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Editorial on the Research Topic

Optical Microscopic and Spectroscopic Techniques Targeting Biological Applications

Optical microscopy and spectroscopy are two mainstream tools for the exploration of an unknown
microworld, especially in biomedical fields. Specifically, optical microscopy uses visible light and a
system of lenses to magnify images of small samples [1]. It is non-invasive to live samples and has the
capability to visualize specific structures once employing fluorescent labeling strategies [2].
Meanwhile, optical spectroscopy allows investigation of chemical, physical and electronic
structures of matter at atomic, molecular, and macro scales [3]. In the past decades, remarkable
developments of optical microscopy and spectroscopy have been witnessed, mainly in hardware
implementation, algorithm performance, and innovative approaches [4–8].

We are glad to see that this special issue collects 23 articles, which report both the latest
technological advances and the applications of optical microscopy and spectroscopy. Conceptually,
these articles can be categorized into five classes according to the specific techniques (Figure 1).

The first class is fluorescence microscopy and correlation spectroscopy. These techniques can
visualize the structures or the bio-molecular dynamics of samples by tagging them with fluorescence
markers. Specifically, Li et al. review 3D imaging with dual-lens fluorescence microscopy, Qin and
Xia present simultaneous two-photon fluorescence microscopy with two endogenous fluorescent
coenzymes, entitled NADH and FAD. Yu et al. reviews fluorescence correlation spectroscopy (FCS),
a powerful technique for quantification of molecular dynamics. Cui et al. fabricated a novel near-
infrared fluorescent nanoparticles (NPs) for high-contrast and high-penetration in-vivo imaging.

The second class is quantitative phase microscopy (QPM). These techniques explore the phase of
the light passing through or being reflected by a sample, providing quantitative information of 3D
profiles or refractive index distributions of the sample. Picazo-Bueno et al., Guo et al., and Karako
et al. propose new types of digital holographic microscopy (DHM) to quantify the thickness and
refractive index distributions of samples. Meanwhile, Lima and Cojoc utilize DHM for the
assessment of human neutrophil differentiation from myeloid cells. Zhou et al. propose a non-
interference QPM strategy, recovering the phase from a stack of through-focus intensity images. Soto
et al. present a partially coherent illumination based optical diffraction tomography (ODT)
approach, allowing 3D refractive-index imaging of dynamic samples. Wu et al. propose a lens-
free on-chip microscopy incorporated with a high-precision autofocusing algorithm for pixel-super-
resolved QPM imaging of the sample. Sahu and Mazumder summarize some of the application of
adaptive optics (AO) in two-photon fluorescence (TPF) microscopy for wavefront corrections in
brain imaging and ophthalmoscopy.
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The third class is super-resolution optical microscopy. The
techniques of this class are far-field, minimally invasive, and
they can image samples with a resolution surpassing the
diffraction limit. Yong et al. present a high-dynamic-range
structured illumination microscopy (HDR-SIM) using a
multi-exposure acquisition strategy. With HDR-SIM,
microspheres and vesicles with 420 intensity levels can be
visualized in the same scene. Wen et al. demonstrate a digital
micromirror device (DMD) based optical microscopic
apparatus for dual-modality imaging, including
quantitative differential phase contrast (qDIC) imaging
and coherent SIM imaging. Zhao et al. review recent
advances in high-speed SIM that include both hardware
and software improvements, including reduction of the
number of raw images, GPU acceleration, deep learning,
and spatial domain reconstruction. Chen et al. present a
super-resolution optical microscopy entitled expansion
microscopy (ExM). This technique immobilizes the
fluorescent molecules of interest in a polyacrylamide
hydrogel. Then, the structure of the sample is spatially
amplified as the hydrogel physically expands isotopically,
thus indirectly improving resolution. This paper also
present the applications of super resolution expansion
microscopy in yeast.

The fourth class is deep-learning based computational
imaging techniques. These techniques brought about new
revolutionary computational power in optical microscopy.
Zhang et al. present deep learning (DL) based adaptive optics
(AO) to correct optical aberrations. They utilize a revised
ResNet-34 network to infer the phase distortions of all the

224 valid zones on a SLM in one shot. Zhang et al. present a
new deep-learning-based approach for recovering halo-free
white-light diffraction phase images. The neural network-
based method can accurately and rapidly remove the halo
artifacts, not relying on any a-priori knowledge. Di et al.
present an optimized structural convolution neural network
PhaseNet for the reconstruction of digital holograms
for DHM.

The fifth class is spectroscopy-related techniques. These
techniques can non-invasively probe the structure, properties,
and dynamics of molecules in different environments or different
physico-chemical conditions. Hence, they are widely used in
physics, astronomy, chemistry, biology, and related research
fields. Here, Li et al. review the principle, configuration, and
applications of coherent anti-stokes Raman scattering (CARS)
microscopy, which can provide high-resolution, high-sensitivity,
and non-invasive imaging of specific biomolecules without
fluorescent labeling. Poulen et al. review the application of
CARS in the identification and characterization of myelin in
the mammalian nervous system of different species. Duadi et al.
investigate near-infrared (NIR) measurements of turbid media
using different size detectors at different positions. García-
Martínez et al. propose a supercontinuum (SC) laser source
from 450 to 1,600 nm with programmable spectrum by using
liquid-crystal on silicon (LCoS) spatial light modulators (SLM).

To sum up, this research topic features 23 excellent articles
encompassing the start-of-art developments and applications
of optical microscopy and spectroscopy. This collection
should be of interest to readers in the areas of optics,
biophysics, and chemistry orientated subjects. It is our

FIGURE 1 | Topical classification of the articles in the special issue [9][10].
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hope that this special research topic will contribute to the
scientific advancements of optical microscopy and
spectroscopy, as well as to their practical applications in
biology and medicine.
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