
restrict by inflicting a nearby complex biological response that leads to
implant loosening and bone erosion. Metals overview used for medical
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devices implantable refer. Genuinely, bone upkeep is based on the
stability of bone resorption and bone formation, which is basically,
includes the osteoclast and coordinated characteristics of osteoblasts.
Loss of bone peripheral to implant is the principal difficulty related to

the nearby effect of orthopaedic degradation. It has been observed that
the corrosion mechanism causes implant debris to result in osteolysis.
Wear interaction refer (Figure 4) (Table 3).

Material Advantages Disadvantages
Higher Wear resistance Modulus of elasticity is comparatively high
316L S.S. Higher Ductility Fatigue strength is lower than other implants

Relatively high metallic ions release and adverse host
response.

Table 3. Metals overview used for medical devices implantable.
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Figure 4. Wear interaction.

Biocompatibility Studies

A biocompatible material upsets the distinctive bodywork as could
reasonably be expected. Numerous elements impact an implant's
biocompatibility, such as shape, material arrangement, implant size,
surface harshness, surface wettability, and charge. The biomaterial
must not change plasma proteins (counting catalysts) to initiate
unfriendly responses cause clots development, unfavourable
insusceptible reaction, or malignancy; decimate or sharpen the cell
components of the blood produce harmful or hypersensitive reactions
drain electrolytes; be influenced by cleansing. Thus, this climate ought
not to cause debasement or erosion of the biomaterial that would bring
about loss of mechanical & physical properties. . Implant metal
Electrochemical properties refer. Practically speaking, no
manufactured material is agreeable with the living climate; be that as
it may, materials do have various degrees of inactivity. For
biomaterials, biocompatibility is the primary requirement to perform
with an appropriate host response; in a specific interaction, the implant
devices is depended on several issues, as illustrated in (Figure 5)(Table
4).

Alloys Designation Density Corrosion Potential Passive Current Density | Breakdown Potential
ASTM (Vs. Calomel) (mAmps/ cm2)
(mvolts)
SS F-138 8 -400 0.56 200-770
ASTM

Table 4. Implant metal Electrochemical properties (Resistance of Corrosion) in 0.1M NaCl at pH=7

Following the biomaterials implantation and scientific devices, the
accompanying grouping of neighbourhood functions occurs injury,
blood-material cooperation, transient network association, intense
inflammation, continual aggravation, granulation tissue improvement,
Fast breeder reaction (FBR), and fibrosis (stringy case advancement).
Human bone and mechanical implant properties of alloys refer. The
prime relevant response is actuated through injury to vascularized
connective tissue. Since blood and its parts are associated with the
underlying fiery reactions, blood cluster developments, in addition to
apoplexy, additionally appear. Severe irritation is typically quick-term,
enduring from a few mins to days, contingent upon the diploma of the
harm. Its number one characteristics are the granulation of liquid and
plasma proteins and the displacement of leukocytes. On-going
irritation is the most petite uniform histologically than extreme
aggravation. Mostly, it is portrayed with the aid of mononuclear cells

on the embed website online, with the multiplication of veins and
ligaments. Consistent infection is a means of the quick-term and is
constrained to the embed website. The dedication of the acute and
additionally fiery reactions past 3 weeks mainly demonstrates
contamination. After the intense and continual provocative reactions
are settled, a tissue of granulation can be prominent through the
presence of macrophages, the penetration of fibroblasts, and
neovascularization inside the new mending tissue. Contingent upon
the extent of injury, granulation tissue might be considered in advance
of schedule as 3 to 5 days for implantation. Biocompatible metal &
biomedical application of stainless steel refer Table 6. Tissue
Compatibility Irritation, systematic toxicity (acute toxicity),
sensitization, intracutaneous reactivity, implantations, gene toxicity,
chronic toxicity, haemocompatibility and immune responses.
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Biocompatibility and polarization resistance of metals refer (Table 5)
(Figure 6).

Material Elongation of | Vickers Hardness | Yield Strength Modulus of | Fatigue limit Tensile Strength
Fracture (%) (Hv) Elasticity
(M.N./m2)
(M.N./m2) (G.N./m2) (MN/m2)
316L SS| 45 190 280 211 0.28 650
(Annealed)

Table 5. Human bone and mechanical implant properties of alloys.

Biocompatibility
Corrosicn v - -
Reaction with Resistanice with C '.'m'."mh!e design
blomaterials with implants
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Biedeg el ane Taxic effectaf Iil‘::ltﬂ Painful
noed Blnbvmials life svatenis . Surgery
N implants N

Drecrensed Life

Figure 5. Factors and their effects on biocompatibility.

Alloy Application Implant
Orthopaedic Acetabular cup, Femoral Prosthesis, orthopaedic
implants
Dentistry Reconstructive, noble metal implantation and its
applications.
Stainless Steel Cardiovascular Renovascular implants(aneurysm clips), Monobloc hip
stem, Surgery

Table 6. Biocompatible metal & biomedical application of stainless
steel.

* The potential causes (Contributing) of device failure.

¢ Design flow

* Inadequate material properties.

* Inadequate material testing.

* Inadequate material fabrication.

* Contamination during sterilization.

¢ Contamination during implantations.

e Defect induces during manufacturing, packaging, shipping and
storage.

* Technical error during implantation.

* Unavoidable physical-patient-prosthesis interaction.

* Abnormal patient responses.

* Inadequate patient management.
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E 104 Co-Cr alloy :
& 03 s16! ! Pl 5_:/r
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€ 10 | | ! pTa
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Figure 6. Biocompatibility and polarization resistance of metals.
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Discussion

Based on the survey analysis, austenitic steel grade 316L S.S. is an
example of the application of these alloys as a biomaterial, 316L S.S.
passivation, breakdown, and regeneration and its impact are
highlighted. The contributing factor which is concerning the failure of
biomaterials (316L S.S.) is due to wear (high modulus of elasticity,
debris), Corrosion (mainly Pitting, Crevice, fatigue & 1.G.C.) related
problems, and biocompatibility. This effect on materials is removed
and enhanced by applying coating(either Metallic, Ceramics, or
composite coating ) over the biomaterial's surface to lead to
performance. Today biomedical implants are sitting at the interface
between two major rapidly growing fields like materials science and
biology. Austenitic stainless steel has already established
biocompatibility over the years.

Conclusion

Implants that require high energy, and durability, are nonetheless
manufactured from metals. On the opposite aspect, the medical use of
favourable studies in bioactive ceramics and polymers in regenerative
medication is still far from exercise. In addition to novel bio-
functionalities improvements and modern use of metallic such as for
biodegradable implants, its miles with self-assurance to say that metals
will remain biomaterials applications within the future. The future
trend appears to combine the robotically advanced metals and the
remarkable biocompatibility and bio functionality of polymers and
ceramics and metals to attain the most desirable medical execution of
the implants.
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