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ABSTRACT

Nowadays in the field of biotechnology a development in biomaterial is carried out to tailoring the properties of
materials and making hybrid materials to achieve the optimal performance in a product. Modern manufacturing
processes and advanced computational techniques enable systematical fabrication of new biomaterials.
Functionally graded materials are recent group of hybrid materials. These materials have found numerous
applications in biomedical applications field. In particular, for making prostheses in orthopedic. This article
discuses the general issues about the components. The functions, and problems associated with total knee and

hip implants. Then, the recent trend in design of FGMs for these prostheses is reviewed.

I.INTRODUCTION

Biomedical sector deals with development of technologies and production of devices that help ensuring the
quality of human life. Like other products, to some extent, the success of these devices depends on the materials
used for their fabrication. A wide variety of materials including metals and their alloys, ceramics, and polymers

are now used in biomedical applications
Components, functions, and problems

The main orthopedic Implants are Knee and hip prostheses. Today, there exist a wide variety of designs for
these prostheses. Nevertheless, Total Knee Replacements (TKRs) and Total Hip Replacements (THRs) are
mainly composed of multiple components. This includes femoral, tibial, and patellar components for TKRs, and
femoral, acetabular, and liner components for THRs this components are shown in Figure 1. In TKRs, the
femoral component replaces the distal femur. This component has two highly polished condyles and an

intercondylar groove for tibiofemoral and patellofemoral articulations, respectively.
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Figure 7. Components of total joint replacements (a) TKR, and (b) THR.

The tibial component replaces the proximal tibia and consists of a tray and an insert. The prosthetic femur and
tibial tray are fabricated from Co-Cr and Ti alloys[1] and alumina and alumina—zirconia composites are also
used sometimes[2] The insert is placed between the tray and the femoral component and the patellar part
replaces the posterior part of the knee cap. The two components have a low-friction surface to easily coherent
against the femoral component and are normally made up of UHMWPE. In THRs, the femoral component
consists of a stem and a head in which the distal stem is placed into the intramedullary space of the femoral
shaft and the ball on the upper part of the stem replaces the natural femoral head which is highly polished. The
damaged surface of cartilage of the acetabulum is replaced by the acetabular component (socket/cup). The liner
is situated between the ball and the socket to allow a smooth articulation. Usually, femoral stems are made from
stainless steel, Co-Cr alloy, or Ti, for which the ball is sometimes made of ceramic,[3] and the liner is
predominantly made from UHMWPE.[4] Both TKRs and THRs relief the extreme pain experienced by the
patients and restore the functions lost. However, their limited life spans[5,6] One of the main reasons for failure
of TKRs and THRs is failure of bond of their components usually occurred due to several causes including
excessive wear, stress shielding effect etc.[5,8-11] These causes are associated with material characteristics of
the prosthesis, These are critical factors, further to the other extensive constraints on using materials for overall
acceptable function of TKRs and THRs. Consequently, multi-functioning appears to be highly demanded for
prosthetic components of these two joints. An innovative functionally graded acetabular shell design having
open-porous structure on one side can amend the interactions of cells and the material [12]. Moreover, a hard
surface on the other side, where it is contacting the femoral head, can enhance the resistance to wear. Such

design (Figure 2) improves considerably the in vivo behavior of the implant. It does this by eliminating the need
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for the liner, thus allowing for a larger head diameter, leading to higher stability and range of motion in the
implant system.

CoCrMo Femoral Head porous TIGAMYV

CoCrMo Ti6AV Acetabular
Liner shell 1002 CoCrMo to 100% porous Ti6AISV

Figure 2. Innovative functionally graded acetabular shell design.

Advanced manufacturing techniques which are flexible to a broad range of materials can overcome the need for
acceptable functional properties (mechanical, physical, biological, etc.) of the components by fabricating novel
designs using hybrid materials. Figure 3. A schematic representation of a lightweight mono-block functionally
graded femoral hip stem.
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Figure 3. A schematic representation of a lightweight

mono-block functionally graded femoral hip stem.

FGMs for knee prostheses

Many of the researchers focused on the development of FGBMs to decrease the loosening problem and the rate
of revision surgical procedures. One of the studies on development of a FGM for tibial insert was conducted by
Pompe et al.,[13] which workedat reduction of UHMWPE wear debris as a major cause of long-term osteolysis,

and the subsequent loosening. The FGM was UHMWPE-fiber-reinforced high-density polyethylene, combined
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with a surface of UHMWPE. Three components and four-component FGMs were developed and their
performance was evaluated by

computer simulation as well as by wear tests. A three-layer FGM also was developed by Nygren et al.[33] for
cartilage replacement in joints such as knee, elbow, and shoulder in order to offer wear-resistant surface on one
side and bioactive surface on the other side. The potential techniques for manufacturing of FGM were suggested
to be conventional powder metallurgy approach, and vapor deposition technique.

on FGBMs, Enab[14,15] and Enab and Bondok[16] conducted two dimensional (2D) analyses on tibial tray of
the knee prosthesis using FEA. In this analysis different FGMs were proposed to overcome stress shielding
problem. The performance of the suggested FGMs was compared with those of Co- Cr-Mo and Ti alloys. The
proposed FGBMs in Enab60 were composed of titanium and HA due to the reasonable

stiffness and strength of Ti, and the low stiffness and high ability of HA to fully integrate with the living bone.
Four FGBMs were defined in which variation of composition was horizontal and vertical and the aim was set to
gain the best direction for gradient. The investigation showed that the use of FGBM tibia tray downwardly
graded from HA to Ti will give excellent performance. In this series in in Enab,[15] a 2D FGM of Ti-HA-
collagen was also analyzed and the results showed that the 2D FGM imposes minimum shear stresses more
uniformly distributed at all interfaces except for the tibia tray- HMWPE interface. In an another study 2D
FEA,[17] HA-collagen FGMs were examined for reduction of stress shielding effect by predicting the stress
value in cancellous bone. Furthermore, Hedia et al.[18] did an optimization to find the optimum material and
direction for gradation in a cemented tibia tray in order to reduce the stress shielding problem. The results
obtained in their study showed that the optimum vertical FGM was with gradient from Ti at the lower tibia stem
to bioglass at the upper layers of the tibia tray. Meanwhile, the optimum horizontal FGM was with gradient
from Ti at the stem core to bioglass at the rim of the tibia tray. Finite element studies on FGBMs were not
limited to the tibial component of knee prosthesis. Several studies have also been performed on the potential of
metal-ceramic.

The proposed composition in Bahraminasab et al.[19] was Ti—Al,O; in this variation of compositions was from
titanium at bone—implant interface to alumina at articular surface

(implant—insert interface). This composition was chosen due to the low stiffness of Ti and the high wear
resistance of Al,O3;. The objective of the study was concurrent reduction of three causes of aseptic loosening,
that is, stress shielding, micro-motion, and wear. However, it was the earlier design of FGBM for prosthetic
femur which was followed by an optimization study to find the optimal FGBM parameters of volume fraction
and porosity. [20] Furthermore, the combined optimization of femoral component geometry and FGM were also

conducted to achieve the maximum benefit from the new material. [21, 22]

FGMs for hip prostheses
The hybrid biomaterials have been proposed for hip prosthesis before than knee implants. After that the concept

of FGM gradually was introduced for different parts of hip prostheses. Hedia and co-workers [23] proposed a

492 |Page




International Journal of Advance Research in Science and Engineering (4
Volume No.07, Special Issue No.02, April 2018 IJARSE
www.ijarse.com ISSN: 2319-8354

method for optimization of one-dimensional and 2 dimensional FGMs for applying in a non-cemented hip stem
through 2D FEA. The 1D FGM was HA-collagen and the 2D FGM was HA- bioglass—collagen; both showed
better results with respect to stress shielding, and interface shearm stress in comparison to Ti stem. In an another
study, 1D (HA-Ti) and 2D (Ti-bioglass—HA) FGMs were evaluated for use in the backing shell of the cemented
acetabular cup [24] Backing shell is placed between the UHMWPE liner and the cement in cemented prostheses
or between the UHMWPE liner and the bone in non-cemented implants, and is usually made of Ti. In this series,
a 2D FGM formed of HA- bioglass—collagen was also optimized for the backing shell of a non-cemented metal-
backed acetabular cup. [25] Another study used FE model to simulate the whole processing including sintering,
grinding, and assembly for a hip ball head of Al203-ZrO2 FGM. [26] The aim was to obtain the optimal
gradation design and manufacturing parameters with respect to gaining maximum compressive stresses and
minimum tensile stresses, respectively, on the surface and in the core of the component. A non-cemented hip
stem design using 1D and 2D FGMs with the aim to produce higher stress level in the bone and lower shear
stress at the bone— implant interface was also studied by Hedia et al. [27, 28]. One study conducted by Clark et
al.[29] predicted the effects of a cellular graded structure made of Co-Cr on the shear and VVon Mises stresses at
the contact site of femoral head. Comparison of the obtained results with those of a completely solid Co-Cr head
showed the superiority of the suggested cellular graded Co-Cr over the solid one. Oshkour et al.[30] analyzed
Ti—HA, Co-Cr alloy—HA, and Cr-Co alloy-Ti-HA FGMs with different volume fractions graded along the
length of a cemented hip prosthesis femoral component in order to reduce stress shielding effect. In other
investigations, Gong et al.[31] evaluated the effect of using 1D and 2D FGMs in a non-cemented femoral stem
on the bone resorption in proximal femur using 2D FEA. Several optimization studies were carried out to set the
control parameters of volume fraction of different FGMs and the geometrical parameters at optimal values. For
example, optimization technique based on FEA was employed in Hedia et al.[32] to find the optimal femoral
stem material for a hip prosthesis with respect to stress distribution between the proximal medial femoral bone
and the cement mantle interfaces. In their study, the stem was designed to be FGM using stainless steel—

bioglass, stainless steel-collagen, Ti-bioglass, and Ti—collagen

11.CONCLUSION

Hybrid biomaterials implants are designed to replace biological materials that have been damaged or lost their
natural function, understanding of microstructure, composition, and properties of the replacing organ is an
essential step to be taken. This would require more studies in a new research area at the interfaces between the
existing fields of materials engineering, biology, and medical sciences. FGBMs are the most recent hybrid
materials that seem to be advantageous for orthopedic implants. The focus of the literature is either on general
application or merely on the hip ball head and the knee tibial stem. However, the literature lacks sufficient
research on real shape components with compositional variation and smooth transition of porosity. New FGBMs

to achieve more successful implants in future.
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