
Middle-East Journal of Scientific Research 25 (7): 1491-1500, 2017
ISSN 1990-9233
© IDOSI Publications, 2017
DOI: 10.5829/idosi.mejsr.2017.1491.1500

Corresponding Author: R.S. Darsan, Department of Mechanical Engineering, Noorul Islam Center for Higher Education,
Kumaracoil, Kanyakumari, Tamil Nadu, 629180 India. 

1491

Material Characteristic Study and Fabrication of Hydroxyapatite (HA)
with Poly (Lactide/Lactic) Acids (PLA) for Orthopaedic Implants

R.S. Darsan, B. Stanly Jones Retnam and M. Sivapragash1 2 3

Department of Mechanical Engineering, Noorul Islam Center for Higher Education,1

Kumaracoil, Kanyakumari, Tamil Nadu, 629180 India
Department of Automobile Engineering, Noorul Islam Center for Higher Education,2

Kumaracoil, Kanyakumari, Tamil Nadu, 629180 India
Department of Mechanical Engineering, V V College of Engineering, Tisaiyanvilai, 627 657, India3

Abstract: Recent research and developments in the field of orthopaedic implants are in bioactive and
biodegradable composite materials. The implants made out of such composite materials, structurally support
the fractured bone and reabsorbed into the body during regeneration process. The composites are made from
synthetic or natural fillers and polymers which are bioactive and biodegradable. The neighbouring tissues will
be least affected during degradation of bioactive composites. The major biocompatible and biodegradable
polymer element in aliphatic polyesters is Poly (lactide/lactic) acid (PLA). Hydroxyapatite (HA) being a member
of calcium phosphate family, considered to be the best filler material for regeneration of bone. Thus, composites
are made out of HA as the filler and different PLA matrix were tried in various orthopaedic implants. The paper
reviews the material characteristic study and fabrication methods of composites made from different PLAs with
HA. The properties of the implants can be improved by adding agents or treating HA filler materials. Hybrid
composites made with nano particles are the recent advancement in orthopaedic implants.
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INTRODUCTION required to remove them, uneven bone growth making

Over the years, various bioactive materials have been release of toxic corrosion products during degradation
tried as orthopaedic implants, for fixation of fractured [2, 4].
bones and hard tissues. In orthopaedic application bone Ceramic implants recently are used extensively in
grafting method is considered as standard as it easily clinical application. Some of them are termed as
binds to the surrounding bone [1]. Though it is ‘bioceramics’ [3], as they are considered as substitutes for
considered as standard, there are few disadvantages, like the human bone. Bioceramics are biocompactible,
mismatch due to dimensions, preparation techniques or bioactive because of their structural and chemical
quality of bone been grafted etc., this in turn leads to composition resemblance to natural bone [3]. Thus,
infections [1]. The disadvantages of the grafted bone are helping them in regeneration process [3, 5, 6]. Bioactive
overcome by the implants which are synthetic materials ceramics are brittle in nature, hence limits its application
used in bone regeneration process of a defective bone. as orthopaedic implants in medical field.

The implants are made out of metal and its alloys, The implants made from polymer materials are both
ceramic, synthetic polymer and composite [1-3]. Metals made from natural and synthetic materials [1]. Natural
and metal alloys are long being used in orthopaedic polymers can interact with the surrounding cells as they
implants. They have better mechanical properties than are bioactive [1]. Polymers made from natural renewable
any other material used in fixation of defective bone [2, 3]. sources can be called as bio-based polymers [5]. They can
Some of the short comings are, post surgeries may be be biodegradable and non-biodegradable and can be

surrounding areas more prone to terminal factures and
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made from extraction and separation, fermentation and (CS) etc.[6], are the few types of ceramic used in implants.
conventional synthesis. Some of the synthetic polymers Among them hydroxyapatite (HA) considered to be the
are biodegradable and most of them belong to polyester best suited one for bone regeneration process, as it
family [7]. The shape, size, structure, mechanical and resembles the natural bone.
degradation process of the synthetic polymers can be Paper reviews the most widely used Polylactic/lactide
designed and made to fit the clinical requirement [7]. acids (PLAs) and hydroxyapatite (HA), which are
The disadvantage is it releases toxins and loses its composites made from aliphatic polyester-ceramic
mechanical properties during degradation process. combination. Application of hybrid materials through

Some of the materials mentioned above have nanotechnology helps in more effective interaction of
advantages and disadvantages, when preferred as inorganic-organic bioactive and biodegradable materials
implants for fixation of bone. Better results can be for effective bone regeneration [5]. Specific property
obtained when individual materials are combined together requirement for the implant made difficulties in
to form a composite. Such composites can be manufacturing them for fixing defective bones and hard
biocompatible, bioactive and biodegradable [3-5]. tissues. Some advanced methods like,
These composites can be made through mixing organic microencapsulation, phase separation, electrospinning,
and inorganic materials [3, 5]. Recent researches are on 3D printing and different moulding processes etc. helps in
the hybrid composites which in deed are combination of producing the porous extracellular matrix structure. This
inorganic and organic biodegradable and bioactive nano in turn helps in close signaling of the implant with the
materials, to produce porous natural bone structure [8, 9]. nearby cells, leads to enhanced bone growth [6].

In this paper, we review the usage of bioactive,
biodegradable and biocompatible polymer and filler Biodegradable Aliphatic Polyesters: For short range
material which when combine together resembles the application, as in orthopaedic implants biodegradable
natural bone structure. Fabrication, characteristics and aliphatic polyesters are employed [12]. The most
improvement in performance of implants due adding agent commonly researched synthetic biodegradable aliphatic
or by specific treatment to the ingredients are discussed. polysters are polygycolide/glycolic (PGA),
There are many polymers and filler which are bioactive, polylactide/lactic acid (PLA) and poly (lactic – co –
biodegradable and biocompatible. In this situation, the glycolic/glycolode) acid (PLGA) 6. Classification and
focus is on most widely used polymer and filler material. formation are illustrated in the (PLGA) [6]. Classification

For regeneration of bone, various biocompatible and and formation are illustrated in the Fig. 1. They are formed
biodegradable natural (collagen, chitosan and proteins by open ring polymerization of basic monomeric element
etc.) and synthetic polymers (aliphatic polyester, or combination of elements [11, 12] as shown in Table 1.
aliphatic-aromatic polyester and polyamides etc.) are used The basic unit of the polymer being the lactic acid and it
[10, 11]. Aliphatic polyesters are found out to be the two isomeric forms L-lactide and D – lactide [4, 12, 14].
widely-used polymer in orthopaedic implants [4, 7, 12]. Poly – L – lactic acid or lactide, (PLLA) consist of L-
They are bioactive, degradation products are not toxic isomers and Poly – D – lactic acid or lactide, (PDLA)
and biocompatible [4, 12, 13]. During degradation process, consist of D-isomers polymers. They combine together to
it structurally supports and slowly transfers the load to form Poly – D, L lactic or lactide (PDLLA).
the regenerated bone [10]. Degradation of the implants
can be designed and fabricated to suit the requirements Physical Characteristic: Under synthetic polymers poly
[5]. They can be made from natural and synthetic materials lactic acid (PLA), polyglycolide (PGA) and copolymer
[13]. polylactic-co-glycolide PLGA are considered for

Filler materials are in the form of fiber, powder and regeneration of bone. Compared to PGA, poly – L –
nano particles, which provides both porous environment lactide (PLLA) has excellent tensile strength and
and structural support during regeneration of bone. Young’s modulus [11, 14]. Thus it makes very much
The natural and synthetic fibers used as filler materials, suitable as structural support in fixation of defective bone.
are used as reinforcement materials for the composites [2]. Highest crystallinity is for PGA, hence got highest tensile
Powdered or nanoparticle addition of ceramic materials are modulus and very low degradation. PGA has the highest
used for fabrication of 3D structural implants used in melting point and lowest being poly(DL-lactide), PDLLA
fixation of bone [5]. Hydroxyapatite (HA), tricalcium [11]. PLGA as moderate glass transition temperature Tg
phosphate (TCP), bioactive glass (BG) and calcium silicate 50-55°C, this being the major disadvantage in sterilization
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Fig. 1: Classification of different biodegradable polyesters [10-12, 16]

Table 1: Properties of Biodegradable Aliphatic Polyester [4, 5, 8, 10, 11, - 17]

Compressive Young’s Tensile Melting Glass transition
Polymer /tensile strength (MPa) Modulus (GPa) Modulus (GPa) Elongation (%) point (°C) temperature (°C) Cristallinity (%)

Poly(L-lactic acid) PLLA 28- 2300 4.8 1.5-2.7 5-10 173-178 60-65 37
Poly(D, L-lactic acid) PDLLA 29-150 1.9 1.9 3–10 165-180 40-69 45-55
Poly(Glycolic acid) PGA 350-920 12.5 5-7 15-20 200 35-40 Amorphous
Poly(D, L-lactic-co- glycolic acid (85/15) 41.4-55.2 2.0 1.4-2.8 3-10 Amorphous 50-55 Amorphous
Poly(D, L-lactic-co- glycolic acid (75/25) 41.4-55.2 2.0 - 3-10 Amorphous 50-55 Amorphous
Poly(D, L-lactic-co- glycolic acid) (50/50) 41.4-55.2 2.0 1.4-2.8 3-10 Amorphous 45-50 Amorphous
Poly(D, L-lactic-co- glycolic acid) (90/10) 45-50

Table 2: Properties of Biodegradable Aliphatic Polyester [4, 5, 8, 10, 11, - 17]

Monomer Polymers Biodegradable Aliphatic
Biodegradable Aliphatic polymers formed by ring polymerization
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Table 3: Degradation characteristics and applications of biodegradable aliphatic polyester [4, 5, 8, 10, 14 – 17]

Loss of Loss of Degradation
Polymer strength (months) mass (months) Time (months) Degradation Products Applications

Poly(L-lactic acid) PLLA 6 4.8 >24 L-lactic acid Suture anchors, meniscus repair, medical devices,
drug delivery, orbital floor

Poly(D, L-lactic acid) PDLLA 1-2 1.9 12 - 15 Glycolic acid Fracture fixation, interference screws,
suture anchors, meniscus repair

Poly(Glycolic acid) PGA 1-2 12.5 3 - 4 D, L-lactic acid Orthopaedic implants, drug delivery
Poly(D, L-lactic-co- glycolic acid (85/15) 1-2 2.0 3–6 D, L-lactic acid and glycolic acid Interference screws, suture anchors, ACL reconstruction
Poly(D, L-lactic-co- glycolic acid (75/25) 1-2 2.0 1–2 D, L-lactic acid and glycolic acid Plates, mesh, screws, tack, drug delivery
Poly(D, L-lactic-co-glycolic acid) (50/50) 1-2 2.0 3 - 6 D, L-lactic acid and glycolic acid Orthopaedic implants, drug delivery
Poly(D, L-lactic-co- glycolic acid) (90/10) 1-2 1 - 2 <3 D, L-lactic acid and glycolic acid

of implants [5, 11, 14]. PLGA has amorphous structure and brittleness, fracture toughness, hardness, fabrication
Tg values changes as the lactic acid (LA) to glycolide problems and slow degradation process are some of
(GA) polymer changes. This will lead to correction of the disadvantages of hydroxyapatite powder (HAp).
molecular weight and also affects the mechanical and Hence, they cannot be employed alone as a structural
thermal properties as well [10]. The physical, mechanical support for repair of defective bone when used clinically
and thermal properties of the polymer are illustrated in 6. Nano hydroxylapatite (nHA) has some similarity
Table 2. features to natural bone apatite [19]. nHA shows greater

Degradation Characteristic: Degradation of the faster bone regeneration [8- 9, 19].
biodegradable aliphatic polymers are by erosion of either
bulk or heterogeneous way in corpus surrounding HA/PLA Biodegradable Composite: Natural bone
solution [15]. There are four steps involved in degradation consists of inorganic mineral element in an organic matrix
process. They are hydration, initial degradation, constant to form an extracellular matrix (ECM) [20, 22], thus forming
degradation and solubilization. The main factors a complex composite. Thus achieving tissue growth and
influencing degradation process are molecular weight, the mechanical properties required for repair of bone.
ratio GA to LA, stereochemistry and end group HA/PLA combination of inorganic-organic biocompatible,
functionalization [14, 15]. Degradation product produced bioactive and biodegradable composites can be used in
are lactic, glycolic, or combination of both acids [5]. fixation of defective or injured hard tissues.
The final process is break down into carbon dioxide and
water [14]. Fabrication Technique of HA/PLA Composites:

Though crystallinity and other mechanical properties Numerous fabrication techniques were used for
are high for PGA, loss of strength and loss of mass are manufacture of HA/PLA composite. They are hot molding
less compared to PLLA. PGA has high degradation rate & pressing, solvent casting, microencapsulation process,
when compared to the LA/GA copolymers. And this may phase separation, electrospinning and advanced 3D
be due to the amorphous structure of LA/GA copolymers. printing & rapid prototyping techniques [10, 12, 22-29].
Degradation characteristics and application is shown in Some of the techniques or methods are conventional
Table 3. manufacturing for the polymer while others are recent

Biodegradable Ceramics: There are various types of
ceramics belonging to calcium phosphate family, which Hot Moulding and Pressing: Plates, rods and screws for
are structurally and mineral composition matching with the orthopaedic implants are made through hot
the human bone and teeth [8, 9]. More researches are injection/compression moulding process [25]. In injection
being done on repair and regeneration of the defective moulding, the polymer granules and filler materials are
bone using bioactive and biodegradable ceramics. powdered by milling process, dried and stored separately.

Hydroxyapatite (HA), (Ca (PO )(OH) ) [18] is the Initially the thermoplastic polymer is heated to melt into10 4 2

widely used ceramics in fixation of fractured bone, due to liquid form, into this filler are mixed. Thus, the thoroughly
bioactive, biocompatible and biodegradation properties mixed filler/polymer is injected into a closed mould cavity
[19]. Tensile strength and Young’s modulus of HA are [26]. Residual stress and fiber orientation are the factors
100-900 MPa and 35-120 GPa, respectively [6]. Low in injection moulding process [10].

interaction with neighbouring cells and thus helps in

advancement in manufacturing.
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Fig. 2: Schematic sketch of Hold moulding process Drying Method): Thermal induced phase separation

Fig. 3: Schematic sketch of solvent solution process the pores are closed by increasing the content of HA [22].

In compression moulding is an incorporation of hot shown in Fig. 4.
pressing of the mixed filler/polymer in a closed mould and
autoclaving [10]. After completion of moulding process, Electrospinning Process: Electric force is applied to
pre-heating of the moulded part on an autoclave is done separate or disperse the HA in the aqueous solution in
to remove the solvents. The illustration of moulding this process. The solution having HA inside the polymer
process is shown in Fig. 2. moving from the tip of the injector is repelled by the

Solvent Casting: Solvent casting is most commonly used with the solution is deposited on a substrate [28]. Large
for manufacture of polymer based composites. The PLA, surface area, high porosities and easy in making
PGA and copolymers along with HA is dissolved in a functional elements are the feature of this process [22].
solvent. Into the solution sodium chloride solution It was noticed that electrospinning of nanoHA/PLA on
prepared, the aqueous PLA solution and HA/nanoHA fiber substrate lead to reduction in fiber size [22, 30].
fillers are added. Using ultrasonic liberator fillers are Fig. 5 shows the schematic diagram of electrospinning
dispersed in PLA solution [30]. This residue is being process.
casted into moulds. The casting is dried and the sodium
crystals are dissolved by immersing in de-ionized water 3D Printing & Rapid Prototyping Technologies:
for some time [25]. Fig. 3 shows the schematic solvent CAD/CAM technologies and rapid prototyping
casting process representation. Salt leaching leads to techniques were used to make 3D orthopaedic implants.
production of porous, 2D or 3D structures [22]. The bone The restoration of complex and specific hard tissues
regeneration process is accelerated, by fast tissue growth requires tailored made implants, for particular situation.
inside the porous cavities. The processes are used to manufacture implants specific

Microencapsulation Process: Microencapsulation is a
process in which, the hydrophilic content of the polymer
is evaporated. Microspheres and microcapsules are
prepared by this method. Technique employees the
adding HA and PLA emulsion of oil/water or water/oil
emulsion and agitated thoroughly to form microspheres
[22]. Stabilizers are used to control the size of the
microspheres. HA/PLA microspheres formed exhibit
properties required for filler materials for bone fixation
[22]. Drug delivery and proteins are done with micro
particles [25].

Thermally Induced Phase Separation (TIPS) (Freeze-

method or freeze-drying in which the temperature
decreases there will be a decrease in effectiveness of the
solvent. On cooling a solvent at higher temperature, the
different phases are formed. One with rich phase and
other with lean phase are formed [31, 32]. Homogeneous
polymer solution when treated thermally becomes
unstable thermodynamically and produces different
phases. One phase having high polymer content and the
other having less. And removal of the solvent from the
rich polymer density phase, to produce porous structures.
3D porous structures are produced by this method. Nano
HA/PLGA are produced using phase separation process,

Schematic thermally induced phase separation (TIPS) is

external electric field. Thus, elongated HA particle along
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for a patient. Process of manufacturing employees various
rapid prototyping technologies like fused deposition
method, selective laser sintering, stereolithography, 3D
plotting and Bioprinting etc. [23]. HA/PLA implants made
from unmodified consumer grade - 3D printers are high in
quality [29]. Initially 3D CAD models prepared from CT
scans or MRI scans. Slicing 3D models and converting
into 2D models. Layer by layer manufacturing is adopted
to produce 3D bio-implants using 3D printing technology.
Finally, any post processing techniques are applied to
produce a complete bone structure and features [23].
Fig. 6. shows the process flow diagram of 3D printing &
Rapid prototyping technologies.

Fig. 4: Schematic sketch of Thermally Induced Phase images shows at higher weight content of HA,
Separation (TIPS) process agglomerate and void are formed in HA/PLA composite

Fig. 5: Schematic sketch of electrospinning matrix phase.

Fig. 6: Schematic sketch of 3D Printing and Rapid
Prototyping Technologies Schematic sketch of 3D
Printing and Rapid Prototyping Technologies

Physical Characteristics of HA/PLA Composite: The
HA/PLA composites should meet the sufficient
mechanical and physical properties for the orthopaedic
implants. The tensile and percentage elongation of
HA/PLA composite decreases as increase in weight
percent of HA. The tensile modulus increase on
increasing weight percent of HA [33]. SEM micrograph

[34]. Molecular weight, crystallinity and the orientation
are factors affecting the mechanical properties of HA/PLA
composite [35]. Needle like nano HA shows better
crystallinity and surface area compared to powder HA
[36].

Mechanical properties such as bending stress,
modulus elasticity and stress were studied on polylactic
acid (PLA) composite with hydroxyapatite fibers(HAF)
[37]. TABLE IV shows the result obtained for different
weight percentage of hyroxyapatite fiber (HAF). Bending
stress at increases as the weight percentage increases to
20 and after that it decreases. Initially bending stress
measured perpendicular to the hot pressing axis. Not
much difference measured when measurements taken
parallel to the hot pressing axis. Modulus of elasticity is
higher as the HAF weight percentage increases. The
maximum stress value is for 20% weight of HAF fiber and
shows a decrease on stain value as the weight percentage
of HAF increases. The mechanical property change
happens when these is a change in weight percentage of
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Table 4: Mechanical properties of Hydroxyapatite/Poly-L-lactide (HA/PLLA) made from different hot pressing time [38]
Time of hot pressing (min) Crystallinity % Compressive Strength (MPa) Modulus E (Gpa)
0 35
5 36
15 29 115 4
30 26 130 5
45 24
60 21 140 10

Table 5: Mechanical properties of Hydroxyapatite/Poly-L-lactide (HA/PLLA) made from different hot pressing time [38]
Time of hot pressing (min) Crystallinity % Compressive Strength (MPa) Modulus E (Gpa)
0 35
5 36
15 29 115 4
30 26 130 5
45 24
60 21 140 10

Table 6: Mechanical properties of various weight percentages of Poly-D-L-Lactide/nano-Hydroxyapatite (PDLLA/nHA) for different soaking time in Simulated
Body Fluid (SBF) [39]

Weight Loss % Compressive strength MPa Compressive modulus MPa
------------------------------------------------- ---------------------------------------------------- -------------------------------------------------

Incubation Time (days) 0 20 40 60 0 20 40 60 0 20 40 60
0 0 0 0 0 1.48 1.60 2.08 2.45 51.54 66.17 77.83 91.11
7 1.3 1.6 2.0 3.3 1.50 1.64 1.9 2.19 47.67 56.88 63.11 84.80
14 1.7 2.0 3.0 3.6 1.49 2.20 2.37 2.70 43.26 63.86 70.36 79.57
28 1.9 2.2 4.2 4.1 1.57 2.26 2.48 3.22 28.54 68.68 80.61 73.54

Biocomposite materials were prepared in the form of Property Improvement by Adding Agents or Treated
laminates with hdroxyapatite (HA) and poly –L-Lactide
(PLLA) [38]. TABLE V gives the Crystallinity, modulus of
elasticity and compressive are studied for various hot
pressing time HA/PLLA composite laminates. Initially
there is a slight increase in crystallinity and a decrease in
40% as the hot processing time increases. Compressive
strength and modulus of elasticity increases as the time of
hot processing increased.

Table 6 shows the mechanical properties of
various weight percentages of nano-hydroxyapatite
(nHA) with poly – D-L- lactide (PDLLA) composite
while soaking on simulated body fluids (SBF) different
period of time [39]. More weight loss is noticed for 60%
weight of nHA. And also there is a significant difference
in weight loss for 60% nHA than with 20% and 30% nHA
when incubated for 28 days in SBF. There is a
considerable difference in compressive strength and
compressive modulus for 20%, 40% and 60% weight of
nHA. The pore size is more for 60% weight of nHA
compared other less weight percentage nHA. Degradation
rate increases as the pore size increases as immersed in
SBF for long time. Hence the will be decrease in
mechanical properties as the incubation time increases in
SBF.

Filler Materials: Natural bones formed by inter linking
inorganic mineral apatite and organic collagen by
proteins. Additives/adding the interaction with the
organic phase of the polymer. HA is used as coating for
the reinforced fiber /polymer matrix, triggering fast bone
formation during the growth of tissues [42]. HA/PLA has
lesser strength compared to a bone, hence addition of
biodegradable fibers will increase the physical properties
of the implants [24]. Alkaline, silane, etc. are some of the
treatment for fibers in PLA matrix [43]. Strength of the
PLA/HA composite is improved by the application of
surface initiated polymerization and phosphonic acid
coupling agent or treatment of the filler materials are used
to improve [44].

Table 7 gives the thermal and mechanical properties
of scaffolds made out of hydroxyapatite/poly (L-lactide
acid) (Hap/PLLA) combined with silica nano particles [40].
Not much significant decrease in thermal property is
noticed. Young’s modulus E increases on addition of
silicon nano particles. Porosity of the scaffolds shows a
marginal increase when immersed in simulated body fluid
(SBF) for 7 days was noticed for pure PLLA. The
scaffolds made with 10% Hap and 0.5%silica nano powder
shows decrease in porosity and mechanical properties
when soaked in SBF for 14 days.
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Table 7: Thermal and Mechanical property of hydroxy apatite reinforced
poly(L-lactide acid ) composites with silica nanoparticles [40]

Tg (°C) Tm (°C) xc (%) E (Mpa)

PLLA 69.3 181.1 42.1 5.3
PLLA/HA 90/10 68.9 18.1.4 43.2 5.0
PLLA/HA/ Sio2 90/9.5/0.5 67.4 181.1 44.4 7.0

The porosity effect on the mechanical properties of
carbon fibers(CF) nano- hydroxyapatite (nHA)/
polylactide (PLA) is studied [41].Bending strength and
bending modulus decreases as the porosity level
increases inside the composites. Different composites
with porosity range from 0%, 20%, 60% and 80% are made
and studies for mechanical behaviour. Stress and strain
decreases on increase in porosity levels.

Nano and Hybrid Composites: Implants which are bioinert,
bioactive and biodegradable are weak in physical
properties due the high porosity levels. Combination of
nano inorganic-organic hybrid composites is made better
property response inside the human tissues. Different
organic materials like, chitosan, collagen and caprolactone
etc.[18, 45, 46] are tried along with HA/PLA composite.
Inorganic materials like monntmorillonite nanoclay
(MMT), tricalcium phosphate, etc. are tried with polymeric
matrix to mimic the bone structure and properties [8, 24].

CONCLUSION

Replication of a hard tissue, defective or damage
bone is very much challenging. PLLA polymer found to
be the most apt biodegradable polymer for implant
materials. Out of all inorganic filler material, HA having the
most structural and chemical resemblance with natural
bone Nano hybrid composite combines all individual
advantages of materials which otherwise not sufficient to
meet the properties required in orthopaedic application.
Restoration and regeneration process requires porous
cavities for signaling bone growth. Implants are tailored
made using advanced manufacturing technologies like
electrospinning and 3D printing to meet the specific,
shape, size and property requirement.

For orthopaedic implant require porous scaffolds.
When the porosity increases the mechanical load carry
capacity is greatly reduced. The degradation property of
the implants are studied by immersing in simulated body
fluid (SBF) for 28 days. Decrease in mechanical property
and increase in porosity levels are noticed. The porosity
levels leads to the high connectivity of the bone cells,
which will trigger the fast self-healing of the fractured

bone. Bending and compressive stresses are studied
extensively, which shows the importance mechanical
character for the biocompatible, bioactive and
biodegradable implants.
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