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DESCRIPTION into three main categories: Hydrogels, contact lenses,

Dry Eye Disease (DED) is a common ocular condition
characterized by inadequate tear production or poor tear film
quality, leading to discomfort, visual disturbances, and a reduced
quality of life for millions of individuals worldwide. While
traditional treatment options such as artificial tears and
lubricating ointments provide symptomatic relief, they do not
address the underlying causes of DED. In recent years, the
development of biomaterial-based approaches has shown
promising potential for the treatment of DED.

Mechanisms of action

Biomaterials for Dry Eye Disease (DED) treatment can act
through various mechanisms to provide therapeutic benefits.
One key aspect is their ability to improve tear film stability and
ocular surface lubrication. Biomaterials can mimic the natural
tear film by providing a protective barrier, preventing tear
evaporation, and promoting retention of moisture on the ocular
surface. This helps alleviate dryness, reduce irritation, and
improve overall ocular comfort.

Another important mechanism is the ability of biomaterials to
promote tissue healing and regeneration. Some biomaterials have
inherent properties that facilitate the regeneration of damaged or
compromised ocular surface tissues. They can promote cell
adhesion, proliferation, and migration, creating an environment
conducive to tissue repair. Additionally, biomaterials can release
bioactive agents, such as growth factors or anti-inflammatory
compounds, to further enhance the healing process and reduce
inflammation associated with DED.

Types of biomaterials for DED treatment

Several types of biomaterials have been investigated for their
potential in DED treatment. These biomaterials can be classified

and nanoparticles.

Hydrogels are water-swollen, three-dimensional networks that can
retain a large amount of water. They possess excellent
biocompatibility and are capable of delivering and releasing
therapeutic agents. Hydrogels used in DED treatment can
provide a lubricating and protective barrier on the ocular surface,
improving tear film stability and reducing dryness. They can also
serve as a vehicle for controlled release of bioactive agents, such
as artificial tears or anti-inflammatory drugs, providing sustained
therapeutic effects. Contact lenses have been widely used for
vision correction, but they also show potential in DED
management. Specially designed contact lenses can act as a
reservoir for artificial tears, continuously releasing moisture to
the ocular surface and improving tear film stability. Additionally,
contact lenses can provide a protective barrier, shielding the
ocular surface from environmental irritants and reducing friction
during blinking. Nanoparticles are small particles with unique
physicochemical properties. They have gained attention in the
field of DED treatment due to their ability to deliver drugs
directly to the ocular surface. Nanoparticles can encapsulate
bioactive agents and facilitate their controlled release, targeting
specific tissues or cells. By delivering therapeutic agents precisely
to the affected areas, nanoparticles offer a potential solution for
personalized treatment and enhanced therapeutic efficacy.

Challenges and future directions

While biomaterials show promise in DED treatment, several
challenges need to be addressed for their successful clinical
translation. One challenge is the optimization of biomaterial
properties, such as biocompatibility, mechanical strength, and
bioactivity, to ensure safety and efficacy. Additionally, the long
term stability and degradation of biomaterials need to be
carefully evaluated to prevent adverse reactions and ensure
sustained therapeutic effects.
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