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ABSTRACT 
 

Functionally graded materials (FGMs) are the advanced 

materials with varing properties in dimensions. These are 

made of two or more constituent phases with continuous 

and smoothly varying composition in preferred directions. 

The properties of material depend on the spatial position 

in the structure of material. These materials are gaining 

attention for biomedical application as biomaterials owing 

to flexibility  in properties as desired. Living tissues like 

bones and teeth are characterized as functionally graded 

material from nature. To replace these tissues, FGM serve 

an ideal  compatible material. FGM has find wide range of 

application in dental and orthopedic applications for teeth 

and bone replacement. This paper review the biomedical 

applications of FGM as biomaterial for knee implant and 

dental implant. 

Keywords – Biomaterials, FGM, Total Knee Replacement 

(TKR), Dental Implant. 

 

I.INTRODUCTION 
 

In the development of our society, materials have 

played an essential role. The scientific use of 

available base materials into various inorganic and 

organic compounds has made the path for developing 

the advanced materials such as polymers, engineering 

alloys, structural ceramics and composites.  

Functionally graded materials (FGMs) are the 

advanced materials in the family of engineering 

composites made of two or more constituent phases 

with continuous and smoothly varying composition. 

These advanced materials with engineered gradients 

of composition, structure and specific properties in 

the preferred direction are superior to homogeneous 

material composed of similar constituents. The 

mechanical properties such as Young’s modulus of 

elasticity, Poisson’s ratio, shear modulus of elasticity, 

and material density, vary smoothly and continuously 

in preferred directions in FGMs. FGMs have been 

developed by combining the advanced engineering 

materials in the form of particulates, fibers, whiskers, 

or platelets. 

FGMs have great potential in applications where the 

operating conditions are severe, including spacecraft 

heat shields, heat exchanger tubes, biomedical  

 

 

implants, flywheels, and plasma facings for fusion 

reactors, etc. FGMs can also find application in the 

communication and information techniques. Abrasive 

tools for metal and stone cutting are other important 

examples where gradation of surface layer has 

improved performance. Various major fields of 

application of FGM are presented in Figure 1. 

 
Fig.1Fields for the application of FGMs. 

 

The effective material properties like Young‘s 

modulus, Poisson‘s ratio, coefficient of thermal 

expansion, thermal conductivity etc. on the upper and 

lower surfaces are different but are reassigned. These 

are in the preferred direction of the FGM plates vary 

with different functions. These includes power-law 

functions (P-FGM), exponential functions (E-FGM), 

or with sigmoid functions (S-FGM). A mixture of the 

two materials composes the through-the-thickness 

characteristics. 
 

II. BIO APPLICATION OF FGM 
 

Biomaterials should simultaneously satisfy many 

requirements and possess properties such as non-

toxicity, corrosion resistance, thermal conductivity, 

strength, fatigue durability, biocompatibility and 

sometimes aesthetics. A single composition with a 

uniform structure may not satisfy all such 

requirements. Natural biomaterials often possess the 

structure of Functionally Graded Materials (FGMs) 

which enables them to satisfy these requirements. 

FGMs provide the structure with which synthetic 

biomaterials should essentially be formed. 



  
 
 

40 Barkha Gupta 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 3 

March  2017       

Implant may be classified to ―implant’’ as an 

artificial bone for medical use and ‘‘dental implant’’ 

as an artificial tooth for dental use. Implants in 

orthopedics are used mostly as structurally enforced 

artificial bone which is inserted inside the corpus. 

Medical implants lay more weight on strength, 

toughness, torque in mechanical properties and the 

specific problem of tribology and abrasion resistance 

in artificial joint. Dental implant is usually much 

smaller and is used to reconstruct the masticatory 

function when tooth root is completely lost or 

extracted. 

FGM has found wide range of application 

inorthopedicand dental for bone andteeth 

replacement.   
 

III. KNEE IMPLANT 
 

Although the knee joint may look like a simple joint, 

it is one of the most complex synovial joint in the 

body. It is a combination of articulations between the 

femur and patella and between the femoral condyles 

and tibial plateaus. Since in humans the knee 

supports nearly the whole weight of the body, it is the 

joint most vulnerable to both acute injury and the 

development of osteoarthritis. The total knee 

replacement (TKR) is now firmly established as a 

clinically efficacious modality for the relief of 

extreme pain associated with rheumatoid arthritis or 

trauma at the knee joint. A typical replacement joint 

consists of a tibial base plate or tray shown in Figure 

2. 

 
Fig. 2 Knee Implant Components 

 

W. Pompe[1]reported an approach to improve the 

load transfer to the bone as well as the resistance of 

polyethylene inserts against abrasive wear. An 

artificial biomaterial for knee joint replacement has 

been developed by building a graded structure 

consisting of ultra-high molecular weight 

polyethylene (UHMWPE) fibre reinforced high-

density polyethylene combined with a surface of 

UHMWPE. Simon et al. [2]focused their study on the 

influence of the implant material stiffness on stress 

distribution and micromotion at the interface of bone 

defect implants. In conclusion, they foundthat the 

characteristic distributions of the mechanical contact 

variables (normal and tangential stresses, contact 

status, shear movement) were influenced 

significantly by the implant material stiffness. The 

study has shown that, the low-stiffness implant was 

characterized by a more homogeneous stress 

distribution with stress values in a more physiological 

range than the stiff implant. 

McEwen et al. [3] investigated the influence of 

design, materials and kinematics on the in vitro wear 

of total knee replacements. The investigation has 

shown that, prosthesis design, kinematic conditions, 

as well as bearing materials determine wear rates in 

laboratory simulator studies. Hedia et al.[4] has been 

investigated the improvement in the performance of 

the cementless metal-backed acetabular cup, stem 

and dental implant through functionally graded 

material.He concluded that, for the acetabular cup it 

is better to change the elastic modulus in the radial 

direction than changing it in the tangential direction 

because von Mises stress will be increased on a wide 

area in bone at the dome of acetabulum, leading to a 

reduction in the stress shielding effect. Furthermore, 

for dental implant they obtained that, the 

hydroxyapatite/titanium FGM implant reduce the 

stresses concentration in the cortical bone and 

implant compared with conventional titanium and 

stainless steel implants.  Darwish and Al-Samhan [5] 

investigated the effect of Young’s modulus of the 

prosthesis and cement on the stresses developed in 

the constituents and surrounding bones of artificial 

knee. They concluded that, increasing Young’s 

modulus of the prosthesis resulted in weakening of 

the cement layer, while its effect on other 

constituents is negligible. They also added that, 

stiffening the cement material resulted in lowering 

the stress level in the polyethylene. In addition, they 

are recommended to use titanium tibia tray due to its 

lighter weight, because they found that titanium alloy 

and nickel-chrome tibia trays respond similarly. 

Tawakol A. Enab[6] presented Finite element 

analysis to predict knee implant biomechanical 

behavior under various loading conditions. Two-

dimensional finite element models have been 

developed which include the artificial knee and 

portions of the surrounding biological materials to 

investigate the required design as a functionally 

graded material (FGM) tibia tray. The gradation of 

elastic modulus is changed vertically and horizontally 
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in order to find the optimal gradation direction. The 

investigation shown that the use of FGM tibia tray 

gives excellent performance, and increases the life of 

the total knee prosthesis. 

Tawakol and Bondok[7] developed two dimensional 

finite element models to study bone and interface 

stresses for six different tibialprothesises (titanium, 

CoCrMo and four functional graded materials 

‘‘FGM’’ models). The utilization of FGM tibia tray 

with elastic modulus changing gradually in vertical 

direction downwardly showed a favorable stress 

distribution outcome. Furthermore, the results of 

different studies revealed that the increase 

inbiocompatibility of FGM tibia tray will reduce the 

stress shielding in the surrounding bones of the 

artificial knee which will increase the life of the total 

knee prosthesis and improve the TKR designs. 
 

IV. DENTAL IMPLANT 
 

A major part of today’s dental practice deals with 

repairing and/or replacing missing tooth structure(s). 

The material which used to repair or replace the lost 

or missing part of teeth either partially or completely 

is called as dental restorative biomaterial. 

A single composition with a uniform structure cannot 

satisfy all the requirements. To improve the 

acceptance and long term success of dental implants, 

the concept of functionally graded material [FGM] is 

a favorable approach. FGM is a heterogeneous 

composite material including a number of 

constituents that exhibit a compositional gradient 

from one surface of the material to the other 

subsequently, resulting in a material with 

continuously varying properties in the thickness 

direction. Therefore FGM is useful as the 

composition of tissue shows a continuous change 

from one composition to another. For example the 

suitable design of porous bone with a porosity 

gradient from a dense, stiff external structure [the 

cortical bone] to a porous internal one [the cancellous 

bone] and with an adequate degree of 

interconnectivity exhibits that functional gradation is 

applied by biologic adaptation. Therefore, to 

regenerate the natural functionality, a successful 

conception of dental implant should also include 

FGM.  Figure 4 shows a schematic view of an FGM 

dental implant with graded material composition used 

in dentistry.   

 

 
Fig.3  View of an FGM Dental Implant with 

Graded Material Composition in the Maxilla 
 

A variety of biomaterials and bio ceramics were 

investigated for FGM dental implants such as Ti/HA, 

titanium/cobalt (Ti/Co), Ti/ZrO2, titanium/ silica 

(Ti/SiO2),  andTiN/HA.  

Watari et al. [8] investigated Ti/Co FGMs. They 

evaluated the mechanical properties and 

biocompatibility for implants. They reported that in 

the implantation analysis of Ti/Co into the soft tissue, 

a thin fibrous connective tissue was formed in the 

pure Ti region while the thickness of the fibrous 

tissue layer increased with the Co concentration, 

leading to inflammation problems at the Co-rich part. 

Co exhibited several advantages in mechanical 

properties, wear resistance, and good corrosion 

resistance.Guo et al. [9] have used yttria-stabilized 

tetragonal zirconia (Y-TZP) to develop functionally 

graded HA/ZrO2 composites. The authors reported 

that HA/Y-TZP functionally graded composites 

showed considerable improvement in mechanical 

properties, whereas the HA phase in the composite 

layers was stable up to 1200 
0
C and the Y-TZP 

second phase remained the tetragonal zirconia (t-

ZrO2) phase after processing at the highest 

temperature of 1250
0
C. Figure 4 is a back-scattering 

electron (BSE) micrograph of a cross-section of the 

HA/Y-TZP FGM. 

 
Fig. 4 BSE Image of the HA/Y-TZP Functionally 

Graded Composite 

 



  
 
 

42 Barkha Gupta 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 3 

March  2017       

Fujii et al. [10,11] described the successful 

preparation of partially stabilized zirconia (PSZ) and 

pure Ti FGM by the hot pressing of powder. He 

evaluated the mechanical properties such as bending 

strength, Young’s modulus, and Vickers hardness. 

One of the results was that the bending strength and 

Vickers hardness decreased with increasing Ti 

content in the PSZ–Ti because the strength and 

hardness of 100% PSZ are much higher than those of 

pure Ti. The Young’s modulus increases from pure 

PSZ to 20% Ti content and then declined with 

increasing Ti. Also, they found that brittle fracture 

occurred after elastic deformation except for pure Ti. 

Ali Sadollah and ArdeshirBahreininejad[12] studied 

Functionally Graded Material (FGM) dental implant 

design in a power law configuration. This is vital for 

maintaining the overall health of the bone tissues. 

They suggested that, a better performance in bone 

turnover can be achieved by lowering the FGM 

dental implant material gradient. However, this will 

at the same time reduce the stiffness of implantation, 

consequently placing the bone-implant interface at 

higher risk of damage during the early healing stage. 

The problem may be solved by the multi-objective 

optimization method. The design of FGM gradient 

parameter is expected to maximize the densities 

(cortical and cancellous) and minimize the 

displacement and plays a more important role in the 

design methodology. 

Mehdi Mehrali[13] discussed about successful and 

obstacles fabrication of FGM and porous FGM in 

dental implants that will bring state-of-the-art 

technology to the bedside and develop quality of life 

and present standards of care. His work reviewed the 

development of functionally graded dental implants 

and porous functionally graded dental implants are 

feasible for commercial dental implants. Porous 

functionally graded dental implants were reviewed to 

improve mechanical properties, especially Young’s 

modulus. Dr. MuraliRamamoorthi[14]reviewed the 

ideal properties required for a successful dental 

implant material, limitations in present implant 

material and novel approach to manufacture a stress 

shielding free dental implant. Author proposed 

zirconia and PEEK (Poly Ether Ether Ketone) 

composite implant design could aid in improving the 

long term success of dental implants by minimizing 

the stress shielding and close mechanical 

compatibility to adjacent biological tissues. 

The works reviewed here show that the development 

of functionally graded materials provides promising 

results and can be successfully applied to dental 

implants. These implant design improves the long 

term success of dental implants by minimizing the 

stress shielding and close mechanical compatibility to 

adjacent biological tissues  
 

V. CONCLUSION 
 

In bio medical application researchers suggested 

various different constituents for functionally graded 

material which enables the requirement of implant 

properties. The design of FGM gradient parameter 

also depends on the implant application.Thus, recent 

progress in the synthesis, characterization, and 

improvement in mechanical properties of 

Functionally Graded Materials for dental and Knee 

implant applications is reviewed. An effort has been 

made to include all the important contributions in the 

current area of interest available to research in field 

of biomedical. 
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