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A biomaterial is a substance that has been created to interact with biological
systems for a medical purpose, either therapeutic (to treat, augment, repair,
or replace a body tissue function) or diagnostic. Biomaterials are a science
that has been around for about fifty years. Biomaterials science or
biomaterials engineering is the study of biomaterials. Throughout its history,
it has witnessed consistent and strong growth, with numerous corporations
investing significant sums of money in the creation of new goods. Medicine,
biology, chemistry, tissue engineering, and materials science all play a role
in biomaterials science. Note that a biomaterial is distinct from a biological
material produced by a biological system, such as bone. Furthermore,
because biocompatibility is application-specific, caution should be given
when characterising a biomaterial as such. A biomaterial that is
biocompatible or appropriate for one application may not be so in another.
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Biomaterials can be found in nature or created in the lab using a number of chemical methods that include metallic
components, polymers, ceramics, and composite materials. They're frequently employed and/or altered for medical
purposes, and so make up all or part of a living structure or biomedical device that performs, augments, or replaces
a natural function. Such functions may be somewhat passive, such as those found in a heart valve, or bioactive,
such as those found in hydroxyapatite coated hip implants. Biomaterials are also employed in dentistry, surgery,
and drug delivery on a daily basis. For example, a construct containing impregnated pharmaceutical items can be
implanted into the body, allowing for the long-term release of a medicine. An auto graft, allograft, or xenograft
utilized as a transplant material can also be considered a biomaterial. Bioactivity is the ability of an engineered
biomaterial to elicit a physiological response that supports the biomaterial's function and performance. This phrase
most usually refers to the capacity of implanted materials to bind well with surrounding tissue in either osteo
conductive or osseo productive roles in bioactive glasses and bioactive ceramics. The materials used in bone
implants are frequently engineered to encourage bone formation while dissolving into the surrounding bodily fluid.
As a result, strong biocompatibility, as well as strength and dissolution rates are desirable for many biomaterials.
Surface bio mineralization, in which a natural layer of hydroxyapatite forms at the surface, is commonly used to
determine bioactivity of biomaterials. The emergence of computer algorithms that can anticipate the molecular
effects of biomaterials in a therapeutic situation based on limited in vitro experiments has tremendously aided the
development of clinically relevant biomaterials these days. Self-assembly is the most often used phrase in modern
science to describe the spontaneous aggregation of particles (atoms, molecules, colloids, micelles, and so on)
without the intervention of external factors. Large groups of these particles have been shown to form
thermodynamically stable, structurally well-defined arrays, which are strikingly similar to one of the seven crystal
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systems found in metallurgy and mineralogy. The spatial scale of the unit cell (lattice parameter) in each scenario
represents the basic difference in equilibrium structure. Self-assembly of molecules occurs frequently in biological
systems and is the foundation for a wide range of complex biological structures. This comprises a new class of
mechanically superior biomaterials that are inspired by natural microstructural characteristics and patterns. As a
result, self-assembly is gaining traction in chemical synthesis and nanotechnology. Highly ordered structures such
as molecular crystals, liquid crystals, colloids, micelles, emulsions, phase-separated polymers, thin films, and selfassembled monolayers can all be created using these approaches. Self-organization is a distinctive property of
these approaches. Because changes in spatial scale cause various methods of deformation and degradation,
nearly all materials can be thought of as hierarchically organized. The hierarchical organization of living materials,
on the other hand, is built into the microstructure.
William Thomas Astbury and Woods' early X-ray scattering studies on the hierarchical structure of hair and wool is
one of the earliest examples of this in the history of structural biology. Collagen, a triple helix with a diameter of
1.5nm, is the building unit of the organic matrix of bone, for example. The mineral phase (hydroxyapatite, calcium
phosphate) intercalates these tropocollagen molecules, generating fibrils that curl into helicoids in alternate
directions. The volume fraction distribution between organic and inorganic "osteons" is the basic building block of
bones. Hydroxyapatite crystals, at a higher level of complexity, are mineral platelets with a diameter of 70 to 100
nm and a thickness of 1 nm.
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