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[bookmark: _GoBack]II -  prosthetic materials  :
Amputation is the removal of a limb by trauma, medical illness, or surgery. As a surgical measure, it is used to control pain or a disease process in the affected limb, such as malignancy or gangrene. In some cases, it is carried out on individuals as a preventative surgery for such problems. A special case is that of congenital amputation, a congenital disorder, where fetal limbs have been cut off by constrictive bands.
Type of amputation 
Prosthetic of lower limb amputation :
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   Amputation of a lower limb is most commonly performed due to landmines or disease of the limb. The two most often performed amputation procedures are truncation of the femur bone above the knee (AK) and truncation of the tibia bone below the knee (BK). Physical loss of the anatomy of the Lower limb results in loss of gait function. In BK amputees this loss is due partly to the loss of the articulated ankle joint, the loss of the joints of the foot (including the metatarsalphalangeal joints), and the loss of the muscles of the anterior and posterior compartments of the shank . The levels and classification of below the knee amputations are shown in Figure (6) .These are, very short below knee (less than 4 cm from the knee); standard below knee (12.4-18cm); long below knee; and Symes below knee.
   The main purpose of a prosthetic foot, shank and socket is to provide means of replacing the lost structure and function of the skeleton and muscles of the foot, ankle and shank. This includes the provision of a stable base of support, flexibility which would simulate the normal taio-crurai and subtalar joints and shock absorption during heel contact. The compensation for the energy absorbed or generated by the ankle musculature is also important due to the contraction of muscles. This includes energy generation during push-off and energy absorption during heel contact and with foot flat. There is currently no good estimate for the unmet need although the number is estimated in millions. 

This is due to the difficulty in collecting and analysing data from various countries around the world; this lack of data is an area of concern that requires future study, for example the number of amputee population in five countries with high amputee ratio due to landmines , according "landmine-statistics one world international, London 2001" is given in (Table)
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BK prostheses, Figure (7) are typically comprised of four major components ,these are:
1) Socket 2) Pylon 3) Foot prosthetic 4) Couplings The BK socket that supports the residual limb (or stump) is normally custom built to the individual's anthropometric specifications. 
The design of a prosthetic socket largely determines the overall comfort and function of a below knee (BK) prosthesis. The shape of this socket is not an exact replica of the residual limb, but includes modifications (rectifications) such that effective load transfer between the prosthesis and residual limb is attained 
[image: ]
THE PROSTHETIC SOCKET: 
   The socket is the interface between the patient and the prosthetic. It is the most important part of the prosthetic. It has to be stable, sturdy, and yet comfortable. If these requirements are not met, the patient will not want to wear the prosthetic, or will be quite unhappy with it. In the past, sockets were carved from wood, and formed from aluminium. Both materials, while capable of support, made construction difficult and time consuming. Today, manufacturing technology has progressed and allows them to be made from polyurethane and fiberglass, which are lighter and stronger materials.
The socket manufacturing may achieved by three methods: 
1- The polypropylene prosthetic component system developed by the ICRC (International Committee of the Red Cross ) is made of polypropylene thermoplastic sheet, the disadvantage for use of this material is that the mechanical properties decrease with time.
 2- Composite material is used in rehabilitation centre (for example in Iraq such as Baghdad centre of artificial limb). The disadvantage of this method is that the stiffness is very high and that causes uncomforted to amputee. Sockets are now produced largely by hand.A cast is made of the residual limb, and plaster is poured into the cast.
3- modular socket system method :carbon fibre ,  fast method (2- hours ) 
to make a positive mold. The mold is then used to create a plastic or laminated polyester socket that fits over the residual limb.
   THE PROSTHETIC FOOT: There was a variety of artificial foot designs available for use with prosthetic legs. Most of the designs can be divided into two classes, articulated feet are feet with moving joints, and non articulated are feet that do not have moving joints. Generally, articulated feet tend to behavior and require more maintenance than non-articulated feet. Two common articulated feet are the single-axis foot and the multi-axis foot. The singleaxis foot has only one joint to allow rotation. Two rubber bumpers are in this foot . On the other hand, the multi-axis foot, allows some motion about three axes. The motion about three axes allows the patient to rotate the foot. This foot allows the patients to walk on uneven terrain. The multi-axis foot is slightly heavier than the single-axis foot, and also requires more maintenance.  Two common non-articulated feet are the SACH and the SAFE. The solid ankle-cushion heel foot referred to as the SACH foot has a rigid keel. The keel, which can be seen supports the frame of the foot. In walking, a normal ankle swings about a hinge, but in the SACH foot the ankle is rigid and cannot swing. Therefore the soft rubber heel provides the ankle action by compressing during the early phase of walking. The rubber heel wedges are available in soft, medium, and hard densities. The different densities allow for different gaits.  The SAFE foot has the same characteristics as the SACH foot with added the ability for the sole to conform on uneven surfaces. The flexibility of the sole allows for an easier and more comfortable style of walking.
Note  
There were two type of prosthetic feet 
· Articulated feet, such as (Single and Multi axis feet) .
· Non-articulated feet, such as (The SAFE, STEN, SACH, Carbon Copy II and Dynamic feet).
   In Iraq the SACH foot is commonly used. It consists of wooden keel embedded in foam rubber materials the density of the heel wedge can vary between soft, medium and hard according to the gait characteristic, age, weight and preference of amputee. The disadvantages for used this foot are minimum plantar flexion, dorsiflexion and fatigue failure.
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GAIT ANALYSIS AND GROUND REACTION FORCES: 
         Gait analysis provides the clinician and the researcher with useful information regarding the performance or status of a patient's walking ability. The gait cycle can most simply be described by its division into a stance phase which is defined by initial heel contact to toe-off and a swing phase from toe-off to ipsilateral heel contact as Figure (9). Stance phase accounts for approximately 60% of the total gait cycle and swing phase account for 40%. The stance phase is divided in to a number of sub- phases which include a weight acceptance phase, mid stance phase and push-off phase .The swing phase was also divided into early and late swing. The patterns, magnitude, and timing of GRF events can be measured force plate. A force plate is instrument which provides reading of force and moment applied to its top surface while the foot of subject is in contact with the plate. The parameter derived from GRF data are a valuable means of assessing overall gait performance by providing information on the magnitude and direction of the forces acting on the body during gait. Prior to hell strike, the body's center of mass is accelerating forward and moving outside the base of support. At heel strike force produced by the muscles of the lower limbs is applied to the ground through the foot to create an impulse in the direction opposite to movement to the center of mass .The impulse causes a deceleration of the body's center of mass in the fore-aft direction and is a "braking "impulse . Prior to toe off, force created by leg muscle contraction applied through the foot to the ground creates an impulse in the direction of forward progression. This impulse is referred to as "propulsive" impulse and accelerates the body forward. Observing the magnitude of these impulses allows the determination of how effectively a prosthetic foot transfers force produced by the musculature of the residual limb to the ground to create forward momentum in gait. Decreases in either the braking or propulsion impulse indicate a less efficient transfer of force and therefore a less efficient gait .
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MUSCLE ACTIONS: 
    Muscle actions (or contractions) are described as isometric contraction (constant length) or dynamic contractions consisting of concentric contraction (shortening of the muscle under load) and eccentric contraction (lengthening of the muscle under load). The tension generated in a muscle cannot be controlled or kept constant, Therefore, the type of muscle actions that will be considered in the following section is isometric, concentric, and eccentric .Two types of exercise, iso-kinetic and iso-inertial, which are sometimes referred to as types of muscle contraction. During a concentric contraction, the bones come closer together as the whole muscle shortens. Positive work is being done by the muscle. During an eccentric contraction, the bones move away from each other as the muscle tries to control the descent of the weight. In leg shortening, the problems are to maintain alignment and secure union .
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  Materials of prosthetic :
[image: مواد اطراف 9.JPG] [image: مواد اطراف 10.JPG]









II - artificial cartilage 
       Artificial cartilage is a synthetic material made of hydrogels or polymers that aims to mimic the functional properties of natural cartilage in the human body. Tissue engineering principles are used in order to create a non-degradable and biocompatible material that can replace cartilage .
Materials of artificial cartilage 
  PVP/PVA hydrogels for articular cartilage replacement ,  Poly(vinyl alcohol) (PVA) hydrogels were used in this study. It was difficult to meet the mechanical properties of articular cartilage using this hydrogel.
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 Properties of artificial cartilage 
The prerequisites of a biomaterial to be used for an artificial articular cartilage include: 
• Frictionless lubrication. 
• Provide sufficient cushion effect against shocks 
• Excellent wear resistant. 
• Should be biocompatible. 
• Simple and firm attachment mechanism to the underlying bone.



III – Dental materials

All dental material fall under 4 main groups: 

1-Polymers
2-metals
3-ceramics
4-composites

 Polymers  The most widely used impression materials are elastomeric polymers. Another major type of polymeric dental material is the composite filling material for anterior teeth. Removable dentures are made from acrylic resin and other polymers.

Metals and alloys have many uses in dentistry. Steel alloys are commonly used for the construction of instruments and of wires for orthodontics.
Gold alloys and alloys containing chromium are used for making crowns, inlays and denture baseswhilst dental amalgam, an alloy containing mercury, is the most widely used dental filling material.
[image: ]
 

[image: ]



[image: ]
  
 Dental porcelain(also known as dental ceramic) is a porcelain dental material used by a dental technician to create biocompatible life like dental restorations, such as crowns, bridges, and veneers, for the patient. Evidence suggests they are effective (they are biocompatible, esthetic, insoluble and have hardness of 7 on the Mohs scale). For certain dental prostheses(such as three-unit molars porcelain fused to metal or in complete porcelain group) only zirconia-based restorations are recommended.

Veneers Ceramic ( alumina)
[image: ]

Characteristics of ideal dental material 
1-biocompatible (non toxic , non irritating, non allergenic)  
2-Machanically stable and durable. (Strong, resistance to fracture) 
3-Resistance to corrosion (Doesn’t deteriorate over time) 
4-Dimensionally stable.(Little change by temperature and Solvent) 
5-Minimal conduction.(Insulate against thermal /electrical change) 
6-Adheres to tissues
1
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Lower Limb Amputations

Lower limb amputations vary from the partial removal of a toe to the loss of the entire leg and
part of the pelvis. The following lst provides a summary of the typical forms of lower limb
‘amputation:

Partial foot amputation ~ this commonly involves the removal of one or
‘more toes. This amputation will affect walking and balance.

Ankle disarticulation - an amputation of the foot at the ankle, leaving a
person still able to move around without the need for a prosthesis

Below knee amputations (transtibial) - an amputation of the leg below
the knee that retains the use of the knee joint.

femuris retained

Above knee amputation (transfemoral) - an amputation of the leg
above the knee joint

ﬁ
‘Through the knee amputations ~ the removal of the lower leg and knee
joint. The remaining stump is sill able to bear weight as the whole
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Hip disarticulation — the removal of the entire limb up to and including
the femur. A variation leaves the upper femur and hip joint for better
shape/profile when siting

Hemipelvectomy (transpelvic) —the removal of the entire limband the
partial removal of the pelvis
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State No of amputee per all people | No of people No of
amputee

Angola Tamputee per 334 people 10145267 |30375
Cambodia | 1 amputee per 384 people 12212306 | 31,803
Afghanistan | 1 amputee per 631 people 25838797 | 40,949
Iraq 1 amputee per 987 people 22,675,617 22974

Victnam Tamputee per 1182 people | 78,773,873 | 66,645
United state | 1 amputee per 732 people 278,038,881 380,000
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Upper Limb Amputatic
Upper limb amputations vary from the partial removal of a finger to the loss of the entire arm
and part of the shoulder. The following lst provides a summary of the typical forms of upper
limb amputation:

 Partial hand amputation - amputations can include fingertips and parts of
the fingers. The thumb is the most common single digit oss. The loss of a
thumb inhibits the ability to grasp, manipulate or pick up objects grasping.
ability. When other fingers are amputated, the hand can stil grasp but
with less precision.

 Metacarpal Amputation ~ ths involves the removal of the entire hand
with the wrist stillntact

 Wrist disarticulation — this form of amputation involves the removal of the
hand and the wrist joint

 Below elbow amputation (transradial)  the partial removal of the
forearm below the elbow joint
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Elbow disarticulation — the amputation of the forearm at the elbow.

‘Above elbow amputation (transhumeral) - the removal of the arm above
the elbow

‘Shoulder disarticulation and forequarter amputation is the removal of the
entire arm including the shoulder blade and collar bone.
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Lacquers, Thinners, and Materials for Coating Foams
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Glues, Adhesives, Grinding, and Polishing Materials
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Anatomy of the Human Knee Joint
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Stainless steel crown and arch wire and other uses
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Metallic Biomaterials                                                            MSc             Introduction   In modern history, metals have been used as implants since more than 100  years ago when   " Lane "   first introduced metal plate for bone fractu re fixation in  1895 . The first  metal alloy developed specifically for human use was the  “vanadium steel”   which was used to manufacture bone fracture plates (Sherman  plates) and screws .  But it   was no longer used in implants because its corrosion  resistance is inadequate in vivo   environme nt.      Advantages and disadvantages of metallic Biomaterials:   Advantages   •   High strength .   •   High hardness.   •   Fatigue  and impact  resistance .   •   Wear resistance .   •   Easy fabrication .   •   Easy to sterilize .   •   Shape memory .   •   inert      Disadvantages    •   High modul u s .   •   High c orrosion .   •   Metal ion sensitivity and toxicity .   •   High density.   In general m etallic biomaterials can be grouped in the following  categories:      S tainless steels .      Co - based alloys .      T itanium - based alloys .      Specialty metallic alloys .      Metals and their alloys are widely used as biomedical materials. On one  hand, metallic biomaterials cannot be replaced by ceramics or polymers at  present. Because mechanical strength and toughness are the most  important safety requirements for a biomateria l under load - bearing  conditions. On the other hand, metallic materials sometimes show toxicity 


Microsoft_Word_Document1.docx
Metallic Biomaterials                                                         MSc       



Introduction

In modern history, metals have been used as implants since more than 100 years ago when "Lane" first introduced metal plate for bone fracture fixation in 1895. The first metal alloy developed specifically for human use was the “vanadium steel” which was used to manufacture bone fracture plates (Sherman plates) and screws. But it was no longer used in implants because its corrosion resistance is inadequate in vivo environment. 



Advantages and disadvantages of metallic Biomaterials:

Advantages

· High strength.

· High hardness.

· Fatigue and impact resistance.

· Wear resistance.

· Easy fabrication.

· Easy to sterilize.

· Shape memory.

· inert

  Disadvantages 

· High modulus.

· High corrosion.

· Metal ion sensitivity and toxicity.

· High density.

In general metallic biomaterials can be grouped in the following categories:

· Stainless steels.

· Co-based alloys.

· Titanium-based alloys.

· Specialty metallic alloys.

· Metals and their alloys are widely used as biomedical materials. On one hand, metallic biomaterials cannot be replaced by ceramics or polymers at present. Because mechanical strength and toughness are the most important safety requirements for a biomaterial under load-bearing conditions. On the other hand, metallic materials sometimes show toxicity and are fractured because of their corrosion and mechanical damages . Therefore, development of new alloys is continuously trialed.



STAINLESS STEELS

is stronger and more resistant to corrosion than the vanadium steel. 



TABLE (1): Compositions of 316L Stainless Steel (American Society for 

Testing and Materials, F139—86. p. 61. 1992).

		Element

		Composition (%)



		Carbon

		0.03 max.



		Manganese

		2.00 max.



		Phosphorus

		0.03 max.



		Sulfur

		0.03 max.



		Silicon

		0.75 max.



		Chromium

		17.00 – 20.00



		Nickel

		12.00 – 14.00



		Molybdenum

		2.00 -4.00





	The Ni stabilizes the austenitic phase () face centered cubic crystal (fcc) structure at room temperature and enhances corrosion resistance.

The advantages of stainless steels, especially type 316 and 316L over other grades of steel:

1- Biocompatible.

2- This group of stainless steels is nonmagnetic and possesses better corrosion resistance than any others.



TABLE (2): Mechanical Properties of 316L Stainless Steel for Implants (American Society for Testing and Materials. F139—86, p.61, 1992).

[image: ]

A wide range of properties exists depending on the heat treatment (annealing to obtain softer materials) or cold working (for greater strength and hardness).



(Co Cr) ALLOYS

There are basically two types of cobalt—chromium alloys:

(1) The castable CoCrMo alloy.

The castable CoCrMo alloy has been used for many decades in dentistry and, relatively recently, in making artificial joints.

(2) The CoNiCrMo alloy which is usually wrought by (hot) forging. 

      The wrought CoNiCrMo alloy is relatively new, now used for making  the stems of prostheses for heavily loaded joints such as the knee and hip.



TABLE (3): Mechanical Property Requirements of Co-Cr Alloys 

[image: ]

The corrosion products of CoCrMo are more toxic than those of stainless steel 316L.

	The advantages and disadvantage of CoCrMo:

 wrought or forged forms has the highest strength/wear resistance,

 hardest to fabricate,

 may produce cobalt or chromium ion sensitivity/toxicity.

Ti ALLOYS

Ti-based alloys are finding ever-increasing applications in biomaterials due to their excellent mechanical, physical and biological performance. 

1- Pure Ti and Ti6Al4V

Commercially pure titanium (Ti CP) and Ti-6Al-4V are the two most common titanium base implant biomaterials. These materials are classified as biologically inert biomaterials.



Comparison betweenTitanium alloy (Ti-6Al-4V) versus Titanium (Ti) metal

· titanium alloy is stronger than titanium metal,

-both have the best corrosion resistance,

-both have excellent bone bonding.

The modulus of elasticity of these materials is about (110 GPa.) This is much lower than stainless steels and Co-base alloys modulus (210 and 240 GPa.) respectively.

The Ti6Al4V alloy has some disadvantages: its elastic modulus, although low, is 4 to 6 times greater than that of cortical bone and has low wear resistance that is a problem in articulations surfaces. Also, (V) can cause toxicity, neuropathy and adverse tissue reactions, and (Al) ions from the alloy might cause long-term Alzheimer diseases.





2- TiNi Alloys

The titanium—nickel alloys show unusual properties, that is, after it is deformed the material can snap back to its previous shape by following heating of the material. This phenomenon is called shape memory effect (SME).

(Nitinol) exhibits an exceptional SME near room temperature, if it is plastically deform below the transformation temperature, it revert back to its original shape as the temperature is raised. 

In order to develop such devices, it is necessary to understand fully the mechanical and thermal behavior associated with the martensite phase transformation. A widely known NiTi alloy is (55-Nitinol) (55 wt% atomic Ni)

Some possible applications of shape memory effects alloys are orthodontic dental archwires, intracranial aneurysm, skull clip, contractible muscles for artificial heart, vascular stent, and catheter wire guide.

In general , The advantage and disadvantage of Ti alloys are :  

Advantages 

•Easily formed. 

•Highly biocompatible. 

•Outstanding corrosion resistance. 

•Better than stainless steel and cobalt-chromium alloys. 

•Forms protective oxide (TiO2) layer. 

•Low elastic modulus. 

Disadvantages 

•Poor wear resistance.

•Should not be used in articulated surfaces such as hip or knee joints unless surface-treated through ion implantation which improves wear resistance.

In General Titanium alloys used in implants present three main problems:

- High cost because the amount of processing energy and melting and casting difficulties.

- Higher elastic modulus compared to bone.

- Although the inert behavior of Ti is a good property, its bone attachment is difficult because it do not react with the human tissues.



The following table represents the comparison of mechanical properties of metallic biomaterials with bone.



Table (4): Comparison of mechanical properties of metallic biomaterial with bone.



		Material

		Young’s

Modulus,

E (GPa)

		Yield

Strength,

σy (MPa)

		Tensile

Strength,

σUTS (MPa)

		Fatigue

Limit,

σend (MPa)



		Stainless steel

		190

		221–1213

		586–1351

		241–820



		Co-Cr alloys

		210–253

		448–1606

		655–1896

		207–950



		Titanium (Ti)

		110

		485

		760

		300



		Ti-6Al-4V

		116

		896–1034

		965–1103

		620



		Cortical bone

		15–30

		30–70

		70–150

		









                                        Ti alloys (Bio metals) application :





· DENTAL METALS

	Metals are used in dentistry for direct fillings in teeth (dental amalgams), fabricating crowns and bridges (noble metal and base metal alloys), partial denture frameworks (base metal alloys), orthodontic wires and brackets (stainless steel, Ti alloys and Ni-Ti alloys) and dental implants (CP Ti and Ti6Al4V).

· Amalgam: An alloy obtained by mixing silver tin alloy with mercury.

Dental amalgams are formed by adding Hg to dental amalgam alloys (alloys containing Ag, Cu and Sn plus some other minor elemental additions).

Dental amalgam is an alloy made of liquid mercury and other solid metal particulate alloys made of silver, tin, copper, etc. The solid alloy is mixed with (liquid) mercury in a mechanical vibrating mixer and the resulting material is packed into the prepared cavity. The final composition of dental amalgams typically contains 45% to 55% mercury,  35% to 45% silver, and about 15% tin after fully set in about one day.

[bookmark: _GoBack]Gold and gold alloys are useful metals in dentistry as a result of their durability, stability and corrosion resistance. Gold filling are introduced by two methods: casting and malleting.

Gold alloys are used for cast restorations, since they have mechanical properties superior to those of pure gold.



OTHER METALS

Several other metals have been used for a variety of specialized implant applications. Tantalum has been subjected to animal implant studies and has been shown very biocompatible. Due to its poor mechanical properties and its high density (16.6 g/crn3) it is restricted to few applications such as wire sutures used for plastic surgeons and neurosurgeons and a radioisotope for bladder tumors.

NiCu and CoPd alloys are of interest in cancer treatment since their magnetic properties enable them to be heated by a oscillating magnetic field.

Surface modification of metal alloys such as coatings by plasma spray, physical and chemical vapor deposition and ion implantation have been used in the industry.

Coating implants with tissue compatible materials such as hydroxyapatite, oxide ceramics and bioglass are typically application in implants.

Platinum and other noble metals in the platinum group are extremely corrosion resistance but poor mechanical properties. They are mainly used as alloys for electrodes such as pacemaker tips because of their high resistance to corrosion. 











Bio metals applications 



Table (3): Implants division and type of metals used

		Division

		Example of implants

		Type of metal



		Cardiovascular

		Stent  

Artificial valve

		316L SS; CoCrMo; Ti

Ti6Al4V



		Orthopedics

		Bone fixation (plate, screw, pin)

Artificial joints

		316L SS; Ti; Ti6Al4V

CoCrMo; Ti6Al4V; Ti6Al7Nb



		Dentistry

		Orthodontic wire

Filling

		316L SS; CoCrMo; TiNi; TiMo

AgSn(Cu) amalgam, Au



		Craniofacial

		Plate and screw

		316L SS; CoCrMo; Ti; Ti6Al4V



		Otorhinology

		Artificial eardrum

		316L SS







Corrosion of Metallic Implants

	Corrosion is unwanted chemical reaction of a metal with its environment, resulting in its continues degradation to oxides, hydroxides or other compounds. Tissue fluid in the human body contains water, dissolved oxygen, proteins, and various ions such as chloride and hydroxide. As a result, the human body presents a very aggressive environment for metals used for implantation. Corrosion resistance of metallic implant materials is consequently an important aspect of its biocompatibility.



Failure of metals for biomedical devices

1-  Corrosion

Metal implant is prone to corrosion during its services due to corrosive medium of implantation site. Types of corrosion that frequently found in implant applications are fretting, pitting and fatigue. Fretting corrosion most frequently happens in hip joint prostheses due to small movement in corrosive aqueous medium. And in most cases subjected to cyclic loading.





2- Fatigue and fracture

During its service most of metallic implants are subjected to cyclic loading inside the human body which leads to the possibility for fatigue fracture. Factors determine the fatigue behavior of implant materials include microstructure of the implant materials. It was reported that Ti6Al4V with equiaxed structure has a better fatigue strength properties.



3- Wear

Together with corrosion process, wear is among the surface degradation that limits the use of metallic implant such as Ti alloy. Removal of dense oxide film which naturally formed on the surface of this metallic implant in turn caused wear process. In fact, the major factor that causing premature failure of hip prostheses is due to the wear process with multiple variables interact and thus increase the resultant wear rates.

Recent developments in metals for biomedical devices

Along with the advances in biomedical technology and tissue engineering, biomaterials are desired to exhibit low elastic modulus, shape memory effect or superelasticity, wear resistance, and workability. In addition, they are required to eliminate all possibility of toxic effects from leaching, wear and corrosion. One of the concerns is avoiding the use of Ni in fabricating metal alloys. This demand leads to the development of new generation of metallic biomaterials and their novel processing.

Type Ti alloy exhibits a lower elastic modulus than type and Ti type which makes it considered to be the first candidate for low elastic modulus metallic biomaterials. In Ti-Nb systems such as Ti29Nb13Ta4.6Zr and Ti35Nb4Sn, the elastic moduli can be reduced to 50-60 GPa which are closer to that of cortical bone (10-30 GPa).

Besides, the development in alloy’s composition and microstructure, the processing technology for metallic biomaterials is also progressed. Porous structure further reduces elastic modulus to get closer to that of cortical bone. This structure can be obtained through powder sintering.
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