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 Abstract 

               This review was focusing on different types 

of metallic materials that are used as an implant due 

to their chemical, thermal, electrical, and mechanical 

properties. Therefore, to design and manufacture new 

as well a cost-effective metal-alloy having higher bio-

compatibility that can be used as implant specific 

properties should be considered before their 

manufacturing. Also, using common alloys for 

creating a strategy to minimize the use of some rare 

metals is considered as one of the challenges in using 

metals as an implant. In order to ensure long human 

life, especially when using implants on young 

patients, the need for developing a novel method and 

strategy of using a metallic alloy in the bio-medical 

field is aimed at giving structural metallic materials 

having suitable mechanical, chemical and biomedical 

biocompatibility.  Therefore, metallic alloys that can 

be used in the future and for the next generation 

should have less toxic effects. Elements that can 

cause severe and adverse health menace, such as 

tumor-causing agents, neurological disorder, and 

coronary disorder agents, should be avoided. 

Therefore, these metals and their alloys should have 

low cost having lower melting points such as Mg, Fe, 

Ti, Mn, and their alloys. Finally, the need for 

designing chemically, biologically, mechanically, and 

electrically biocompatible metal alloys are 

significantly recommended, especially those having 

longer-term implantation. 
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I. INTRODUCTION 

Technological advancements resulted in the 

practical usage of metallic materials in medical 

aspects in the replacement of joints and bones. It is 

also used in devices to fixed broken bones and for 

teeth implantation. For a relatively long time, it is 

known by man that metals possess significantly high 

strength, toughness as well as elongation, especially 

when compared with polymeric and ceramic 

biomaterials. One of the vital and significant 

advantages of metal and metallic materials is their 

ease in manipulating manufacturing and processing 

by applying highly modified technological methods 

such as casting, extrusion, rolling, and forging. 

Implantation is a significant area in medical 

fields, especially in the area of traumatology and 

orthopedics. And the most common materials used 

are stainless steel, Ti-based alloys, and Co-based 

alloys. Stainless steels are used in implantation for 

tubular stents to restore destroyed and affected blood 

cells. Furthermore, some noble metals and their 

alloys, i.e., Au, pd, Nitinol, and stainless steel, are 

applicable in dental treatments. These metals are used 

for a more extended period due to their resistive 

nature to corrosion and their inertness in the body 

fluids, and these made them very useful to use in the 

medical field.   

Apart from the corrosive resistance nature of 

these kinds of metals and their alloys [1], It has also 

been reported that in engineering, the 

biodegradability of metallic materials is very useful 

and has also attracted the attention of the medical 

practitioners many years ago. Among the criteria to 

be fulfilled by these metals and their alloys for them 

to be efficiently used in medical fields is that they 

should be degradable in the body and be able to 

produce non-cancer producing agents, non-toxic and 

non-allergic chemical materials as metabolites which 

can be easily, readily and successfully excreted out of 

the body. Metallic alloys with biodegradable 

properties have some suitable properties for 

implantation, having temporary advantages such as 

fixing fractured bones, stents, nails, and plates. 

Generally, if this kind of noble alloys is to be used for 

medical reasons, another secondary surgery is most 

needed and necessary to get rid of them after the 

patient has recovered and healed. Though these 

materials should decompose and degrade naturally 

after treatment, and no secondary surgery should be 

applied to get rid of the materials from the body. 

Which later can be very expensive in terms of cost as 

well as makes the treatment inconvenience to the 

patients due to multiple steps and tendencies of 

causing other problems. 

Because of these reasons, this area needs to 

be devoted, and extensive research should be done to 

elucidate the mechanism responsible for the 

biodegradable properties of metals and their alloys; 

also, their strength, corrosive resistance, and hardness 

should be checked and examined because these 

metals are more biocompatible than polymers and 

ceramics. And it has been reported that the most 

suitable analytes for producing implants with 

biodegradable nature are zinc, titanium, magnesium, 

iron, and their alloys [2], [3].  

http://ijresonline.com/archives/ijres-v6i4p102
http://www.internationaljournalssrg.org/
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II. APPLICATIONS OF METAL MATERIALS 

FOR MEDICAL IMPLANTS 

A. Magnesium, zinc, and iron alloys for medical 

applications in biodegradable implants 

a) Biocompatibility 

Magnesium is one of the significant 

elements which aids and assist for the right and 

proper functioning of the body. It strongly assists 

numerous enzymatic processes in the human body, in 

the circulatory system, digestive and neurological 

functions. It equally promotes and assists the proper 

growth of the bone. It has also been reported that the 

body of an adult human being possesses almost thirty 

grams of magnesium, which are found mainly in the 

bones and the human muscles. It has also been 

recommended that the daily magnesium amount 

should be 400 mg. The deficiency of this macro 

element can lead to vascular and heart diseases. This 

is one reason why this element should be included in 

such various food and other medical supplements. 

Though, the over-dose of the element is very rare 

because the body has some mechanisms and the 

ability to regulate its amount in the human body.  

It has also been reported that numerous bio-

compatibility test was conducted using Mg and Mg-

alloys. And most of the results, both from in vivo 

experiments using laboratory animals and vitro 

analysis, shows that bio-compatibility of this element 

is in perfect agreement with the positive results based 

on the WHO recommendation. Mg-alloy is the only 

alloy which represents materials that have been used 

in pre-clinical analysis using human patients. 

Zinc, also like magnesium, is a vital macro 

element for the right and proper functioning of the 

body. At its trace level, it can protect the immune 

system of the body and in the manufacturing of 

enzymes. It is also regarded as a non-toxic macro 

element having a daily recommended amount of forty 

milligrams, which is relatively lower than that of 

magnesium. Its over-dosage also was not reported to 

have caused any severe menace. And researches that 

show the bio-compatibility of zinc is very low and is 

limited. The primary and first study was conducted 

recently, whereby Zinc wire has been implanted in a 

laboratory animal. And the result shows no adverse 

effect, especially inflammation of the aorta of the 

animal was not seen, which proved the bio-

compatibility of Zinc element. But more studies 

should be conducted to reprove this fact to validate 

the use of zinc in implantation.   

Iron also was regarded as a non-toxic 

element. Its helps in transferring oxygen in the human 

body to other tissues and part of the bodies.  

It is recommended for the body to have a 

daily in taking off 10 mg of the iron element. Many 

studies reported that this element’s biocompatibility 

based on using chemicals and on laboratory animals 

was found to be very good. However, more 

experiments are also needed, as in zinc [4]–[6]. 

 
Fig. 1. Images of the cross-section area of Fe35Mn 

specimens after 3 months of degradation test: (a) 

BSE image and (b, c, and d) EPMA maps for iron, 

manganese, and oxygen, respectively. The color 

represents the intensity of the mapped elements 

[8]. 

b) Mechanical properties 

The densities and other primary mechanical 

characteristics of these metals and their alloys are 

seen in the table below. The range of their mechanical 

characteristics is seen for every set of metals because 

mechanical characteristics lie mainly on the alloy’s 

chemical constitution and physical states. 

Additionally, the mechanical characteristics of some 

polymers that are biodegradable, noble metal 

materials. One of the most essential and significant 

parameters to be observed is that almost all 3 

elements have high strength than the biodegradable 

polymeric materials. This shows that they should be 

applied to produce implants primarily in fractured 

bones and teeth.  

Table 2.0.1: Comparison of Mechanical Properties of 

Some Biomaterials [6]–

[9]

 

c) Magnesium  

Positive characteristics of magnesium-based alloys 

show lower density as well lower or the least 

modulus of electricity that is nearer to the human 

bone tissues when compared to that of the remaining 

metallic materials. The lower modulus of the 

electricity helps in a good transfer of mechanical load 

among bone load and the implants. And this gave an 

avenue for a proper and well-being process to heal 

the bone. But, if we assume that the modulus was 

high, the mechanical load is more involved by the 
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implant than the bone tissues and subsequently leads 

to slower growth of the new bone tissues. 

 
Figure: 2 Corrosion rates of the investigated alloys 

d) Zinc 

The Zn based alloys also have shown similar strength 

as that of Mg alloy, even though its density and the 

modulus of electricity seems to be relatively larger, 

whereby it can affect the healing process negatively 

because of non-identical transferring of load among 

the new bone and the implant.  

 
Figure 3: Zn-rich region of the Zn-Mg equilibrium 

phase diagram [3] 

E. Iron  

The iron-based alloys have shown the highest 

strength among the other metal-based alloys. And 

because of these characteristics, it’s suitable for 

making implants, especially to higher mechanical 

load such as in fixing bone tissues, plantar, and in 

dental treatment.  

 

 
Figure 4: Cross-sectional profile of polished Fe 

specimens: (a) before and (b and c) after 1 week 

and 3 months of degradation test respectively, and 

(d and e) etched Fe25Mn [8] and Fe35Mn 

specimens after 3 months of degradation test 

respectively (etchant: Nital 2%). 

But its modulus was larger, especially when 

compared with the prominent growing bone, causing 

severe issues during the healing process. 

1) Corrosion properties 

In table 2, the rate by which zinc, iron, and zinc-

based alloys are corroding were summarized in 

human body fluids. Generally, they are all corrosive, 

and it occurs quickly in samples having chlorides. 

Such as in stimulating physiological solutions. These 

chlorides are known to contain some properties that 

can solubilize the surface of these metallic 

biomolecules. 

 
Figure 5: SEM micrographs of surface corrosion 

and model explaining this corrosion behavior. 
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Table 2.0.2: Corrosion rates of three alloys in 

simulated body-fluids [2], [10]–[13] 

 

It has been shown in table 2 that Mg-based alloy 

corrodes quickly, having a high rate than the other 3 

metallic materials.  Zinc and iron alloys show 

significantly lower corrosion rates in comparison with 

magnesium.  

 

Figure 6: Mechanical properties of the Zn–Mg 

alloys versus Mg content (average Values were 

obtained from three measurements) [3]. 

Magnesium: The corrosion process of magnesium 

involves anodic and cathodic reactions:  

Anodic reaction : Mg → Mg2+ + 2e(1) 

Cathodic reaction : 2H2O + 2e- → H2 + 2OH 

For zinc also. 

Zinc: The mechanism of zinc corrosion is the 

following:  

Anodic reaction : Zn → Zn2+ + 2e(3)  

Cathodic reaction : O2 + 2H2O + 4e - → 4OH 

For iron also. 

Iron: The mechanism of iron corrosion resembles that 

of zinc:  

Anodic reaction : Fe → Fe2+ + 2e 

Cathodic reaction : O2 + 2H2O + 4e - → 4OH 

Among the significant issues which are 

associated with iron, alloys are a result of their lower 

corrosive rates that were determined and which was 

conducted using laboratory animals. It is, therefore, 

necessary to speed up the corrosive methods and ways 

of Fe based alloy, which is hugely needed [2], [6]. 

Table 2.3 summarizes the positive and 

negative features of the three groups of biodegradable 

materials. It can be concluded from this table that there 

is no biodegradable material that can be considered as 

entirely optimal. Although the polymeric material 

(PLA) possesses a suitable combination of elasticity, 

corrosion rate in vivo, and biocompatibility, its 

drawback is low strength and other mechanical 

characteristics. Magnesium based alloys have a higher 

strength than polymer but still suffer from too high in 

vivo corrosion rates. The advantages of zinc alloys are 

higher strength than polymers and a lower corrosion 

rate than magnesium. Iron exhibits high strength, low 

corrosion rate, but too high modulus of elasticity. 

Regarding the biocompatibility of Zn and Fe, many 

questions remain unanswered, and much more in vitro 

and in vivo tests are needed to solve them. 

Table 0.3: Advantages and disadvantages of some 

biodegradable materials 

 

 

B. Titanium-alloys for long-term implantation 

The creation of a highly cost-effective Titanium alloy 

having higher bio-compatibility and strength that can 

be used for implantation, with the aid of using 

naturally found alloying materials for the creation of 

new methods to abolish the used of rare metallic 

material is a hot cake and highly challengeable topic. 

But to meet the target of human life as well in the 

implant for kids, the manufacturing and creation of 

new metal alloy for medical uses are essential to 

provide metallic biomaterials having good 

mechanical, medical and chemical biocompatibility. 

Therefore, the discovery of titanium alloys 

having excellent biological, chemical, and 

mechanical biocompatibility with low cost is so much 

needed in the market for commercial purposes and 

medical applications [14]. 

Below is a diagram that summarizes the 

significant reasons that serve as the driving force 

towards the progress and need for metallic materials 

implantation research in the last twenty years ago, 
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which lead to the birth of new and highly developed 

metallic alloys.   

 
Figure 7: Various causes for failure of implants 

that lead to revision surgery, footed with a 

proposed system for better performance 

a) Stiffness of Titanium-based metals as implants 

The stiffness of this metal and its metal-based alloys 

is significantly lower than that of other local metallic-

based implants, for example, stainless steel Co-Mo 

alloys. So, in comparison with these examples, 

Titanium alloys are exquisite materials that can be 

used for quite a long time as an implant due to its 

lower modulus properties, excellent resistance to 

fatigue as well as perfect medical passivity. 

Nevertheless, the most standard alloy of these metal 

that is mostly used as an implant is of a and aþb type 

alloys, which still showed higher elastic modulus 

when compared with the new bone tissue growing 

[21]. 

 
Figure 8: Effect of phase stability and 

thermomechanical treatment on Young’s modulus 

(a), and the ultimate tensile strength (UTS) (b) of 

theTi67Zr20Nb10Ta3, Z00, Ti66Zr20Nb10Ta3O1, 

Z01, and Ti65Zr20Nb10Ta3Fe1O1, Z11, alloys 

after solution treatment (ST) and after 90%CR 

(CR). 

b) Mechanical biocompatibility titanium-based 

alloys used for implant 

When choosing and considering a metallic-

based alloy, we shouldn’t just consider avoiding 

short-term rejections and infections; instead, it should 

also provide longer-term bio-compatibility to avoid 

long term biomaterial issues. Apart from the medical 

compatibility described above, the mechanical 

biocompatibility of titanium-based alloys provides 

used a longer-term implant. Therefore it clearly 

shows that it has higher strength, high wear 

resistance, longer life-time, and low modulus [16]. 

c) Fatigue and wear resistance 

The load usually applied to the bones of an 

implant while moving the body can result in 

alternating plastic deformation of some smaller zones 

of frictional concentrations that can be resulted 

through notches and micro-structural non-

homogeneities [17]. 

Titanium-based alloys have excellent fatigue 

resisting ability and a significant strength as 

compared to other metallic based alloys and that of 

the growing bone tissues. Additionally, excellent 

wear resistance can be achieved by these metallic 

based materials by microstructural control. And 

therefore, it is so suitable to be used as an implant 

[18-20].   

III. CONCLUSION 

It is essential to consider the chemical, 

biochemical, availability, medical and mechanical 

bio-compatibility of any metal or metallic based alloy 

before it is used as an implant. The cost of the metal 

or metallic based alloy also should be considered to 

minimize the use of highly expensive and rare metals 

in the production of implants.  

Finally, an alloy having higher strength, 

excellent workability, and high resistivity to fatigue 

and wear and with lower modulus should be 

considered and chosen as the best candidate in 

producing implants.  
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Figure 3.0 Flow chart showing the summary of the review 
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