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Abstract- Nano metals are at the primary edge of the rapidly 

making field of nanobiotechnology. There one of kind size – 

subordinate properties makes these materials predominant 

and key in various reasons of human development. Tempered 

steel materials are broadly utilized for crack fixation gadgets 

like bone plates and screws, spinal bars, or as intravascular 

and urethral stents. Austenitic tempered steel has been 

generally utilized as osteosynthetic inserts as a result of great 

mechanical properties, erosion obstruction and money saving 

advantage. Zirconia is utilized in dental embed. It is 

reasonable embed material due to its tooth like shading, its 

mechanical properties and its biocompatibility. Magnesium is 

profoundly consumption safe biodegradable materials. It is 

generally utilized in orthopaedicdevices. Co-Cr-Mo 

compounds are utilized for prosthesis stems, load bearing 

parts in all out joint substitution. Strontium is known as bone 

searcher, can be promptly joined into the bone gems, in fact 

98% of the all-out body Sr substance can be found in the 

skeleton. Zinc restrains osteoclast separation and advances 

osteoblast movement and hence advances bone development. 

Copper is made in volcanic territories, high in convergences of 

hot sulphuric arrangement. It doesn't emit fumes, melt, or 

burn. In addition, it has antibacterial properties that help to 

avoid microorganism. Copper mixes have been broadly 

utilized as algaecide, fungicide, molluscide and acaricide 

operators in farming. This survey endeavours to consolidate 

applications with your focal points of nano metals for bone 

tissue designing. 

 

Key words: nanobiotechnology, osteosynthetic, biocompatibility, 

osteoclast, osteoblast, orthopedic. 

 

I. INTRODUCTION 
Nanotechnology is portrayed as the imaginative work of 

materials, devices and systems showing physical, 

compound and characteristic properties that are not exactly 

equivalent to those found on a greater scale (matter more 

diminutive than size of things like particles and diseases). 
Nanotechnology includes the utilization of materials, for 

example, filaments, grains and particles that have 

measurements of under 100nm.Use of metal and metallic 

nano particles in the bone implants as bone tissue 

engineering is matter of concern because of associated life 

risk.  

In this review the properties of metals used in bone tissue 

engineering will be discussed with their advantages and 

disadvantages. 

Various metals along with their properties and applications 

are metals listed briefly in the table 1. 
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List of the metal used in bone tissue engineering: 

 

Name of the metal   Application properties Reference 

Magnesium and its alloy Orthopedic implants 
fully bioresorbableand mechanical properties 
aligned to human cortical bone 

Wang et al.,2009 

Titanium Hip,Knee and dental implants 

Good compatibility and high mechanical 

strength, capable of osteointegration with 

bone. 

Pattanayaket 

al.,2010 

Diaz et al.,2009 

Davies  et al., 

2007 

Stainless steel 
Orthopedic ,dental and 

maxillofacial implants 
Due to biocompatibility Haoet al.,2009 

Cr-Co-Mo alloys 

Hip,Knee and dental implants 

High wear resistance 

Diaz et al.,2009 

Metal hip joint arthoplasty 

Cobb and 

Schmalzreid 
2006 

Selenium 

Orthopedic implant material 

in treating the cancer 

associated with bone 

anticancer properties 
Perla and 

Webster2005 

Silver  Antimicrobial agent 
Broad spectrum antimicrobial activities 

against bacteria, fungi and yeast. 
Loket al.,2006 

Zinc Antimicrobial agent 

Antibacterial by nature and also Inhibits 

osteoclast differentiation and promotes 

osteoblast activity and bone formation 

Wang et al.,2010 

Renet al.,2009 

Copper Antimicrobial agent Inhibits bacterial growth  Renet al.,2009 

Zirconia Dental implant 
Due to tooth like colour, ,mechanical 

properties and its biocompatibility 

Depprichet 

al.,2008 

Nitrogen containing 

nickel  free austenitic 

stainless steel 

Orthopaedic implants 
high mechanical strength and resistance 

against corrosion 
Sumitha 2004 

Cerium coated Mg 

implants 
orthopaedic implants Internal fixation in bone fracture healing Ng et al.,2010 

 

Table1. List of the metal used in bone tissue engineering 

 

Stainless steel:Stainless steel materials arewidely used for 

fracture fixation devices like bone platesand screws, spinal 

rods, or as intravascular and ureteralstents. Stainless steel 

possesses high resistance against corrosion due to the Cr 

presence. Austenitic stainless steel is widely used for 

implant manufacturing(Navarraoet al., 2008).Austenitic 
stainless steel has been widely used as 

osteosyntheticimplants because ofexcellent mechanical 

properties,corrosion resistance and cost benefit.Therefore 

the high chloride concentration plus the regular temperature 

of the human body might create localized corrosions like 

pitting, crevice corrosion and fretting fatigue(Yangetal., 

2007). Stainless steel is widely used in tramatological 

temporary devices such as fracture plates, screws and hip 

nails among others owing to their relatively low cost 
availability and easy processing (Navarraoet 

al.,2008).Study indicate  that the surface of stainless steel 

implants was modified by a coating of tantalum (oxide)by 
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covalent coupling of fibrillar type.  Collagen to improve 

biocompatibility by using a saline coupling agent and linker 

molecule (Mulleret al.,2005).Study says that some 

modifications in austenitic steels plates for implants may be 
implemented to improve their fatigue resistance, some 

suggestions are listed below-.surface finish of the implants 

must be improved .Electro-polishing may be used to reduce 

the  rigidity  near  the holes of the compression plates and 

Surface nitriding can be used to improve fatigue life and 

wear resistance (Tavares et al.,2010). 

 

Zirconia- Zirconia is used in dental implant. It is suitable 

implant material because of its tooth like colour, its 

mechanical properties and its biocompatibility (Depprich et 

al.,2008).It has been extensively used as ball heads in total 
hip replacements with remarkable clinical outcomes (Piconi 

et al.,2003). Biological behaviour research has been 

demonstrated that Zirconium is favourable non-toxic metal 

with good biocompatibility(Steinmannet al., 1980).It has 

been reported that Zirconium has strong glass forming 

ability and bulk amorphous Zr based alloy exhibit high 

mechanical strength, high fracture toughness and good 

corrosion resistance(Inoue et al., 2000).A study showed 

ultra violet light treatment of Zirconia enhances its 

bioactivity on osteoblasts in terms of their attachment, 

proliferation and eventually mineralization.Zirconia is the 
most widely used materials after titanium especially in 

dentistry (Chevallier et al., 2006).As the conventional 

fabrication of Zirconia rods usually results in relatively 

smooth surfaces only few studies have investigated rough 

surface modifications of Zirconiaimplants. This is critical 

aspect, since it has been already demonstrated that surface 

roughness and topography also influence osteointegration 

of Zirconia implants (Sennerby et al 2005,Bachle M.et al 

2007, Gahlertet al. 2007). Therefore, the addition of 

relatively small amount of straight and variable diameter 

Zirconiafibres was able to substantially improve the fatigue 

resistance of acrylic bone cement while exhibiting similar 
handling characteristics compared to current commercial 

products(Kane et al., 2010). 

Titanium-Titanium metal and its alloy are widely used for 

various implants in the orthopaedic and dental fields 

because of their good compatibility and high mechanical 

strength (Ryan et al 2006).Study has shown UV photo- 

functionalization of titanium to be effective in enhancing 

oestrogenic environment around this functional surface for 

the use fend osseous implants  (Miyanchi et al.,2010). 

Titanium alloysposses a combination of mechanical 

properties that make them suitable for use in biomedical 
engineering including high specific strength, a modules 

lower than steel or cobalt alloy and corrosion resistance 

(Domachie et al., 2000,Geetha et al., 2009).Titanium is very 

stable in body fluid environment. Titanium alloys have 

attention because they are Ni free, have shape memory  and 

are super elastic (Fukui et al. 2004,Miyazaki et al 2006,Thi-

Hoaet al 2007).Titanium mainly used for implant devices 

replacing failed hard tissue, For ex. Artificial hip joints, 

artificial knee joints ,bone plates ,dental implants. Titanium 

and its alloys are also used for dental products such as 

crowns, bridges and dentures which are mainly produced by 
precision casting method (Niinomiet al.,2002).Titanium 

derives its resistance to corrosion by the formation of a thin 

and strong adherent oxide layer which passivates the 

material in vivo(Parket al 1995).The favourable property of 

titanium based implants is their good 

osteointegration(Davics et al.,1990). 

 

Magnesium-Magnesium and its alloys are used in 

orthopaedic implantations due to their degradability and 

resemblance to human cortical bone(Wang et al.,2009). 

Magnesium is highly corrosion resistant biodegradable 
materials (Witteet a., 2010).Magnesium alloys have 

attracted increasing interest due to their potential as implant 

material. Magnesium and its alloys are degradable during 

their time of service in the human body. The major 

obstacles of applying magnesium  alloys in clinical use are 

its rapid degradation rate and the release of hydrogen gas 

upon degradation (Grayand Luan2002,Yamamoto et al., 

2005).Biodegradable magnesium  and its alloys are 

advantageous over existing biodegradable materials such as 

polymers ,ceramics and bioactive glass in load bearing 

applications where sufficient strength and young’s modulus 
close to that of the bone are required(Winteret al., 

2002).Alloying is ageneralapproach to improving the 

corrosion resistance of magnesium as well as its mechanical 

properties (Staigeret al.,2006,winter etal 2002,Sang et 

al.,2007).Aluminium-coating mg alloys for ex. are not 

preferred materials choice for biological applications 

because accumulation of aluminium is associated with 

neurological disorders.Magnesium –based implants have 

the potential to serve as biocompatible, 

osteoconductive,degradable implants for load bearing 

applications(Staiger et al., 2006). The corrosion ratio of the 

metal is so high that its degradation occurs before the end of 
healing process. Corrosion of Mg and its alloy is localized 

and is strongly influenced by concentration of the ions and 

protein present inorganic fluid. Different electrochemical 

technique shows that chloride ions favours the metal 

dissolution and phosphate hinds the corrosion 

attack.Proteins like albumin also inhibit this process(Muller 

et al., 2007). 

 

Co - Cr alloys- Co-Cr based alloys exhibit an excellent 

corrosion resistance, even in chloride environments, that 

they combine with a good wear resistance. They have good 
mechanical strength (Huiskes et al., 1992, Bauer and 

Scilliesetal., 1999).It is widely used in orthopaedic devices. 

Co-Cr-Mo alloys is used for prosthesis stems, load bearing 

components in total joint replacement (Mckee and Watson 

et al.,1966, walker and gold et al., 1971).The study shows 

that co++ (0-10 ppm) and Cr++(0-150ppm) ions induce 

cytotoxicity and oxidative stress in MG-63 human 
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osteoblast-like cells(C.Flurry et al., 2006).Good mechanical 

and physic-chemical properties, and particularly the high 

corrosion resistance of Co-Cr alloys, also make them very 

suitable for surgical devices and implants (Ren et 
al.,2006).Co-Cr alloys is used in total hip 

arthoplastyarmamentarium. Several studies shows the 

presence of Co and Cr ions in blood,urine and organs of 

patients after total hip arthoplasty using Co-Cr alloy based 

implants(Jacobset al.,1998).Study suggest that CoCl2 

pretreated BMNCS enhance the vascularisation in both 

ectopic and orthotropicosteogenesis in an artificial 

periostem model (Fanet al.,2010).Most of the studies 

demonstrated the beneficial role of ion implantation and 

ceramic coating in reducing abrasion of the metallic surface 

and wear ofUHMWPE(ultra high-molecular –weight 
polyethylene component.Ionimplantation, forinstance is 

currently applied on titanium and Co-Cr hip and knee 

implants (F.alonso et al., 1996). 

 

Strontium-Strontium is known as bone seeker ,can be 

readily incorporated into the bone crystals,infact 98% of the 

total body Sr content can be found in the skeleton.Sr (as 

Stronciumranelate) is a new treatment for osteoporosis has 

both antiresorptive and anabolic effect (Fogelman et 

al.,2005). Kedler demonstrated that the addition of Sr to the 

culture medium of the osteoblast –like cells resulted 
increased in collagen and non-collagenous protein 

synthesis, and enhancement in pre osteoplast differentiation 

(Kendler et al.,2006)and in inhibition in osteoclast 

differentiation and function(Meunier et al 2004). 

 

Zinc- Zinc, a component of many enzymes, is an essential 

trace element for tissue regeneration (Prasad et al., 

1995).Zinc cation++ has been found to be very 

osteoconductive and to stimulate osteogenesis(Ishikawaet 

al., 2002).Zinc is required for protein 

synthesis,DNAsynthesis, mitosis and cell proliferation 

(Yamaguchiet al.,1988).Polapre Zinc, a novel anticancer 
drug containing zinc enhanced the proliferation of 

fibroblasts (Seto et al.,1999).Zinc inhibits osteoclast 

differentiation and promotes osteoblast activity and thus 

promotes bone formation (Yamaguchiet al.,1988, 

Moongaand Dempster2010). Study says that the zinc 

containing apatite layer causes a significant increase in 

differentiation in vitro and this was potentially promising 

biomaterial to promote tissue regeneration for reducing pin 

tract infection rate in vivo upon being coated on Ti external 

fixation pins(Wang et al., 2010).Zinc, an important trace 

element found in bone, is known to increase bio 
mineralization both in vitro and in vivo.Treatments of cells 

or tissues with zinc ions can affect proteins and enzymes 

associated with matrix vesicles mediated bio 

mineralization.Zinc is involved in regulating the production 

of collagen ECM and the expression of collagen ECM 

[extracellular matrix] and the expression of sodium 

dependent vitamin c transporter 2 [SVCT2] which has been 

shown to promote osteoblast differentiation and bio 

mineralization.In vitro study indicates ZnOa coated Ti 

meshes are osteoconductive materials stimulate for bone –

related  tissue engineering applications(Storrie et 
al.,2005).One of the virtual role of zinc is the promotion of 

skeleton growth and bone formation and conversaly,zinc 

deficiency retards skeletal growth.Numerous in vivo studies 

have documentated zinc-stimulated bone formation, as 

evidenced by the increased femur bone mass and 

strength,growth plate activity (90and 

chondryocyteproliferation,mostly through insulin-like 

growth factor-1 activity.In human studies, low zinc intake 

and low plasma zinc levels can be a potential risk factor for 

osteopenia and osteoporosis not only in past menopausal 

women but also in men.Zinc also protects against 
inflammatory responses by suppressing inter leukin-6 (IL-

6) synthesis via the inhibition of phospholipase C and 

phospholipase D in osteoblasts. Recently Zinc was 

incorporated into the Ca-Si system, forming a material 

referred to as hardystonite(Ca2Zn-Si2o2),whichposses 

improved mechanical properties (increased bending 

strength and fracture toughness compared to Hap. The study 

suggests that Ca2Zn-Si2O7 ceramic is conducive to the 

activity of both osteoblasts and osteoclasts,in turn 

suggesting its ability to induce proper bone remodelling, 

renewing it a candidate material for bone tissue 
regeneration and coating onto currently available 

orthopaedic and dental implants (Ramaswamy et 

al.,2008).Study showed that it is possible to manufacture 3-

D amorphous porous zinc coating bioactive glass scaffolds 

and that zinc has a clear inhibitory effect on the degradation 

properties of the implants. Zinc is known to play an 

important role in bone metabolism, its stimulatory effect on 

bone formation and its ability to promote the expression and 

maintenance of osteoblastic phenotypes has been shown in 

vitro. Depletion or supplementation of dietary zinc has been 

shown to be responsible for variations in body weight, bone 

length and bone biochemical properties in growing rats. The 
positive effectof zinc on metabolism has been associated 

with growth hormone or insulin like growth factor-1(IGF-

1). Wang et al have been shown that the effect of zinc on 

the osteogenic and adipogenic differentiation of mouse 

primary bone marrow stromal cells and on the 

adipogenictrans differentiation of mouse primary 

osteoblasts depends on ion concentration and incubation 

time, with zinc even having an inhibitory effect.More 

recently zinc transporter studies in vitro and in vivo 

demonstrated a critical cellular role of zinc for bone 

formation over expression of zinc transporter ZIP1 in 
pluripotent human mesenchymal stem cells, 

asosteoproginatorcells, induced an oestrogenic phenotype 

by increasing the expression of oestrogenic phenotype by 

increasing the expression of osteoblast differentiation genes 

such as osteoporatin,runt related transcription factor (RunX 

2) and bone sialoprotien.The bone specific transcription 

factor RunX 2 has a major impact on osteogenesis by 
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stimulating osteoblast differentiation gene 

transcription.Study suggests that zinc can be candidate for 

RunX 2 stimulation and therefore can directly stimulate 

bone formation through increasing RunX 2 targeted 
osteoblast differentiation gene transcription. 

 

Copper- Cuhas antibacterial capabilities (Grasset al., 

2011).For Cu ions, the mechanism may involve oxidative 

stress. The redox cycling of Cu ions results in depletion of 

glutathione and affects the thesulphydryl groups of protein 

causing DNA damage and lipid oxidation(Gajjar et al., 

2009). Copper ions were incorporated in HAP it showed 

antimicrobial activity effect (Hu et al., 2007).Living 

organism requires copper at lower concentration as co 

factors for metalloproteins and enzymes, however at high 
concentration,Cu(II) induces an inhibition of growth in 

bacteria(Sani et al.,2001),and has a toxic effect on most 

microorganism. This effect may involve substitution of 

essential ions and blocking of functional groups of proteins, 

inactivation of enzymes, production of hyper oxide free 

radicals by membrane bound copper and alterations of 

membrane integrity(Faundez et al., 2004).Copper is created 

in volcanic areas, high in concentrations of hot sulphuric 

solution. It does not give offfumes,melt,orburn.Inaddition, it 

has antibacterial properties that help to ward off 

microorganism. Copper compounds have been widely used 
as algaecide, fungicide,molluscide and acaricide agents in 

agriculture (Borkow and Gabbay).Copper plated surfaces 

have been shown to have a significant antibacterial activity 

against a wide range of microorganisms, including 

Salmonella enteric and Campylobacter jejuni (Ibrahim et 

al.,2008).Copper ,as a native copper, is one of the few 

metals to occur naturally as un-compound mineral. Copper 

ions are soluble in water, where they functional low 

concentration as bacteriostatic substances, Fungicides, and 

wood preservatives.For this reason, copper metal can be 

used as an anti-germ surface that can  addto the 

antibacterial and antimicrobial features of building. Copper 
ions can penetrate the cell walls of microbes and can disrupt 

reproduction and other cell function. Copper oxide 

nanoparticles incorporated into polymers suggest release of 

ions may be required for optimum killing (Ren et al., 2009). 

 

II. CONCLUSION 

In this review we focused on the properties of metals with 

their advantages and disadvantages. These metals are used 

as bone implants. On the basis of previous study it has been 

concluded that silver, copper, zinc and their alloy act as 

antibacterial agent for bone implants. Stainless steel, 
selenium, titanium are widely used in bone tissue 

engineering because of high wear resistance, anticancer 

properties, good compatibility and high mechanical strength 

etc. 

 

III. DECLARATION 

In this review paper we compared the metals used for bone 

implants. There was no animal used for studies. It is based 

on previous research papers by different authors. 
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