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Biomedical imaging has become an essential tool in the field of healthcare and
medical research. Over the years, advancements in microscopy and imaging
technologies have revolutionized the way we visualize and understand biological
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systems. One such major advancement is the use of wavefront shaping
techniques in biomedical imaging.

The Importance of Wavefront Shaping

Wavefront shaping refers to the manipulation of light waves to control their
propagation and interaction with biological samples. By precisely controlling the
shape of the wavefront, researchers can improve the resolution and quality of
biomedical images, leading to a more accurate analysis of biological processes.
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Traditional imaging techniques, such as confocal microscopy and two-photon
microscopy, have limitations in terms of imaging depth and resolution. The
wavefront shaping approach allows for overcoming these limitations and provides
new opportunities for studying complex biological structures.

Advances in Microscopy

Wavefront shaping techniques have been successfully integrated into various
microscopy modalities, resulting in significant advancements in imaging
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capabilities. One such technique is adaptive optics, which compensates for
aberrations in the wavefront caused by biological samples or imaging optics.

With adaptive optics, researchers can achieve high-resolution imaging deep
inside living tissues, enabling the visualization of cellular and subcellular
structures with unprecedented clarity. This has opened up new possibilities in
fields such as neuroscience, developmental biology, and cancer research.

Wavefront Shaping in Biomedical Diagnostics

Wavefront shaping techniques are not only limited to microscopy applications but
also find extensive use in biomedical diagnostics. For example, in optical
coherence tomography (OCT), wavefront shaping is employed to compensate for
optical aberrations and improve the image quality of retinal scans.

OCT has become a crucial diagnostic tool for detecting and monitoring various
retinal diseases, including macular degeneration and diabetic retinopathy. By
utilizing wavefront shaping, OCT systems can provide clearer images, enabling
more accurate diagnoses and treatment planning.

Future Directions and Challenges

As wavefront shaping continues to evolve, researchers are exploring its potential
in other areas of biomedical imaging. For instance, the combination of wavefront
shaping with advanced imaging modalities like photoacoustic microscopy and
stimulated emission depletion microscopy holds promise for even higher
resolution imaging and deeper tissue penetration.

However, there are still challenges to overcome in implementing wavefront
shaping in routine clinical settings. The complexity of the techniques and
hardware requirements sometimes pose barriers to widespread adoption. Cost



considerations and standardization of protocols are also areas that need further
attention.

Wavefront shaping has brought about significant advancements and
improvements in biomedical imaging. By harnessing the power of light
manipulation, researchers have been able to overcome limitations in traditional
imaging techniques and achieve higher resolution and quality in their images.
With continued research and development, wavefront shaping holds tremendous
potential for further enhancing our understanding of complex biological systems
and improving healthcare diagnostics and treatments.
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Learn about the theory, techniques and applications of wavefront shaping in
biomedical imaging using this unique text. With authoritative contributions from
researchers who are defining the field, cutting-edge theory is combined with real-
world practical examples, experimental data and the latest research trends to
provide the first book-level treatment of the subject. It is suitable for both
background reading and use in a course, with coverage of essential topics such
as adaptive optical microscopy, deep tissue microscopy, time reversal and optical
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phase conjugation, and tomography. The latest images from the forefront of
biomedical imaging are included, and full-colour versions are available in the
eBook version. Researchers, practitioners and graduate students in optics,
biophotonics, biomedical engineering, and biology who use biomedical imaging
tools and are looking to advance their knowledge of the subject will find this an
indispensable resource.
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