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Abstract 
Scaffolds are three-dimensional biocompatible structures that can mimic the 
properties of the extracellular matrix (ECM) of a given tissue, like mechanical 
support and bioactivity, which provides a platform for cellular adherence, 
proliferation and differentiation. Consequently, scaffolds are frequently used 
in tissue engineering with the intention of assisting the regeneration of a 
damaged tissue, and a major application in bone regeneration. An ideal scaf-
fold needs to be biodegradable, biocompatible, and needs to match the bio-
mechanical properties of bone. Polymers are widely used in this field because 
they fulfil the first two requirements. However, no polymeric material can 
achieve mechanical properties similar to the bone. For that reason, polymeric 
nanocomposites, which consist of ceramic/metallic nanoparticles dispersed in 
a polymer matrix, are being considered for bone scaffold fabrication in order 
to overcome this problem, since nanoparticles are known to improve compo-
site mechanical strength, and enhance other properties. 
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1. Introduction 

Aiming to replace traditional technologies in bone fracture treatment, such as graft-
ing and metallic prostheses, the use of biocompatible and biodegradable polymers in 
bone tissue engineering was developed [1], working as a three-dimensional platform 
that stimulates and sustains regeneration. 

The polymers that are currently in use present advantages like being biocom-
patible, which avoids an adverse reaction, and biodegradable, which allows for it 
to disintegrate at the same rate that the bone regenerates, so the scaffold is en-
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tirely replaced by the new tissue [2]. However, they also present the main disad-
vantage of having lesser mechanical properties in comparison to the bone tissue.  

In order to overcome this problem, inspiration was sought out in the very 
structure of the bone, which can be considered a kind of nanocomposite, since it 
is made of nanometric components (hydroxyapatite crystals) combined with a 
micrometric collagen matrix [3]. Thus, inorganic and organic nanometric charges 
started getting dispersed in the polymeric matrix, with the intention of achieving 
better properties than those presented by the individual components on their 
own. 

Nanoparticles don’t bring benefits solely to the mechanics of the scaffold, they 
also have a tendency to stimulate cellular adherence, due to their large surface 
area, playing an important role in bone tissue engineering. Besides that, certain 
nanoparticles present bactericide and antitumor activities, which bring even 
more advantages to their use [4]. 

Hence, the goal of this review paper is to present the state of the art in poly-
meric nanocomposite use in the medical field, focusing on bone regeneration 
and detailing the most used polymers and nanoparticles. 

2. Bone Tissue Engineering 

The bone is one of the most rigid tissues in the human body, and is responsible 
for protecting and providing support to many organs, as well as playing a key 
role in mobility. That is only possible due to its hierarchical structure, going 
from firm collagen proteins to rigid minerals such as hydroxyapatite, from the 
macro to the nanoscale (Figure 1). The function of the bone in the human body 
is directly linked to its rigidity, which, in turn, is directly proportional to the 
collagen/mineral percentage of the composite [3]. For instance, long bones show 
a 20% collagen/mineral percentage, which is enough for the bone’s properties to 
be adequately balanced, so it can absorb energy and, at the same time, be rigid 
enough to permit mobility [5]. 
 

 
Figure 1. The hierarchical structure of the bone [6]. 
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Once the bone is formed, it is dynamically maintained by a remodeling, with 
constant processes of neoformation and bone reabsorption. These processes are 
conducted by the bone cells, with osteoblasts being responsible for the former 
and osteoblasts for the latter [7]. This process happens vigorously during devel-
opment, but also happens in the adult life, repairing small fractures. For in-
stance, it is normal for 25% of the trabecular bone, which is the part of the bone 
that is less dense, and 3% of the cortical bone, which is the more compact part of 
the bone, to be removed and substituted every year [8]. 

This remodeling process is fundamental to the proper functioning of the hu-
man body because this process releases ions responsible for the ionic balance of 
the extracellular fluid, helping to maintain the body’s homeostasis and blood pH 
[9]. 

However, this self-rebuilding, which is made possible by the constant bone 
remodeling, has its limitations regarding bone fractures, and can be divided into 
two categories: primary and secondary reconstruction. Primary reconstruction 
happens when the length of the fracture is less than 0.1 mm, which allows ossifi-
cation through the direct action of osteoclasts and osteoblasts, without the need 
to involve conjunctive tissue. Secondary bone fracture is the most common form 
of reconstruction, and it happens when fracture has less than half of the bone’s 
diameter. This process involves several events, including blood clotting, inflam-
matory response, fibrocartilage formation and, finally, ossification, with the aid 
of stem cells that differentiate into bone cells [10]. 

Fractures of larger proportion are not able to spontaneously self-regenerate 
and require external intervention, which is needed more and more as people 
grow older and there is a decrease in bone deposition activity. Hence, the need 
for bone tissue regeneration technology grows dramatically as the world popula-
tion ages and the life expectancy rates increases [7]. 

Among the different bone fracture treatments, whether the fracture was due 
to trauma, old age or illness, the most commonly used is grafting, which is the 
surgical placement of a bone fragment in the fractured area, stimulating its re-
generation. More than two million bone grafting surgeries are performed glo-
bally, and bone is the second most transplanted tissue, after blood. The graft can 
be autogenous, or autograft, being harvested from the patient, allograft, which is 
harvested from a cadaver, or xenograft, which is bone from another species, such 
as bovine bone [7].  

Autografting has osteoconductive, osteoinductive and osteogenic properties, 
which allows for fast and complete integration without rejection due to the genic 
similarity of the grafted tissue. However, one of the problems with the use of this 
technology is the need to work with two surgical sites, which makes post-op re-
covery more difficult [11]. Allografting and xenografting are considered an al-
ternative to the discomfort of two surgeries, but these types of grafting are ex-
tremely immunogenic, which increases chances of failure as the initial osteoin-
ductive phase can be destroyed by the immunological system and the inflamma-
tory cells, causing necrosis of the osteoconductive cells [12] [13]. 
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In order to avoid this adversity, synthetic bone grafts started being used, 
which means the creation of scaffolds that can temporarily stimulate and sup-
port bone regeneration, acting as artificial extracellular matrices that intent to 
stimulate bone repair. The osteoregeneration process is comprised of three 
processes: osteoinduction, or the ability to support and facilitate the cellular ad-
herence of osteoblasts and osteoprogenitors; osteoinduction, or the start of the 
differentiation process of these bone precursors, and osteogenesis, the final part 
of the bone formation process [9]. 

2.1. Main Requisites of Bone Scaffolds 

The ideal scaffold must be biocompatible, biodegradable and bioabsorbable, so it 
can degrade at the same rate as the neoformation of the bone, so the newly 
formed tissue is able to replace it. As the scaffold degrades, it loses its mechanical 
strength, but if that degradation is controlled and takes a long time to happen, 
the mechanical properties are gradually transferred from the scaffold to the 
newly formed bone tissue [1]. 

Another fundamental requisite of scaffolds is degradation with solely non-toxic 
products that can easily be absorbed or excreted by the body. Besides that, other 
requisites for the use of scaffolds in bone tissue regeneration include: adequate 
microstructure, similar mechanical properties to those of the bone tissue from 
the implanted site and a good interaction in the interface of the cells with the 
scaffold, in order to allow for cellular adherence, proliferation and differentia-
tion [1]. 

Thus, through this perspective, the architecture of a scaffold is a fundamental 
factor for it will determine its microstructure and porosity levels, and the poros-
ity, the size of the pores and the interconnectivity between them will, in turn, 
determine if cellular and blood infiltration, such as transportation of nutrients 
and metabolic waste, is possible [14]. Therefore, one of the biggest challenges in 
the fabrication of scaffolds is the balance between mechanical properties and 
bioactivity, since these properties are inversely proportional. 

In order to evaluate the effect of geometry and porosity in the compressive re-
sistance of these devices, Roohani-esfahani et al. (2016) fabricated ceramic 
3D-printed scaffolds, with various porosities (50%, 55%, 60%, 70%) and pore 
shapes (hexagon, curve, rectangular and zigzag). The results allowed the authors 
to establish that both porosity degree and pore structure significantly alter the 
scaffold’s mechanical properties [15]. 

Although, under the mechanical perspective, porosity is something that has a 
negative impact on the scaffold, it’s increase is related to a higher bioactivity, 
because the more a scaffold is porous, the more surface area it has available for 
cellular adherence and proliferation [16]. 

In this regard, the study held by Lin and collaborators (2013) aimed to eva-
luate the relation between scaffold porosity and the cellular activity the scaffold 
promotes. For that purpose, they made polyethylene glycol (PEG) scaffolds us-
ing the stereolithography technique, one of them entirely solid and one with 500 
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µm porosity. After a series of tests analyzing cellular activity, it was possible to 
observe that there was more cellular activity in the porous scaffold than in the 
solid one. This behavior is due to the largest area available for cellular permea-
tion, since the solid scaffold can only support tissue development on its surface, 
while the porous one shows the development and proliferation of cells inside its 
structure, allowing for more extensive tissue repair [16]. 

Therefore, it can be said that the scaffold’s macroporosity plays a major role in 
bone tissue regeneration since it allows for the scaffold to better integrate with 
the host tissue. Pores between 100 and 300 μm are interesting because it stimu-
lates cellular migration and proliferation [17] [18]. Pores under 100 microme-
ters, in turn, facilitate the adsorption of nutrients in its surface, and play a key 
role in the cellular differentiation phase [19] [20] [21] [22]. 

After studying the porosity of these scaffolds, it can be stipulated that the ideal 
scaffold would have a porosity degree of between 60% and 90% with pores pre-
dominantly bigger than 150 micrometers and compression modulus between 
100 and 150 MPa, to make sure it presents proper mechanical support and bio-
activity [15]. 

Regarding biodegradation time, it is important that the biodegradable scaf-
folds can maintain their physical properties for at least six months, until the 
bone tissue regenerates [23] [24]. The elements that impact this process are the 
intrinsic biodegradation characteristics of each material and the porosity of the 
scaffolds which increases its surface area, making it easier for fluid to infiltrate 
the structure, since that directly contributes to its biodegradation [17]. 

Many techniques can be employed to fabricate porous scaffolds, such as elec-
trospinning [25], solvent casting, porogen leaching [26] [27] and 3-D printing 
[28] Each one of them has advantages and disadvantages and must be thorough-
ly studied so that one can choose the most advantageous technique for each par-
ticular system. Porogen leaching, for instance, creates systems with the adequate 
pore dimensions and is currently the most economic method available. Howev-
er, it is possible to have organic residue in the system, which can cause toxicity 
and therefore limit its application [29]. 

3-D printing has brought a plethora of innovations to the tissue regeneration 
field, because it facilitates higher reproducibility of the technique and better 
control of the scaffold’s architecture and geometry, so that pores with specific 
sizes and designs are a possibility. However, one of the disadvantages of 3-D 
printing is the very limited number of materials that can be used. For instance, 
fused deposition modelling (FDM) and selective laser sintering (SLS) require 
thermoplastic polymers, while stereolithography (SLA) requires polymers that 
polymerize with a radical initiator [30]. 

2.2. Polymers Used in Bone Tissue Engineering 

Poly (methyl methacrylate) (PMMA) was the first polymer to be used in the or-
thopedic field and remains one of the most durable materials in bone tissue en-
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gineering due to its high mechanical properties and to the fact that it can be po-
lymerized in situ, which stimulates its application as a cement, aiming to fill in 
microfractures in the bone. Nonetheless, the application of this polymer in larger 
fractures is very troublesome, since its mass polymerization is highly exothermic 
and, in larger quantities, can end up causing damage to surrounding tissue. 
Other non-degradable polymers, such as polyethylene (PE), polypropylene (PP) 
and polycarbonate (PC), can also be used in the bone tissue field to permanently 
replace bone tissue, due to their high mechanical properties and chemical stabil-
ity. However, as these matrices are non-biodegradable, their application aims to 
replace bone tissue in areas where tissue cannot be regenerated due to its length 
or the patient’s age [31]. 

Natural polymers such as collagen [32] [33], fibrin [34], and alginate [35], for 
instance, are excellent alternative materials for scaffolds because they are bioac-
tive and biocompatible. Among them, collagen is the most used because it is a 
component of the extracellular matrix and the most abundant protein in the 
body. However, these natural polymers are limited mostly because of their weak 
mechanical properties and the possibility to onset immunologic reactions me-
diated by macrophages [2]. 

Hence, synthetic biodegradable and biocompatible polymers are being widely 
studied in regards to their use as scaffold matrices, since they are more easily 
processed than ceramics and metals and have higher mechanical resistance than 
natural polymers [36]. Besides, one can have better control of the scaffold’s final 
characteristics, such as crystallinity degree and molar mass, while using these 
materials. 

Polycaprolactone (PCL) is a semi crystalline aliphatic polyester that features 
satisfactory mechanical properties and degrades into products that can easily be 
excreted or utilized in the Krebs cycle. PCL’s greatest disadvantage, however, is 
its inheritably hydrophobic chemical nature, which hinders its interaction with 
bodily fluids and the consequent cellular adherence and proliferation [37].  

Polymeric blends and surface coatings can be utilized to alter this undesirable 
characteristic of PCL. Hence, Shafiee et al. (2013) evaluated PCL blends with 
poly (vinyl alcohol) (PVA), aiming to reduce the scaffold’s hydrophobicity and 
thus improving its biological interactions. The contact angle analysis between 
water and the material’s surface showed that the PCL/PVA blend can improve 
the wetness of the structure’s surface compared to PCL’s, which shows that this 
maneuver can improve the final scaffold’s bioactivity [38]. The polymeric blend 
can also affect PCL’s biodegradation time, which is too high and take up to 3 
years’ time for molar masses around Mn ~50000 g/mol [39]. 

Poly (glycolic acid) (PGA) is a highly crystalline polymer (Xc = 45% - 55%) 
that is usually used as a scaffold due to its high mechanical properties. It was the 
material used in 1969 by the FDA as the first biodegradable synthetic suture. 
Regarding biodegradability, PGA starts losing strength in 1-2 months when hy-
drolyzed and loses mass between 6 - 12 months. Its degradation product, gly-
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cine, can be excreted in urine or converted into carbon dioxide and water 
through the citric acid cycle [40]. Even though it seems to be a promising matrix 
for bone tissue application, its main disadvantages are the possibility of causing a 
local increase of acidy in the surrounding tissue, and its high rigidity, which can 
complicate its processing [41]. 

Poly (lactic acid) (PLA) is also a biodegradable and compostable aliphatic 
polyester. It is a thermoplastic polymer with good mechanical properties. It 
can be obtained through renewable sources, such as sugarcane, corn and pota-
toes, with Brazil being the largest sugarcane producer in 2008, having produced 
648,921,280 million tons per year according to the FAO’s statistics. It is 
FDA-approved for use in the biomedical field because not only it is biodegrada-
ble, but also biocompatible, and the products of its biodegradation are inno-
cuous to the human body. Besides, the ester groups in its structure undergo hy-
drolysis, without the need for enzymes, which prevents an inflammatory reac-
tion [42]. 

Lactic acid is a chiral molecule and it consists of two different isomers, 
L-D-lactic-acid. Their crystallinity and subsequent chemical and mechanical 
properties can be controlled through the quantity of L and D isomers in its 
chain. PLLA, for instance, is largely used in tissue engineering for its excellent 
mechanical properties [43]. 

This matrix, however, has hydrophobicity and very slow degradation progress 
as its main disadvantages. Depending on the degree of crystallinity, access to 
water can be very difficult, which in turn slows down biodegradability [44]. 
Thus, aiming for a more appropriate biodegradation rate for bone tissue regene-
ration, one can use a copolymer of PGA with PLA, PGLA, which allows for a 
better control of biodegradation time, varying the number of monomers during 
its fabrication. Even though none of the products of PLA and PGA degradation 
are toxic, they are highly acidic and in large quantities can cause an inflamma-
tory reaction. The fabrication of poly (lactic-co-glycolic acid) (PLGA) makes it 
possible to better control its biodegradation, accelerate the process and making it 
so there won’t be any inflammatory response [40] [45]. 

Polyethylene glycol (PEG) is also largely used for this purpose, either by itself 
or combined to other polymers [46], because it acts as a plasticizer, making its 
processing easier [29]. It also improves the scaffold’s hydrophilicity when com-
bined with hydrophobic polymers such as PLA, PGA and PLGA. It has been 
proved that PEG and PLLA copolymers show smaller contact angles, going from 
71˚ to 21˚, as the PEG concentration increases [47]. Because of the scaffold’s hy-
drophilicity increase, the biodegradation is also affected, since that process hap-
pens through hydrolysis. Thus, the combination of PEG with a hydrophobic po-
lymer accelerates the material’s biodegradation, due to the increase in water ab-
sorption [41].  

Polyhydroxybutyrate (PHB) and other polyhydroxyalkanoates (PHA) are 
aliphatic polyesters produced by microorganisms in stressful environments 
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(lacking nitrogen, oxygen, magnesium phosphate or sulphate). The use of 
PHA in the bone tissue regeneration field is fairly recent, but has a lot of poten-
tial because they are biocompatible. One of the products of their biodegradation 
is 3-hydroxybutyrate, a blood component that is naturally produced by the liver 
when breaking down fatty acids. Also, the presence of 3-hydroxybutyrate in the 
fracture site, as the scaffolds degenerates, causes a higher calcium deposition and 
keeps bone cell apoptosis and necrosis from happening, which helps with rege-
neration [48]. Their disadvantage, however, is their limited availability, since 
they are very expensive to fabricate [39]. 

PHB is made of repetitive units of 3-hydroxybutyrate, has a high molar mass 
and is isotactic, due to the stereospecificity of the enzyme responsible for the 
monomers polymerization, PHB polymerase. Thus, it has the slowest biodegra-
dation rate in the PHA family [48], which limits its use as bone scaffold matrix. 
Another disadvantage is that, due to its low electronic density, the material can-
not absorb enough photons to produce high-contrast images, and so the PHB 
implants cannot be seen through X rays or CT scans [49]. 

Chitosan is a polysaccharide derived from chitin, which is biodegradable, 
biocompatible, non-toxic, and hydrophilic, which makes cellular adherence on 
its surface easier. Because of that, it is widely used in tissue engineering as a 
scaffold matrix, or combined with other polymers [50]. Its precursor, chitin, is 
also used in the biomedical field, both in tissue engineering and drug release, 
since it is the second most abundant polymer in nature, second only to cellulose, 
as it can be extracted from the skeletons of maritime crustaceans and insects, 
while the chitin extracted from maritime sponges has unique biomimetic prop-
erties. However, chitin has some opposite properties of those from chitosan, be-
cause it is hydrophobic and insoluble both in water and in organic solvents [50]. 

Both substances, however, present chemical structures similar to those of gly-
cosaminoglycans, main components of the bone’s extracellular matrix [51]. 
Another great advantage of these compounds is that they can easily be processed 
in different ways, such as gel, microparticle, nanoparticle, nanofiber, etc. And 
the fact that they have antibacterial and antifungal properties protects the site of 
the fracture from infection and inflammation, and consequently keeps the scaf-
fold from failing and the patient from being hospitalized. This bactericide prop-
erty is a result of the polymers cationic nature, which allows for interaction with 
the microbes’ negatively charged membranes. This interaction leads to a drop in 
osmotic stability, membrane rupture and the eventual departure of intracellular 
elements [52]. 

Considering chitosan’s affinity to bonding with metallic atoms, especially sil-
ver [53], Hajji et al. (2017) tested its bactericide activity and the presence of syn-
ergy when chitosan is combined with silver nanoparticles. They fabricated films 
of PVA-chitosan nanocomposites with silver, CSNF1, CSNF2 and CSNF3, with 
increasing concentrations of silver, CSNF4 without PVA, and also films with only 
PVA (PVA 100) and only chitosan (CS 100). They proceeded to measure the 
area of bacterial inhibition Gram-positive and Gram-negative, and confirmed 
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that both the silver and the chitosan had bactericide properties, showing synergy 
when put together [14]. 

Considering all of the polymers studied, the best way to fill in all of the requi-
sites of a functional bone scaffold would be to fabricate composites or nano-
composites of biodegradable biocompatible polymer, reinforced with bioactive 
materials [14], since no polymer can achieve these goals by itself (Figure 2). 

2.3. Nanotechnology 

Nanocomposites have become increasingly more commonplace in bone tissue 
engineering, since bone tissue itself can be seen as a nanocomposite, with a 
complex hierarchical structure, made of an organic phase of collagen fibers, and 
a mineral phase of nanocrystals and hydroxyapatite. Thus, the bone cells react 
naturally and spontaneously with nanostructured materials, as long as their sur-
face is rough and contains pores of around 2100 nm. This roughness can be mi-
micked by polymers accompanied by nanoparticles [54]. 

Besides that, nanomaterials exhibit vastly superior mechanical and osteocon-
ductive properties, due to their larger surface area, which results in higher phy-
sicochemical properties, compared to those of the micrometric material. Thus, 
nanometric surfaces can control cellular functions due to its bioactive surface, 
making the adherence of osteoblasts easier and promoting their proliferation, 
stimulating better bone formation than any other conventional material, as 
many papers have proven [55] [56] [57]. 

Nanotechnology also makes it possible to make scaffolds more bioactive, be-
cause, due to nanoparticles’ higher surface area, it is possible to functionalize 
them with proteins and signifiers that stimulate adherence, proliferation and 
differentiation of bone cells [4]. 
 

 

Figure 2. Mechanical properties of natural materials compared to synthetic materials [6]. 
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Nanoparticles, especially those that are smaller than 100 nm, have the ten-
dency to form clusters due to the Van Der Walls forces, which rule the nanome-
tric scale. This way, to ensure good results when fabricating a scaffold, it is im-
portant to use a technique that guarantees a good dispersion of nanoparticles in 
the matrix, otherwise the nanoparticles form clusters of micrometric scale, and 
they lose their nano effect. The better the dispersion, the better the properties 
shown by the nanocomposite [31]. 

The use of nanomaterials on biomedicine has also grown as a response to the 
increasing threat of bacteria capable of developing resistance to antibiotics. Due 
to the physicochemical properties of nanoparticles, such as larger surface area 
and smaller size, they have the ability to interact directly with cell membranes of 
microorganisms and with key protein/enzymes that can inhibit the pathogen’s 
growth or cause apoptosis using a different mechanism than most antibiotics; 
plus, with the intention of optimizing the bactericide effect of nanoparticles, 
their size, shape and chemical characteristics can be manipulated [58]. The de-
velopment of nanoparticles in infection treatment can be divided into two strat-
egies. The first one consists of utilizing materials that have inherent bactericide 
properties when they’re in nanoscale [59]. The second one is the encapsulation 
of known therapeutics in nanovehicules to improve their efficiency [60]. 

In 2011, the European Commission defined nanomaterials as natural, acci-
dental or manufactured materials that contain particles, by themselves or in 
clusters that contain at least one dimension between 1 and 100 nm [23]. 

Nanotechnology is among those responsible for the great progress of the bio-
medical field in the last few years, and, as a consequence, nanomaterials are now 
being industrially mass produced and some products are being commercialized 
already [61]. However, there must be caution because up to this moment there 
have been very few studies about the toxicity of nanomaterials. More informa-
tion is needed regarding the nanoparticles originating from scaffold degradation, 
their biomolecule interaction in vivo and possible cluster formation, their cap-
ture by macrophages, their entrance in endothelial cells and the resulting toxic 
effects [62]. 

2.4. Nanocomposites 

Ever since 1950, calcium and phosphate ceramics like hydroxyapatite (HA), Ca10 
(PO4)6(OH)2, b-tricalcium phosphate (b-TCP), Ca3(PO4)2, and biphasic calcium 
phosphate (BCP) are widely used in bone tissue engineering because they mi-
mick the minerals that are already in the bone, Thus, these ceramics are absorb-
able, they show excellent bioconductivity and present mechanical properties 
similar to those of the human bone [54] [63].  

Synthetic hydroxyapatite (HA), in its macro or nanometric form, is a ceramic 
with osteoconductivity recognized by many studies [64] [65]. It interacts well 
with the proteins that act on cellular adherence and has direct involvement in 
cellular differentiation and mineralization. However, HA doesn’t have good 
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mechanical properties and is extremely brittle, so it is not a good base material 
of a scaffold. When combined with biodegradable polymeric matrices, minerali-
zation of HA particles in the polymeric surface can be observed. Moeini et al. 
(2017) made a PCL scaffold with hydroxyapatite to deal with the polymeric ma-
trix’s hydrophobicity, and proved that after 14 days of immersion in simulated 
body fluid (SBF) there was mineralization [66]. Wang et al. (2014) also worked 
with PCL/nanoHA scaffolds, saw the same effect and theorized that hydroxyapa-
tite nanoparticles’ high hydrophilicity enabled the infiltration of water in the 
scaffold, the hydrolysis of the ester bonds in the polymeric matrix and its subse-
quent degradation [23]. 

Other than these advantages, the addition of nanohydroxyapatite can regulate 
the body’s pH, which prevents inflammation in the site of the fracture. The ce-
ramic in nano form can be extracted from bovine sources, bones and fish scales 
[67]. 

Metallic particles like silver, zinc, titanium and zirconia show antibacterial 
and antifungal properties and for that are widely used in the tissue engineering 
field [53]. 

Gold and silver nanoparticles are widely used in biomedicine for cancer 
treatment, especially due to their antitumoral activity. This way, their potential 
in the bone tissue regeneration field is huge, since it would allow for simultane-
ous treatment of bone cancer responsible for the bone weakening and subse-
quent fracturing [68] [69]. Some studies show that these nanoparticles improve 
mechanical properties and stimulate cell adherence [70] [71] [72].  

Zirconium oxide (ZrO2) is widely disseminated on the planet, and that in-
cluded the human body, being present in bone tissue at around 2 - 20 mg/kg. 
[73]. Ever since 1970, ZrO2 has been used as a biomedical material due to its 
versatility. It can be found in the polymorphic forms monoclinic, tetragonal and 
cubic. It is a biocompatible and bioactive material, and when under stress, its 
metastable tetragonal phase transforms into the polymorphic monoclinic, clos-
ing around the crack, which causes an expansion of its volume and compressive 
stress and stops the crack from propagating. 

In 2013, Liu et al. deposited thin films of zirconium oxide and managed to get 
not only a great hydroxyapatite deposition via simulated body fluid (SBF), but 
also great adherence and proliferation of mesenchymal cells, young cartilaginous 
cells [74]. 

Titanium oxide (TiO2), in turn, is an organic ceramic material that presents 
three crystal structures: anatase (tetragonal), rutilo (tetragonal) and brookite 
(orthorhombic) [75], but the brookite form is unstable, and difficult to synthes-
ize, while rutilo and anatase are more widely researched, can be synthesized in 
laboratories and are semiconductors, showing catalytic activity [76]. 

Titanium oxides are widely utilized in tissue engineering due to their 
non-toxicity, low cost, photocatalytic activity, but mostly due to their bactericide 
properties, which have been studied and reported in many papers. Haldorai et al. 
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(2016) have created chitosan nanohybrids with TiO2 to test its bactericide action 
against E. Coli and had positive results [77]. 

Zinc is a basic element of the human body, and is present mostly in the bones 
rather than in other bodily tissues [78]. It is also involved in the regulation, 
structure and catalysis of alkaline phosphatase (ALP), which plays an important 
role in osteogenesis and mineralization. It is also believed that zinc has the abili-
ty to suppress the osteoclastic reabsorption process [79] [80]. This metal has 
good compatibility, chemical stability, antibacterial and antifungal activity, with 
the ability to be non-toxic in vitro and in vivo [62]. Since nanometric zinc oxide 
exhibits fluorescence, it has been widely utilized in pre-clinical researches, as it is 
cheap and convenient. 

Aiming to improve the mechanical force of the polymers, the nanocharge that 
shows the biggest potential is carbon nanotube, due to its high mechanical 
properties and fiber structure. Carbon nanotubes are carbon allotropes in a cy-
lindrical structure, with a ratio of length/diameter of 28,000,000/1. They are 
characterized as single wall nanotubes (SWNT) and multi-wall nanotubes 
(MWNT). Most SWNT have a diameter of 1nm and exhibit electric properties 
that are not shared by MWNT, since cellular function is stimulated under an 
electric current [81]. 

One of the biggest issues that keeps carbon nanotubes from being dissemi-
nated in biomedicine is that their hydrophobic surface, combined with a high 
aspect ratio, cause agglomeration. That agglomeration of nanotubes causes them 
to lose the conductive and mechanical properties that made them advantageous 
in the first place and increases their toxicity. Thus, regarding tissue engineering, 
it would be ideal to use low concentrations, around 0.5% w/w, to avoid agglo-
meration [82]. 

In order to go around this problem, the nanotubes are modified, functiona-
lized with the addition of carboxylic groups or alcohol, to help with dispersion in 
water. However, there is controversy around how this functionalization influ-
ences bone regeneration. Mu et al. (2009) showed that the carboxylic groups in-
hibit cell proliferation [83]. Other academics, however, claim that the increase in 
the contact area caused by the reduction of its diameter to nanometric scale im-
proves the interaction with cellular proteins, which in turn compensates the 
other limitations [84] [85]. 

Clays are the most used nanocharges in the fabrication of polymeric nano-
composites. Among them, montmorillonite (MMT) stands out. It is a lamellar 
silicate comprised by an octahedral sheet of alumina between two tetrahedral 
sheets of silica. Its addition to the polymeric material improves its properties 
significantly, especially the mechanical ones [86] [87]. This improvement in 
mechanical properties is attributed to the high aspect ratio of its lamellae, which 
provides a higher interaction area with the polymer. However, to benefit from 
this high aspect ratio, the clay must be exfoliated first, which means increasing 
the interlamellar distance and making sure that the particle is well dispersed in 
the polymeric matrix through modifiers [88] [89]. 
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Due to their high mechanical properties, biocompatibility, biodegradation op-
timizing effect [90], and their osteoconductive ability [91], clays are very inter-
esting for the biomedical field. However, it’s important to verify if the modifiers 
used to separate the lamellae are biocompatible in order to use them. Ambre et 
al. (2010) used synthetic amino acids as modifiers, because not only they are bio-
compatible, but they also have a longer chain than natural amino acids, which 
made exfoliation easier [89]. 

3. Final Considerations 

Polymeric nanocomposites have been widely studied as scaffolds, because the 
polymers used as matrices are more processable than ceramics and metals, other 
than being biodegradable and biocompatible. Besides, as bone cells interact na-
turally with nanostructured materials, the addition of specific nanoparticles in 
polymeric matrices enhances the biological properties of the scaffolds. Due to 
their nanometric size, nanoparticles have more surface area, which reflects in 
better mechanical properties that combined to those of the polymer, can mimick 
the properties of natural bone. Thus, nanocomposites are widely used in bone 
tissue regeneration. 

However, polymeric nanocomposite scaffolds as fracture treatment are still 
not in use. There are many challenges to overcome, such as getting adequate 
dispersion of nanoparticles in the polymeric matrix, and making sure there is a 
good compatibility between the phases. Besides, there aren’t many studies on the 
toxicity of nanoparticles. Most of the papers that study polymeric nanocompo-
sites as scaffolds don’t test in vivo, only in vitro. Thus, it is not possible to 
achieve a good indication of how the material interacts with the organism and 
other steps are needed before the final application of the scaffold. 
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