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Polarization-resolved Second-Harmonic Generation (P-SHG) microscopy enables label-free
imaging of non-centrosymmetric collagenous and muscular biological tissues. P-SHG provides
detailed information regarding the structural properties of the sample, beyond the diffraction
limit. The extracted structural information is in the form of ratios of the second order nonlinear
(2)
susceptibility tensor elements, 𝜒𝑖𝑗𝑘 . Imaging of the sample is conducted with a Yb:KGW laser
at 1038nm, with 400 fs pulses. The prepared polarization states of the fundamental beam,
combined with the polarization measurements of the SHG signal allows for the extraction of
(2)
(2)
second order nonlinear susceptibility element ratios, such as 𝑅 = 𝜒𝑧𝑧𝑧 /𝜒𝑧𝑥𝑥 (xz-plane is the
image plane) [1]. The ratio 𝑅 signifies the extent at which the polarization of the excitation
beam is modified, following the interaction with the nonlinear medium. In addition to 𝑅, degree
of linear polarization (DLP), as well as, in-plane and out-of-plane fiber orientations are used to
further characterize the structure of the tissue constituents [2].
In this work, reduced Stokes-Mueller polarimetry is utilized in P-SHG microscopy to study the
structure of collagen and muscle fibers found in different regions of the human cardiac tissue.
It is shown that ratio 𝑅 ranges from 0.7 to 1.9 in muscle fibers, as compared to 2.0 to 2.4 in
collagen corresponding to different fiber orientations. In addition to the clear variations
between collagenous and muscular tissues, the value of 𝑅 draws significant distinctions
between similar tissue types in different regions. These findings suggest structural differences
between seemingly similar tissue types, appearing due to microscopic and/or molecular
structural variations.
P-SHG microscopy allows for precise investigations of subtle structural variations in the
biological tissues, with applications reaching beyond general tissue characterization. It has been
shown that P-SHG can be used in histopathology [3], offering great potential for in-vivo optical
biopsy investigations and biomedical diagnostics.
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