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Natural Fiber Reinforced Polymer Composite in 
Synthetic Bone Grafting – A New Approach 

 

 
Abstract — Bio material is the term usually applied to living or 
processed tissues or to materials used to reproduce the function 
of living tissue in conjunction with them. Simply it is a material 
intended to interact with the biological system. Although 
autogenous- and allogeneic- bone grafts have been used for a 
long time in bone therapies, there is still a donor shortage and 
infection risk. As an alternative, synthetic biomaterials have been 
developed and clinically used as bone grafts. Disclosed herein are 
an environmentally friendly Biocomposite prepared from a 
mixture, as reinforcement, of fibers extracted from plant herbs 
like banana, roselle and sisal which have a medicinal value. 
Metals and alloys that are successful as bio materials include: 
gold, tantalum, stainless steel, Co-Cr, NiTi (shape memory alloy), 
Ti, Zirconia.  The selection of the material for implants depends 
on the complication of bone defects. Shortcomings of many 
metals include low biocompatibility, corrosion, too high stiffness 
compared to tissues, high density, and release of metal ions which 
may cause allergic tissue reactions. Polymer composites provide 
alternative choice to overcome the shortcomings mentioned 
above. This paper is intended to fabricate Natural fiber 
reinforced composite as a plate material by using the polymer 
bioepoxy resin (epichlorohydrin). The plate material uses 
calcium phosphate, calcium sulphate, hen eggshell powdered 
material and Hydroxy Apatite ceramic composite and collagen as 
its coating.  
 
Keywords— Natural fibers, Calcium phosphate, Calcium 
sulphate, Hen eggshell powered material, Orthopaedic alloys. 
  

I.  INTRODUCTION 

Bone is an amazing and true composite. It is a complex 
and highly specialized form of connective tissue pertaining to 
the formation of the skeleton of the body. Bone not only 
provides mechanical support but also elegantly serves as a 
reservoir for minerals especially calcium and phosphate. With 
reference to the statistical reports, about 6.3 million fractures 
occur every year in United States of America itself, of which 
about 550,000 cases require some kinds of bone grafting. It 
was noticed that the fractures occur at the rate of 2.4 per 100 

population in which men seem to experience more fractures 
(2.8 per 100 population) than women( 2.0 per 100 population). 
A variety of bone grafting methodologies that are prevalent in 
last few decades are: Autografting, Allografting and 
Xenografting. Autografting is a method in which tissue or 
organ is transplanted from one site to another site of the same 
individual. Allografting can be defined as the tissue 
transplantation between individuals of the same species but of 
non-identical genetic composition. Xenografting is the method 
of transplanting tissues from one species to another (e.g., bone 
from animal to human). But the above methods have their 
own disadvantages. As an alternative to the above three 
methods  of bone grafting, synthetic bone grafts are gaining 
much interest for use as bone graft materials because of their 
benefits that include availability, sterility, cost effectiveness 
and reduced morbidity. Synthetic bone grafting is a method 
that uses synthetic substances to repair or regenerate defective 
bone tissue. It is otherwise known as alloplastic bone grafting. 
Accordingly there is a great need for the use of synthetic bone 
grafts. Hence the research exploration in the field of bone 
grafting becomes mandatory. Nowadays, numerous synthetic 
bone graft materials, both single- and multi- phases are 
available which are capable of alleviating some of the 
practical applications associated with autogenous and 
allogeneic bones. As an innovative approach, natural fibers 
that are available in abundant in the earth such as banana, 
roselle and sisal fibers are mixed in definite proportions as 
reinforcement with the polymer epichlorohydrin to prepare a 
synthetic bone graft. This proposed method has its own 
advantages that include cost effectiveness since natural fibers 
are cheap, medicinally valuable and enhanced bio property.  
Additionally, the graft is coated   with predominant minerals 
of bone such as calcium phosphate, calcium sulphate in 
addition with hen eggshell powder and hydroxy apatite. This 
coating enhances the strength of the bone graft and helps in 
the reduction of healing time of bone and also fills the 
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defective gaps with a biocompatible materials which is non 
infectious.   

II. BACKGROUND 

Biomaterials improve the quality of life for an ever 
increasing number of people each year. The range of 
applications is vast and it includes things such as joint and 
limb replacements, artificial arteries and skin, contact lenses, 
and dentures. This increasing demand arises from an aging 
population with higher quality of life expectations. The 
biomaterials community is producing new and improved 
implant materials and techniques to meet this demand, but 
also to aid the treatment of younger patients where the 
necessary properties are even more demanding. A counter 
force to this technological push is the increasing level of 
regulation and the threat of litigation. To meet these 
conflicting needs it is necessary to have reliable methods of 
characterization of the material and material/host tissue 
interactions. The main property required for a biomaterial is 
that it does not illicit an adverse reaction when placed into 
service [3].Machining of Orthopaedic alloy implants, with 
high speed machining, will offers some advantages, but also 
have its own disadvantages. Titanium which was used as bone 
replacements previously, has simple geometric 
approximations of the bone shape. Mismatches can occur 
between real bone and implants which often causes stress 
concentrations and premature implant failure.  The machining 
stocks are uneven and more than the required levels. This 
leads to an increase in weight during the rough casting stage, 
which results in more machining time. These castings are 
manufactured in green sand moulding process which leads to 
poor surface finish, more material in machining surfaces and 
less dimensional stability. 

III. OBJECTIVES OF THE STUDY 

The Main Objectives of the Study is  
 

 An effort to utilize the advantages offered by 
renewable resources for the development of 
Biocomposite materials based on biopolymers and 
natural fibers. 

 Fabrication of  Natural fiber (Sisal ,Banana & 
Roselle (hybrid) composite fiber) reinforced polymer 
[NFRP] composite  plate material by using bio epoxy 
resin, instead of orthopaedic alloys (such as 
Titanium, Cobalt chrome, Stainless steel and  
Zirconia) 

 Bone graft substitutes such as calcium phosphate, 
calcium sulphate, hen egg shell and hydroxyl apatite 
can be coated on NFRP composite (Biocomposite 
plate  material) and this plate material can be used for 

inside fixation on human body over the  fractured 
bone as a means of bone replacement. 

IV. ORTHOPAEDIC APPLICATIONS 

Metallic, ceramic and polymeric biomaterials are used in 
orthopaedic applications. Metallic implants are normally used 
for load bearing members such as pins and plates and femoral 
stems etc. Ceramics such as alumina and Zirconia are used for 
wear applications in joint replacements, while hydroxyapatite 
is used for bone bonding applications to assist implant 
integration. Polymers such as ultra high molecular weight 
polyethylene are used as articulating surfaces against ceramic 
components in joint replacements. Porous alumina has also 
been used as a bone spacer to replace large sections of bone 
which have had to be removed due to disease, [3]. Out of 
these, synthetic polymers play a vital role in fourth generation 
bone grafting techniques with reinforcements that contribute 
as an added advantage. The coatings provided with bio- and 
eco friendly materials contribute to the structural and 
compositional similarity of a natural bone. 

V. MATERIALS AND METHODS 

Biomaterials are materials of natural or manmade origin 
that are used to direct, supplement, or replace the functions of 
living tissues of the human body. Over the centuries, 
advancements in synthetic materials, surgical techniques and 
sterilization methods have permitted the use of biomaterials in 
many ways. Medical practice today utilizes a large number of 
devices and implants. Biomaterials in the form of implants 
(sutures, bone plates, joint replacements, ligaments, vascular 
grafts, heart valves, intraocular lenses, dental implants, etc.) 
and medical devices (pacemakers, biosensors, artificial hearts, 
blood tubes, etc.) are used to replace and/or restore the 
function of traumatized or degenerated tissues or organs, to 
assist in healing, to improve function, to correct abnormalities, 
and thus improve the quality of life of the patients. Over the 
past decades, several biomaterials have been developed and 
successfully used as bone grafts. Bone and joint substitute are 
commonly made of metals, ceramics, polymers and their 
composites. In most of the cases, metals and ceramics are used 
in hard tissue applications, whilst polymers in soft tissue 
applications due to their mechanical properties. Composites 
are widely used in both the applications.  The mechanical 
properties of most commonly used metals, ceramics, and 
polymers are listed in table 1-3 respectively. 

TABLE I 
MECHANICAL PROPERTIES OF METALS 

Biometals Young’s 
Modulus 

(GPa) 

Tensile 
Strength 

(MPa) 

Compressive 
Strength 

(MPa) 

Hardness 
Vickers,kg/mm 
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Ti 110 300-740 550 120-200 

Stainless 
steel 

190 500-950 600 130-180 

Co-Cr 
alloy 

210 665-
1277 

655 300-400 

 

TABLE III 
MECHANICAL PROPERTIES OF CERAMICS 

Biometals Young’s 
Modulus 

(GPa) 

Tensile 
Streng

th 
(MPa) 

Compressive 
Strength 

(MPa) 

Hardness 
Vickers, 
kg/mm 

Alumina 390 0.31 3.9 2000 

Zirconia 205 0.42 3 1150 

HA 80-110 0.05 0.4-0.9 600 

 

TABLE IIII 
MECHANICAL PROPERTIES OF POLYMERS 

Polymers Young’s 
Modulus 

(GPa) 

Tensile 
Strength 

(MPa) 

Poly(L-Lactic acid) 2.7 50 

Poly( caprolactone) 0.4 16 

Poly (ethylene) 0.88 35 

Poly( urethane) 0.02 35 

 
Metals have been used in clinical orthopaedics since the 

early 1900’s. Titanium, stainless steel, Co-Cr alloy which are 
usually used in load bearing sites [3-4] have high modulus of 
elasticity usually 10 times higher than that of natural bone. 
This will leads to complications of mechanical 
incompatibility. Ceramics were introduced to orthopaedics 
during 1960s. They have high compressive strength and 
hardness. They are also biocompatible and tissue responsive. 
They are also called bioceramics. But the bioceramics have 
certain drawbacks that include poor mechanical properties like 
brittleness and low toughness. 

All these above said drawbacks lead to research 
exploration in synthetic bone grafting with the use of 

polymers, now developed as natural fiber reinforced polymer 
[NFRP].  Polymers are widely used in bone grafting owing to 
their biocompatibility, design flexibility, functional groups 
availability, surface modifiability, light weight and ductile 
nature. The substantial interest in polymers for various 
biomedical applications is due to their design flexibility and 
the biodegradation of certain polymers at body pH. Several 
polymers are reinforced and they had wide applications 
clinically. But the proposed project deals with polymers which 
are not much known for their application in orthopaedics. One 
of the important polymers in those criteria is Epoxy resin 
which is basically meant for its adhesion property. The tensile 
and compressive strength of Epoxy resin is relatively high 
when compared to commercially important polymers 
polyester, and vinyl ester [5]. The important properties of 
polymers that facilitate their use in this project are discussed 
herein. 

 
A.  Bone graft Substitutes and their properties 
      The main Bone graft substitutes used in orthopaedic 
applications are Calcium phosphate and Calcium Sulphate. 
 

1) Calcium Phosphate:   The first applications of calcium 
phosphate salts were in the preparation of commercial 
products. The ceramic form first available in 1960s was 
later evaluated as a bone graft substitute. The synthetic 
hydroxyapatite is one of the most commonly used calcium 
phosphate ceramics. Synthetic ceramics provide an 
osteoconductive scaffold to which chemo tactic, 
circulating proteins and cells can migrate and adhere, and 
within which progenitor cells can differentiate into 
functioning osteoblasts. Ceramics do not supply osteogenic 
cells as found in auto graft. They do not have even the 
weak osteoinductive potential found with allograft. 
However, ceramics are readily available and bypass the 
known risks of allograft-induced immunogenic response or 
disease conveyance, as well as surgical complications from 
retrieving bone from an autogenous second site. The 
chemistry, architecture, shape, and positioning of the 
ceramic material influence the speed and extent of 
remodelling. Its bioresorbability depends on the amount of 
surface area exposed, which is governed, in turn, by crystal 
size, the form supplied, and density. A ceramic material 
formed as a dense block exposes only a small surface area, 
thus slowing or confining surfaces accessible for 
resorption.  
    Most calcium phosphates are classified as resorbable 
biomaterials. This means that under physiological 
conditions they will dissolve. The benefit of calcium 
phosphate biomaterials is that the dissolution products can 
be readily assimilated by the human body. Calcium 
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phosphate is mainly used in filling defects (for example, 
areas of bone loss such as in tibial plateau fracture), in 
composite grafts to supplement auto graft, and at sites 
where compression (rather than tension, bending, or 
torsion) is the dominant mode of mechanical loading. 
Variation in the properties of calcium phosphate coatings 
has an effect on the bone-bonding mechanism and the rate 
of bone formation. Both the composition and the 
crystallinity of the calcium phosphate coating are 
important parameters that determine its bioactivity 
characteristics. Hydroxyapatite {ca10 [po4]6[OH]2} has the 
ability to bond to osseous and epithelial tissue. 
Hydroxyapatite, with beneficial bone tissue growth effects, 
is used as a coating material since it does not have 
sufficient strength and toughness to be used by itself as 
biomedical implants. Unlike other calcium phosphates, 
hydroxyapatite does not break down under physiological 
conditions. Under normal physiological conditions of 
pH7.2 hydroxyapatite is the stable calcium phosphate 
compound. This may drop to as low as pH 5.5 in the 
region of tissue damage, although this would eventually 
return to pH7.2 over a period of time. Even under these 
conditions hydroxyapatite is still the stable phase. It 
actively takes part in bone bonding, forming strong 
chemical bonds with surrounding bone. This property has 
been exploited for rapid bone repair after major trauma or 
surgery.  While its mechanical properties have been found 
to be unsuitable for load bearing applications, it is used as 
a coating on materials such as titanium and titanium alloys, 
where it can contribute its 'bioactive' properties, while the 
metallic component bears the load. Such coatings are 
applied by plasma spraying. However, careful control of 
processing parameters is necessary to prevent thermal 
decomposition of hydroxyapatite into other soluble 
calcium phosphates due to the high processing 
temperatures [2, 15]. 

 
     2)  Calcium Sulphate (Plaster of Paris):  Although its 

external use for creation of hard setting bandages dates 
back to the seventeenth century, the first internal use of 
gypsum (plaster of paris) to fill bony defects was reported 
in 1892 by dressmann. The application of plaster of paris 
as bone void filler, and the use of antibiotic-laden plaster 
in the treatment of infected bony defects have been 
supported by various studies. Peltier reported the initial 
results of its use and recommended it as a cheap, 
bioabsorbable bone graft substitute. Calcium sulphate 
(caso4) has long been used in its partially hydrated form. 
When mixed with water, it initiates an exothermic reaction 
that leads to recrystallization of the calcium sulphate into 
the solid form. When it is mixed with the problem with 

this reaction is that the recrystallization proceeds 
randomly, producing crystals of varying size and shape as 
well as multiple defects within the structure. This 
variability in the crystalline structure causes significant 
variability in solubility, mechanical properties, and 
porosity. In addition, it may resorb too rapidly, leading to 
fibrous ingrowths instead of bony substitution. Medical 
grade calcium sulphate is crystallized in highly controlled 
environments producing regularly shaped crystals of 
similar size and shape. It possesses a slower, more 
predictable solubility and resorption. One such material is 
osteoset (wright medical technology, Arlington, Tenn), 
which was approved by the FDA in 1996. The material is 
available in 3- and 4.8-mm pellets that typically dissolve in 
vivo within 30-60 days, depending on the volume and 
location. The pellets are packaged in vials and are 
sterilized by gamma irradiation. It also is available in a 
powdered form, the osteoset resorbable bead kit (Wright 
medical may 2004 applications of engineering mechanics 
in medicine, ged – university of puerto rico, mayaguez 9 
technology, arlington, tenn), standard or fast cure (5 
minutes setting time for fast cure kit compared to 20 
minutes for the standard kit), thus maximizing the surgical 
options for adding antibiotics and filling defects with 
custom molded beads or shapes. The chief advantage is 
that it can be used in the presence of infection. Because it 
is bioabsorbable, it has inherent advantages over other 
antibiotic carriers, such as polymethylmethacrylate, which 
become a nidus for further infection after elusion of the 
antibiotics, thus requiring a separate operation for removal 
from the surgical site. When combined with the eradication 
of dead space and the acidic environment created during its 
resorption, the compound can be an effective treatment for 
acute bony infections with bone loss .the disadvantages of 
calcium sulphates are their weak mechanical strength and 
rapid resorption within 6–12 weeks. For clinical use, 
injectable osteoconductive grafts should ideally be 
biphasic with a compressive strength >25 MPa. Their 
injection time should be between 2 and 6 min, with a 
setting time of less than 10 min [2, 15]. 

    3) Epoxy Resin: Epoxy resin has comparatively high 
mechanical properties than other polymers. The choice of 
any resin system for use in any component depends on a 
number of its characteristics, with the following being the 
most important for most composite structures: 

 Adhesive properties 
 Mechanical properties 
 Micro cracking resistance 
 Fatigue resistance 

Adhesive properties: It must be understood that the 
adhesive properties of a resin system is important in achieving 
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the full mechanical properties of a composite. The adhesion of 
the resin matrix to the fibre reinforcement or to core material 
in a sandwich construction is important. A comparative study 
of polyester, vinyl ester and epoxy resin shows that, polyester 
resins have the lowest adhesive properties of the three 
systems. Vinyl ester shows improved adhesive properties over 
polyester but epoxy systems offer the best performance of all, 
and are therefore frequently found in many high-strength 
adhesives. This is due to their chemical composition and the 
presence of polar hydroxyl and ether groups. As epoxies cure 
with low shrinkage, the various surface contacts setup 
between the liquid resins and the adherents are not disturbed 
during the cure. The strength of the bond between resin and 
fiber is not solely dependent on the adhesive properties of the 
resin system, but is also affected by the surface coatings on 
the reinforcement fibers. 

Mechanical properties: Two important mechanical 
properties of any system are its tensile strength and stiffness. 
A test carried out on commercially available polyester, vinyl 
ester and epoxy resin systems cured at 200C to 800C, shows 
better stiffness and tensile strength after a cure period of seven 
days at room temperature [1]. 

Micro cracking: The strength of laminate is usually in 
thought of how much load it can withstand before it suffers 
complete failure. The ultimate or breaking strength is the point 
at which the resin exhibits catastrophic breakdown and the 
fiber reinforcements break. However, before this ultimate 
strength is achieved, the laminate will reach a stress level 
where the resin will begin to crack away from those fiber 
reinforcements not aligned with the applied load, and these 
cracks will spread through the resin matrix. This is known as 
‘transverse micro cracking’ and, although the laminate has not 
failed completely at this point, the breakdown process has 
commenced. Consequently, engineers who want a long lasting 
structure must ensure that the laminates do not exceed this 
point under regular service loads. The strain that a laminate 
can reach before micro cracking depends strongly on the 
toughness and adhesive properties of the resin system. For 
brittle resin systems, such as most polyesters, this point occurs 
a long way before laminate failure, and so severely strains the 
limit to which such laminates can be subjected. As an 
example, recent test have shown that for a polyester/glass 
woven roving laminate, micro cracking typically occurs at 
about 0.2% strain with ultimate failure not occurring until 
2.0% strain. This equates to a usable strength of only 10% of 
the ultimate strength. As the ultimate strength of a laminate in 
tension is governed by the strength of the fibers, these resin 
micro-cracks do not immediately reduce the ultimate 
properties of the laminate. However, in an environment such 
as water or moist air, the micro-cracked laminate will absorb 
considerably more water than an uncracked laminate. This 

will lead to an increase in weight, moisture attack on the resin 
and fiber sizing agent, loss of stiffness and, with time an 
eventual drop in ultimate properties. Increased resin / fiber 
adhesion is generally derived from both the resin’s chemistry 
and its compatibility with the chemical surface treatments 
applied to the fibers. Here the well-known adhesive properties 
of epoxy help laminates achieve higher micro cracking strains. 

Fatigue resistance: Generally composites show excellent 
fatigue resistance when compared with most metals. However, 
since fatigue failure tends to result from the gradual 
accumulation of small amounts of damage, the fatigue 
behaviour of any composite is influenced by the toughness of 
the resin, its resistance to micro-cracking, and the quantity of 
voids and other defects, which occur during manufacture. As a 
result, Epoxy based laminates tend to show very good fatigue 
resistance when compared with both vinyl ester and polyester, 
this being one of the main reasons for their use in 
orthopaedics.  
 

V. NATURAL FIBERS 

Natural fibers present important advantages such as low 
density, appropriate stiffness and mechanical properties and 
high disposability and renewability. Moreover, they are 
recyclable and biodegradable. Over the last decade, 
composites of polymers reinforced by natural fibers have 
received increased attention. Natural fibers such as sisal, 
flax, jute and wood-fibers possess good reinforcing 
capability when properly compounded with polymers. One 
of the unique aspects of designing parts with fiber reinforced 
composite materials is that the mechanical properties of the 
material can be tailored to fit a certain application. By 
changing the orientation or placement of the fibers the 
material can be designed to exhibit properties that are 
isotropic or highly anisotropic depending on the desired end 
result.  

 Attempts have been made to use natural fiber composites 
in place of glass mostly in non-structural applications. So far a 
good number of automotive components previously made 
with glass fiber composites are now being manufactured using 
environmentally friendly composites. Natural fiber-reinforced 
thermoset and thermoplastic composites have found a wide 
array of applications in the building and construction industry 
in products such as door and window frames, decking 
material, railings forparapet walls and furniture sections, and 
the automobile industry in items such as door panels, seat 
backs, headliners, package trays, dashboards and trunk liners. 
Economics and other related factors in many developing 
countries, where natural fibers are abundant, demand 
scientists and engineers to apply appropriate technology to 
utilize these natural fibers as effectively and economically as 
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possible to produce good quality fiber-reinforced polymer 
composites for housing and other needs. 

 
A. Sisal 

 Sisal is valued for cordage use because of its strength, 
durability, ability to stretch, affinity for certain dyestuffs, and 
resistance to deterioration in saltwater. Sisal is used by 
industry in three grades. The lower grade fiber is processed by 
the paper industry because of its high content of cellulose and 
hemicelluloses. The medium grade fiber is used in the cordage 
industry for making: ropes, baler and binders twine. Ropes 
and twines are widely employed for marine, agricultural, and 
general industrial use. The higher-grade fiber after treatment 
is converted into yarns and used by the carpet industry. 

1) Uses of Sisal:  products made from sisal are being 
developed rapidly, such as furniture and wall tiles made of 
resonated sisal. a recent development expanded the range 
even to car parts for cabin interiors. Other products 
developed from sisal fiber include spa products, cat 
scratching posts, lumbar support belts, rugs, slippers, 
cloths and disc buffers. Sisal wall covering meets the 
abrasion and tearing resistance standards of the American 
society for testing and materials and of the national fire 
protection association. Apart from ropes, twines and 
general cordage sisal is used in low-cost and specialty 
paper, dartboards, buffing cloth, filters, geotextiles, 
mattresses, carpets, handicrafts, wire rope cores and 
macramé. in recent years sisal has been utilized as a 
strengthening agent to replace asbestos and fiberglass as 
well as an environmentally friendly component in the 
automobile industry. products made from sisal fiber are 
purchased throughout the world and for use by the 
military, universities, churches and hospitals. 

B. Roselle 

The Roselle (hibiscus sabdariffa) is a species of hibiscus 
native to the old world tropics. It is an annual or perennial 
herb or woody-based sub shrub, growing to 2–2.5 m tall. The 
leaves are deeply three- to five-lobed, 8–15 cm long, arranged 
alternately on the stems. The flowers are 8–10 cm in diameter, 
white to pale yellow with a dark red spot at the base of each 
petal, and have a stout fleshy calyx at the base, 1.5–2 cm 
wide, enlarging to 3–3.5 cm, fleshy and bright red as the fruit 
matures. It is an annual plant, and takes about six months to 
mature. Roselle is native from India to Malaysia, where it is 
commonly cultivated, and must have been carried at an early 
date to Africa. It has been widely distributed in the tropics and 
subtropics of both hemispheres, and in many areas of the West 
Indies and Central America has become naturalized. 

1) Uses of Roselle:   The seeds are considered excellent 

feed for Hens. The residue after oil extraction is valued as 
cattle feed when available in quantity. Nutritionists have 
found Roselle calyces as sold in Central American markets 
to be high in calcium, niacin, riboflavin and iron. 

 D. Banana Fiber  

  Banana fiber, a ligno-cellulosic fiber, obtained from the 
pseudo-stem of banana plant (musa sepientum), is a bast fiber 
with relatively good mechanical properties. The ‘‘pseudo-
stem’’ is a clustered, cylindrical aggregation of leaf stalk 
bases. Banana fiber at present is a waste product of banana 
cultivation and either not properly utilized or partially done 
so. The extraction of fiber from the pseudostem is not a 
common practice and much of the stem is not used for 
production of fibers. The buyers for banana fibers are erratic 
and there is no systematic way to extract the fibers regularly. 
Useful applications of such fibers would regularize the 
demand which would be reflected in a fall of the prices.  

1) Uses of Banana and Plantain:  Culinary uses: banana 
leaves, pseudostems, fruit stalks and peels can all be used 
for various culinary purposes. Bananas are primarily eaten 
as a fruit, either on its own or as a part of a salad. All parts 
of the banana have medicinal applications as well. 
 Edible leaf: the tender leaf with the stem in an   
 emergency.  

  Stem: the tender core is sometimes eaten or extracted for  
  Starch. 
  Flower: parts of the flower are eaten as an artichoke. 
  Immature fruit: boiled or fried as a starchy staple. Can       
  be extracted as starch or dried as flour. 
  Mature fruit: the soft pulp can be eaten raw or cooked, or  
 can be incorporated into baked products or fermented  
 beverages. 
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TABLE IVII 
CHARACTERISTICS OF NATURAL FIBERS 

 
 

VI. HEN EGGSHELL 

Hen eggshell (es) is an industrial by product containing 
95% calcium carbonate, and its disposal constitutes a serious 
environmental pollution. Different proportions of Hen 
eggshell as bio-filler for polypropylene (pp) composite were 
compared with different particle sizes and proportions of 
commercial talc and calcium carbonate fillers by tensile test. 
The young's modulus (E) was improved with the increment of 
es content, and this Bio-filler was better than all types of 
carbonate fillers with different particle sizes used in this study. 
Although es composites showed lower E values than talc 
composites, talc filler could be replaced by up to 75% with es 
while maintaining a similar stiffness and E compared to the 
talc composites. Scanning electron microscopy showed an 
improved interfacial bonding on the tensile fractured surface. 
The improvement in the mechanical Properties was attributed 
to a better es/matrix interface related to the geometric ratio of 
the es particles similar to talc particles. The default value of 
the E-modulus is 3.10” N/m2. This value corresponds with the 
average value in the simulations done by Bain [3].The Poisson 
ratio is set at 0.3 and the density of the shell material for the 
configuration is 2400 kg/m3. 
 

VII. POSSIBLE FUTURE ACTIONS 

When a bone is severely crushed, surgeons usually cannot 
set it and bone grafts, or amputation – until now – has 
remained a primary option. The same is true for bones 
damaged by disease, such as cancer If, for instance, the 
humerus bone in the arm is injured and damaged CT scan or 
MRI image can be made of the good arm bone, and converted 
to a "growth code" – a 3-D virtual image – of the replacement 
bone segment is needed. Instead of orthopaedics alloys such 
as titanium, cobalt chrome, stainless steel and Zirconia this 

project aims to fabricate natural fiber reinforced composite 
plate material by using bio epoxy resin. This project uses 
FEA/CT/CAD/ RPT related technologies to substitute infected 
bone regions through the use of CT to CAD to STL 
manipulation. This paper focuses on the new fabrication of 
artificial human bone and plate for inside fixation on human 
body for fractured bone in emergent situation using Rapid 
prototyping technologies. The materials used in this project 
are Sisal, Banana & Roselle (hybrid) fiber reinforced 
composite. This plate material will be coated by calcium 
phosphate, calcium sulphate, egg shell powdered material and 
Hydroxy Apatite (hybrid) composite. This plate material can 
be used for inside fixation on human body for fractured bone. 
Coated polymer 'bone' which is then surgically implanted into 
the arm where the damaged bone has been removed. The 
coating is very thin and allows the bone cells to attach 
themselves to the implant. Lab VIEW application is used to 
investigate the mechanical properties of Orthopaedic alloys 
Vs calcium phosphate + calcium sulphate + calcium carbonate 
+egg shell powdered material + Penta Calcium Hydroxy 
Apatite coated material on NFRC (Natural fibre reinforced 
composite) material. 

 

 

IX. DISCUSSIONS AND CONCLUSIONS 

The most common materials used in orthopedics are: 
Titanium, Zirconia, Cobalt-chrome, stainless steel calcium 
phosphate, and calcium sulphate .Titanium is used primarily 
for the loading faces which include the pin structure, 
fabrication of plates and femoral stems. The Modulus of 
Elasticity of Titanium is much lower than Stainless Steel 
having a numerical difference in value which ranges from 80-
100 GPa. The difference in Poisson’s Ratio is just about 3 
decimal units, but the yield stress of Titanium is much higher 
in comparison to that of Stainless Steel. The difference 
expressed is more than 600 MPa for the yield stress. In 
conclusion Stainless Steel is much stronger, but that is not 
always good because stress rises at end of plate or nail. 
Titanium possesses a lower ultimate strength than Stainless 
Steel but its yield strength is much more, this is what causes 
permanent deformation of the material, and Stainless Steel is 
easily expected to recover its normal state than Titanium and 
its Alloys. Cobalt-Chrome which is a cobalt alloy has a 
Modulus of Elasticity 230 GPa, when compared to the 
Modulus of elasticity of Stainless Steel gives us a difference 
of 30 GPa. In this particular case cobalt chrome’s Modulus of 
elasticity is higher than Stainless Steel. The Poisson’s Ratio of 
both are very similar, they both are near 0.30. The yield stress 
that cobalt can support is 413 MPa. When compared to 

Fiber 
Type 

Density 
Kg/m3 

Water 
absorption 
% 

Modulus 
of 
Elasticity 
E(GPa) 

Yield 
stress 
(MPa) 

Sisal 800-700 56 9-22 511-635 

Roselle 800-750 40-50 10-17 170-350 

Banana 950-750 60 11-23 180-430 
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Stainless Steel the difference obtained is near to 243 MPa. In 
conclusion, this material seems to be better than Stainless 
Steel, but the only disadvantage is the price and the facility to 
find it. Zirconia’s Modulus of Elasticity is 230GPa which is 
very close to the Modulus of Elasticity of Stainless Steel. The 
Poisson’s Ratio of Zirconia is 0.33 and the difference between 
both is only from 3 to 4 units. The materials seem similar but 
the yield stress of both materials is different. Zirconia has a 
2,000 MPa yield stress value and stainless steel has only 170 
MPa. This particular property gives the material is the 
maximum stress it could hold and return to its original state. 
In the Bone Grafting face, the predominant materials are 
calcium sulphate and calcium phosphate. The Modulus of 
Elasticity of calcium phosphate is in the range from 18-21 
MPa. This material compared to stainless steel has a 
differential value of more than 180 MPa which clearly states 
that is not as elastic as stainless steel, which by definition 
makes it much more brittle. The Poisson’s Ratio fluctuates in 
the same range. The yield stress, which is the ability of the 
material to recover or to return to its normal state, has a value 
so low that is not taken into consideration. The yield stress of 
the Stainless Steel is much more dominant. Calcium sulphate 
has very similar properties as calcium phosphate, which also 
makes it very brittle. The Modulus of Elasticity of calcium 
sulphate ranges from 18-21GPa which compared to Stainless 
Steel  the difference in values is very close to that of calcium 
phosphate which is in the range from 170-180 MPa. By 
definition, calcium sulphate is a very brittle material. The 
Poisson’s Ratio is almost in the same range, and has a 
numerical value of 0.315. Since the material is so brittle the 
yield stress is not taken into much consideration, as in the 
comparison with calcium phosphate, stainless Steel is much 
more dominant in this precise property. As observed in bone 
grafting, the materials used are brittle but very strong and stiff, 
because of this they are used in joint replacement and Osseo 
integration between bone and implant, some sort of a refilling 
process, and not as Stainless Steel which is used in other  
Surgery processes. Compared to orthopaedic alloys such as 
titanium, cobalt chrome, stainless steel and Zirconia the 
natural fiber materials such as Sisal, Banana & Roselle 
(hybrid) fiber reinforced composite gives good mechanical 
properties which clearly states that it is not as elastic as 
orthopaedic alloys but easily expected to recover its normal 
state than orthopaedic alloys. This NFRC plate material will 
be coated by calcium phosphate, calcium sulphate, calcium 
carbonate, egg shell powdered material and Hydroxy Apatite 
(hybrid) composite   material and sure it will expose and fulfil 
the expectations in the field of orthopaedics.   
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APPENDIX A 

Autograft                            A transplanted tissue or organ from 
one part of the body to another part 
of the same body. 

Biocompatibility                Acceptance of an implant by the 
surrounding tissue or by the body 
as a whole. The implant should be 
compatible with tissues in terms of 
mechanical, chemical, surface and 
pharmacological properties. Simply 
it is the ability of the implant 
material to perform with an 
appropriate host response in a 
specific application. 

Biomaterial                        The term usually applied to living 
or processed tissues or to materials 
used to reproduce the function of 
living tissues in conjunction with 
them. Simply it is a material 
intended to interact with biological 
systems. 
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