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DESCRIPTION
The cornea, being the transparent, dome-shaped front surface of 
the eye, plays a key role in refracting light to focus it onto the 
retina. Understanding its structural properties is vital for 
studying corneal function and assessing disease conditions. One 
approach used to assess corneal structure is birefringence 
analysis. Birefringence refers to the phenomenon where a 
material causes light to split into two beams with different 
velocities when passing through, depending on the material’s 
orientation. The cornea exhibits birefringence due to the unique 
arrangement of collagen fibrils within its stroma, a characteristic 
of the tissue that is well-suited to studies in animal models such 
as rabbits.

The choice of the rabbit as an animal model is driven by the 
similarities it shares with the human eye in terms of corneal 
dimensions, structure and biomechanics, making it valuable for 
research in ophthalmology. We will look into the significance of 
corneal birefringence, the underlying collagen organization and 
how studying this property enhances our understanding of 
corneal physiology. The rabbit cornea, similar to that of humans, 
consists of several layers: the epithelium, Bowman’s layer, 
stroma, Descemet’s membrane and the endothelium. Of these, 
the stroma is the thickest layer and plays a significant role in the 
mechanical and optical properties of the cornea. The stroma 
comprises collagen fibrils that are highly organized, running 
parallel to the corneal surface in lamellar sheets. This specific 
arrangement gives the cornea its strength, transparency and 
flexibility.

The transparency of the cornea, a necessary property for light 
transmission, is largely influenced by the uniformity of the 
collagen fibrils and their regular spacing. Any disruption to this 
orderly arrangement, such as scarring or swelling, can cause 
opacity, impairing vision. Thus, understanding the structural 
arrangement and behavior of collagen fibrils is essential for 
comprehending corneal health and disease. Birefringence 
analysis provides a non-invasive means to study these fibrils and 
their organization in great detail. Birefringence occurs when a

material has different refractive indices along different axes. The
collagen fibrils in the corneal stroma exhibit such anisotropy due
to their orientation, leading to birefringent properties. In the
context of the rabbit cornea, this anisotropy can be used to
analyze the distribution, organization and mechanical behavior
of collagen fibrils.

When polarized light passes through the cornea, the birefringent
properties cause a phase shift between two orthogonally
polarized light components. This phase shift provides
quantitative information about the alignment of collagen fibrils.
By examining the degree and pattern of birefringence,
researchers can determine the orientation, density and structural
integrity of the fibrils in the cornea. This information is crucial
for assessing both normal and pathological conditions of the
cornea. Several techniques are available for measuring
birefringence in biological tissues, including the cornea. These
methods involve polarized light microscopy, Optical Coherence
Tomography (OCT) and Mueller matrix polarimetry. Each of
these methods has been applied to the study of the rabbit
cornea, offering unique insights into its birefringent properties.

Polarized light microscopy is a classic technique for studying
birefringent materials. In this method, the rabbit corneal tissue
is illuminated with polarized light and the transmitted or
reflected light is analyzed to determine the degree of
birefringence. The alignment of collagen fibrils within the
stroma affects how the light passes through the tissue, providing
a visual representation of fibril orientation.

This technique allows for the observation of the depth-
dependent birefringence of the cornea. The collagen fibrils in
different layers of the stroma may exhibit varying degrees of
alignment, which can be mapped using polarized light
microscopy. The technique can also be used to examine changes
in birefringence due to factors like mechanical stress, hydration,
or pathology. Optical Coherence Tomography (OCT) is a non-
invasive imaging modality widely used in ophthalmology for
high-resolution imaging of the cornea. It is capable of providing
cross-sectional images of the corneal layers and when combined
with polarization-sensitive detection, OCT can be used to
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methods. Mueller matrix polarimetry is another advanced
technique for analyzing the birefringent properties of biological
tissues. This method involves measuring the full Mueller matrix,
which describes how the polarization state of light is altered as it
interacts with a material. From the Mueller matrix, it is possible
to derive information about the birefringence, optical rotation
and depolarization properties of the tissue.
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measure birefringence. Polarization-Sensitive Optical Coherence 
Tomography (PS-OCT) allows for the depth-resolved analysis of 
birefringence within the corneal stroma.

PS-OCT has been applied to rabbit corneas to evaluate changes 
in fibril orientation and organization due to mechanical strain, 
swelling, or disease. The high resolution of this technique makes 
it particularly suitable for detecting subtle changes in corneal 
structure that might not be visible with traditional imaging
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