Deep penetration superresolution imaging with adaptive optics and multi-focal structured illumination
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Abstract
Optical imaging is crucial for biomedical research and clinical diagnosis. Improved depth and resolution are necessary for studying synaptic functions, neuronal structures, and microvessels in living animals' brain tissue. We developed an adaptive optics-based MSIM system (AO-MSIM) to overcome the limitations of multi-focus structured illumination microscopy (MSIM) when imaging thick samples. By generating a multi-focus excitation lattice using a spatial light modulator, we achieved multi-focus structured illumination scanning imaging. Aberrations in the excitation and emission paths were corrected using wavefront information, a spatial light modulator, and a deformable mirror. With pixel relocation and deconvolution image reconstruction algorithms, AO-MSIM achieved 150nm spatial resolution at a 500μm imaging depth, demonstrating its application in imaging thick brain tissue samples.





