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The materials currently used for replacing or repairing bone include natural autografts and allografts, as well as a 

variety of biomaterials based on ceramics, metals, polymers, and their composites. For orthopedic applications a strong 

emphasis is placed on the ability of the biomaterials to bear loads and resist material degradation for long periods of 

time. This review concisely describes the materials that are already in use or are investigated for orthopedic 

applications. Specific advantages of using composite-based biomaterials are also highlighted. In particular, 

ceramic/polymer composites are found promising as bone substitute materials, especially in the light of the emergence 

of the field of tissue engineering. 

1. INTRODUCTION 

The starting point for the development of a bone analogue material is the definition of the mechanical 

behavior of the natural tissue in the context of its complex structure. Bone is a structural composite 

composed of collagen fibers with hydroxyapatite (HA) nanoparticles precipitated along the collagen fibrils.1 

These two components are intimately interrelated structurally and form, at the microscope-structural level, 

two types of lamellar units that pack together in regular arrangements. These are concentric superpositions 

of lamellae called osteons or Haversian systems found in humans and other adult mammals.2 Bone also 

contains other constituents such as mucopolysaccharides, blood vessels and bone cells. Bone can remodel 

and adapt itself to the applied mechanical environment, which is known as Wolff’s law3 (the principle 

relating the internal structure and the architecture of the bone to external mechanical stimuli). 

Bone is a rather brittle, yet anisotropic and viscoelastic material whose mechanical properties are 

determined by its porosity, degree of mineralization, collagen fiber orientation and other structural details.4 

In conclusion, one can say that bone is a hierarchically organized structure that has an irregular, yet 

optimized, arrangement and orientation of the components, making the material of bone heterogeneous and 

anisotropic.5 Tables 1–3 compare bone’s modulus and tensile strength to those of a variety of other 

materials. 

Table 1 

Mechanical properties of bone6 

Hard tissue Modulus [GPa] Tensile strength [MPa] 

Cortical bone (longitudinal direction) 17.7 133 

Cortical bone (transverse direction) 12.8 52 

–––––––––––––– 
* Corresponding author: d_momete@chim.upb.ro 



956 Daniela Cristina Momete and Dan Sorin Vasilescu 

Cancellous bone 0.4 7.4 

Table 2 

Mechanical properties of typical metallic and ceramic biomaterials6 

Material Modulus [GPa] Tensile strength [MPa] 

Metal alloys  

Stainless steel 190 586 

Co-Cr alloy 210 1085 

Ti-alloy 116 965 

Amalgam 30 58 

Ceramics  

Alumina 380 300 

Zirconia 220 820 

Bioglass 35 42 

HA 95 50 

Table 3 

Mechanical properties of typical polymeric biomaterials6 

Material Modulus [GPa] Tensile strength [MPa] 

Polyethylene (PE) 0.88 35 

Polyurethane (PU) 0.02 35 

Polytetrafluoroethylene (PTFE) 0.5 27.5 

Polyacetal (PA) 2.1 67 

Polymethylmethacrylate (PMMA) 2.55 59 

Polyethylene terephtalate (PET) 2.85 61 

Polyetheretherketone (PEEK) 8.3 139 

Silicone rubber (SR) 0.008 7.6 

Polysulphone (PS) 2.65 75 

2. MATERIALS  USED  IN  ORTHOPEDY  –  CLASSIFICATION 

The materials currently used for replacing or repairing the bone include natural autografts and allografts, 

as well as a variety of biomaterials based on ceramics, metals, polymers and their composites. The use of 

allografts is limited by the possibility of an immunological response and the risk of disease transmission, 

whereas autografts are restricted by a limited number of donor sites and are associated with additional 

trauma resulting from the harvesting of bone tissue.7 

In this light, man-made materials stand out as a potential solution, being easily available, processed 

and modified to suit the needs of a given application. However, many problems persist resulting from the 

inability to match exactly the natural tissue.8 Metals suffer from mechanical properties far exceeding those 

of bone, which result in stress shielding and the subsequent weakening of the host bone tissue, which make 

it susceptible to refracture. Ceramics, particularly calcium phosphate (CP) based, such as HA, are brittle and 

difficult to be processed into desired shapes. Finally, polymers used in medical applications, for the most 

part, lack the rigidity, ductility, or ultimate mechanical properties required in load bearing applications. 

To address the limitations of individual materials, new materials based on composites of ceramics, 

metals, and polymers have been proposed. In particular, ceramic/polymer composites are promising as bone 

substitute materials, especially in light of the emergence of the field of tissue engineering. Bone tissue 
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engineering may potentially provide alternative solutions that possess better mechanical properties than 

those currently used. 

2.1. Fixation systems for bone fracture repair 

Bone fractures are treated in different ways and they may be grouped into external and internal 

fixation.6 The external fixation does not require opening the fracture site whereas internal fixation requires 

opening of the fracture site. 

In external fixation the bone fragments are held in alignment through various means such as splints, 

casts or braces and external fixation systems. The casting materials are composite materials made of woven 

cotton fabrics (woven gauze) and plaster of calcium sulphate. Other reinforcements include fabrics of glass 

and polyester fibers. Although the plasture bandages have many advantages, the drawbacks are important: 

messy application, heavy, bulky, low specific strength and modulus, low water resistance, radio-opaque and 

long setting time to become load bearing. Recently, casts made of glass or polyester fiber fabric and water-

activated polyurethanes have gained popularity.6 

A typical external fixation system comprises Kirschner wires or pins that are pierced through the bone 

and held under high tension by screws to the external frame. Traditional designs are made of stainless steel, 

which is heavy and causes discomfort to the patients as they carry the system for several months. External 

fixations constructed from carbon fiber (CF)/epoxy composite material are gaining acceptance owing to 

their lightweight yet having sufficient strength and stiffness.9 The external fixation systems are also used for 

lengthening purposes. 

In the internal fixation approach the bone fragments are held together by different ways using 

implants such as wires, pins, screws, plates and intramedullar devices. The conventional implants are made 

of stainless steel, Co-Cr or Ti alloys. It may be noted that all these implants are temporarily placed inside the 

body and they are removed after satisfactory healing of the bone fracture.10 

Biodegradable implants for internal fixation were developed to eliminate the need for a second surgical 

intervention for removal of the devices. In addition, the possible risks of retained metallic implants, such as 

corrosion and stress-protection weakening of bone, can be avoided. Compared to the traditional metal-

fixation devices, the biodegradable devices have two advantages: absorbability and gradual transfer of stress 

to healing bones.11 Current devices include screws, plates, pins, and rods. The most important polymers 

used in fracture fixation are poly(lactic acid) PLA, poly(glycolic acid) PGA, and poly(dioxanone) PDO, 

mainly because of their good mechanical strength (compared with other biodegradable polymers), proven 

biocompatibility, controllable degradability, and processability.12 

Key in vivo requirements for bone fracture fixation devices include initial mechanical strength and 

strength retention. The initial mechanical strength depends critically on the device processing method. 

Polymer chain orientation, through fiber reinforcement or bulk solid deformation, yields the strongest devices. 

Processing methods for making PGA fiber, reinforced PLA, and self-reinforced PGA and PLA have been 

studied.13 As-polymerized PLA showed higher impact strength than hot pressed or injection-moulded samples, 

perhaps due to the formation of crystalline structures during the polymerization;14 the degradation rate of 

polymerized PLA can be retarded by extraction that uses ethyl acetate or supercritical carbon dioxide fluid. 

Strength retention depends on the chemical structure and oligomer content of the device. Generally, 

PGA devices lose their strength in about 6 weeks. PLA devices, however, retain their strength approximately 

3–10 times longer.9 Fixation devices have been used only in situations where the requirements for 

mechanical strength are not very demanding, such as the fixation of cancellous bone fracture.9 

Current strength is still inadequate for the fixation of long bone fractures. To circumvent this problem, 

biodegradable inserts between the metal plate and the screw have been designed.15 The degradation of the 

insert allows a gradual transfer of stress to the healing bone. However, the fixation device is not totally 

bioabsorbable. Another drawback of biodegradable fixation devices is possible tissue irritation when 

polymer degrades into debris. 
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2.2. Joint replacements 

The articulation of joints poses some additional problems as compared to long bone fracture repairs. 

These include wear and corrosion and their products, as well as complicated load transfer dynamics. In 

addition, the massive nature of joint replacements such as the knee and the elbow near the skin also renders 

a greater possibility of infection. More important, if the replacement fails for any reason, it is much more 

difficult to replace the joint a second time since a large portion of the natural tissue has already been 

destroyed. 

The hip and shoulder joints have a ball-and-socket articulation whereas other joints such as the knee 

and the elbow have a hinge-type articulation. 

Joint arthroplasty, or the surgical reconstruction of diseased joints, has been practiced in the United 

States since the 19th century.16 Joint replacements, particularly at the hip, and bone fixation devices have 

become very successful applications of materials in medicine. The use of pins, plates, and screws for bone 

fixation to aid recovery of bone fractures has become routine, with the number of annual procedures 

approaching five million in the United States alone. In joint replacement, typical patients are age 55 or older 

and suffer from debilitating rheumatoid arthritis, osteoarthritis, or osteoporosis. Orthopedic surgeries for 

artificial joints exceed 1.5 million each year, with actual joint replacement accounting for about half of the 

procedures. A major focus of research is the development of new biomaterials for artificial joints intended 

for younger, more active patients. 

An important event in orthopedic surgery occurred when, in the early 1960s, sir John Charnely 

presented the preliminary results of a new method for the fixation of joint prosthesis to bone.17 The idea was 

to distribute the contact stresses between the implant and the bone over a large area by means of filler 

material, called bone cement, consisting of self-curing poly (methyl methacrylate) PMMA. 

The main advantages of cemented prosthesis lay in their excellent primary fixation, in good load 

distribution between the implant and the bone, and in the fact that the technique allows fast recovery of the 

patient. However, acrylic bone cements also present some disadvantages such as the lack of secondary 

fixation, the mechanical failure of the cement and the formation of a fibrous tissue between the cement and 

the bone. These are partly due to the necrosis of the bone induced by the heat liberated during the setting 

stage, and the osteolysis caused by foreign debris, part of which could come from the same bone cement, 

and the toxicity of the liquid monomer of the cement.18 

Hip-joint replacements are principally used for structural support. Consequently, they are dominated 

by materials that possess high strength, such as metals, tough plastics, and reinforced polymer-matrix 

composites. In addition, biomaterials used for orthopedic applications must have high modulus, long-term 

dimensional stability, high fatigue resistance, long-term biostability, excellent abrasion resistance, and 

biocompatibility. Early developments in this field used readily available materials such as stainless steels, 

but evidence of corrosion after implantation led to their replacement by more stable materials, particularly  

Ti alloys, Co-Cr-Mo alloys, and CF-reinforced polymer composites. A typical modern artificial hip consists 

of a nitrided and highly polished Co-Cr ball connected to a Ti alloy stem that is inserted into the femur and 

cemented into place by in situ polymerization of PMMA.19 The articulating component of the joint consists 

of an acetabular cup made of tough, creep-resistant, ultrahigh-molecular-weight polyethylene (UHMWPE). 

Abrasion at the ball-and-cup interface can lead to the production of wear particles, which in turn can lead to 

significant inflammatory reaction by the host. Consequently, much research on the development of hip-joint 

materials has been devoted to optimizing the properties of the articulating components in order to eliminate 

surface wear.20 Other modifications include porous coatings made by sintering the metal surface or coatings 

of wire mesh or HA. These promote bone growth and integration between the implant and the host, eliminating 

the need for an acrylic bone cement.21 

While the strength of the biomaterials is important, another goal is to match the mechanical properties 

of the implant materials with those of the bone in order to provide a uniform distribution of stresses (load 

sharing). If a bone is insufficiently loaded, the stress distribution will be made asymmetrically, and this will 

lead to adaptive remodeling with cortical thinning and increased porosity of the bone. Such lessons in 
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structure hierarchy and in the structure-property relationships of materials have been obtained from studies 

on biologic composite materials, and they are being translated into new classes of synthetic biomaterials. 

One development is CF-reinforced polymer-matrix composites,22 using as matrix polymers PS and PEEK. 

The strength of these composites is lower than that of metals, but it approximates more closely that of bone. 

2.3. Resorbable cement systems 

A variety of bioceramics, polymers, and composites of the two, as well as homologous and autogenous 

bone, have been used as bioresorbable bone cements, particularly in fracture repair. Bone cements are used 

in a variety of applications including facial reconstruction, periodontal applications, fracture repair, bone 

defect filling, and total joint replacement. The more load-bearing the application, the higher the strength 

demands on the cement that determines the material chosen. 

Bioresorbable ceramic bone cements have generally been limited to low-load bone filler and extender 

applications, such as filling cortical defects. Allograft chips have been employed in conjunction with 

PMMA cement for fixation of revision hip prostheses.23 The PMMA cement provides fast hardening 

capabilities and strength, while the allograft allows new bone ingrowth to occur over the portion of the 

repair area. 

Bioresorbable polymers have been investigated primarily as preformed devices (pins and screws) made 

by compression moulding, sometimes using fiber reinforcement techniques to strengthen the material 

strength. The lack of attention to bioresorbable polymers as mouldable bone repair cements is perhaps due 

to the following fact: when used alone they do not provide sufficiently high strengths. 

2.3.1. Bone Allograft 

Homologous bone tissue is employed in surgical procedures due to its biomechanical and biological 

properties. Bone can be processed to yield dense cortical bone or porous cancellous bone or a composite of 

both. Most procedures use a combination of both in a variety of shapes and sizes (for example, rigid cubes, 

demineralized bone matrix-DBM). When ground into a powder and formulated into a gel-type suspension, it 

can be used as a bone cement. DBM currently is the only clinically available material possessing recognized 

biologic or osteoinductive activity.24 The concept of osteogenic materials derived from bone was first 

introduced in 1965 by Urist25 who postulated that bone matrix must contain a substance or substances that 

induce the differentiation of pluripotent precursor cells along an osteogenic line. The demineralization 

process releases these substances or bone morphogenetic proteins within the bone matrix. The presence of 

these proteins within the bone matrix contributes to the osteogenic potential of DBM materials. 

Numerous animal studies have shown the osteoinductive nature of DBM in heterotopic and orthotopic 

sites.26 Clinically, some success has been reported with the use of DBM materials in craniofacial and 

orthopedic reconstructive procedures.27 Insufficient efficiency data, poor handling properties, and migration 

of the DBM material from the surgical site have been reported as concerns.28 

However, even though the donor bone is passed through an elaborate aseptic manufacturing process, 

there are lingering concerns of possible disease transfer among many end-users. The alternative is the use of 

autograft, requiring a second surgery for the patient. But, each autograft and allograft has its own 

shortcomings such as donor site morbidity and donor shortage for autografts. 

2.3.2. Ceramics 

A major category of medical ceramics is those that repair or replace musculo-skeletal hard connective 

tissues. For load-bearing hip prostheses, the principal ceramic is high-density, high-purity, fine-grained 

polycrystalline Al2O3. Alumina has excellent corrosion resistance, good biocompatibility, high wear resistance, 

and high strength.29 Other clinical applications include knee prostheses, bone screws, segmental bone 

replacements, and components for maxillofacial reconstruction. 
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In contrast to dense alumina, which is nearly inert in the human body, other bioceramic implants can 

serve as porous media to support the ingrowth of new bone tissue, as materials that bioreact with bone, or as 

“scaffolds” that are completely resorbed after establishing a template for tissue growth. When pores exceed 

100 µm in size and are interconnected, bone will grow within the pore channels and maintain vascularity. 

Certain compositions of glasses, ceramics, glass-ceramics, and composites are bioactive (they bond to bone) 

thanks to the formation on their surfaces of a biologically active layer of HA. 

Bioactive ceramics are also compounds of calcium and phosphorus. The different compositions can 

range from bioactive to completely resorbable, depending on their solubility. They are used clinically as 

powders, coatings, small unloaded implants (for example, in the middle ear), and porous implants for areas 

that are subjected to low mechanical loading and where bone growth acts as a reinforcing phase. 

Many inorganic/ceramic systems under investigation today are CP or calcium sulfate based. A variety 

of forms of CP have been under investigation for use as bone graft substitutes and repair materials for many 

years, with several products now commercially available.30 HA is a natural choice since it is the major 

component of bone. 

HA is a bioactive material with a calcium-to-phosphorus ratio similar to that of the natural bone. 

Because of its bioactive nature, implants made from synthetic HA promote new bone growth from the 

existing bony walls (osteoconductive) onto it, thus stabilizing the prosthesis within a short period of time.31 

Studies on PLA composites with HA have shown an increase in osteoblast attachment and activity, showing 

the beneficial effect of this mineral in composite systems.32 HA is also used as a scaffolding material for the 

implantation of bone marrow stromal cells.33 

Sintered porous or dense HA is basically inert with respect to resorption, while corraline porous HA 

(CHA) slowly resorbs at the rate of 2% per year. CHA is made by the conversion of the calcium carbonate 

structure of sea coral into pure HA. The most significant features of this material are its totally 

interconnected pore structure and the high degree of uniformity in pore diameter. These unique features may 

be responsible for its ability to support bone ingrowth, in contrast to sintered or dense HA. Systems that are 

partially resorbable can be designed by combining HA with resorbable ceramics such as tricalcium 

phosphate (TCP), calcium biphosphate (CBP), or calcium sulfate, leaving a nonresorbed inert portion behind 

that serves as a lattice for osteogenesis. For example, (HA/TCP) has been investigated for use in spinal 

fusion, tumor resection in long bones, and repair of peridontal osseous defects with results indicating good 

biocompatibility and osteoconductivity.34 In nature, the HA lattice structure supports nearly all the load 

applied to bone, with other components (such as collagen) providing the viscoelastic properties. This is why 

the inorganic HA composites can exhibit problems with brittleness and will be susceptible to fatigue 

cracking in the mixed stress mode situations to which repaired areas under load are exposed. With pure HA 

systems, particle migration into surrounding tissues has repeatedly been cited as a concern for orthopedic 

applications. 

Various types of bioactive ceramics have been developed over the last three decades. Among these, the 

main bioactive ceramics clinically used are: the Bioglass in the Na2O–CaO–SiO2–P2O5 system,35 sintered 

HA (Ca10(PO4)6(OH)2),36 sintered β-tricalcium phosphate (TCP) (Ca3(PO4)2),37 HA/TCP bi-phase ceramic,38 

and glass ceramic containing crystalline oxyfluoroapatite (Ca10(PO4)6(O, F2)) and β-wollastonite (CaO 

SiO2) in a MgO–CaO–SiO2 glassy matrix.39 The above have been developed in the forms of bulks and 

particulates with dense and porous structures. For example, Bioglass and Bioglass-type glasses in the 

form of particulates have gained over a million successes in periodontal bone repair.40 HA, in bulk and 

granular forms with dense and porous structures, is popularly used as bone spacer and filler, and a number 

of clinical successes have been documented. Glass-ceramic, owing to its superior mechanical strength and 

excellent bone-bonding ability, has been applied, not only as bone spacers and fillers in the bulk and 

granular forms with dense and porous structures, but also as artificial vertebrae, intervertebral discs, and 

iliac crests in dense bulk form. 

Ceramic systems are often used by dry packing the material into the repair area. Alternatively, pastes 

are made by combining the particles with blood or phosphate buffer. Organic acids have been incorporated 

as setting agents to provide materials that harden in minutes. 
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Calcium sulfate, both as the hemihydrate and dihydrate, has been used for many years to fill bone 

defects, with the first reported use of the hemihydrate (plaster of Paris) in 1892.41 Experiments have shown 

complete resorption in 45–72 days with bone remodeling complete in 3 months. Although the material alone 

is not osteogenic, regeneration of bone is accelerated when it is in contact with the periosteum or bone. 

Setting occurs as the material converts to the dihydrate (gypsum). CaSO4 has been combined with HA to 

make water-settable systems in which particle migration is less of a problem than with HA alone. 

While these and other fast-setting ceramic materials represent progress in bioresorbable bone cements, 

they do not circumvent concerns of brittleness, fatigue fracture, and unsatisfactory mouldability. Using a 

polymeric material in the system would improve fracture toughness (that is, reduce brittleness), resulting in 

better performance in mixed stress modes, and improve mouldability in the dough state. Such a material 

would be more suitable for higher-load bearing applications and mixed-mode loading situations to be 

encountered in its intended biomedical applications. 

2.3.3. Polymers 

Research in the first half of the 20th century with polymers synthesized from glycolic acid and other 

α-hydroxy acids was abandoned for further development because the resulting polymers were too unstable 

for long-term industrial uses. However, this very instability leading to biodegradation has proven to be 

immensely important in medical uses in the last three decades.42 

A fractured bone, fixed with a rigid, non-biodegradable stainless steel implant, has a tendency for re-

fracture upon removal of the implant. The bone does not carry sufficient load during the healing process, 

because the load is carried by the rigid stainless steel. However an implant prepared from biodegradable 

polymer can be engineered to degrade at a rate that will slowly transfer load to the healing bone.43 Another 

exciting application for which biodegradable polymers offer tremendous potential is the basis for drug 

delivery,44 either as a drug delivery system alone or in conjunction to functioning as a medical device. In 

orthopedic applications, the delivery of a bone morphogenic protein (BMP) may be used to speed the 

healing process after a fracture, or the delivery of an antibiotic that may help prevent osteomyelitis following 

surgery. 

Polymers prepared from glycolic acid and lactic acid have found a multitude of uses in the medical 

industry, beginning with biodegradable sutures first approved in the 1960s.45 Since that time other medical 

devices, based on lactic and glycolic acids, as well as other materials, including poly(trimethylene 

carbonate) copolymers, and poly(ε-caprolactone) (PCL) homopolymers and copolymers, have been accepted 

for use as medical devices.46 In addition to these approved devices, a great deal of research continues on 

polyanhydrides, polyorthoesters (POEs), and other materials.47 

A number of complete polymeric systems have been under investigation for their bone bonding 

properties. These systems are not designed to achieve fixation by mechanical strength, but by adhesion 

through polymer swelling and adhesive bonding, at least in the initial stages. Poly(ethylene 

oxide)/poly(butylene terephthalate) (PEO/PBT) block copolymers have demonstrated good bone bonding 

properties and are known under the trade name Polyactive.48 It has been shown that polymer swelling and 

some adhesive bonding are responsible for initial fixation, while at later times (several weeks and onward) 

calcification within the coating surface becomes responsible for bone bonding. The extent and timing of the 

onset of calcification was shown to depend on PEO content.49 

More recently, tyrosine-based polycarbonate50 was shown in the canine bone chamber model to also 

exhibit a remarkable degree of direct bone apposition (describes the absence of an intervening fibrous tissue 

layer between the implant and the surrounding bone). Its family of homologues was also tested and has 

shown that small changes in polymer chemistry have a large effect on the bone-implant interface.51 

2.3.4. Composites 
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The next advance in resorbable bone cements was designed to mimic the viscoelastic properties of 

bone by incorporating a polymer into a ceramic system. Polymers of the lactic-glycolic family have been 

used for this purpose, together with other polyesters such as PCL and POEs. 

The first step extensively investigated was the incorporation of natural biopolymers such as purified 

fibrillar collagen (PFC) into a cement system.52 Various collagen types have been combined with HA, TCP, 

and tetra CP. Collagraft bone graft matrix (Zimmer/Collagen Corporation) is a collagen/HA/TCP system to 

which the patient's bone marrow is added as an osteogenic stimulus.53 The HA/TCP is packaged as the dry 

component, with a syringe of PFC in phosphate buffer as the wet component. Collagraft was tested for 

fracture repair capabilities in a segmental bone defect in dogs. Use of the material with or without bone 

marrow resulted in union in all cases, while it has been established that this model results in no union if the 

defect is left untreated. On comparing Collagraft to HA and TCP, 100% union was achieved more rapidly 

with Collagraft. The material was also tested for use in spinal fusion and for periodontal osseous defects.54 

Results indicate that the material is more comparable in properties to bone than HA and TCP. 

One concern with these collagen-containing materials is the possibility of hypersensitivity reactions to 

bovine collagen. This concern is eliminated with the use of synthetic polymers. Several cement systems that 

use synthetic polymers are under investigation, most of these being lactic and/or glycolic-based systems. 

However, most development work with poly (lactic-co-glycolic acid) (PLGA) has been on development of 

preformed devices. 

PLA/HA composite cements have been under investigation for several years.55 Other researchers have 

embedded corraline HA and ALCAP (Al-Ca-P ceramics) with PLA and obtained systems of 4.7 and 

44.7 MPa compressive strength, respectively.56 However, these systems do not contain specific curing 

components to allow rapid setting of the material into a hard cement, and are produced by embedding the 

ceramic with a dilute solution of PLA in an organic solvent. While such a system may be suitable for casting 

or for moulded device manufacture, it is not suitable for a mouldable bone cement that sets in vivo. HA and 

calcium phosphates have been combined with other resorbable polymers such as POEs and PDO.57 

However, these systems also have not been designed to fast cure. 

In recent years, systems have been developed that use Krebs cycle acid-based polyesters. A fast-curing, 

bioresorbable, biocompatible composite bone cement based on poly(propylene fumarate) (PPF) has been 

developed.58 

2.4. Bone and cartilage tissue engineering 

Bone tissue engineering is an interdisciplinary field that proposes the use of synthetic or naturally 

derived materials to act as a scaffold for bone tissue ingrowth and organization, with subsequent dissolution 

of the scaffold material through the processes of biodegradation and bone remodeling.59 Bone and cartilage 

tissue-engineering systems have included demineralized bone matrix, collagen composites, fibrin, CP, PLA, 

PGA, polylactide-polyethylene glycol, HA, dental plaster, and titanium.60 

The research program for tissue engineering bone and cartilage classified into six phases:61 

1. fabrication of bioresorbable scaffold; 

2. seeding of the osteoblasts/chondrocytes populations into the polymeric scaffold in a static culture 

(petri dish); 

3. growth of premature tissue in a dynamic environment (spinner flask); 

4. growth of mature tissue in a physiologic environment (bioreactor); 

5. surgical transplantation; 

6. tissue-engineered transplant assimilation/remodeling. 

Currently, the design and fabrication of scaffolds in tissue engineering research is driven by three 

material categories:62,63 

– regulatory approved biodegradable and bioresorbable polymers, such as collagen, PGA, 

polylactides, PCL, etc.; 
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– a number of non-approved polymers, such as POE, polyanhydrides, etc. which are also under 

investigation; 

– the synthesis of entrepreneurial polymeric biomaterials, such as poly(lactic acid-co- lysine), which 

can selectively shepherd specific cell phenotypes and guide the differentiation and proliferation into 

the targeted functional premature and/or mature tissue. 

3. CONCLUSIONS 

Since bone is a living tissue that is consistently being remodelated, the properties and structure of 

which reflect this dynamic state, it is inappropriate to replace or augment it with substances that have 

fundamentally different characteristics that could interfere with this dynamic state. One of the principal 

factors here is the elastic modulus of the material and the use of composites in orthopedics is largely based 

upon the perceived need to match the elasticity of replacement or augmentation material with that of the 

bone itself. 

This review has emphasized the current bio-need to incorporate, into one composite structure, 

components that provide engineering performance and components that provide biological performance. 
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