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Abstract

With recent advances in biotechnology, there has been a plethora of biomaterials in the form of various dental materials and maxillofacial implants, being routinely used for comprehensive oral rehabilitation. Even though these have considerably enhanced the treatment outcomes, but at times the improper application and lack of safety precaution with these have raised many moral and ethical issues. Due to commercial and marketing pressures, technological developments in biomaterials have led to ethical issues being conveniently buried. Lack of stringent regulations and want of strict institutional control results in products that are not truly safe for patients to be marketed and used by unsuspecting clinicians.

Clinicians need to be aware of the various bio-safety aspects of the biomaterials that are commonly in use and also ensure that the patients' rights of informed consent, beneficence, non-malfeasance and autonomy are protected. There is an urgent need for all healthcare specialists to be aware of the bioethical concerns associated with these advanced materials and technologies so that they are better equipped to utilise them safely and confidently.



Introduction

The field of biotechnology today is moving ahead at a rapid pace with newer products and superior biomaterials for oral rehabilitation being constantly discovered, however the mandatory level of simultaneous clinical applications research always seems to be playing catch-up. There are inherent safety related checks and balances within the system when it comes to clinical trials and bio-safety issues in animals and human trials, yet this time lag is often considered as an unnecessary hurdle or speed bump on the road to progress. It is crucial that the clinical trials follow all the steps and systematic reviews that are necessary to ensure that all manufacturer claims are verified and adverse reactions are minimal if not nil. Clinicians also need to be aware of the potential danger in using biomaterials that are not properly tested and should not be swayed by promotional pressure from marketing agents.

Biomaterials and oral rehabilitation

The use of a wide array of biomaterials for oral rehabilitation has been known from the earliest times. Extracted teeth, silver, gold and a mind-boggling range of other materials are recorded as having being utilised with varying degrees of success in the maxillofacial region [1]. While the uses of biomaterials in other applications in the human body have been fairly predictable and successful there are myriad challenges in the rehabilitationof the oral and maxillofacial region. The presence of saliva, interaction with food and other commonly consumed liquid sand the physical assault of Masticatory forces all causes significant stress and wear and tear on the biomaterials used in the oral cavity.

In recent years, there has been a plethora of biomaterials and related biomedical technology, in the form of various rehabilitative dental materials and maxillofacial implants, being routinely used for comprehensive oral rehabilitation. Undoubtedly these have all dramatically improved the scope of treatment, but, these advancements have raised many moral and ethical issues. As the goal to be the first in the market is paramount, many a time, commercially-driven technological development in biomaterials have led to ethical issues being conveniently buried. Laxity in regulations and want of strict institutional control results in products that are not truly safe for the patients to be marketed freely and may also further lead to products that are not fully licensed to enter into the system.

Responsible clinicians need to be aware of the various biosafety aspects of the biomaterials that are commonly in use and also ensure that the patients' rights of beneficence, non-maleficence and autonomy are protected. There is an urgent need for all healthcare specialists to be aware of the bioethical concerns associated with these advanced materials and technologies so that they are better equipped to utilise them safely and confidently

Biocompatibility and biosafety

Biocompatibility maybe described as the property of a biomaterial to function in a predictable manner when applied to the body, without causing a chronic inflammatory reaction, undesirable biological response, foreign body reaction or toxicity, as a result of interaction between the host tissues and the biomaterial [2]. There is no single material that is completely inert from the physiological point of view since, one or more of the components may be potentially toxic or irritating3. In addition, chemical by-products produced during cure of the material or as a result of interaction with other materials in the region may also produce undesirable effects [3]. It is therefore imperative that all clinicians have an in-depth knowledge about the characteristics and properties of materials and their likely interaction within the biological environment before utilizing them for oral rehabilitation.

There is a wide range of adverse biological events following the utilization of restorative materials in the oral region and therefore biocompatibility testing has to be undertaken as a strategic and structured approach. Present consensus on testing of biocompatibility is that the method should be rapid and cost- effective and also by avoiding animal testing as far as practicable. Modern test designs try to simulate the in-vivo situation as closely as possible. This may be accomplished by including suitable barriers between the material and the target cells, by constructing appropriate target cells, and or by applying biomarkers for estimating the biological side effects [4].

Commonly adverse reactions to materials used for oral rehabilitation occur as a result of their direct contact with soft or mineralized tissues, or due to leaching out of some corrosion or degradation by-products. The use of multiple metallic restorations manufactured from alloys with differing compositions will show a more rapid degradation when immersed in saliva due to galvanic action. If these chemical by-products are ingested, they may manifest as both local or systemic reactions [5]. Materials designed for oral use are manufactured with the aim of being inert and insoluble. The quanta of leachable components are minimal and so routinely toxic reactions are unlikely to occur. Despite this fact, severe allergic reaction may be provoked in a sensitized individual by even miniscule concentrations of the allergen [6]. Thus contact allergic reactions (Type IV reactions) are the most common observed as side effects in the dental clinic. Assessment of possible reactions to the biomaterials is therefore a constant challenge and all clinicians must be aware of and report any adverse outcomes promptly and thoroughly [7-9].

When evaluating adverse reactions to materials used in prosthodontic appliances, a variety of situations must therefore be taken into consideration. This is because some materials come only in brief contact with the patients such as when making an impression or registering a bite of the patient. In contrast, dental prostheses are intended to remain in-situ for decades. A number of factors need to be taken into account when estimating adverse biological reactions to prosthodontic materials [5]. Among these include: the type, form, contour, extent of the prosthesis, any medication used by the patient, salivary flow rate, xerostomia, oral hygiene, quality of fit, and function of the prosthesis. All these conditions may affect local reactions in addition to those caused by the materials per se [10]. Biological films, 'pellicles', of salivary origin will also accumulate on the materials. They differ in composition depending on the material and on the properties of the patients' saliva. The irrigating effect of saliva is also difficult to assess. However, a distinct difference exists between material reactions intra-orally and extra-orally, with those on skin being more frequent and more severe [11].

Bio-safety concerns of biomaterials

Casting alloys: The alloys commonly used for manufacturing of dental prostheses contain varying amounts of trace metals such as nickel, chromium, cobalt, cadmium and beryllium. These are known to cause potentially hazardous reactions and are of concern especially for the dental technicians during the casting and finishing procedures. Adverse reactions in the oral cavity to casting alloys are observed due to release of components from the alloys, following corrosion when immersed in saliva [12-15].

Polymer-based restorative materials: Many of the restorative materials used in oral rehabilitation are polymerized resin-based materials that are cured by heat, light, or by chemical activators at room or mouth temperature. Their composition includes accelerators (amines), co-polymers, such as butyl-methacrylate (BMA), plasticizing agents such as dibutyl-phthalate, and inhibitors such as hydroquinone. Various shade matching components to simulate natural tooth and gingiva colour are also present. These may not pose a danger for clinical use in patients' but have a potential hazard to the dental mechanics who routinely grind and polish the prosthesis made from these resin-based materials. If the materials are not fully cured in the dental laboratory, the presence of free monomer radicals of methyl methacrylate may cause toxic reactions or allergic responses in previously sensitized individuals [16-19].

Implant materials: The field of oral rehabilitation was dramatically transformed by the demonstration of 'osseo integration' of alveolar bone with titanium implants, as described by Brane mark. Since then many materials have been used to manufacture dental implants, such as high impact polymers, cobalt-chromium alloys, vitreous carbon, titanium, and aluminium oxide alloys, ceramic, and synthetic hydroxyl- apatite [20]. The main research has been focussed on the region or interfaces between alveolar bone and the implant as well as ultramicroscopic studies on the pattern of in-growth of bone into the implant surface. One of the main reasons for the failure of dental implants is due to failure of osseointegration.This may be primary failure due to improper surgical technique; or it may be secondary following loading of the implant, and secondary infection [20]. Another area that needs investigation is the effect of nano-particles of metals, polyethylene, and ceramics which cause a biological response at the implant bone interface. Focussed research is vital for comprehensive biosafety evaluations of implant biomaterials and biological effects of nano-toxicology both from the aspect of biomedical applications and the long term in-vivo effects [21,22].

Graft materials: There are many types of bone graft materials being routinely used for oral rehabilitation. These may be auto grafts, xenografts or allografts. The known sources for xenografts are bovine bone, porcine bone, horse bone and natural coral. Despite the claims of absolute safety of these products, the discovery of bovine spongiform encephalopathy (BSE) and porcine endogenous retroviruses (PERVs) needs to be kept in mind [23]. Ethically as well, the need to inform the patients of the source of the graft materials is mandatory where the patient may have some religious reservations against certain types of grafts. The method of sourcing and bio-safety testing must be definitely checked by the clinician before opting to use any of these graft materials

Conclusion

There is an increased demand on the various materials being utilized for oral rehabilitation to be functionally biocompatible, esthetically acceptable and economically viable for all groups of patients. It is therefore imperative that better strategies are designed to evaluate, predict, and assess material safety aspects both at the manufacturing hub as well as the consumer end. The researchers must be ethical in their reporting of in-vitro and in-vivo effects of all novel bio-materials as well as newer technologies to treat oral disease. Clinically driven research networks and practitioner groups should be involved in ethically driven patient trials to ensure that all newer products or technology goes through exhaustive and systematic clinical evaluation. Reliable research protocols will ensure that the various bio-safety aspects are looked after and the frequency of adverse reactions in oral rehabilitation is minimized. There is an ethical and moral requirement for all clinicians to be aware of the limitations, outcomes, reactions of the various materials that they routinely employ in the oral rehabilitation of the patients. Evidence-based evaluation must be the watchword and clinicians must be careful not to be swayed by commercial and marketing pressures.
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