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1. Introduction 

Polymers are very versatile materials and are used in many applications including 
pharmaceutical applications. Natural polymers, modified natural polymers, and synthetic 
polymers are used as excipients in the manufacture of cosmetics and systems for 
conventional and modified delivery of drugs, by altering the composition and physical 
properties such as molecular weight, polydispersity, crystallinity, and thermal transitions. 
They can be prepared to provide a wide range of degradation rates and mechanical 
properties (Amaral, 2005; Villanova & Oréfice, 2010). 

More recently, polymers have been developed that can modulate and deliver drugs to 
target areas. Biodegradable polymers, bioadhesives, biomimetic materials, and responsive 
hydrogels have been included in pharmaceutical formulations (Villanova & Oréfice, 2010). 
Naturally derived polymers offer several advantages compared with synthetic polymers, 
namely biocompatibility, biodegradability, and biological activity, as most of them are 
present in the structural tissues of living organisms. However, the low mechanical 
strength and high rates of degradation of natural polymers often result in their use in 
combination with ceramics, or in subsequent cross-linking reactions to reduce the 
degradation rates. Synthetic polymers can be tailored to meet an absorption time 
requirement, potentially facilitating reproducibility and scale-up, with no concerns about 
disease transmission, which often constitutes a problem with naturally occurring 
polymers (Amaral, 2005).  

Synthetic polymers present an attractive avenue for biocompatible biomaterials because of 
their well-studied syntheses and modifiable properties (Ouchi & Ohya, 2004; Puskas & 
Chen, 2004). Biocompatible polymers can be made into devices directly or incorporated into 
devices by coating to reduce the chance of rejection when incorporated into the body. There 
have been significant developments in recent years in shape memory materials, tissue 
engineering, and coronary stents for use as biocompatible materials (Quansah, 2004). 
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Biodegradable polymers, especially those belonging to the family of polylactic acid and 
polyglycolic acid, play an increasingly important role in orthopedics. These polymers 
degrade by hydrolysis and enzymatic activity and have a range of mechanical and physical 
properties that can be engineered to suit a particular application. Their degradation 
characteristics depend on several parameters including their molecular structure, 
crystallinity, and copolymer ratio. These biomaterials are also rapidly gaining recognition in 
the fledging field of tissue engineering because they can be fashioned into porous scaffolds 
or carriers of cells, extracellular matrix components, and bioactive agents. Although their 
future appears to be bright, several questions regarding the biocompatibility of these 
materials linger and should be addressed before their wide-scale use (Athanasiou et al., 
1996). The most important requirement for a biodegradable polymer to be used in medical 
applications is its compatibility not only in terms of physical and chemical properties but 
also the properties that define their behavior at the time they come into contact with the 
body (Silva et al., 2004). 

2. Biocompatibility 

In general, a biomaterial is defined as any substance, except food and medications, that can 
be used for a length of time as part of a system that aims to treat or to replace any tissue, 
organ, or body function. Few materials, if any, are totally inert from a physiological 
standpoint; most materials present a variety of components with potential toxic or irritating 
properties. In addition, chemical reactions that occur during setting of the material may also 
produce noxious effects (Anusavice, 2003). 

Biomaterials need to satisfy a number of prerequisites before that can be used in 
applications, including biocompatibility. To verify this feature, its components should be 
subjected to different tests (Schmalz, 2002), performed as recommended by various 
organizations and federations. These tests consist of a sequence of research protocols, 
described and regulated in many countries, for correct use of experimental materials 
under evaluation, thereby determining their safety for clinical application in humans 
(Costa, 2001). 

Biocompatibility may be defined as (Williams, 2008): 

“ability of a biomaterial to perform its desired function with respect to a medical therapy, 

without eliciting any undesirable local or systemic effects in the recipient or beneficiary of that 

therapy, but generating the most appropriate beneficial cellular or tissue response to that specific 

situation, and optimizing the clinically relevant performance of that therapy.” 

Biocompatibility can also be defined as the relationship between a material and the 
organism so that neither produces undesirable effects. Biocompatibility has been mentioned 
in many works with increasing interest in evaluating the characteristics of medical and 
dental materials and devices and responses caused by its components. An ideal pattern for 
determining these properties has not yet been determined, however, various methods have 
been suggested for this purpose. 
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Biocompatibility is a term that encompasses many aspects of the material, including its 
physical, mechanical, and chemical properties, as well as potential cytotoxic, mutagenic, and 
allergenic effects, so that no significant injuries or toxic effects on the biological function of 
cells and individuals arise (Costa, 2001; Lemmons & Natiella, 1986; Schmalz, 2002). 

Until the biocompatibility of a material is proven, it must be subjected to various studies 
ranging from in vitro assays to clinical trials, involving distinct areas such as pharmaceutics, 
biology, chemistry, and toxicology. 

Biomaterials or their degradation byproducts should not trigger an adverse inflammatory 
reaction or immune response once implanted. Surface properties such as chemistry, 
roughness, and surface energy play a major role in cell–material interactions, particularly 
when considering an absorbable material, which is always presenting a new surface. These 
surface characteristics determine not only how biological molecules adsorb to the surface, 
but also their spatial orientation on adsorption. This is of particular importance in host–
implant interactions, as the adsorption of proteins present in physiological fluids, such as 
albumin, immunoglobulin, fibrinogen, and fibronectin, dictate the subsequent inflammatory 
response and the fate of the implant (Amaral, 2005). 

2.1. Methods of biocompatibility testing 

Biocompatibility testing has sought to standardize biological tests for biomaterials, to find 
an effective and safe testing protocol that is more reliable for comparing results from 
different studies. 

These tests are divided into 3 groups, corresponding to primary (level I), secondary (level 
II), and preclinical (level III) tests, which include analysis of the cytotoxicity and irritant 
potential of systemic toxicity in animals through intramuscular and subcutaneous implants, 
and usage tests by observation of tissue reactions after insertion of the material, for example, 
in human teeth. 

Level I tests can be done both in vitro and in vivo. In vitro tests assess the properties of the 
material directly in cultured cells that react to the effects of the experimental material. Many 
constituents judged initially as cytotoxic may be modified or have their use controlled by 
manufacturers to prevent cytotoxicity. In vivo tests are mainly based on the implantation of 
materials into subcutaneous or intramuscular areas in rats and rabbits to evaluate the tissue 
response to the implanted material after a period of observation (Anusavice, 2003). 

To conduct these tests, it is necessary to involve health researchers for research methodology 
development and evaluation of the tissue and researchers for development of materials and 
their properties, such as engineers and chemists. 

2.2. In vitro and in vivo tests 

The ideal biological research methodology consists of in vivo experiments, despite the 
ethical aspects involved. Nevertheless, although in vitro studies provide responses limited 
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by the absence of biological and physiological components that are impossible to reproduce 
entirely, they continue to be used and are suitable for determining whether a material 
contains significant quantities of extractable biologically harmful components (Porto et al., 
2011). 

Clinically, the results are divergent. Studies in vitro could report no damage (Büyükgüral & 
Cereli, 2008), moderate damage (Nayyar et al., 2007) or intense damage (Costa et al., 2002). 
This reinforces the effect of the physiology present in in vivo systems, but does not diminish 
the relevance of in vitro research. In vitro research remains important for pointing out 
pathways for studies of the adverse reactions recorded clinically. 

In in vitro cell cultures, the complex physiology of an organism performing various 
functions simultaneously is not present. Thus, the buffer capacity of complex humoral and 
cellular systems in the intact organism is absent; a biomaterial may not work well in the in 
vitro test, but may be biocompatible in vivo (Kirkpatrick et al., 2005; Libonati et al., 2011). 
This highlights the necessity of integrated in vitro and in vivo tests for valuable predictive 
estimation of the toxicity of complex materials (Libonati et al., 2011). 

2.2.1. In vitro biocompatibility testing 

In the field of biomaterials, it is necessary to consider aspects of biosecurity, such as 
elimination of cytotoxicity and other harmful effects of the material to be used (Kirkpatrick 
et al., 2005). By definition, the cytotoxicity of a material or device refers to the toxicological 
risks caused by a material or its extract in a cell culture (Cao et al., 2005). To perform these 
tests, mammalian cells, usually of mouse or human origin, obtained from a commercial 
supplier, are cultured in the laboratory in flasks using nutrient culture media. These 
cultured mammalian cells reproduce by cellular division and can be subcultured to produce 
multiple flasks of cells for use in evaluating the cytotoxicity of materials. For cytotoxicity 
tests in vitro, permanent cell lines or primary cultures are recommended. Although there are 
difficulties with isolation and maintenance, the primary cells are very important for 
biological assays because of their similarity to the original tissue (Wallin, 1998). 

Cytotoxicity tests are considered a rapid, sensitive and standardized method to determine 
the toxicity of a material or if it contains significant amounts of biologically harmful 
leachable compounds. The presence in cultures of isolated cells and the absence of 
important physiological effect present in vivo systems, which help to protect cells within the 
body, produces a test with high sensitivity. Culture medium of mammalian cells is the 
preferred method for the extraction of substances that can be released from a material, 
because it is a physiological solution capable of extracting a wide range of chemical 
structures, not only those soluble in water. 

Several types of cells can be used for cytotoxicity tests such as cell lines - human and mouse 
fibroblasts, lymphocytes, queratinocytes, mouse odontoblast-like cells, mouse macrophages, 
rat submandibular salivary gland acinar cells - (Bakoupoulou et al., 2007; Franz et al., 2009; 
Kostoryz et al., 2003; Lin et al., 2007; Roll et al., 2004; Samuelsen et al., 2008), and primary 
cell types - human lymphocytes, polymorphonuclear leukocytes, and mixed leukocytes, 
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mouse blastocysts, mouse macrophages, and mouse embryo cells - (Becher et al., 2006; 
Huang & Chang, 2002; Jonhson et al., 1985; Libonati et al., 2011; Porto et al., 2009, 2011; Prica 
et al., 2006). 

Macrophages present throughout the body, including the oral tissues, are involved in 
inflammation and presentation of antigen during the reaction to infectious agents and 
foreign bodies. They also amplify the inflammatory response by signaling other cells, and 
play a central role in the pathogenesis of inflammatory response, therefore are relevant for 
testing the biocompatibility of materials in vitro (Becher et al., 2006). When stimulated, the 
macrophages are subjected to a process known as macrophagic activation in which they 
increase their metabolic, motility, and phagocytic activity. Many new proteins are 
synthesized under activation, including inducible nitric oxide synthase. Nitric oxide (NO), a 
product of nitric oxide synthase, plays an important role in the defensive function of 
macrophages (Parslow et al., 2001). Therefore, possible factors such as toxic levels of 
leachable compounds from materials or devices can be indicated by nitric oxide secretion, 
cell death, reduction in or loss of cellular function. 

Interactions of materials and their components with cells at a molecular level are responsible 
for tissue reactions, such as inflammation, necrosis (Accorinte et al., 2005), immunological 
alterations, genotoxicity (Kleinsasser et al., 2004), and apoptosis (Paranjpe et al., 2005). 

Among the 3 categories of tests for assessing cytotoxicity that are listed in ISO 10993-5 (2009) 
(extract test, direct contact test, indirect contact test), it is possible apply a wide variety of 
experimental protocols. The choice of one or more of these categories depends on the nature 
of the sample to be evaluated, the potential site of use, and the nature of the use. This choice 
then determines the details for the preparation of the samples to be tested, the preparation 
of the cultured cells, and the way in which the cells are exposed to the samples or their 
extracts. At the end of the exposure time, evaluation of the presence and extent of the 
cytotoxic effect is undertaken. 

The various methods and parameters used in determining cytotoxicity can be grouped into 
the following categories of evaluation: assessment of cell damage by morphological means, 
measurement of cell damage; measurement of cell growth; measurement of specific aspects 
of cellular metabolism. 

There are several ways to produce results in each of these 4 categories. The investigator 
should be aware of the test categories and into which category a particular technique fits, so 
that comparisons can be made with other results on similar devices or materials at both the 
intra- and interlaboratory levels. Quantitative evaluation of cytotoxicity can be done using 
cell death, inhibition of cell growth, cellular proliferation and colony formation, cell number, 
amount of protein, enzyme released, vital dye release, vital dye reduction, or any other 
measurable parameters that can be quantified by objective means (ISO 10.993-5, 2009).The 
biochemical methods (DNA synthesis, protein synthesis, and ATP activity) demonstrated 
good agreement in toxicity ranking of the materials, regardless of which cell culture was 
used, and the cell cultures responded similarly for each method. Methods that measured the 
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functional characteristics of cells (adhesion and phagocytosis) were highly sensitive but had 
low toxicity ranking agreement and reproducibility. Assays (defined as method and cell 
culture combinations) using cell lines were more reproducible than assays using primary 
cell types. Significant differences in sensitivity were noted among the assay systems for 
particular material types (Johnson et al., 1985). 

Relative sensitivity of in vitro biocompatibility test systems was explored by Johnson et al. 
(1983) and showed cellular responses of 12 standardized cell lines to 20 materials 
representing a range of toxicity. Results of the tissue culture assays were compared with 
those obtained for the same materials in vivo using a 5-day rabbit intramuscular implant 
assay. Methods involving measurement of cellular growth (colony counts or presence of 
confluence) in serum-fortified media extracts of test samples were generally more sensitive 
and discriminating than those in which test materials were placed directly in cell cultures 
(measurement of zone of growth inhibition). Based on sensitivity, reproducibility, ability to 
discriminate materials, and grader agreement, 4 of the 12 cell lines and 2 of the 4 test 
methods appeared most suitable for screening and evaluation of materials. Agreement of 
results using these 4 cell lines with intramuscular implantation tests for the 30 materials 
ranged from 60 to 90% (Johnson et al., 1983). 

The pattern of apoptotic response, cellular glucose, oxygen consumption, and gene 
expression after exposure to the various compounds, single substances or biomaterials has 
been used to evaluate cytotoxicity in previous studies (Becher et al., 2006; Lin et al., 2007; 
Nooca et al., 2007; Sangsanon et al., 2007) and can be used to assess cytopathic effects of 
multicomponent extracts from cured polymers. The use of different methods to evaluate 
cytotoxicity may result provide data for a knowledge base to clarify how experimental 
materials affect cell behavior (Porto et al., 2009). 

Using the MTT assay, cell viability can be assessed by the cytochemical demonstration of 
succinic dehydrogenase enzyme activity, which is a measure of the mitochondrial 
respiration of the cells. Polymers and its components may alter the enzyme activity of 
primary cells (Becher et al., 2006; Chen et al., 2003; Porto et al., 2009, 2011)  or immortal cell 
lines (Demirci et al., 2008; Lin et al., 2007; Poskus et al., 2009). 

One of the most studied alternative in vitro testing methods for identification of 
developmental toxicity is the embryonic stem cell test. A study conducted by Van Dartel 
and Piersma (2011) presents the progress that has been made with regard to the prediction 
of developmental toxicity using the embryonic stem cell test combined with transcriptomics. 
Although the embryonic stem cell test has been formally validated, the applicability domain 
as well as the predictability of the model needs further study to allow its successful 
implementation as an alternative testing method in regulatory toxicity testing. 

Development of additional aspects required for further optimization of the embryonic stem 
cell test, including kinetics, the use of human embryonic stem cells and computational 
toxicology, and the current and future use of the embryonic stem cell test model for 
prediction of developmental toxicity in testing strategies and in regulatory toxicity 
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evaluations should be also discussed. Genomics technologies have already provided proof 
of principle of their value in identification of toxicants such as carcinogenic compounds. 
Within the embryonic stem cell test, gene expression profiling has shown its value in the 
identification of developmental toxicity and in the evaluation of factors critical for risk 
assessment, such as dose and time responses. It is expected that the implementation of 
genomics in the embryonic stem cell test will provide a more detailed end point evaluation 
compared with the classic morphological scoring of differentiation cultures. Therefore, 
genomics may contribute to improvement of the embryonic stem cell test, both in terms of 
the definition of its applicability domain and its predictive capacity (Van Dartel & Piersma, 
2011). 

The embryonic stem cell test is a high-throughput in vitro screening assay for 
developmental toxicity free of animal use. The embryonic stem cell test uses the ability of 
murine embryonic stem cells to differentiate into the mesodermal cardiac lineage in 
combination with 2 cytotoxicity test systems. Validation of the embryonic stem cell test 
showed that the test system is very promising as an alternative to animal testing, however to 
optimize predictability and increase knowledge on the applicability domain of the 
embryonic stem cell test, improvements to the method were proposed and studied. The 
authors discuss the first definition of the embryonic stem cell test and the innovative 
approaches that have been proposed to increase the predictivity of the embryonic stem cell 
test, including implementation of molecular end points in the embryonic stem cell test, such 
as OMICS technologies and the addition of alternative differentiation models to the testing 
paradigm, such as neural and osteoblast differentiation and the use of human stem cells. 
These efforts to improve the embryonic stem cell test increase the value of embryonic stem 
cells used as in vitro systems to predict developmental toxicity (Theunissen & Piersma, 
2012). 

2.2.2. In vivo biocompatibility testing 

Level II tests are based on tissue assessment of animals that received implants 
subcutaneously and intramuscular injection of a material with potential to cause systemic 
toxicity by inhalation, skin irritation, among other responses. Dermal toxicity tests are 
important because of the large number of chemicals with which we have daily contact. 
When a material, product, or toxic component is identified, it can be replaced, diluted, or 
neutralized to reduce the level of toxicity. 

Despite their high cost, controversy, and ponderous bureaucratic challenges, animal tests 
are critical for assessing the biological responses to a new material before it is used in 
humans. Many aspects of clinical biological responses cannot be modeled by in vitro tests 
(Anderson, 2001). Animal tests offer evidence about these types of effects without putting 
humans at risk. Animal tests may be structured to mimic human clinical use to some 
degree, are commonly less expensive than human clinical trials, can be finished more 
quickly in many cases, and can be controlled to a greater degree. Animals may be exposed 
to materials or their degradation products with routes of administration or doses that 
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would be unethical to consider in humans. Animal tests may be used to determine 
responses that are difficult or impossible to ethically test in humans and may be tested at 
many phases of life (for example, embryos or ‘children’) in a way that is not possible in 
humans  (Wataha, 2012). 

Functional properties and biocompatibility are basic issues in the development of bio-
materials. There are several methodologies to analyze these properties, however, in all cases 
the human host has been the ultimate test (Natiella & Lemmons, 1986).  

Biocompatible materials cannot be mutagenic or influence inflammatory mediators 
causing systemic responses, including toxicity, tissue injury, teratogenic or carcinogenic 
effects. Such materials must be free of agents that may cause allergic responses to 
individuals sensitive to these substances. After a material has successfully passed the tests 
for levels I and II, it should be tested in humans (level III test) to evaluate its performance 
and the favorable or unfavorable reactions that may present under normal clinical 
conditions (Anusavice, 2003). 

3. Biocompatibility for specific polymeric systems 

3.1. Chitosan 

Chitosan is a biopolymer type polysaccharide and has a chemical structure similar to vegetal 
fiber cellulose. It is derived from chitin, a polysaccharide that is extremely abundant in 
nature and is the main component of the exoskeletons of insects and crustaceans, and is 
found in the cell walls of some species of fungi. Chitosan has several important uses due to 
its antifungal and antimicrobial activity, its ability to inhibit tumor cells and act as a 
controlled releaser of drugs in the body. 

VandeVord et al. (2002) examined the biocompatibility of chitosan scaffolds using a 
mammalian implantation model. Early migration of neutrophils into the implantation area, 
which resolved with increasing implantation time, was reported. Besides this early 
accumulation of neutrophils, cells that are usually associated with acute inflammation, no 
evidence of other signs associated with an inflammatory response, such as erythema and 
edema, were found. 

Endotoxins were not detected and a chronic inflammatory response did not develop. In 
addition, a very low incidence of specific immune reactions was observed, as determined by 
lymphocyte proliferation assays and antibody binding responses measured using ELISA 
techniques. Formation of normal granulation tissue associated with accelerated 
angiogenesis, the typical healing response, was observed. The results from this study 
indicated that chitosan has a high degree of biocompatibility. These results are in 
accordance with previous studies (Rao & Sharma, 1997; Tomihata & Ikada, 1997), in which 
the biocompatibility of chitosan films with different degrees of acetylation is reported, even 
for highly deacetylated chitin derivatives. 
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A wide variety of cells have been successfully cultured in/on chitosan matrices, among them 
keratinocytes (Chatelet et al., 2001), chondrocytes (Denuziere et al., 1998), osteoblasts (Lahiji 
et al., 2000), endothelial cells, hepatocytes (Elçin et al., 1998), Schwann cells (Yuan et al., 
2004), and NH3T3 cells (Li et al., 2012), indicating the cytocompatibility of chitosan toward 
these cells. In addition, no cytotoxic products are released from chitosan matrices, as shown 
by the maintenance of cell metabolic activity (Amaral, 2005). 

3.2. Dental polymers 

In vitro and in vivo studies have demonstrated that the cytotoxic effects of polymeric dental 
materials, such as light-cured methacrylate polymers, depend on the quantity of 
unconverted resinous monomers that remain after polymerization (Annunziata et al., 2006; 
Falconi et al., 2007). 

Among the components capable of being lixiviated from dental polymers are bisphenol A-
glycidyl methacrylate (bis-GMA), triethylene glycol dimethacrylate (TEGDMA), and 2-
hydroxyethyl methacrylate (HEMA) (Lin et al., 2007). These monomers can alter cellular 
metabolism at concentrations well below the toxic level. The changes induced can be 
considered a potential mechanism for clinical and subclinical effects (Nooca et al., 2007).  

Bis-GMA is the most toxic among them. A mechanism suggested for the cytotoxicity of this 
monomer is alteration of the lipid layer of the cell membrane, which affects membrane 
permeability (Lefebvre et al., 1996). In addition, bis-GMA undergoes hydrolysis, producing 
methacrylic acid as a metabolite. Methacrylic acid is soluble in water and capable of 
inducing cytotoxicity via stimulation of tumor necrosis factor alpha release (Kostoryz et al., 
2003). 

HEMA is an amphoteric monomer that displaces water in dentin and is capable of diffusing 
rapidly through the dentin (Bouillaguet et al., 1996). It is also miscible with most of the 
monomers used in composites (Bouillaguet, 2004). Therefore, the possibility of other 
components of the adhesive system acting synergistically with HEMA to increase 
cytotoxicity needs to be investigated, especially because other relatively hydrophobic 
resinous composites are soluble in HEMA and may be carried through the dentin 
(Bouillaguet et al., 1996). 

HEMA has been shown to be a potent mediator of cell death by apoptosis at concentrations 
ranging from millimolar to micromolar (Cetinguç et al, 2007). If released at low 
concentrations for a prolonged period of time, HEMA could reduce the rate of cellular 
proliferation and result in apoptosis, possibly as a response to DNA damage (Samuelsen et 
al., 2008). 

Dental adhesive and composites components may alter the succinate dehydrogenase 
enzyme activity of primary cells (Becher et al., 2006; Chen et al., 2003; Porto et al., 2009, 2011) 
or immortal cell lines (Demirci et al., 2008; Lin et al., 2007; Poskus et al., 2009). 
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Despite have adverse effects measured in vitro tests, dental polymers may or not may 
trigger noxious reactions in vivo, and it depends on the amount released compounds, 
concentration and other factors. Thus after many in vitro tests and animal tests be completed 
is possible that the hazards and risks are acceptable for human usage. 

3.3. Polylactide acid and polyglycolide acid 

Synthetic polymers, such as polylactic acid and polyglycolic acid and their copolymer are 
becoming more and more attractive for tissue engineering applications and have already 
been approved by the US Food and Drug Administration. Since the 1960s, polylactic acid 
and polyglycolic acid have been applied in medicine as controlled drug delivery systems, 
mostly injectable as microspheres, orthopedic fixation devices such as pins and screws, and 
as scaffold to mimic the extracellular matrix for cells (Ashammaki & Rokkanen, 1997; 
Gunatillake & Adhikari, 2003; Jain, 2000; Richardson et al., 2001; Thomson et al., 1995). 

Depending on the lactic and glycolic portion of the polylactide-co-glycolide copolymer, 
various physical and mechanical properties can be produced and the degradation rate can 
be specifically regulated (Wintermantel & Ha, 2002). Polylactic acid shows a high 
crystallinity and is attractive as a biodegradable polymer because degradation products 
naturally occur in the body and are resorbed through the metabolic pathway. Both 
polymers demonstrate a similar degradation rate caused by random hydrolysis of their 
ester linkage producing either lactic acid from polylactic acid or glycolic acid from 
polyglycolic acid, which can be excreted in urine. The degradation rate of the material 
depends on various criteria besides the copolymer ratio, such as configurational structure, 
crystallinity, morphology, stress, the amount of residual monomer, porosity, and the site 
of the implantation (Jain, 2000). The desired mechanical properties are also based on the 
polymer ratio and on the molecular weight and crystallinity of the scaffold (Mauth et al., 
2007). 

Various in vitro and in vivo studies have approved the biocompatibility and the 
biodegradability of these polymers. Mild inflammatory reactions have been observed after a 
massive release of acidic degradation in vivo depending on the amount and degradation 
rate of the material (Bostman et al., 1990; Grayson et al., 2004; Holy et al., 1999; Hutmacher, 
2000; Thomson et al., 1999; Young et al., 2002). However, the use of synthetic biocompatible 
material has the enormous advantage of reproducible synthesis and the mechanical and 
chemical properties including the structure, size, viscosity, and porosity, as well as 
degradation rate of the desired scaffold can be controlled. Furthermore, bioactive molecules 
can be incorporated and locally applied by controlled release of the biodegradable polylactic 
acid, polyglycolic acid, or polylactide-co-glycolide copolymer system and so influence the 
cell phenotype expression (Mauth et al., 2007). 

In their study Athanasiou et al. (1996) undertook an extensive literature review on the 
toxicity and biocompatibility of polylactic acid-polyglycolic acid biomaterials. In general, 
polylactic acid/polyglycolic acid biomaterials showed satisfactory biocompatibility, 
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although some reduction in cell proliferation has been noted. Many studies have 
successfully demonstrated biocompatibility of polylactic acid/polyglycolic acid biomaterials 
in vivo (Athanasiou et al., 1996). 

4. Conclusion 

For the biocompatibility of a material to be proved, it must be subjected to various studies 
ranging from in vitro assays to clinical trials and involving distinct areas such as 
pharmaceutics, biology, chemistry, and toxicology. The use of standardized tests allows 
better comparison between the results of different studies to clarify the behavior of the 
materials and their safety in relation to cells and tissues. 

For biodegradable polymers, long-term tests should be prioritized to enable the evaluation 
of the effects of continuous release of metabolites resulting from their degradation and to 
observe the type and extent of local and systemic changes. 

Only a combination of various in vitro and in vivo tests can provide an overview of the 
interaction of biomaterials with the host. 
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